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L E G A L  N O T I C E  
This report war prepared as an account of Government sponsored work. Neither the United States, 

nor the Commission, nor any person acting on behalf of the Commission: 

Makes any warranty or representation, expressed or implied, with respect to the accuracy, com- 
pleteness, or usefulness of the information contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not infringe privately owned rights; or 

Assumes any liabilities with respect to the use of, or for damages resulting from the use of 
any information, apparatus, method, or process disclosed in this report. 

AS used in the above, 'person acting on behalf of the Commission" includes any employee or 
contractor of the Commission, or employee of such contractor, to the extent that such employee or con- 
tractor of the Commission, or employee of such contractor prepares, disseminates, or provides access to, 
any information pursuant to his employment or contract with the Commission, or his employment with 
such contractor. 
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- 
BUDGETS AND COSTS 

V HW-69062 

March operating cos ts  totaled $2, 250, 000; f iscal  year- to-date  cos ts  a r e  
$18,966, 000 o r  7270 of the $26,279, 000 budget. 

Hanford Labora tor ies  r e s e a r c h  and development cos ts  for  March compared with 
last month and the control budget are as follows: 

c o s t  
(Dollars  in Thousands) Curren t  Last F Y  

Month Month 
~ 

HLO P r o g r a m s  
02 P r o g r a m  $ 96 
04 P r o g r a m  84 1 
05 P r o g r a m  64 
06 P r o g r a m  198 

1 199 
- 

IPD Sponsored 260 
CPD Sponsored 144 

Total $1 603 

$ 50 
7 84 
65 
159 

1058 
268 
168 

$1 494 

To Date 

$ 439 
7 071 
5 89 

1 694 
9 793 
2 399 
1483 

$13 675 

Budget 

$ 661 
9 619 
796 

2 402 

3 170 
1954 

$18 602 

1 m  

Yo 
Spent 

66% 
74 
74 
71 
74 
76 
76 

7470 

- 

- 

- - 
RESEARCH AND DEVELOPMENT 

1. Reactor  and Fuels 

Startup of PRTR proceeded. 
init ial  operat ing problems w e r e  determined,  r e p a i r s  effected, and the s y s t e m  
re turned  to serv ice .  The secondary coolant s y s t e m  w a s  operated,  modified, 
operated again, and tes ted during the first week of the month. Design tes t ing 
of the p r i m a r y  coolant sys t em began on March 21, and continued intermittently 
with p r o g r e s s  l imited by the helium sys t em problems associated with loop 
pressurizat ion.  

The helium sys t em w a s  placed in operation, 

The contract  for paving and landscaping the PRTR and PFPP s i t e  w a s  
awarded March 23, 1961, and is to be completed within 120 days.  Construc-  
tion of the Maintenance and Mockup Faci l i ty  (including the PRTR Rupture 
Loop Annex and P R P  Cr i t ica l  Faci l i ty  Buildings) is est imated at 68. 570 
completed v e r s u s  7670 scheduled predicted to Apri l  1, 1961. 

Bristol-Siddeley, Ltd. ,  r e p o r t s  successfu l  operation of one Gas  Loop blower 
at reduced conditions of 3000 pounds per  hour and 450 F for  s e v e r a l  hundred 
hours  and approximately one hundred starts and s tops.  Delivery of one such 
blower by May 15, 1961, w a s  verified.  The hea ter  for the PRTR Gas Loop 
in-reactor  tes t  sect ion tes t ing w a s  repa i red ,  bench tested,  and installed in 
the mockup. 

I 2 2 9 9 2 b  
C 
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The conceptual design and economic evaluation of a 300 MWe Supercr i t ical  
P r e s s u r e  Power Reactor continued with s tudies  directed toward defining 
the more  detailed aspects  of the power cycle, fuel element design, r eac to r  
control, and plant layout. 

A review of the ORNL Pebble Bed Reactor  design was completed and sub- 
mitted to the AEC, Advance Evaluation Branch. The concept was found to 
be technically feasible. It was recommended that a more  detailed study of 
the concept be performed in o r d e r  to better predict  the power cost. 

Studies a r e  in  p rogres s  on the distribution of micron s i ze  par t ic les  of 
simulated PuO2 in relat ively coa r se  par t ic les  of arc-fused U 0 2  for applica- 
tion in swage compaction and high energy vibrational compaction processes .  
Two loading techniques were  developed which control the axial  distribution 
of fines in half-inch diameter  by eight-foot long fuel rods  to a variation of 
plus o r  minus five percent.  
a r e  a lso under study. 

Volatility and flow of PuOz previously observed in a hydrogen atmosphere 
was not seen  with samples  heated in helium for 7 2  hours.  
speculation that the volatility in hydrogen is due to the high vapor p r e s s u r e  
of the reduced spec ies ,  P U O Z - ~ .  

Mixtures of Pu02 and U02 fines and coarse  UO2 

This supports  the 

Radiometallurgical examination revealed no changes in a seven-rod, Zircaloy 
clad, aluminum-plutonium alloy c lus te r  t he rma l  cycled 72 t imes  in a high 
tempera ture  ETR loop. 

Fabricat ion of aluminum-plutonium spike elements  needed for  replacement  
of depleted first PRTR loading elements is about 60% complete. Autoclave 
malfunctions and availability of Zircaloy a r e  cu r ren t  problems. 

Power generation calculations indicate an acceptable self-shielded plutonium 
fuel element can be designed using a s m a l l  d iameter  PuC core  surrounded 
by graphite and clad in Zircaloy. 

End caps have been successful ly  welded into type 406 thin wal l  s ta in less  
s t ee l  tubing using the fillet head weld. 
occur red  in hydrostatic bur st testing. 

No fai lure  of the weld or weld zone 

Although a swaged UO2, 19-rod c lus te r  fuel element was i r rad ia ted  for  13 
hours  a f te r  sustaining a fai lure ,  there  was little evidence of washout of the 
fuel. The cause of the cracked fuel cladding has  not been determined. 

Investigations of the compatibility of UC and U 0 2  with s e v e r a l  r e f r ac to ry  
meta ls  show that in genera l  UC is by f a r  the more  react ive.  
proved to be the most compatible with UC and w a s  able to contain molten 
ma te r i a l  for  t h ree  minutes a t  2350 C. 

Tantalum 

-2 
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2. 

I 2 2  

An NPR inner tube, designed to check the hypothesis that  an unbonded f la t -  
bottomed end cap could be used sat isfactor i ly ,  fa i led by shear ing the jacket 
a t  the base of the cap with subsequent cracking of the weld af ter  an exposure 
of 1700 MWD/T. 

An eight-piece production tes t  with c losure  of the tubular elements produced 
by hot heading and projection welding operated sat isfactor i ly  to an exposure 
of 2000 MWD/T. 

Four KSE-3 single  tube elements operated sat isfactor i ly  to 2000 MWD/T 
under conditions closely approximating those in  NPR. 
disclosed white a r e a s  on the Be-Zr c losure  and a gray appearance replaced 
the usua l  lustrous autoclave film. 

Basin examination 

The maximum radiation-induced expansion t r ansve r se  to the long dimensions 
of the NPR graphite ba r s  is expected to be 0.02'7'0, occurr ing at an NPR 
exposure of about 400 MWD/AT. 
f rom the the rma l  annealing of s t r e s s e s  in the graphite. 

An additional 0.01% expansion is expected 

To l imit  the corrosion r a t e  of carbon s tee l  in the N P R  emergency cooling 
sys tem,  it wil l  be necessary  to reduce the concentration of dissolved oxygen. 
T e s t s  with flowing r i v e r  water indicate that the addition of sodium sulfite 
and cobalt ion catalyst  is a promising means  of reducing the oxygen concen - 
t ra t ion to an acceptable level. 

E a r l i e r  indications that sect ions of a locally hydrided KER-1 zirconium 
p rocess  tube had t ransformed to the beta phase in- reac tor  a r e  now attributed 
to overheating during sectioning. However, evidence of pa r t i a l  r ec rys t a l l i -  
zation found throughout the tube is s t i l l  valid. 

Microsectioning of very  thin oxide f i lms on aluminum and zirconium alloys 
has  been accomplished by ion bombardment. This technique wi l l  be useful 
in s tudies  of the s t ruc tu re  and proper t ies  of cor ros ion  fi lms. 

Hydraulics laboratory experiments  indicate that flow reductions caused by 
pa r t i a l  blockage of the front nozzle coolant inlet port  during operat ional  
charging operat ions at  the B: D2 F and K r e a c t o r s  a r e  not s e r ious  enough 
to cause excessive fuel tempera tures .  

Chemical Resea rch  and DeveloDment 

Bet ter  character izat ion of the foaming problem with batch waste  calcination 
was obtained. A tangentlal air sparge  into the top of the boiling pot seemed 
effective in controlling the amount of foam over  simulated foaming wastes.  

The radiant  heat sp ray  calciner  is being modified by inser+;ron of an insulated 
inner s leeve at the top of the ver t ica l  column. This fea ture  was designed 
to cause channeled recyc le  of hot gas  up the outer  annulus and into the sp ray  
region where pa r t i a l  evaporation wi l l  occur  a s  the gas  and droplets  move 
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down through the center  of the s leeve inser t .  
scaling of the hot outside wa l l s  of the column. 

This fea ture  should reduce 

Low concentrations of ammonia in Purex waste tank condensates were 
detected and believed responsible  for poor r e su l t s  on recent  t e s t s  of ion 
exchange purification of these  wastes.  

Repa i r s  were completed to A-cell  equipment in the High Level Radiochemistry 
Facil i ty and a third purification run  recovered about 8, 000 cu r i e s  of s t ront ium- 
90, This  product was added to 13, 500 cu r i e s  previously recovered and loaded 
into the HAPO-1A shipping cask on a Decalso bed (inorganic ion exchange 
media). Twenty thousand cu r i e s  were  retained in the cask for  shipment to 
the Oak Ridge National Laboratory.  

Laboratory sca l e  testing of the Hot Semiworks flowsheet for  solvent ex t rac-  
tion recovery  of strontium-90 showed excellent s t ront ium recovery  f rom a 
feed of 10% full  level activity. Other fea tures  of the flowsheet were  within 
expected behavior. 
month to check out the process  system. 
hazards  of Hot Semiworks .operation was completed. 

The Hot Semiworks began shift operation during the 
A review of safety and radiological 

A sys temat ic  study of electrodeposit ion of U 0 2  f rom NaC1-KC1 mel t s  
showed the atmosphere over  the melt  had a profound effect on the nature  of 
the cathodic U02 deposit. 
theoret ical  U 0 2  c rys t a l  density were  observed with O / U  ra t io s  a s  low as  
2.0015. 
8 m m  long w e r e  formed. 

Dense, polycrystall ine deposits wi th  9870 of 

Under a l te rna te  conditions la rge  single U 0 2  c rys t a l s  a s  much a s  

Electrodeposit ion of U02 f rom PbClz-KCl salt mixtures  were  studied at 
t empera tu res  f rom 500 C to 750 C with potassium to  lead r a t io s  f rom 1. 0 
to 2. 5. 
of conditions and the electrochemical  behavior of this sys t em gives promise  
of a bet ter  theoret ical  insight to Salt Cycle technology. 

,Well-formed U 0 2  of good quality is deposited over  this wide range 

A s imple  device was developed to a s s u r e  one-way flow of r e s i n  in a continuous 
ion exchange contactor. 
two plast ic  sphe re  check valves operating in conjunction wi th  a pulser .  

The device ac ts  a s  a " res in  pump''  and involves 

Comparison of U. S. Geological Survey ae r i a l  magnetometer data taken in 
1959 to ground level magnetic field measurements  made locally showed 
reasonable  agreement  on s i t e  geological features .  These extended data  
identify a basalt  anti-cline passing beneath 100-F and 100-N Areas  in an 
orientation south of 100-D area .  
sub-surface basal t  m a s s  is being evaluated. 

The significance of this newly identified 

Mineral  bed experiments  indicated that pyri te  (FeS2) w i l l  be replaced by 
sphaler i te  (ZnS) in aqueous solutions where zinc ion concentrations a r e  a s  

1 2 2 9 9 2 9  
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low a s  o r  molar .  The react ion is independent of the oxygen con- 
tent of the sys tem,  indicating that the mechanism does not involve oxidation 
of the mine ra l  pyrite.  
removing radiozinc (211-65) f rom sur face  waters  o r  low level aqueous wastes. 

This work may have significance to the problem of 

3. Physics  and Instrument Research  and Development 

A s imple  sys t em for  automatic control of existing production r e a c t o r s  is 
being studied jointly with IPD. 
by l imits  on outlet tube tempera tures .  
in four tes t s  on an operating r eac to r  in which an operator  simulated the 
proposed control ler  action. 
the control ler  operation a r e  being investigated by analog simulation. 

This sys t em uses  on-off rod motion actuated 
Sat isfactory performance w a s  obtained 

Effects of wider var ia t ions in pa rame te r s  of 

Knowledge of the neutron economy of the N P R  w a s  aided by exponential pile 
measurements  intended to throw light on neutron s t reaming in the many void 
channels of the graphi te  stack. Hazards analyses  will be ass i s ted  by reduc-  
tion to useful, accura te  formulas  of the data  recent ly  obtained on reactivity 
effects  of fuel tempera tures .  
phase t ransformations in the fuel. Control rod s t rengths  were  also studied 
fur ther .  

These f w m u l a s  now include the effects of 

In the Plutonium Recycle P r o g r a m  a r e a s s e s s m e n t  of the s ta te  of knowledge 
of basic  nuclear data  w a s  made possible by recent ly  available r e su l t s  on 
U-235 and U-233 obtained elsewhere.  The conclusions a r e  that the the rma l  
neutron data on U-235 and U-233 a r e  good to one percent  but that  the data 
for  Pu239 a r e  good to only four percent accuracy. Fu r the r  measurements  
w i l l  be required to improve the rel iabi l i ty  of nuclear data of P u  239 . 
Nuclear safety analyses  wi l l  be aided by improvements in two methods of 
cr i t ical i ty  prediction. In one, a computation method for  predicting in te r  - 
actions between neighboring accumulations of fissionable ma te r i a l  in com- 
plex geometr ies  has  given good agreement  with m o r e  exact methods when 
applied to geometr ical ly  s imple tes t  cases .  In the other ,  methods developed 
for  predicting cr i t idal  m a s s e s  of plutonium oxide-water s l u r r i e s  were  found 
to be consistent with existing experimental  data  on dilute plutonium solutions. 

The inexpensive radiation detector  newly developed for installation at 
locations where nuclear incidents might conceivably occur  has  been success -  
fully tes ted for  gamma dose r a t e s  f rom 5 r / h r  to one million r / h r  and for 
total  doses  up to one hundred million r. 

The accuracy of field radiation instruments  w i l l  be improved through use  of 
a new portable s c a l e r  which r equ i r e s  about one-tenth the power of the best  
available commerc ia l  s ca l e r .  

The range of available data  on diffusion of a tmospheric  contaminants was 
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4. 

extended substantially by completion of the r e d u c i o n  of a l l  da ta  taken during 
the 1960 field tes t  series. 
moderately unstable conditions a s  well a s  under a range of s table  situations. 

Data now available include those taken u n d e r ,  

A pebble bed r eac to r  design, evaluated jointly with Reactor  and Fuels  at 
AEC request ,  would be improved by better matching of coolant flow d is t r i -  
bution to heat generation distribution. With  this exception, completion of 
the physics portion of this study has indicated generally a t t ract ive nuclear 
proper t ies  for  the design and has  also pointed up the need for  improved 
nuclear data  on thorium. 

Utilization of available physics computer codes should be improved a s  a 
r e su l t  of the cu r ren t  effort to i s sue  documents describing the codes. 
such documents were  issued during the month: HW-68858, descr ibing 
"A Computer Solution to the Generalized Least  S q u i r e s  Problem";  and 
HW-68100 RD, describing "Meleager--A Burnup Code for  Fuel  Cycle 
Analysis. ' I  

Two 

Our knowledge of the behavior of P-32 in humans w i l l  be augmented by a 
cooperative study begun wi th  the University of Oregon Medical School, 
using the whole body counter to determine the distribution of that isotope in 
some  of their  patients. 

The d i r ec t  t he rma l  testing of the heat t r ans fe r  proper t ies  of fuel element 
bonds was ass i s ted  by the development of an a l te rna te  method for  making 
such measurements  using a plasma je t  heat sou rce  and an inductive (eddy 
cu r ren t )  thermometer .  The new method may be advantageous with ribbed 
fuel, for  example, and on smooth fuel gave r e su l t s  comparable with those 
obtained using an induction hea ter  and inf ra red  detector.  

Biology 

- C columnaris  is showing a wide variation in virulence,  making it extremely 
difficult to associate  virulence with environmental  factors .  

It was previously shown that absorption of s t ront ium and calcium f rom the 
lumen of the s m a l l  intestine of the r a t  into the blood showed discr iminat ion 
and a changing discr iminat ion factor  wi th  change in calcium concentration. 
F o r  the r e v e r s e  process ,  where s t ront ium and calcium is introduced into 
the blood and the amount that appears  in the lumen is measured ,  there  was 
found to be no discr iminat ion and no change in discr iminat ion factor wi th  
calcium concentration. This important finding shows the re  is a one-way 
active t ranspor t  p rocess  operating in the s m a l l  intestine for the absorption 
of these two ions. 

By using dinitrophenyl (a  specific plant poison), i t  was shown that water  
movement ( t ranspirat ion)  and calcium uptake in plants do not para l le l  each 

I 2 2 9 9 3  I 
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other.  
in plant physiology. 

This may prove an important s t ep  in  elucidatlng basic mechanlsms 

Rats  can apparently take bi-weekly doses  of 500 r without protection up to a 
total  of 10, 000 r. A t  this dose, animals s e e m  to die of starvation. Cysteine 
prevents  the weight loss  and mortali ty.  

5. Programming 

Substantial p rog res s  is being achieved in the development, simplification, 
and improvement of computer codes for performing a var ie ty  of fuel cycle 
and fuel value calculations. 
vs. enrichment,  isotopic composition vs. burnout, plutonium "value" for  a 
wide range of uses ,  and minimized fuel cos ts  and conditions as a function 
of var iab les  such a s  r eac to r  constants,  fueling mode, uranium pr ice  
schedule, and fuel element fabricating and jacketing costs.  

This  includes rout ines  for calculating exposure 

An economic study has been initiated to evaluate the potential of par t ia l -  
decontamination separat ions p rocesses ,  including the "Salt -Cyc le' ' process,  
for  recovering plutonium for recyc le  to power r eac to r s .  An important 
factor  included is an es t imate  of the cost  of remote ,  shielded refabricat ion 
of the partially-decontaminated plutonium. 

-TECHNICAL AND OTHER SERVICES 

There  a r e  1 6  cur ren t ly  active projects  having combined authorized funds in the 
amount of $18, 388, 000. 
Total  expenditure through February  was $14, 654, 000. In addition, project  p ro-  
posals  have been submitted to the Commission requesting authorization for  eight 
new pro jec ts  with an est imated cost  of $753, 000. 

The total  estimated cost  of these projects  is $25, 383, 000. 

A major  bibliography "Review of Power and Heat Reactor  Designs -- Domestic 
and Foreign ' '  was completed during the month. Fifteen copies were  prepared  
f o r  in te rna l  HAP0 use. 
of Technical Information Extension, Oak Ridge, f rom which they w i l l  be able to 
reproduce additional copies a s  off-site demand warran ts .  

The multi l i th m a s t e r s  a r e  being forwarded to the Office 

The Classified F i l e s  microfilming program is proceeding steadily,  with 22, 800 
documents microfilmed to date. 

Pro jec t  CG-785 - In-Reactor Studies Equipment - 105-KW, Pro jec t  CGH-805 - 
High Tempera ture  Tensile Test ing Cell  - 327 Building, and Pro jec t  CGH-907 - 
Strontium-90 Inter im Program,  were  completed during the month. 

An HLO employeed assigned to the 325-A High Level Facil i ty received an exposure 
of 6. 5 r ads ,  including . 19 r: a s  a r e su l t  of handling a contaminated piece of 
equipment. The dose to the skin slightly exceeded the permiss ib le  dose of 
S r a d s  recommended by the NCRP for  a 13-week period. 
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There  were no new c a s e s  of plutonium deposition confirmed during the month. 
The total number of plutonium cases  that have occurred  is 265, of which 193 a r e  
current ly  employed. 

A faulty s e a l  on a tank containing plutonium ni t ra te  solution resul ted in contami- 
nation of equipment, floor a r e a s ,  and three  employees at the Physical  Constants 
Tes t  Reac tor  in the 305 Building. Decontamination and resurfacing proceeded 
throughout the month. 
indicated minor, if any, deposition of plutonium. 

Pre l iminary  bioassay samples  of involved employees 

Data f rom the complete file of fuel e lements  thus fa r  i r rad ia ted  and measured 
under the Quality Certification P r o g r a m  a r e  being used to obtain revised es t imates  
for the coefficients of var ious models of fuel e lement  performance. 

Initial steps a r e  being taken to use  evolutionary operation techniques in connec- 
tion with cer ta in  production problems in the Finished Products  Operation of CPD. 

Consultation w a s  continued in connection with instrument  calibration for  the pro-  
posed pulse column tes t  facility experiments.  

The s ta t is t ical  analysis of data f rom the work sampling study recent ly  conducted 
by the Analytical Laborator ies  Operation has been completed. 

Nondestructive tes t ing at  field locations with radiography and other. t es t  methods 
w i l l  be expedited and performed more  efficiently through u s e  of a new mobile 
laboratory.  

SUPPORTING FUNCTIONS 

Special reques ts  were  received f rom the U. S. Air  Force  during the month to 
per form atmospheric  s tudies  at Cape Canaveral ,  Flor ida ($190, 000) and Edwards 
AFB, California ($55, 000). Due to the cancellation of U. S. Government con- 
t r a c t s  in the nuclear a i r c ra f t  field some of this work may be cancelled. 

The budget for attendance at  professional societ ies  was 3970 spent  a t  the end of 
the month. 

Sections have been requested to es t imate  the i r  expenditures for  Equipment Not 
Included in Construction P ro jec t s  for the balance of this f iscal  year .  
gained wi l l  be used to effect any necessary  budget reallocation. 

Information 

Fourteen Ph. D. candidates visited HAP0 for professional  employment interviews. 
Three  offers  were  extended; one acceptance and two reject ions were  received. 
Curren t  open of fers  total three.  Recruit ing t r ip s  were  made to four univers i t ies .  

Eighty-eight BS/MS applicants were  considered, 51 of fers  were  extended, 8 
acceptances and 16 r e j ec t i  u r r e n t  open of fers  total 98. - I 2 2 9 9 3 3  
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Six Technical Graduates  were placed on permanent assignment during the month; 
four o thers  terminated f rom HAPO rolls.  Current  program m e m b e r s  total 51. 

Nine requisit ions for weekly sa l a r i ed  personnel were filled during the month with 
a total  of 11 active requis i t ions remaining to be filled. 

Information meetings were  held in each department  at HAPO concerning the 
Advanced Engineering "A" Course to be held this fall. 

Two consultations were held with legal counsel re.garding the acceptance and use  
of propr ie ta ry  information on t r ade  name chemicals  of other  companies. 

The incidence of medical t rea tment  in jur ies  (49 for the month) and secur i ty  
violations (5)  continued at  the increased levels established in February  with a 
s t rong  decline in the injury r a t e  beginning in the middle of the month. 

Ten par t ic ipants  completed the Creat ive Approach Seminar.  
essent ia l ly  completed to offer "Principles  and Applications of T rans i s to r s "  
beginning ea r ly  in September. 

Arrangements were  

L c . - r  
fo r  Manager 

Hanford Labora tor ies  

HM Parker:CAB:mlk 

1 2 2 9 9 3 4  
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REACTOR AND FUELS HESEARCH AND DEVELOPMENT OPERATION 

TECHNICAL ACTIVITIES 

A. FISSIONABLE MATERIALS - 2000 PROGRAM 

1. METALLURGY PROGRAM 

Corrosion Studies 

HW- 69062 

Erosion - Corrosion of Aluminum A loys. - 
been modified by inc reas iw  the s i ze  of the small groove between intake 

The ,.npingement appara-Ls has 

and exhaust holes from 15  t o  25 mils t o  allow more-water t o  flow past  
the sample w i t h  less f r i c t ion .  
alloys w e r e  exposed t o  300 Area tap  water a t  110 C i n  the modified 
system. The corrosion of 1245 w a s  about half  t h a t  of x-8001 i n  five- 
hour tests. 
hours. A 300 p s i  back-pressure caused approximately an 8% decrease i n  
the amount of corrosion a t  several water veloci t ies .  Experiments w e r e  
also run with deionized water a t  110 C f o r  24 hours. 
flow was varied from 60 f t / sec  t o  120 f t / sec ,  but very lit-hle increase 
i n  the amount of corrosion w a s  measured. The corrosion w a s  negligible 
when compared with samples exposed t o  tap  water. 

Samples of x-8001 and 1245 aluminum 

However, the difference was not as pronounced after 16 

The velocity of 

Chromic Acid Protective Film on Aluminum. 
percent chromic acid at  170 C f o r  LO hours produces a th in  film which 
has been previously denonstrated t o  of fe r  a high degree of corrosion 
resistance i n  a reactor environment. However, t h i s  treatment. a l so  pro- 
duces a localized at tack resul t ing i n  dark elocgated p i t s ,  which have 
been tenned "worm tracks" 

Autoclaving aluminum i n  one 

The nature of the worm track at tack i s  quite similar t o  "Filiform 
corrosioz" which is  observed on steels and other xnezals which have 
protective oxide o r  lacquer films. Several approaches being studied 
t o  eliminate worm track atxack include: (a )  increased pH and chromic 
acid concentration, (b) i n i t i a l  treatment at high pH, followed by low 
pH treatment, ar,d ( c )  i n i t i a l  treatment ar 100 C foliowed by treatment 
at  170 C. 

Hydriding of Zircaloy-2. The ef fec t  of several gas mixtures on the 
corrosion r a t e  a d  hydrcgen pickup i n  Zircaioy-2 f o i l s  of five mils 
thickness has been measured at 400 C. 
g lass  vacuum system t o  the following atmospheres: 23 mm water vapor; 
23 mm water plus 25 mm oxygen; 23 xn water plus 400 mm hydrogen. 

The f o i l s  were exposed i n  a 

The corrosion rates i n  oxygen-water vapor were similar +,o those in  water 
vapor alone. The corrosion rates i n  hydrogen-water vapor were high, 
par t icu lar ly  when the hydrogen content of the metal exceeded 300 ppm 
(the so lub i l i t y  l i m i t  at LOO C ) ,  
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The hydroger pickups in water vapor alone were low, averagin@; 7 t o  10s 
of the corrosioc hydrogen, whereas 17 50 40$ is mzmd f o r  400 C,  
1500 p s i  steam. 
averaging 5 to e$. 
than f o r  water vapor alooe, averaging 18 t o  38C$. 
excess of 100$ of the corrosion hydrogen indicate hydridiag from the 
hydrogen overpressure. 
overpressure in  1500 p s i  steam has no e f fec t .  
t o  determine if the increased corrosion rates and hydriding observed 
when the hydrogen content exceeds the so lub i l i t y  l i m i t  are real and re- 
producible effects- 

Corrosion Evaluation of the Irradiazed KER-1 Zircaloy Process nbe. 
liminary corrosion data have been obtained from s sample cut f romthe  
i r rad ia ted  high corrosion P o r t i a  of the  ICER-1 process txube. 
was cleaned of a l l  oxide, etched, aul  exposed t o  300 C ,  pH 10 water. 
Sections cut f romthe  cold end of the KER-1 cube and 30-mil Zircaloy 
s t r i p  w e r e  also tested. 

After approximately ten days of exposure, the irradiazed sample sppears 
t o  be corrosion-prone. The oxide surfaces 3f the k-rsdiated s q i e  arn 
beginning t o  show vis ib le  cracks and tne  w e i g h t  gaio. f o r  +,he sample is 
almost twice the value obtained f o r  +,he 3O-mil s t r i p  comparison pieces.  
The sample sections cut from she cold end of the KER-1 tube show black 
oxide films and weight gains only s l i g h t l y  higher rhac :he 3 O - m i l  sxr ip  
comparison pieces 

The corrosion res+, of the irradiated sample i s  b e i -  e e s d  f o r  ary 
informstion it may reveai on the  s o l u b i l i t y  of Zr% in high temperature 
deionized water. 
pieces which does not appear +,o be zisccrium. 
discharged from the autoclave shows v l r t u a i l y  EO act,i-Jity> 

Radiomefallurgy Laboraxory Studies 

ib inner aad outer tube from the hct head c l ~ s u r e  e - 2  clad yube-in-tube 
elements w e r e  sectioned and are being exsminea mesailographicslly. Con- 
siderable cracking of the uranium cares w a s  f a x d ,  ';ux r-3 serious defects 
in the cladding ha- yet been seen (RM-706). 

Three KER sxigle-tube 22-2 clad erriched elenents w i t h  Zr-x brazed end 
caps were measured f a r  diamE:er, ler-gth ard warp. 
showed a m a x i m  doLble thrcw warp of 30 mils. 
caused a slight shor,enng of The elemerts (RM-577). 

Ecaminatiozz of the elemens ana basker from me fiftt defect t e s t  has beer, 
completed. An estimated 25C ~ p m  Hr, i r ?  the 2 - 2  basket opposite Znc rupture 
w a s  found from the aetaliicgrapn;c examinaticfi 
hydroger, m a l y s i s  (RM-574) 

The results and ir; terpretstlons of mess exagum-ims a L i  be reForted in  
more d e t a i l  i L  conzxczion w i t k  fhe development p r c g r w  sezvei. 

Hyrirogen p i c k u p  in  oxygen-wazer vapor were s t i l l  lowsr, 
Hydrogel: pickups ir, hydrogen-water vapor were higher 

Hydrogen pickups in 

In contrast  t o  the above r e su l t s ,  400 mm hydrogen 
Further t e s t s  are planned 

Pre- 

The sample 

Som radioacsive deposition has beer, fomd oil the cold 
A radioassay of the =fer 

Chi& cf the elemems 
The i r r ad ia t ion  kad 

Tki~ w i i i  be checked by 
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Basic Metallurgy Studies 

Radiation Effects i n  Structural  Materials. 
daza on changes i n  mechanical properties of s t ruc tura l  materials resu l t -  
ing from radiation damage, t ens i l e  specimens of aluminum al loys M-388 
and M-257 were i r rad ia ted  i n  the  lO5-KE magazine f a c i l i t y .  
accumulated exposures of 7 x 1 6 9  nv t ,  3.19 x 1020 nvt,  and 6.25 x 10 
nvt (thermal), respectively. The aluminum powder metallurgy a l loy  (M-257) 
is of interest  because of i t s  superior high temperature strength; however, 
it does not have corrosion resistance i n  high temperature water compar- 
able t o  the  nickel aluminum a l loy  M-388. 
properties of the i r rad ia ted  al loys demonstrates the persistance of 
strength differences.  
i r radiat ion.  

In order t o  augment l imited 

Three char 2% es 

A comparison of the mechanical 

Their d u c t i l i t y  was not markedly affected by the 
Test results are given i n  the following table:  

I r radiat ion Exposure Strength 1000 p s i  Young's $ Total 
Alloy nvt thermal .2$ Yield - Ultimate Modulus Elongation 

M- 257 
I f  

I1 

M- 388 
I f  

l f  

I f  

Unirradiated 
7 x lo19 
3.19 x 1020 
6.25 x 1020 
Unirradiated 
7 x 1019 
3.19 x 1020 
6.25 x 1020 

28.3 
28.8 
34.7 
35 -5 
9.2 
6.8 

10.2 
a 

36.2 
35.3 
38.6 
40.2 
16.1 
15 - 3  
17.1 
19.1 

10 
11.7 
11.4 
11.3 
il 

9.4 
-- 

13.5 

8 
1 0  . 

6 
6 

29 
29 
23 
15.6 

Electron and Optical Microscopy. 
cladding and f u e l  material before and after i r rad ia t ion  i s  a d i r ec t  way 
of detecting radiat ion induced damage i n  these materials. 
and f o i l s  su i tab le  f o r  e iectron microscopy of fer  advantages, since radio- 
a c t i v i t y  hazards are minimized. 
0.003" thick,  have been i r rad ia ted  t o  1 x 1020 nvt (thermal) and thinned 
f o r  transmission electron microscopy. 
similar t o  those observed i n  f o i l s  which received one ten th  of t h i s  dose 
w e r e  again detected. 
quently were clustered in to  tangles .  

The study of the microstructure of 

Thin films 

High pur i ty  annealed aluminum f o i l s ,  

Prismatic dislocation loops 

Normal dis locat ioc Lines appeared jagged and f r e -  

An aluminum rod with a polished, transverse face w a s  coated w i t h  a thin 
layer of collodior, and ther, Uo;?. After irradia-tior, the collodion w i % h  
adherent U@ w a s  str ipped in  acetone arid the  o r igma l  polished surface 
of the  aluminum w a s  repl icated.  This experiment, similar t o  a previous 
one, indicates t h a t  f i s s i o n  fragments which en ter  a so l id  do, indeed, 
damage the surface of a so l id  metalo It is impossible t o  d i r ec t ly  de- 
termine the extent of damage as a function of d i s t ame  below the specimn 
surface by chemical or e l ec t ro ly t i c  removal of surface layers  and subse- 
quent repl icat ion.  However, it i s  possible t o  study fissiofi  fragment 
damage as a function of depth i n  sandwich f o i l s  cootaining a constant 
thickness of U02 and various increasing thicknesses of me+ ,a l .  This type 
of study has begun. 

i 2 2 9 $ 3 1  
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A ser ies  of specimens conTaining approximately 60 A thick UQ films were 
prepared by a single evaporation. 
appropriate distances from a Fd evaporation sowce t o  provide a ser ies  
of sandwich films each d i f fe r ing  by a geometric f ac to r  i n  thickness of 
the palladium metall ic layer. 
mission examination of the fi lms disclosed that (1) damage regions o r  
t rack geometry is  def in i te ly  a function of metall ic f i lm  thickness; 
( 2 )  in  very t h i n  layers, C 4 1 0  A, the  t racks appear t o  be independent 
of the metall ic layer  and charac te r i s t ic  only of the U@ layer; ( 3 )  i n  
films approximately 40 A i n  thiclmess, the projected damage t rack  consists 
of d i scre te  high density damage spots (maximum electron transmittancy) 
and superimposed regions of broad irregular regions of damage about the 
main track. These t racks a re  characterized by heterogeneous patches of 
condensed o r  p i led  up material  adjacent t o  the broad damage regions; 
(4)  i n  films approximately 5k A th ick ,  the t r a c k s  become narrower and 
their length and number per u n i t  area appear t o  decrease. 
contrast is  a function of effect ive electron scat ter ing power of the 
material being studied, the conclusion tha t  damage i n  th ick  films is l e s s  
than h t h i n  films may be erroneous. 

These films were then arranged a t  

Subsequent i r rad ia t ion  and d i r ec t  trans- 

Since loss i n  

The ef fec t  i s  now being studied by 
a modified technique. 

X-Ray Diffraction Studies. The c rys ta l l ine  perfection of large metal 
single c rys ta l s  before and a f t e r  neutron i r rad ia t ion  is  being studied 
through measurements of x-ray extinction. 
t i on  can be interpreted i n  terms of the s izes  of the '%locks", or  co- 
herently d i f f r ac t ing  domains, and the degree of angular misorientation 
between blocks. A single  c rys t a l  of molybdenum, grown by the s t ra in-  
anneal method has been cut i n to  seven individual specimens. Only the 
central  one-third of the  rod w a s  used. The individuals were oriented 
by x-ray E thods ,  and faces were ground pa ra l l e l  t o  selected c rys t a l  
planes. 
with 100 faces.  Grinding was followed by f in i sh  polishing and heavy 
electropolishing. 
from these faces are being performed. 
incomplete data, is that expected from B c r y s t a l  containing domains 
about one micron in s i z e .  Assuming these domains a re  bounded by d is -  
locat ions,  a dis locat ion density of about l$/c& i s  indicated. Several 
samples of aluminum single  c rys ta l s  of high pur i ty  (99.996$) and with 
Varying degrees of physical perfecxion have a l so  been obtained and w i l l -  
be included i n  t h i s  study. 

The magnitude of the extinc- 

Three w e r e  ground w i t h  110 faces,  two w i t h  211 faces,  and two 

The ext inct ion,  as  indicated by 
Precise Ilseasurements of x-ray in t ens i ty  d i f f rac ted  

Tantalum Fabrication. 
covery of about 35 pounds of tantalum scrap i n  tShe form of turnings.  
is anticipated that th i s  material can be made in to  usable m e t a l  by con- 
sumable vacuum a r c  melting. Four octagonal electrode bars have been 
compacted in to  bars weighing 8.5-1b each. 
is 70-75$. 
welded together w i t h  the  e lzctron beam welder t o  make the f inished 
electrode. 

Work i s  current ly  under way t o  attempt the re- 
It 

Density of the compacted bars 
Preliminary welding t e s t s  indicate that  these bars can be 
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Zirconium Alloy Fabrication. 
(Nov. '60 and Feb. '661 monthly reports)  has been completed. 

Forging of the l 3  zircorium base alloys 
Forgirg, was 

ierformed on the 700-Ton B l i s s  Presso 
850 C o r  875 C depending on the a l loy  being forged. 
showed a s l i gh t  amount of center cracking. 
ping before forging could be completed. 

Preheat, temperature was e i the r  
Three of the alloys 

Two of these required crop- 

h k t a l l i c  Fuels Development 

Fuel I r radiat ions I 
KER tube/tube elements i r rad ia ted  t o  an average 3200 m / T  exposure i n  

Radiometallurgical examination w a s  continued on the 

KER Loop 2 .  
cut from the 
m a t .  

The following density measurements were made on specimens 
center of a uranium core element and a U-2 w/o Zr core ele-  

u core 

$I Density 
Density . Decrease 

Inner Tube 17 * 92 
Outer Tube l a .  36 

5.28 
2.96 

u-2 w/o zr Inner Tube 17.42 4.65 
Core Outer Tube 17 -15 6.14 

The outer tubes both increased i n  OD and decreased i n  I D .  
uranium inner tube increased i n  I D  and +,he U-2  percent Z r  inner tube 
decreased only s l i g h t l y  i n  ID.  

However, the 

An NPR-size inner tube f u e l  element (KSN-1)  ruptured i n  a KER loop a f t e r  
1700 MWD/T. The end caps of t h i s  element were f lu sh - f i t t ed  t o  the uranium 
and welded i n  place. An axial section w a s  made through the f a i l e d  end cap. 
In addition t o  a crack through the weld, there  is  B crack OG the inner 
clad of the fue l  element next t o  the cap-ursnium in te r face ,  The ourer 
clad next t o  the cap-uranium interface is  deeply grooved as a result. of 
thermally-induced shear s t r a i n  i n  the clad.  
cracked open. 
uranium interface as a result  of shear f a i l u r e  i n  tne c lad ,  

At one point t h i s  groove has 
It i s  probable tha t  This f a i l u r e  i n i t i a t e d  at  the cap- 

The post- i r radiat ion examination of PT-IP-3OOA i s  complete. 
s i s t ed  of e ight ,  20-inch long, natural  uranium, Zr-2 clad,  KER Tube-tube 
elements i r rad ia ted  i n  KER ac 28C C ou t le t  t o  2000 MWD/Tj a t  a . ~  average 
specif ic  power of 70 kw/ft .  The inner tubes feazure the  hot-headed and 
projection welded closure; the outers were closed by TIG wflaing. 
s ional  measuremerits, including double throw warp were taken on all elements 
No defects ,  other than cracking of the uranium, were found i n  the one inner 
and one outer tube sectioned f o r  metallography. 

This PT con- 

Dimen- 

Ten ls- inch elements of NPR inner tube stock, processed with variable beta 
heat treatment, are  being i r rad ia ted  ir, KF,R Loop 1. 
posure of the elements on Mrch 23, 1961, w a s  890 MWD/T 
maximum element power was lL8 and 5" kw/fr, respectively.  
operating normally and i s  due for scheduled discharge during tne first 

The approximaze ex- 
The average and 
The charge 1s 
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week of April a t  an exposure somewhat i n  excess of 1000 MWD/T. 
elements of the  same group have been approved f o r  i r rad ia t ion  i n  the 
3x3 loop in the  ETR during Cycle 36. 

The second lCER loading of enriched s ingle  tubes (=E-3) was discharged 
from XER Loop 2 l a t e  in February after a t ta in ing  an exposure of 2000 W / T .  
Operating conditions of these coextruded elements with Zr-Be eu tec t ic  
brazed closures simulated those expected i n  NPR outer fuel tubes. Exam- 
ination of the elements i n  the K basin revealed SORE w h i t e  areas on the 
&-Be eutec t ic  braze closures and the  absence of the usual black, lus t raus  
appearance of XER irradiated Zr-2 clad material. 
there  appeared t o  be no changes produced by the i r rad ia t ion .  
elements were weighed in water against an unirradiated standard piece f o r  
the d i r ec t  determination of s w e l l i n g  behavior. 
radiation-induced volume increases from the weight change data f o r  the 
four e l e e n t s  w e r e  in  good agreement and indicate a 3.0 percent increase 
i n  fuel volume. This compares w i t h  a 1 . 3  percent volume increase deter-  
mined a t  1200 W / T .  

Radiometallurgical examination of the 18-inch long KSE-3 fue l  elements 
discharged during January at 1200 M I / T  shows a length decrease of about 
0.070-inch, w81p changes of -0.002 t o  +0.008 inch, and outside diameter 
changes of 4 . 0 0 3  t o  4.005 inch. 

Two 

I n  other respects,  
The f u e l  

Calculations of the ir- 

Heat Treatment Studies. X-ray data have been received on the preferred 
or ientat ion of the  samples of NPR inner and outer tubes which underwent 
various heat treatments involving varying hold temperatures and n i t r a t e  
quenching temperatures. All heat t r e a t m n t s  showed an e f fec t ive  random- 
iza t ion  of the grain s t ruc ture ,  but further analysis w i l l  be required t o  
detennine i f  any one of the heat treatments offers  a b e t t e r  randomization 
than the others.  

All grain s izes  of saixples studied i n  these heat treatment s tudies  have 
been remasured using the  uranium grain s ize  standards k i t  adopted by the 
Fuel Element Development Conrmittee with an attendant increase i n  the 
accuracy of measurement and consistency of r e su l t s .  h-evious conclusions 
are more strongly supported and show that the n i t r a t e  quench de f in i t e ly  
gives the  f ines t  grain s izes  of any of the quench media studied. 
normal grain s i ze  obtained on NPR inner tube 59 ( 3 O - m i l  inner clad,  38-mil 
outer clad,  1.263 OD, 0.431 ID) using a n i t r a t e  quench was A3 (Al being 
the large end of the range) while the same treatment on samples of NPR 
outer tube 74 (25-mil inner and outer c lad,  2.L01 OD, 1.740 I D )  resulted 
in  a f i n e r  grain s i ze  of A5 t o  A 6 .  

The 

Warp Studies. 
salt bath beta heat t rea ted  f o r  w a r p  s tudies .  
from s i x  coextlusions made on the 7OO-ton ve r t i ca l  press i n  an e f f o r t  t o  
evaluate the  w a r p  problems ar i s ing  from the horizontal  or ientat ion of the 
production p r e s s ,  such as  b i l l e t  ch i l l i ng  and cooling bed handling. The 
extrusions were cooled by hanging ve r t i ca l ly  from the d i e .  

Twenty-four NPR inner tube elements, 24-inch length were 
These elements were obtained 
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The warp data f o r  the as-recevied and beta heat treated conditions are  
shown i n  Table I. All orientat ion of the elemer,ts has been kept w i t h  the 
top of the die  of the primary extrusion from which the coextrusion b i l l e t s  
were machined as the reference point .  Wall thickness variation and s h i f t  
of the coextrusion were a l so  related t o  t h i s  reference point.  
no apparent correlat ion of the warp direct ion w i t h  w a l l  thickness, s h i f t ,  
o r  direct ion of the primary b i l l e t .  
unbonded end plugs f o r  hot straightening and autoclaving tests.  

There i s  

The elements were sealed by welding 

TABU I 

Warp Data f o r  NPR Inner Tube V e r t i c a l  Extrusions 

As- Received Beta Heat Treated Warp Vector 
Element Warp Orientation Warp Orientation Warp Orientation 
No. - Mils Degrees - Mils Degrees - Mils Degrees 

. 156 90 230 100 
111 90 

182 
211 

1-ll 80 300 
1- 35 50 270 61 90 

30 170 48 175 16 
1-59 1-83 24 90 31 170 36 

2-11 32 90 57 100 28 114 
45 240 62 245 18 25 9 

16 195 6 353 

3-11 40 180 37 170 7 58 
3-35 55 185 53 190 6 300 
3-59 12 180 25 170 1 4  161 
3-83 40 270 20 270 20 90 

20 
190 

2-83 2-59 19 170 13 15 0 9 
2-35 22 

4-10 115 195 87 210 126 333 
4- 34 31 198 28 230 8 31 3 

25 6 
280 

4- 58 10 50 27 265 36 
4-82 47 100 33 100 14 

5-11 56 190 110 260 106 290 
5-35 43 270 92 275 49 280 

5 -83 21 90 40 110 22 128 
5-59 14 190 29 260 28 288 

6-11 111 270 93 270 18 90 
165 12 15  6 

4 90 
6- 35 22 170 34 

15 270 11 270 
6-59 6-83 23 180 28 25 0 30 297 
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The Effects of Cladding Thickriess Unifsrmity cn Zircaioy-2 Clad Co- 
extruded Rods. 
result of localized clad s t ra in ing  have occurred ir: NaK capsules and high 
temperatures recirculat ing water loop iArradia.rior,s e 

examination of the Zircaloy-2 clad uraxilum rods i r rad ia ted  in  NaK capsules 
has been completed. 
photographs of the rod cross-sectionsa;cc plarined. Wikh these measurements 
it is hoped t o  ver i fy  the conclusion made from previous observations tha t  
an appreciable percentage thickness charjige over a short, gsgo lengtr- may 
be necessary t o  initiate loca l  ins tab i l izy .  

F a d u e s  of Zircaloy-2 clad uranium rods and tubes as a 

Radiometallurgy 

Masuremeats of cladding thickriess variations from 

To further study tine e f f ec t s  of cladding thickness var ia t ioas  on the sus- 
c e p t i b i l i t y  t o  f a i lu re ,  a se r i e s  of NaK capsule i r rad ia t ions  of Urcaloy-2 
clad fuel rods i s  planned f a r  The Ranford reactors .  
diameter Zircaloy-2 clad rods of U-2 W/O Z r  have beer, coextxded. These 
rods have been bond tes ted ,  measured, and machirLea t o  lerigth f o r  the ir- 
radiatior, specimns and control samplas. 
extrusion varies from 0.029 t o  9,034 inch and on the  second extrusion it 
varies  from 0.028 t o  0.033 inch. 
control specimens i s  machined coxxentric wizh the uraniiun t o  a thickness 
of 0.025 inch, the var ia t ion x i l l  be decreased by the amount of the surface 
irregularities. Heax t r e a a n t  and primary exr-mion of 811 unalloyed 
uranium b i l l e t  pmparatory t o  making coextrusim b i l l e t s  i s  complete. 

Fuel Component Development. 
designed, have a negative tempera+,ure coeff ic ient  f o r  the supporr; c i r c l e  
diameter. 
as the f u e l  element expands thermally Separat,icL of support tabs be- 
cause of heating lowers the support height acre Than thermal expansion 
increases the fue l  diameter. This conditlor, is greatest  f o r  the inside 
support where the  d i e t e r  clearmco b~cweer; tne suppor+,s a d  tne ouzer 
tube W i l l  be i5 mils greater  w h m  the fue l  i s  aperating t,han wher? it i s  
cold. 
e f f i c i en t  is  being developed f o r  test.iEg. 

Closure and J o i n i q .  
l i C  i n e r t  gas f i l l e r  metal process as a method of mak-ng %e fii-ai closure 
on the NPR fue l  elemen%, several changes Fr, the  eqiupmens ' e r e  mde and 
several  are p l m &  f o r  the futuze I 

The turntable drlve w a s  cnangr;l f rcm bel t  tc mar'- with a ch&nge iri the 
diameter of the sprocket. and dr iven  gear .  This c h a ~ g ~  will give a posirlve 
drive t o  the turntable ,  which  had a teriiency t o  s;ip, m a  iccr?ase :ne 
speea with which the t m x a b l e  can be drivec,  tnus a l lowkg 3. weld or- the 
ID of the fue l  element t o  be made uider the same Londitions as tn? OD w e l d .  
Instrumentatior w a s  added t o  +.he syst,ern whicn w i l ~  allow m r e  precise 
se t t ings  of the welding machire a m  a lso  ~ C T  as a check on the accurscy 
of the macnine d i a l  s e t t i ngs .  
ing voltage of each specimen w i l l  be made. 

Tdo 0.609-inch 

CladaiIz@; t h i c h e s s  orr the f i r s t  

When the  cladding on tnc i r rad ia t ion  and 

m e  NPR f7le.L ekmm self-supports , as now 

This is caused by zne increased separat ior  of the support tabs 

A support designed t o  nave 9 zero o r  posi t ive c i r c l e  d imese r  co- 

21 order t o  eahanco the Fnvzstrgatiord of the mfal- 

IL additioor; tc :h i s ,  a record of the veld- 

I 2 2 9 9 4 2  
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Before the  equipment changes mentioned above were made, a group of welds 
w e r e  made on specimens with varying sr-ep dimensions. 
a rc  (or  running) voltage was a l so  varied ir, a range jus t  abov2 the lower 
l i m i t  of the welding machine. Several of these welds showed very l i t t l e  
o r  no beryllium i n  the weld metal when they were polished and viewed on 
the metallograph. The majority of the samples showed a t  l e a s t  one small 
spike of braze material i n  the  weld. 
spikes were small and did not appear t o  go through the  weld t o  the outside 
Other specixaens a re  t o  be welded i n  the mar future  ir-  an attemp: t o  dup- 
l i c a t e  these welds. 

The start and the 

In some i n s t a c E s ,  however, the 

Attempts t o  resistance braze a Zircaloy-2 cap to  the uranium surface i n  
the projection-welded resistance-brazed closure ha= been emouraglng. 
Approximately 80% of the surface was bonded by using the exis t ing IOG KVA 
welding machine a t  full capacity. 
immersion p la te  on the face of the Zircsloy-2 cap. 

The braze material used was a copper 

The i n i t i a l  projection weld between the cap and the  element cladding has 
been improved t o  the point where the weld i s  adequate f o r  the  succPeding 
brazing step; however, results indicate t h a t  additional power and pressure 
w i l l  be necessary t o  produce a weld sa t i s fac tory  f o r  the closure. 

Fuel Deformation Studies. 
formulated which accounts f o r  the  cycl ic  nature of s t ra ining within the 

A model f o r  tubular f u e l  elements has been 

cladding but neglects the resistance t o  shear stresses of the f u e l  
material. Assuming cycl ic  s t r a i n  data can be represented by a power 
function and data obtained from re la t ive ly  rapid rates of s t r a i n  cycling 
can be used t o  evaluate t h e  cladding maserial model, the resul t ing equa- 
t ions  f o r  the fue l  element model have been solved and evaluated. These 
analyses predicted t h a t  the razio of ex ter ior  cladding s t r a i n  t o  specif ic  
volume d i l a t a t ion  should be 0.181 f o r  an NPR okter tube, 0.385 f o r  an NPR 
inner tube, ard 0.258 f o r  the MSE-3 tubes presently being i r rad ia ted ,  
The rough d ra f t  report  describifig these analyses i s  wri t ten.  Tesxing 
apparatus needed t o  evaluate the effect  of r e a l i s t i c  rares of s t r a i n  
cycling and the  e f f ec t  of incremen+,al s t ra in ing  i s  desigrAed. Pams f o r  
the apparatus are on order and t he  extensiometer i s  fabricared. 

Increased Creep Rates Due m Lsrge Temperature Changes. Temperatul-E 
cycled constant load tesfs or, uranium are being conduccea Is order tG 
evaluate the deformations cf tubular fuel  elemrjfs, the flow re s i sance  
of the  uranium d-ing temperature decrease and ificrease must, be deter-  
mined. Previous measuremer,ts have only detected TEE f A e ?  s-rrair- per  
temperature cycle ,  Two weeks of temperazure cyciir-g c z s t s  or' a specimer, 
without any loading were run i n  order %s establrst; the +_hemal Expansion. 
The variations i n  lengths during themal  CycLirLE were so  srratic tha t  a 
mean thermal expansion could n e t  be essablished. Herice, separatior, of 
the s t r a ins  occurring during heatin2 and c m l i s g  vi11 r,ot be possible 
w i t h  the  exis t ing equipmm-. 
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Extrusion Lubricants. 
pentoxide above i t s  melting point i s  a s l i g h t l y  viscous l i qu id  with 
extremely oi lycharacter is t ics  when in  contact with other metals. Un- 
fortunately,  the mel t ing  point of vanadium pentoxide is  approximately 
690 C ,  which happens t o  be above the  alpha phase of uranium. 
w a s  made f o r  a method of depressing the temperature of t h i s  l iqu id  
phase; two means of doing so w e r e  found. 
oxide t o  vanadium pentoxide forms a eu tec t ic  with a melting point of 
618 C. 
vanadium pentoxide i n  a 50-50 mol percent produces a eu tec t ic  with a 
melt-  point of approximately 490 C .  
eu tec t ic  has been made and will be ground f o  a powder for subsequent i ~ s e  
as a b i l l e t  lubricant  in the  extrusion press.  
be made with the CaO-V205 in  the near fu ture .  

If has Seen known f o r  some time t h a t  vanadium 

A search 

The addition of 9 W/O calcium 

It has a l so  been found t h a t  the  addition of lead oxide (PbO) t o  

A small amount of The PbO-VzO5 

Similar experiments w i l l  

2. REACTORPROGRAM 

Coolant Systems Development 

Cyclic Testing of APACE Decontamination Procedure. 
comleted in  ELMO-14 in  the  past month, making a t o t a l  of seven completed 

Two cycles have been 

cycies i n  the inhibi ted A P k  study. 
been noted on several s t e l l i t e  coupons. 
vealed dendri t ic  a t tack  t o  a depth of about 75 mils. 
are seen on both sides of the coupons, it is  possible t h a t  some continuous 
channels run completely through the  100-mil thick coupons. It is postu- 
l a t ed  t h a t  t h i s  a t tack  resul ted from casting defects i n  the  test coupons 
and that exposure t o  the  alkal ine permanganate solut ion opened channels 
through these casting defects .  Although coupons from the  s a  l o t  have 
been used i n  cycl ic  tests of other decontamination processes, t h i s  a t tack  
has not been observed previously. 

Isolated permanganate s t a ins  have 
Sec t ionbg i n  the  s t a i n  area re- 

Since the s ta ins  

Oxygen Scavengbg Studies ,  It w i l l  be necessary t o  reauce the concentra- 
t i o n  of dissolved oxygen i n  the XPR emergency cooling water t o  keep the 
corrosion rate t o  an acceptable leve l .  A dTJnamic test  has been conrpieseci 
a t  10 C t o  determine tne corrosion rate of polished carbon s t e e l  coupons 
in water t h a t  has been f i l t e r e d  and t rea ted  w i t h  sodium sulfi te t o  remove 
dissolved oxygen. 
react ion.  
gave an ef fec t ive  area r a t i o  of carbon tc s ta in less  of approximazely 0.9. 
The operating condisioos we= simiiar t o  those specified f o r  NP3 emergency 
cooling operations. 
oxygen was scsvenged. 
over the  t o t a l  period of operation w a s  50 t o  75 par t s  p e r  b i l l i o n  
l e v e l  is  considered acceptable, 
reduce the  corrosion r a t e  of the  carbon s tee l .  
the exact amount of reduczion w i l l  be obtained. 

Cobalt ion w a s  U S C ~  as a catalyst  f o r  ?he scavengiq  
- The coupons were mounzed on a s ta in less  steel  ladder which 

During chis  TEST 98 tc 100 percent of the dissolved 

This 
The residual dissolved oxygen concentratioL averaged 

The addicior, of s u i f i f e  appeared to 
Qmntirarlve d a t a  t o  shotr 

During the corrosion test  it w a s  necessary t o  increase The s u l f i t e  cox- 
celztratian t o  1 . 5  times the concentraticri normally requLred t o  obtain 
complete scaveEging. 'This resulc has been t en ta t ive ly  a v r i b u t e 3  t o  



A-11 m- 69062 

adsorption of a f rac t ion  of the  cobalt ions on The metal surfaces, re- 
sul t ing i n  a decrease i n  ca ta ly t ic  ac t iv i ty .  However, t h i s  hypothesis 
has not yet been ver i f ied experimentally. 

Tests a re  planned t o  determine the effectiveness of hydrogen gas and 
hydrazine as an oxygen scavenger i n  the normal NPR coolant water. A 
production tes t  i s  being wri t ten t o  authorize the use of one or more 
of the KER loops f o r  tests with o r  without a charge i n  the act ive zone. 

C r u d  Studies. A program is now i n  progress t o  evaluate the  concentration 
of par t iculate  so l ids  i n  coolant streams by f i l t r a t i o n  through 4-micron 
p l a s t i c  paper. Although the  present t e s t s  are intended t o  es tab l i sh  the 
f e a s i b i l i t y  of t h i s  method and are, therefore,  not yet  capable of accur- 
a t e l y  determining the concentration of crud, the method appears promising. 
It is much simpler and l e s s  expensive than the carbon f i l t e r s  (hot crud 
probes ) currently being used, although the hot crud probes are  capable 
of re ta ining f i n e r  suspended so l ids  than is the 4-micron paper. 

Samples from ELMO-5 and KEFt-1 were viewed at  600x magnification t o  
examine the crud and t o  determine whether o r  not a pa r t i c l e  count would 
be feas ib le .  A heavy background of rust pa r t i c l e s  was preser;t i n  the  
IZEEI-1 sample but not i n  the ELMO-5 sample. Photographic techniques are 
now being evaluated as a means of determining the s i ze  and concentration 
of crud par t ic les .  

Corrosion i n  High Temperature Water. 
Monel, super a l loys,  and Zircaloy in  300 C water a re  continuing. The 

Corrosion tests of s ta in less  steels, 

corrosion rates of all al loys are low, ranging from 0.02 t o  0.04 mils/yr. 

The KSE-3 elements discharged recently from the KER-2 loop had a very 
l i g h t  colored oxide f i l m  after discharge. An unirradiated element from 
the same l o t  is being exposed t o  pH 10, 300 C recirculat ing water t o  
determine if  the l i g h t  colored f i l m  can be duplicased out-of-reactor. 

ELMO-15 Supercr i t ical  Loop. The construction of ELMO-15 has been delayed 
t o  permit fu r the r  pressure testing of the components. The heater vessel  
w a s  again tes ted  w i t h  a s t r e s s  coating at 12,600 p s i ,  The resul%s of the 
tes t  were all sat isfactory,  except f o r  the heater  head which w a s  incon- 
clusive; t h i s  pa r t  w i l l  be retested.  Another review of the pump w a s  made 
and a delay i n  shipment w a s  requested u n t i l  spec i f ic  answers could be 
obtained t o  questions on design, testing,,  and ce r t i f i ca t ion .  This w i l l  
result i n  considerable delay of the program, since the loop fabricat ion 
cannot be s t a r t ed  until the pump i s  on s i t e .  The pump w i l l  be securely 
anchored, with other pieces of equipment f r ee  t o  move r e l a t ive  Co the  
P W .  

Structural  lvbt e r La1 s Development 

B u r s t  Testing of Pressure Tubes. A revision t o  the project f o r  the con- 
s t ruc t ion  of an unirradiated b u r s t  test  f a c i l i t y  has been approved. The 
project  w a s  discussed w i t h  the contractor but construcrion has not s ta r ted .  
Construction i s  scheduled f o r  completion ir, ea r ly  August 1961. 
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A technique f o r  measuring localized deformaxion occurring durug the 
burst tes t  was developed-. 
on the tube pr ior  t o  t e s t ing .  
in both a x i a l  and circumferential s t m k  throughout the specimen. 

Heat r e s i s t ac t  paint is used t o  p r in t  a gr id  
I n i t i a l  results reveal a marked variation 

The design of a prototype chamber f o r  burst  t e s t ing  i r rad ia ted  pressure 
tubing a t  elevated temperature i s  nearing completion. When fabricated,  
the chamber w i l l  be placed in the basin of the 327 Building t o  test the 
adequacy of the  design. 

Zircaloy Retubing Program . With the advent of the overbore concept f o r  
retubing the production reactors ,  about 200 Zircaloy tubes fabricated 
during ear ly  development work w i l l  no longer be sui table  f o r  C Reactor. 
Adaptation of a special  fabr icat ing technique was undertaken t o  convert 
these 43-foot C Reactor tubes t o  l a rge r  diameter @-foot K Reactor tubes. 
Initial trials w i t h  short  sections of tubing were successful. Close 
control of the increase in the inner and outer diameters, the decrease 
in w a l l  thickless ,  and the increase i n  length w a s  demonstrated. Tubes 
with fabricat ion h i s to r i e s  varying f r o m  annealed, 30 percent and 60 per- 
cent cold work were successfully resized. 
length requirements are m e t ,  some of the cubes w i l l  require a short  
length of tubing t o  be but t  welded on the end. Techniques f o r  bu t t  
welding were successfully developed, and the welds underwent resizing 
without apparent damage. 
tubes,  minor regrinding of the too ls  w i l l  be required t o  eliminate the 
l i g h t  d ie  pickup encountered during resizing.  

To assure that  the m i n i m  

Prior  t o  attempting the resizing of full length 

NPFl Process Tubes. 
tears i n  NPR process tubes it was necessary zo produce a standard against 
which the material  under t e s t  could be compared. 
h ~ w n  dimensions w e r e  produced on the inner and outer surfaces of a 
section of tubing using +,he Electrojet  machine. 
action of a careful ly  controlled spark discharge between the work piece 
and a too l  of the  desired geometry. 
used at  w o r d  f o r  t h i s  purpose so it w a s  necessary t o  develop the 
tooling and machine se t t ings  required t o  produce notches 1/8" long, 
3 mils wide and from one t o  f ive  mils deep. 
adapted f o r  measuring the actual  deprhs of the grooves cut i n  the i m e r  
and outer surfaces of the tube. 

To develop an ul t rasonic  t e s t  f o r  small transverse 

Transverse nctches of 

This machine cu t s  by 

The mchice had 30t previously beer, 

A repl icat ion techLque w a s  

For the ul t rasonic  t e s t s  a focusicg crystal vas employed t o  iet.ermine the 
correct angular re lat ionships  and machirE setyings t o  provide a Salanced 
response from the grooves on the inner arid outer surfaces.  Tests proved 
t h a t  scanning ra tes  which a re  imprac5ical;y SLOW are  required t o  assure 
detection of defec ts ,  Application of a flat crys ta l  allowed great ly  io- 
creased scanning m t e s  w i t 5  orJy a small loss  i n  ?recis ion.  
successfully detected a small p i t  m d  cracx present on the i rde r  surface 
of a production t7;be. Additions1 refizre-aentE w i l ;  be needed, but d t l m a t e  
success of the t e c k i q u e  i s  now assured. 

The zests  
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KER-1 Process Tube. 
of s q l e s  fromtwo sections of the KER-1 tube indicated beta transforma- 
t i on  had taken place.  
caused by sample preparation. It has been demonstrated with unirradiated 
samples tha t  insuff ic ient  cooling water while sectioning allowed the 
specimen t o  heat in to  the beta phase. 
were submerged under water during sectioning which reduces the amount of 
heat-affected material t o  a region l e s s  than one mil from the cut surface. 
This material i s  eas i ly  removed during the grinding and polishing. 
evidence of p a r t i a l  recrys ta l l iza t ion  found throughout the tube i s  s t i l l  
val id .  

Previously it w a s  reported tha t  the grain s t ructure  

Subsequently it has been determined tha t  t h i s  was 

mst of the s a q l e s  from KER-1 

Thus, 

Wet chemistry completed on a portion of the tube tha t  w a s  beneath the 
heavy oxide layer  gave the r e su l t s :  
f 0.002$; copper, 10  ppm. 
spectrochemical analysis indicated one percent or  greater .  
d i f f i c u l t  t o  keep in  solution, and it i s  possible tha t  the t i n  precipitated 
out pr ior  t o  the chemical analysis.  

nickel, 0.073 ? O.O&'$; i ron,  0.030 
No t i n  w a s  detected by wet chemistry, but the 

Tin i s  very 

Nonmetallic M t e r i a l s  Development 

Graphite Burnout Rates a t  C Reactor. Burnout samples were discharged 
from1889-C, 1960-C and 2780-c a f t e r  115 operating days. The ayerage 
burnout ra tes  (percent weight loss per 1000 operating days) a re  shown 
below: 

Distance from Front Van Stone Flange 
lO-ft ,  &in. 15-f t ,  6-in. 20-ft ,  4-in. 25-ft ,  2-in. 3O-ft 

1889- c 2.12 2.35 0.29 0.23 0.11 (gain) 
0.65 0.20 0.11 (gain ) 1960- c 2.71 2.94 

2780- c 0.12 0.60 0.36 0.18 0.03 

The r a t e s  i n  the f ront  zone of the reactor  i n  the f i r s t  two channels are  
greater  than the established l imi t  of 2% per 1000 operating days. 
they are  lower than a year ago when a high r a t e  of 35% per 1000 operating 
days w a s  measured i n  1960-c. The ra tes  from the same r e l a t ive  posi t ion i n  
channels 1889 and 1960 are  nearly the same, while those from 2780 are  con- 
siderably lower. Hence, it might be concluded on the basis  of these data 
t h a t  the oxidizing condition extended across the stack in  the areas of 
these two channels but did not reach as high as the 27th row. 

However, 

Physical Properties of NPR Core Graphite. The t ens i l e  strength of NPR 
core graphite has been measured pa ra l l e l  and transverse t o  the direct ion 
of extrusion. 
were 1668, 1909, and 1242 p s i .  In. the t ramverse direct ion these values 
were 957, 1421, and 545 p s i .  

The average high and low values of sixteen pa ra l l e l  samples 

Defects i n  NPR Tube Blocks. NPR tube blocks wnich have been rejected f o r  
visual ly  observed cracks were examined. F l o w  l i n e s  as well as cracks 
were noted. The f l o w  l i n e s  reduce the t ens i l e  s t rezgth of l/b-inch and 



l /2-inch sections.  
en t ly  not reduced by the flow l i n e s .  
the bore and outer surface of the bar .  
become apparent wher, the keying notches a re  machined and may resu l t  i n  
fur ther  re ject ion of bars .  

The compressive strength 3f large sections i s  appar- 
Cracks were a l so  observed between 

This type of defect w i l l  probably 

In i t ia l  Radiation-Induced Expansion of NPR Core Graphite. 
of available data it appears t ha t  the maximum radiation-induced expansion 
transverse t o  the long dimnsion of the NPR graphite bars will be 0.02$0 
This maximum w i l l  occur a t  an NPR exposure of approximately LO0 raJD/AT. 
An additional expansion of about 0.01s resu l t ing  from the thermal amealing 
of stresses i n  the graphite w i l l  be superimposed on the radiation-induced 
expansion. 

On the basis 

Thermal Properties of I r radiated NPR Core Graphite. 
thermal conductivities a f t e r  i r rad ia t ion  a t  500 t o  600 C ,  1257 MWD/AT in  
Kw Reactor (an equivalent exposure of 600 bMD/A!T ia. the NPR) were 
0.19 cal/cm-see-C pa ra l l e l  TO the extrusion axis and 0.09 cal/cm-sec-C 
transverse t o  the e m m i o r _  axis. 
between 25 and L25 C decreased s l i g h t l y  upon i r rad ia t ion  t o  about 500 MdD/ 
AT but returned t o  the unirradiated value upon continued exposure t o  
1257 m/AT. These results have Seen reported in  more d e t a i l  i n  HW-68762, 
”Irradiat ion Effects on NPR Core Graphite - IrAitia.l Shon; Tern Irradia?ion 
Results. ‘I 

Room temperature 

The thermal expansion coeff ic ients  

I r radiat ions of NPR Graphite i n  the ETR” 
t i on  capsule w a s  discharged from the ETR on March 5 .  
graphite contained in  the capsule w a s  i r rad ia ted  a t  TOO C +o a maximum 
exposure of approximately l . L  x 1021 nvt, E 7  0.18 Mev. 
successfully disassembled in  the hot c e l l  and aLl f o u r  sample cups, c m -  
tairLing three samples each, were recavered iritact and are  being shipped t o  
HAW f o r  pos t - i r rad ia t ion  measurements. 
and cobalt flux monitors were recoqered. 

The GEH-13-5 graphite i r rad ia-  
The NPR re f lec tor  

The capsule w a s  

%enty-two of the 2L i ron,  nickel ,  

Fabrication has begun on a capsule, GEH-13-7, t o  be i r rad ia ted  i n  rhe F-6 
posi t ion of the ETR. The P U ~ ~ O S P  of t h i s  i r rad ia t ion  is t o  obtain qual- 
i t a t i v e  comparisons of NPR corc, NPR r e f l ec to r ,  and CSF graphites.  
capsule w i l l  contain 2L quart,er-round samples i n  groups of fou r .  
sample temperatures, which are  expected 7.3 be i n  The range LOO t o  %r? C, 
w i l l  be monitored by nine thermocoLip1k.s. 

The 
The 

Thermal Hydraulics Studies 

Heat Transfer Experimerxs Pert;ainir,g t o  N P R .  The studies t c  determine the 
boi l ing burnout coxidit.ions f o r  t h e  NPR tube-in-tube fuel  elemen? vere con- 
t inued. 
t o  complete the SchediAed program f c r  a res: secsior! of tne outer f l o w  
annulus of the f m l  e l c m n t .  

Experiments, dasa were obtained xi :he hear t rwLsfer  laboratory 
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tube was e l e c t r i c a l l y  heated and the heat w a s  t ransferred t o  water flowing 
through the  annulus. 
Hastelloy tube allowed the detection of temperature excursions associated 
with boiling burnout conditions. 

A se r i e s  of burnout points were recorded at  1000 psig w i t h  i n l e t  t e q e r a -  
tures of 530 F and mass flow ra t e s  over the range from 0.5 x lo6 t o  
5 x 106 lb lhr - f t2 .  Additional points were obtained a t  1500 psig w i t h  in- 
l e t  temperatures of 510 t o  550 F .  
by thermocouples i n  the  bottom 90' quadrant of the annulus. The data from 
these experiments a re  presently being prepared f o r  7090 computer analysis.  

Preliminary analysis of the t e s t  results obtained previously f o r  the inner 
annulus of the tube-in-tube fue l  element indicate that the burnout heat 
flux w i l l  correlate  we1 with mass velocity and out le t  enthalpy a t  mass 
veloci t ies  above 1 x 10 lb/hr-f t2 .  Di f f icu l ty  has been encountered i n  
obtaining a sa t i s fac tory  correlat ion a t  lower mass veloc i t ies .  

Thermocouples attached t o  the inside wall of the 

Burnout indications were always given 

B 
Special test sections are  presently being fabricated t o  study the e f f ec t  
on boiling burnout a t  high pressure of having the inner tube of the tube- 
in-tube fuel  assembly placed i n  a non-coaxial posit ion within the outer 
tube. 

Fuel Element Temperatures Following A Front Header Pressure Loss A t  
K Reactors. 
t u re  r i s e  which would be associated w i t h  various degrees of coolant supply 
pressure decrease a t  a K Reactor. 
loss of e l e c t r i c a l  power t o  the process pumps, or  rupture of coolant supply 
piping between the pumps and the f ront  headers. 
events were simulated on the single tube prototype K Reactor assembly while 
using d-c e l e c t r i c a l  resistance heating t o  simulate the nuclear heating of 
a 38-piece charge of I&E f u e l  elements. 
w a s  reduced systematically t o  simulate a 500 i h  reactor  scram. 
of the experimental study w i l l  be useful i n  evaluation of the reactor  
hazards which involve the coolant supply sys tem.  
ported i n  m-68273. 

A study was concluded t o  determine the f u e l  element tempera- 

Such pressure losses  could r e su l t  from 

The pressure reduction 

Power input t o  the t e s t  section 
The r e su l t s  

The results a re  re-  

While it was not the purpose of the study t o  make spec i f ic  recommendations, 
the experimental data allow one t o  make conclusions such as the following 
sample conclusions: 
duction event as severe as  rupture of a supply l i ne  t o  a f ront  riser could 
result i n  f u e l  jacket rnelting during the reactor  scram and subsequent 
power decay a t  tube powers of about 1500 Kw. (2)  With six-punp operation 
f u e l  jacket melting would not occur even w i t h  f a i lu re  of a front  riser a t  
tube powers up t o  about 1900 KW. 
e l e c t r i c a l  power loss should be avoided t o  prevent fue l  jacket melting. 

(1) With five-pump operatiorL a sudden pressure re- 

(3)  Coolant boil ing following a complete 

The appendix of the report includes a coxparison betveer, the heat, output 
from the 1 8 9 - ~  experimental equipment following a sirnulaxed reactor  scram 
and the recommended curve of reactor heat output which i s  based on a 
number of reactor  experiments. 

1 2 2 9 9 4 9  
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Sil icon Rect i f ier  Control System b d i f i c a t i o n .  
s i l i con  r e c t i f i e r  d i r ec t  current power supply has been modified t o  prevent 
progressive damage of multiple rod heating element t e s t  sections during 
boiling burnout experiments. 
and in s t a l l ed  with a parer feedback control such that the r e c t i f i e r  output 
control was based on t e s t  section power. During experiments w i t h  elec- 
t r i c a l  heating in several p a r a l l e l  e l e c t r i c a l  paths, the inadvertent 
failure of me element would not change the total. power supplied t o  the 
test section and thus would result in  increased power generat im i n  the 
remaining elements and progressive burnout failures. 

A voltage feedback control c i r c u i t  has been added t o  permit the r e c t i f i e r  
output control t o  be based on t e s t  section voltage. Thus, f a i lu re  of one 
element will not a f f ec t  the power generation in the remaining elements. 
Since power feedback is desirable f o r  s ingle  element "fuel" assemblies t o  
overcome changes i n  test  section resistance due t o  temperature change, the 
power feedback control c i r c u i t  is being retained on a se lec tor  switch basis 
with the voltage feedback control c i r c u i t .  

The control system of the 

The control system w a s  o r ig ina l ly  designed 

Press- Boil- Burnout Conditions f o r  Eccentric Annuli. The Nogram 
was continued t o  investigate the e f f ec t  on heat t r ans fe r  canditions of the 
non-coaxial positioning of fue l  elements within a coolant tube. 
this month the e f fo r t  has been directed toward the col lect ion of data 
applicable t o  183 f u e l  elements i n  a K Reactor process tube f o r  the  case 
of 

In these experiments thermocouple trouble w a s  encountered, and it w a s  
found qui te  d i f f i c u l t  t o  detect  boi l ing burnout and manually reduce power 
before test section damage occurs. 
Was determined f o r  K Reactor central  zone flow conditions (40 gpm annulus 
flow) and 107 ps ig  at a heat f lux  of 1.87 x 106 Btu/hr-ft2 at  3 F sub- 
cooling. 
result of this'burnout point .  
the burnout fluxes which were determined w i t h  9 6  eccent r ic i ty  and LO g p m  
annulus flow. 

During 

eccent r ic i ty  (i .e., concentric a ~ u l u s  ) . 

One f a i r l y  conclusive burnout point 

A one by 1/2-inch hole was melted i n  the t e s t  section as a 
This burnout heat f lux  is about seven times 

Flow Reduction During Operational Charging. 
iments indicate that flow reductions caused by blockage of the front  

Hydraulics laboratory exper- 

nozzle coolant i n l e t  port  during operational charging operations w i l l  not 
exceed 10 percent of normal central  zone flow ra t e s .  Part of the experi- 
ments were conducted by recording t rans ien t  flow ra t e s  during use of a 
Mark I1 Operational Charging Machine (designed by Im> personnel) on a K 
Reactor s ingle  tube mockup. 
BDF single tube mockup under steady s t a t e  flow conditions while pupose ly  
restraining a f u e l  element over the nozzle i n l e t  por t .  
was the flcw reduction caused by the charging machine act ion o r  the "stuck" 
fuel element grea te r  than 10 percent of a normal central  zone flow. 
a flow reduction of about 30 percent i s  necessary t o  cause flow insta-  
b i l i t y ,  excessive f u e l  temperatures as caused by insuf f ic ien t  flow should 
not be a problem during changing operations w i t h  the geometries investigated.  

The remaining experiments were conducted on a 

In nei ther  case 

Since 

W 
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Project CGH-834. 
laboratory was resumed on Project CGH-834 which w i l l  allow investigation 
of fue l  temperatures following a simulated rupture of reactor coolant 
piping a t  pressures up t o  2000 psig.  
report period included two heat exchangers, two pressurized air  tanks, 
and a 1000-gallon water storage tank. 
constant pressure during the simulated piping rupture. The completion 
of t h i s  project awaits the receipt  and in s t a l l a t ion  of some quick 
acting valves designed t o  simulate the piping rupture. 

A new inject ion pump w a s  ins ta l led  i n  place of one of the large inject ion 
pumps used previously i n  the high pressure experimental apparatus. 
new pump uses three cylinders instead of one t o  de l iver  the  required 
inject ion r a t e  and thus should reduce the magnitude of the system pressure 
f luctuat ions.  

Ins ta l la t ion  of equipment i n  the 189-~ heat t ransfer  

Equipment ins ta l led  during the 

The tanks w i l l  supply water a t  

The 

Shielding Studies. The IBM-7090 computer program t o  calculate neutron 
and ganrma attenuation f o r  shielding design s tudies  i s  i n  the  debugging 
stage. 

The electronic  components of the fast neutron spectrometer a re  being 
overhauled i n  preparation f o r  future  neutron spectrum measurements i n  
shield materials. 

B. WEAPCiNS - 3000 PROGRAM 

Research and developmnt i n  the f i e l d  of plutonium metallurgy continued i n  
support of the Hanford 234-5 B u i l d i n g  Operations and weapons development 
programs of the University of California Lawrence Radiation Laboratory 
(Project Whitney). 
d i s t r ibu t ion  l ists  appropriate t o  weapons development work. 

Details of these a c t i v i t i e s  are  reported separately via  

I 2 2 [ 1 9 5  I 
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C. REACTOR DEVE=LOPMENT - LOO0 PROGRAM 
1. €?LuTaIuM RECYCLE PROGRAM 

Plutonium Fuels Development 

PRTR Fuel Fabrication. 
f o r  PRTR use has been delayed by uncertaint ies  ic sheath tubing 
qual i ty .  
being held f o r  corrosion t e s t ing  as all tubes using K and L b i l l e t  
material are questionable, and samples from each tube are  being auto- 
claved. All the other tubes on hand have been made in to  f u e l  element 
rods &.await etching and autoclaving. Autoclaving will continue as  
soon as the new racks, holding 57 rods compared t o  the 36 in the 
previous racks, are conditioned. 

The fabricat ion of replacement Ri-Al elements 

Of 487 tubes received i n  1961 f o r  t h i s  loading, 97 are 

Fabrication Development. 
techniques for uniformly enriched U@-Pu@ fuel c lus te rs  has been 
accelerated d u r i q  +,he pasz month and is essent ia l ly  on schedule. 
Swage compaction fabricat ion w i l l  be u t i l i zed  i n  fabr icat ing the f i r s t  
portion of the 81-clustar PRTR load, followed by high energy vibration 
compaction of the remainder. 
these processes for U q - P u e  w i 5 h  U0;l experience obtained during the 
fabricat ion of the f i r s t  PRTR loading. 
ences due only t o  zhe plutonium enrichmenz can thel; b% evaluated. 

The development of economical fabr icst ion 

This w i l l  allow d i rec t  comparison of 

Incremental process d i f f e r -  

Distribution of plutonium oxide i~ uranium oxide is or;e of The major 
problems involved i n  the development. 
density UQ-PLC& so l id  solut ioz feed material would &ompletaly eliminate 
the problem, considerable fabr icat ion ecoriomies w i l l  resull; i f  small 
par t i c l e  size Pu@ can be uniformly distzi‘cuted i n  arc-fused U@ having 
the wide range of pa r t i c l e  s izes  needed t~ achieve high fue l  densities 
by both swage and r ibra t iona l  compac.ricr- tschziques. The complexity of 
this problem is demonstrated by dispersion r e sd t s  obtained ,311 a tventy 
kilogram blend of 0.wl-6 w / s  PuOz high surface area powder ir, arc-fused 
Uo2 d i rec t ly  afCer removal f r o m  the twin ahel: b l e ~ l e r  Sir-ce t h l c  i5 
the  mcst favorable process p c i r t  at which t o  expect hamogcneity, s u k r -  
quent p o u r i q ,  vibrating and w q b g  aperations w i l l  aggravate ra%her 
fhan re l ieve :tie FXbleTt. Dis+r ibu? ix  resliits ky chermcaL ~ a l y s r s  
w e r e  as foi’icws : 

Al+,hough the u t i l i z a t i o n  of high 

1, For 

a. 

b. 

2. Foz 

The 
The 

Twc-Thirds of the s a q x s  ~ t r e  withir. 2 5% of :he 
90mi~ai n i u e .  
Over-all variarrce withio :he grcup of s q i e s  w a s  
approxirateiy 1g$ I 

the sample taken from the blender ? a l l ,  

I 2 2 c i S 5 2  
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3 .  For lO$ cut sample Ir'rom the blend, 

The sample analyzed 12$ below the nominal blend value. 
This analysis was below any of the 15  individual samples 
mentioned above. 
be more representative of the blend than an individual 
"grab" sample, a repeat analysis w i l l  be made. 

As a cut 1 6  sample of a blend should 

Since the pU@ powder used i n  th i s  study w a s  low temperature calcined 
plutonium oxalate of very  high surface area,  some improvement should 
resu l t  from the use of lower surface area powder formed by a higher 
temperature calcination or  by calcination of plutonium n i t r a t e .  
fore ,  th i s  experiment has been repeated using oxide calcined a t  1000 C 
f o r  four hours, but analyt ical  results have not yet been obtained. 

There- 

Two methods were developed t o  control the macro-distribution of plutonium 
oxide along the  length of a tube loaded w i t h  mechanically mixed U@-pU% 
powders. One method consisted of preparing and mixing "one-tube batches" 
of oxides and controll ing the percentage of f ines  (-325 mesh pa r t i c l e s )  
in the batch. 
tube so that each s m a l l  increment contains the required w u n t  of plu- . 
tonium. Both methods have general application t o  other systems of mixed 
powders. The advantages of the f i rs t  method are  simplicity and i n i t i a l  
cost ,  while the advantages of the incremental method are f l e x i b i l i t y ,  
accuracy, and amenability t o  mchanization. 
were developed with U@ f ines ,  determination of variations w i t h  mixed 
U C Q - P u Q  f ines  w i l l  be made. 
very small (en t i re ly  -325 mesh), it is  a s s m d  t h a t  Pu% w i l l  follow 
the general d i s t r ibu t ion  of -325 mesh UQ. 
consuming and more basic understanding of the d is t r ibu t ion  problem is 
obtained by studying the d is t r ibu t ion  of pa r t i c l e  s izes  of U% along 
the length of a tube than by obtaining spot analyses of plutonium 
throughout the fabricat ion process. 
of loading a tube with U@, shaking on a 60-cycle vibrating tab le  t o  
obtain the desired tap density, cut t ing the tube in to  segments, and 
obtaining the pa r t i c l e  s ize  d is t r ibu t ion  i n  the segments through screen 
analysis .  Based on the  results of the experiments the following conclu- 
sions are drawn: 

The other method consisted of incrementally loading the 

Since both of the methods 

Since the calcined pU@ par t i c l e  s ize  is  

Therefore, a less t i m e -  

The experimental mthod consists 

1. The mixing, blending, and pouring methods and the container 
materials a l l  a f f ec t  the d is t r ibu t ion  of pa r t i c l e s  i n  the tube, 

2. A process of blending in  large batches and s p l i t t i n g  in to  
"one tube load" batches is not suf f ic ien t ly  under control 
t o  assure (a) obtaining the proper amount of f ines  (-325 
mesh pa r t i c l e s ,  e.@;. , Pu02) i n  a given tube, and (b)  obtain- 
ing uniform dis t r ibu t ion  of the f ines  irL the tube. 

3. A process of blending "one tube batches" affords b e t t e r  control 
f o r  both obtaining desired plutonium content and d is t r ibu t ion  
i n  a tube. 

UNCLASSIFIED 
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4. The variat ion of fines along the length of the tube (L$  t o  2 6  
f i n e s )  may be expressed by the empirical formula: 

where: VT = t o t a l  var ia t ion of f ines  expressed as a percent 
of the percentage of f ines  

F = percentage of f ines  (-325 mesh pa r t i c l e s ) .  

Thus, f o r  a mix tu re  containing 4% f ines  t o t a l  variation of f ines  along the 
tube w i l l  be 45$ o r  approximately L$ ? 1/2(O.h50)(4$) = k$ ? 0.99, o r  
t o t a l  var ia t ion from 3.1% t o  4,9$. 
variat ion is approximately o r  19.146 t o  20,9$. Increasing the  percent- 
age of fines decreases the r e l a t ive  var ia t ion,  so t h a t  i f  it were desired 
t o  keep plutonium dis t r ibu t ion  within a lo$ variat ion (2  5 $ ) ,  as is  the 
case f o r  kl-Pu spike elements, approximately 18% f ines  would be required 
in  the charge. Since grea te r  amounts of f ines  decrease f i n a l  density in 
the  cold s w a g i n g  process, no determinations beyond 2 6  f ines  w e r e  made. 

Similarly, with 2 6  f ines  the  t o t a l  

A more accurate and flexible method of obtaining uniform dis t r ibu t ion  is  
by incremental loading. The technique w a s  developed when pa r t i c l e s  i n  a 
glass tube w e r e  not observed t o  preferen t ia l ly  s e t t l e  o r  migrate when 
being vibrated on a 60-cycle t ab le .  This l e d  t o  the conclusion t h a t  the 
longitudinal d i s t r ibu t ion  would be uniform if the  Pu@ could be loaded 
uniformly. Several tubes w e r e  incrementally loaded with Uo;! using the 
-325 mesh U% t o  follow the  d is t r ibu t ion  of f ines  which would include the 
Pu% enrichment. 
increments. In each increment fixed quant i t ies  of coarse pa r t i c l e s  w e r e  
mixed w i t h  f ixed quant i t ies  of -325 mesh par t i c l e s .  
made O f  segments cut along the length of the tube. Less than 1.6 varia- 
t ion O f  -325 mesh pa r t i c l e s  w a s  read i ly  obtained, and it appears t h a t  
much Smaller var ia t ions w i l l  result from refined loading techniques. 
Hand loading tubes i n  incremefits i s  r e l a t ive ly  slow (approximately 30 
mbutes per  tube), but the process i s  readi ly  adaptable t o  automation. 

The tubes were manually loaded i n  one-quarter inch 

Screen analyses were 

In addition t o  the  d is t r ibu t ion  of the Pu@ in  UO2, a number of other 
problems pecul iar  t o  the swaging process a re  under invest igat icn.  
addi t ional  U@-PU@ fue l  rods have been swaged W i t h  an over-all lerigth 
var ia t ion after four swaging passes of approximately 1-3/8 inches. 
wall thickness var ia t ions as w e l l  as d ie  heating due tG f r i c t i o n  a i d  
mechanical work are the main contr ibut i tg  factors  i n  length var ia t ion.  
It now appears p rac t i ca l  t o  control length w l t h  a t o t a l  var ia t ion of on€ 
inch and rods will be segregated so tha t  withir, any one c lus t e r  t o t a l  
length var ia t ion w i l l  be within or-e-half a c h .  Fluorescent penetrant 
examination of these rods afcer  they kad been given a brief cleaning etch 
revealed numerous F i t  Type defects 
cleaning etch had not beexi of long enowh druation t o  a t tack  the cladding 
surface completely, The rods were given a standard etch,  (0,OOL - 0.005- 
inch on the d i m t e r ) ,  and on re-examination all rods passed che fluorescent 
penetrant t e s t .  Ultrasonic t e s t ing  or' the rods indizarred clefeczs r & I i n g  

Seven 

Tube 

Surf'ace examination showed tha t  the 

UNCLASSIFIED 
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from 0.003-inch t o  0.005-inch i n  the preswaged ends. Traces along the 
rest of each rod were uniform, and no defects were recorded. Improve- 
ments a re  needed i n  the qual i ty  of the preswaged ends; however, t h i s  
problem does not exist  with the a l te rna te  process using swagable end 
caps. 

A study w a s  made of the re la t ive  movement of various sized par t ic les  i n  
a vibrating column using the  high energy vibratory compactor. 
inch ID l u c i t e  tube was f i l l e d  w i t h  a l te rna te  layers  of fused U02: 
(1) coarse (-6 +10 mesh), (2)  medium (-35 +60), (3 )  f ine  ( -200 ) ,  and 
(4)  coarse from bottom t o  top. 
interfaces  w a s  observed w i t h  a stroboscope. 

A one- 

This w a s  shaken and the  movement of the 

Conf'irming the results found on the Syntron shaker, no in t e r f ac i a l  move- 
ment w a s  noted a t  60 cps when the  acceleration l eve l  was one gran! o r  less. 
A t  two grams acceleration the  medium pa r t i c l e s  began t o  move through the 
coarse f ract ion.  The experiment w a s  repeated varying the  frequency. It 
was found t h a t  mcxrement of the  medium pa r t i c l e s  through the  coarse layer  
took place readily at a one-gram acceleration l eve l  when the frequency 
was  i n  the 30-40 cps o r  the  450-480 cps region. 
of two grams or  less no movement w a s  detected of the f ine  pa r t i c l e s  
through the medium ones. When the acceleration w a s  increased t o  20 grams 
and the  rod w a s  cycled f o r  ten  minutes between 30 and 2000 cps, some 
disruption of the  fine-medium interface was noted, but the mixing w a s  not 
extensive. As  i s  t o  be expected, no penetration of the f ine  layer  w a s  
made by the top coarse pa r t i c l e s .  It i s  concluded from these experiments 
t h a t  there  is  a threshold acceleration below which r e l a t ive  pa r t i c l e  
motion does not occur. This threshold is  considerably lower a t  natural  
resonance frequencies than a t  60 cps. 

A t  acceleration leve ls  

Development has continued on a nondestmctive technique f o r  determination 
of longitudinal segregation a f t e r  swage compaction o r  vibration compaction 
of Uq;?-Pu% f u e l  rods. 
f ive-inch capsules previously reported but measurements d id  not reveal 
the one w/o defect present i n  one of these capsules. Three additional 
capsules were fabricated i n  the  same manner, containing 10 w/o, 3 w/o ,  
and 2 w/o defects along with a fourth capsule repeating the one w/o 
defect.  On i n i t i a l  examination a l l  of the defects with the exception of 
the one W/O defect were readi ly  detected.  
capsules i s  continuing. 

Gamma spectrometer s tudies  were made on the two 

Further examination of the 

Samples from sections of three zirconium rods extruded from scrap and 
sponge were studied metallographically. The samples were then subjected 
t o  a steam autoclave corrosion t e s t .  The sample made from sponge showed 
considerable impurity i n  the form o f  hydrides a t  the grain boundaries 
and unrecognizable inclusions.  The grain s i ze  varied from f ine  a t  the  
outside t o  large a t  t h e  center.  Corrosion resis tance w a s  very poor with 
a weight increase of 234 mg/dm2. 
made from scrap were i n  each case a good clean specimen. There were some 
l i g h t  oxide strqhgers.  One sample showed mixed alpha and transformed beta  
zirconium while  the other sample w a s  a l l  alpha with very f ine  grain.  The 

Heavy white oxide prevailed. The samples 

UNCLASSIFIED 
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difference would have t o  be due t o  t e m p e r a t m  at  the d ie  durillg extrd- 
sion. 
f o r  the fine grain alpha and 23.3 mg/dm2 f o r  the  alpha and mixed beta. 
Tools f o r  the extrusion of a one inch diameter tube have beer fabricated.  
It is planned t o  d i r ec t  extrude a tube from loose par t i c l e s  of sc-rap, 
using only a copper can t o  contain the pa r t i c l e s .  

Weld qua l i ty  tests have been made on 0.565-inch diameter, 0.010-hch wall, 
type 406 stainless steel using the f i l l e t  head weld. The welds have been 
subjected t o  hydrostatic burst  tests and autoclaved a t  350 C and 2400 p s i  
w i t h  no detectable change, fu r the r  studies are being made OL the weld- 
a b i l i t y  of 406 stainless steel f o r  fuel element end closures. It; i s  f e l t  
that fusion welding of bo6 stainless sseel w i l l  not be a problem. 

Each of these samples showed good corrosiori res is tance,  i8.1 mg/dm2 

Ten injection-cast  c lus t e r  rods were d r i l l e d  and counterbored preparatory 
t o  making end closures. 
introduction of vo la t i l e  hydrocarbons in to  the closures.  The counterbore 
diameters w e r e  within dimension& specif icat ions with good s u f a c e  f in i sh .  
Two rods which w e r e  t ransferred t o  an open front  hood and measured with 
cal ipers  were within the 2 O.OO5-inch tolerance f o r  machined length and 
the others as measurcd against a standard with shim stock were a l s o  withir, 
specif icat ions.  

During the autoclave t e s t ing  of Zircaloy-4 clad fue l  elements it was 
noticed t h a t  some rods exhibited a uniform grayisn coloration ra ther  than 
the usual black color.  Upon fu r the r  examination is was noted tha t  the 
autoclaved surface had small f lecks af white oxide miformly dispersed 
with the black oxide, This oxide coating i s  harder t o  remove by gr i t )  
b las t ing  than a uniform black oxide coating. 

The machining was done without coolant t o  avoid 

h e 1  Evaluation. The four-foot long Zi.rcaloy-clad U@-PcL@ seven-rod 
c lus t e r  containing s intered and ground pe l l e t s  has beer, irradiazed 71 
ful l  power days in  the ETR 3x3 loop .  Corrected exposure calculations 
indicate the  element has received a maximum of 25CO MWD/T and a~ average 
of 1400 W / T .  
was 1850 C w i t h  an associated maximum heat flux of 3~6,000 Btu/ t r - f t2  
After an appropriate ccoling p e r i a ,  t h e  element w i F l  be r e tuned  t c  
Hanford f o r  examinaticn. 

The calculated core temperature dui-irLg This irradiazion 

The rad iometa l lurg ia l  exarmr;_arim of t h e  in-pi ie  thermal cycling ?'Lglll,pfit 

has beer, completed. No changes i n  +& seven-rod cluster WEYE obseried as 
a result of receiving 7 2  the;mal cycles is :cc 3x3 loop. Pktallcgraphy 
showed some intermit tent  bondiri betweer, rhe p l~ i ton i~un-~rrminum a i loy  
cores and the Zircaloy-LL c i a d d i n ~ .  This has beer, observed in other high 
temperature c lus te r  i r r a i i az ions .  

Some out-of-pile tnermal cycling t e s t s  are bcinz run on dunmy eLements in 
an e f fo r t  t o  determine the pressure dependecce of cycl i rq  e f f ec t s  on PRTR 
prototype fue l  rods. The cyclirig appars-Gs h a s - ' b e r i  change3 so thar 
constant pressure i s  rnzintaimd regardless ~f tmrperature and, as expected, 
cycling e f f ec t s  a re  depender;t upor, tae tt-ct pressure ELYL t-howh come 
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of the rods are badly d is tor ted ,  no cladding faelures have been experienced 
with the improved qual i ty  tubing now being used f o r  fue l  fabr icat ion.  

Radiometallurgy resu l t s  have been obtained on a Zircaloy-clad three-rod 
cluster .  
3 w/o Pu a l l o y  cores in to  Zircaloy tubing with an average diametral gap 
of four  t o  f ive  mils between the core and cladding. In t h i s  respect it 
is  similar t o  the PRTR Al-Pu spike power elements. The element w a s  exposed 
f o r  34 effect ive full power days and i n i t i a l l y  operated at  an average power 
generation of 66.5 kw/ft with an associated maximum heat flux of about 
677,000 Btu/hr-ft2. 
mottled appearance similar t o  what has been observed previously. 
fue l  cores were 1oose.in the cladding. 
and core length measurements are  being made. 

This 11-inch long c lus te r  was fabricated by inser t ing Al - 

The external surface of the i r radiated element had a 
A l l  the 

The cladding ends have been removed 

More power generation ca.lculations f o r  the self-shielded fue l  concept have 
been received. 
consideration is  a small diameter PuC core surrounded by graphite which is  
clad with one-half inch diameter, 0.030-inch thick Zircaloy. Results of 
the calculations are  as follows: 

The physical makeup of the fue l  concept presently under 

Self-shielded Power Generation Calculations 
PuC Core Material 

Core Diameter Core Density Power Generatio i n  
(inch) (5  meore t i ca l )  mermal F l u  of molt nv ( w / f t )  

1/16 90 
3/32 90 

1/16 100 
3/ 32 100 
1/8 100 

90 

19.10 
31 .9i  
46.56 
19.81 
33-26 
48.60 

These calculations indicate t h a t  the self-shielding f ac to r  is greater  and 
the power generation is  consequently lower than previously thought and, 
hence, lower temperatures w i l l  be encountered. Heat t ransfer  calculations 
w i l l  now be made. 

Corrected power generation values f o r  the Puo;?-U+ experiments i n  the Hy- 
Craulic Rabbit Fac i l i t y  (VH-4) a t  the IQR were received. 
values, calculated by computer, were as follows: 

Some typica l  

Specific 
U 0 2 - ~ 0 2 ,  Density , Potre r 

h02) ($ of theo) (kw/ft) 

0 65 12.36 
0.187 65 16.47 

15  65 78.36 

0 90 16.12 
0.0259 90 55 -49 

40 65 82.80 

15 90 80.24 
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The Pu@-U@ t e s t  element f o r  the r eac t iv i ty  mas'rements i n  the SNWT 
Fac i l i t y  mockup in  the 305 Reactor has been d e s i z e d  and prepara:; ::I of 
the components has been in iz ia ted .  

Uo;! Fuels Developmerit 

-ation of 19-Rod Assembly. 
19-r& c lus te r  (Gm-i.2-4j was metallographically examined. 
cladding shows nc evidencz of s t r a i n  o r  necking, i n d i c a t k g  tha5 the 
f rac ture  was not duct i le .  
penetrated by m y  s m a l l  cracks in  the area near the f a i l u r e .  
yet been d e t e m e d  whether the f a i l u r e  was associated with an intexzal 
crack in the cladding. 
w e r e  observed near the w t e r  cladding s u f a c e  and in  ';Le immediate 
v ic in i ty  of the f a i l u r e .  Surprisingly l i t t l e  evidence cf wash-out of 
the  U@ is evident,  although the f u e l  element was operated a C,ctal of 
13  hours after the rupture occurred. 

-?tic Force Closures. The e l e c t r i c a l  conductivity and hardness of 
electrode materids f o r  res is taoce welding have a d rams ic  e f f ec t  on the  
qua l i ty  of the  resulting weld and on the  electrode l i f e .  There are at  
leas t .  twenty-two al loys which may be obtained as "standard" materials.  
Four of these al loys have Seen eml-zited as  i n se r t s  f o r  the con-segmented 
cyl indrical  electrode on the magnetic-force welder. 
w a s  obtained wit5 lOn3 (Tungsten Carbide-Copper ), 2Ow3 (Tugssen CoppPr!, 
and TC-53 (Tungsten-Carbide-Ccpper). 
TC-53 improved the heat balance whez makiIlg closures or. %hin s t a k i e s s  
s t e e l  clad f u e l  rods. 
and 2Ow3 f o r  welding Zircaloy-2. 

Vibrational Compaction. 
coriductiviry specimens were prepared. 
diameter and one inch thick,  were compacted TO 56.4 arLd 84.2$ of 
theore t ica l  density ic. %hin-val l  s ta i rLess  s t e e l  coctairier:. Tr-e 2ro-  
cedure involved vibration of the coarse (+4 mesh) fractlori to minimum 
volume, followed by addition and compactior, of a s-zed and blended 
mixture, using a f1oatir.g r e s t r a i m  on The n u c u r e  t o  minimize segre- 
ga5ion of f ines .  

Par t ic le  s ize  e f fec ts  vcre invesrigaxed. 
d i s t r ibmioxx have been reported as qtlirium 5y .rr,:-lcus s i tes  OE tile '2asis 
Of theoretics and enrpirical resulzs 
PaP-iCleS were selected arAd compacted at l a w  accelEraTicns ~ 3 .  w-tn 
careful ly  cor t rol ied % i m s  and frcquer-cy cycling rat,ec: . 
i n  bulk ders i ty  betweeri each of the Acpiicate samples :f the fcur  ;nixtures 
W a s  l e s s  thar, 0.35,  
empirically derived a1 Hanford f o r  FRTR f u e i  rods. 
t r i bu t ion  of t h i s  rmxfure is 55 w / o  -6+;~ mesh, 12.5 w / o  -1G+2C m e s h ,  
12,5 w/o -35+65 mesh, a d  20 V/Q -2GC =sa. 

The f a i l ed  rod in the prototypic PRTR 
The f a i l ed  

The in te rna l  suzfsce of she claddiEg i s  
It has not 

Localized concentYations of hydrogen ( N 100 ppm) 

Lorig electrcde l i f e  

The low e l e c t r i c a l  couduc5ivity of 

TC-53 is recommended f o r  welding s t a i d e s s  s t e e l  

Two vibrat ional ly  compacted, fused U02, thermal 
The specinens, three irches in  

i d i d p l y  varyiag psp- ic le  s ~ z e  

F ~ i r  p rxus in2  m.yt,kres af' UO:, 

Tke diffsrefice 

The highest density w s s  obtsined usir.g che mxture 
Particlf!  size 31s- 
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Combined low-frequency mechanical vi5ration and ultrasonic vibration 
may provide a method f o r  fabricating la rge ,  complex fue l  assemblies, 
using re la t ive ly  inexpensive equipment. 
vibrator w a s  used i n  combination with a i r - je t  generators; the frequency 
ranges eq loyed  were 7-15 kcps and 26-32 kcps. 
fused U@ grain,  the bulk densi t ies  obtained by low-frequency vibration 
w e r e  increased by superposed or  successive vibration i n  the high sonic 
o r  ultrasonic frequency ranges. 

Hot Swaging. Reduction i n  the  amount of hydrogen added t o  Zircaloy 
cladding during hot swaging of U02 fuel rods i s  being investigated. 
Fused U@ (-60 mesh) w a s  vacuum out-gassed a t  900 C f o r  18 hours, and 
loaded in to  12-inch long sections of Zircaloy-4 tubes within a helium 
f i l l e d  itry box. 
T . I . G .  process. 
fuel rods w i t h  helium during the heating and swaging process. 
rod hot swaged i n  a helium atmosphere and one hot swaged i n  a i r  are 
being metallographically and chemically analyzed f o r  hydrogen. 
Zircaloy-4 clad, hot swaged, four-rod c lus te r  fue l  element w a s  fabr i -  
cated f o r  i r rad ia t ion  i n  the MCR. 
theore t ica l .  This test w i l l  determine the extent t o  which hydrogen 
picked up during hot swaging precipi ta tes  as embrit t l ing hydride i n  
the Zr-4 cladding during i r rad ia t ion .  

An electromechanical, 60 cps 

In  ten  mixtures of 

End caps were welded in to  the f i l l e d  tubes by the 
The swage w a s  modified t o  permit flooding of the heated 

One fue l  

A 

The U02 density is  92$ of the 

. 

The density of hot swaged fue l  rods w a s  increased by rapid cooling of 
t he  cladding jus t  before the fuel  rod entered the  swaging dies .  This 
presumably was  t he  d i r ec t  result ’of higher cladding strength a t  lower 
temperatures. With helium as the cooling medium, a density increase 
of 2$ T.D. ( t o w 9 4 5  T.D.)  w a s  observed. In one tes t  thus f a r  con- 
ducted using water, the  fue l  rod density was  86$ T.D., indicating t h a t  
the U% had cooled t o o  much before swaging. The water cooled fue l  rod 
did exhibi t  an excellent surface f in i sh ,  however. Other tests are  i n  
progress. 

Hydride In  &-Received Zr-2 Tubing. Samples from f i f t y  Zr-2 tubes 
(0.505 ID) were examined met.allographically f o r  zirconium hydride. 
Forty-three of the tubes contained less than 20 ppm hydride; seven 
tubes had 25-75 ppm hydride. 

I r radiat ion of Defected Fuel Elements. 
the purposely defected pe l le t -  containing (95$ T .D. ) fue l  element HI)-1 
( i r radiated i n  a Hanford reactor)  was completed. 
of hydride content w a s  found i n  e i t h e r  the Zr-2 or 2-4 cladding. 
element w a s  i r radiated a t  a low heat generation ra te  and with a low 
coolant temperature. 

Post-irradiation examination of 

No s ignif icant  increase 
The 

The i r rad ia t ion  of HD-2, a c lus te r  containinG swaged, w 9 0 $  T,D. U02, 
is  continuing successfuily. The t e s t ,  t o  date,  has included three power 
cycles. The first power cycle occurred during i n i t i a l  s ta r tup  when the 
reactor  w a s  scrammed after reachizg about 1 /4  full power. 
cycle included a normal shutdown (from f u l l  power), and normal s ta r tup .  
The t h i r d  cycle resulted when the reactor w a s  scramed from f u l l  p3wer. 
Fission gas re lease,  as determined ‘oy a gross ;amma monitor on the 

The second 
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eff luent  system, spparenLy was m s  affect;zd by the power cycles. 
Analyses of samples of the eff luecr  cooian+, are  incomplete, but it 
appears that the quaozizy of f i s s i o c  products releasea t o  the coolant, 
is about ten tinres greater  ia t h i s  t e s t  than it w a s  during i r rad ia t ion  
of HD-1. This is  s t i l l  many orders of magr,itu.de less  than t,he "allow- 
able" f i s s ion  product release.  
t he  sam? pawer generation rate. 

Recycled U@, Post-Irradiation Study. The %?cycle"  fue l  element w a s  
returned t o  HAP0 a f t e r  i r rad ia t ion  in  the M17R and is undergoing post- 
i r rad ia t ion  examination. 
are complete. There was a maximum warp of 74 mils over the  length of 
the pellet-containing rod which forced the rods t o  t w i s t  s l i g h t l y  and 
caused a slight ova l i ty  of the rods ic the bundle before it w a s  d is-  
assembled. The pe l le t -conta in iw rod was the only one with any mea- 
surable warp or  other dimensional change. 

The two elements were operated at about 

Warp measurements and f i s s ion  gas analyses 

Corrosion and M t e r i a l s  Studies 

Fret t ing Corrosion. 
a f t e r  605 hours of t e s t ing  i n  316 C,  pH 10 water. 
s i s t ed  of ribbe'd Zr-2 cylinders fastened on carbon s t e e l  rods and sus- 
pended verkically in a housing l ined  with 2 - 2 .  
ducted in a coolant flow of 30 f'ps with both natural  loop vibration and 
an imposed vibration of three cps. 
of the  samples and the l i n e r  w a s  double t h a t  of previous t e s t s .  Fret-  
t i n g  was observed, although the penetration a s  somewhat reduced. A 
penetration of ane t o  two mils was measured on samples exposed only t o  
the natural  loop vibratior?; t h i s  increased t o  two t o  four mils when an 
addi t ional  three cps w a s  impscd.  These perietrations are  one-half 
those obtained with one-half the contact area.  

Zircaloy-2 f r e t t i n g  specimens have been exami:led 
The specimens con- 

The t e s t s  were con- 

The contact area betweer, the ribs 

Aluminum Corrosiori. CercaiL portions cf the 6061 aluminum alloy shrcud 
tubes and shim rods ir rhe PRTR sre%timatsd 50 operate a t  h:@ +IC 6 0 ~  F 
in a heavy water-helium stlnospnere c x t a i n i n g  small amounts of deuterium 
and oxygen. A test  t o  invqstigare trx corrosion of 6061 alumifiuin under 
these condi t icm has beel; cpcrating f o r  3 O X  hours, The first 500 hour5 
of exposue was at  450 F acd trle b a i s - c E  a: 600 F. The corrosior- medlun 
i s  k$ H20, 58$ A .  l$ H2, and C . 5 5  02: flowing over s h e  ccugonz a+ 
100 ml/k (STP) No weight gsiris were fcmd for the ccupcnc uiril 
2800 hours. 
the other TWO coupor,Lc, sf' a s l i g h r l y  d i f f i r e n t  alloy, had or2g a w r i  
small increase i n  weight. EP t F s t  i s  zontinuin; 

A t  t h i s  time, three of :he ccupons incrras+d a"7d 22 m g / h 2 ;  

Microsectionicg af Thin F2irs 'cy Icr- Bcmbarlmt-Fnr Microsec:ionir-,- by ~ O I I  
banbardmen: of v e r y  thirL oxide fllx cn dillIIur,:Arn and zircoriiun alloys has 
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is  exposed t o  the bombardirig ions without being placed a t  the cathode. 

Hydriding of Zircaloy-2. Low-temperature hydriding techniques f o r  the 
formation of ZrH2 surface layers without dissolving considerable H2 i n  
the bulk metal are beinG investigated. Electrolyt ic  hydriding a t  80 C 
i n  0.05 M H2S04 at  a current density of 46 ma/cm2 resulted i n  a uniform 
hydride iayer  0.014 mm thick.  
f a i r l y  rapidly, but hydriding occurred only i n  discrete  areas on the 
specimen surface. 

Gas-phase hydriding at 250 C proceeded 

Oxygen Additions t o  Zircaloy-2. 
Zircaloy-2 coupons may be accomplished by controlled oxidation followed by 
high-temperature homogenization i n  vacuum. 
oxidation s tep u t  be carried out a t  comparatively low temperatures 
( i .e .  , about 600 C) t o  insure a uniform oxidation f o r  a given l imited 
amount of reacting oxygen gas. 
weight gains. 

Controlled additions of oxygen t o  

It has been found that  the 

Oxidation a t  900 C l ed  t o  non-reproducible 

The dissociation of HgO w a s  investigated as a possible source of pure 
oqgen  fo r  oxidation studies requiring a constant oxygen pressure. 
@ pressure i s  theoret ical ly  in f in i t e ly  variable,  depending on the 
temperature of the Fig0 bed. It w a s  found that the rate of approach t o  
the equilibrium oxygen pressure f o r  any given HgO temperature is  slow, 
and f o r  a l l  prac t ica l  purposes the dissociation i s  i r reversible .  
Reagent grade HgO gave off impurity gases tha t  reacted with metallic 
lnercury elsewhere i n  the system. The gas obtained from the HgO decom- 
posit ion analyzed 97% 02, an unacceptable impurity. 

The 

Corrosion of 2-4 Sheath Tubes. 
sheath tubes fabricated from Wah Chang Ingot K have been reported by 

Questionable corrosion results on Zr-4 

Wolverine Tube Co. The weight gain of three l o t s  of t h i s  material 
tes ted  a t  Nuclear Materials (NUMEC) w a s  about 26 mg/dm2 after a three- 
day, 750 F steam test; the  specified m a x i m  i s  22 mg/dm2. Samples 
from the same three l o t s  were then autoclaved f o r  14 days. The weight 
gains of two of the l o t s  were normal and the t h i r d  l o t  had a weight, gain 
of 40 mg/dm2. 
a mottled gray. These l o t s  represent some 154 sheath tubes. 

The surface appearance t o  a l l  samples w a s  reported t o  be 

Babcock and Wilcox Company i s  fabricating the fue l  elements f o r  Heavy 
Water Components T e s t  Reactor and Wolverine Tube Company i s  fabricat ing 
the  sheath tubes. Samples from B&W tubes fabricated f r o m t h i s  same 
ingot have had weight gains as high as 108 mg/dm2 a f t e r  a 14-day steam 
test .  B&W a l so  report t ha t  W a h  Chang Ingot M tubes are  f a i l i ng  t o  pass 
the  corrosion tes t .  

A t  HAP0 corros’ion coupons were cut from every other tube of K ingot 
material. 
surement and the remainder fe r  surface appearance only. 
i n  steam approximately 50% of the coupons exhibited l i g h t  t o  moderate 
stringering and one sample (K-51) was heavily corroded. 
of a l l  f i f t e e n  samples were riormal a f t e r  three- and fcurteen-day tests; 

Fif+,een of the 77 coupons were prepared f o r  weight gain mea- 
After 14 days 

The weight gains 
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however, once again approximately C;G% had li&t 30 moderate s t r lngering.  
Duplicate coupons were then prepared f o r  ai, samples which showed s t r ing-  
er-. 
excellent surface appearance including sample K-5; which w a s  heavily cor- 
roded on the  previous tesr,. 
with over 30 days of exposure have normal weight gains and excel.Len7: 
surface appearance. 

These samples now have niLe days 3f steam ?xpcsu-e aad a l l  have 

Quadruplicate samples from l o t s  KA and ICB 

Because of fhe wide variance 
laborator ies ,  Wolverine Tube Company has i n i t i a t e d  s r o u d  rcbin t e s t  oxi 
material from Ingots K and M. The s i t e s  cooperating in  t h i s  t=st are 
Nuclear bzerials and Equipment Corp., duPont Savanr,ah River Lab., Babcock 
and Wilcox, and HAPO. 
t e s t ing  4-3-61 

results from the different, teszing 

Samples have arrived ar,d w e  scheduled t o  begin 

PKllR Process Tubes. 
s i t e  and the f i n a l  s ix  tubes a re  i n  transi-c. 
program at  Hanfcrd has been proposed for tkese tubes,  
best  assurance tha t  only Tubes of somd s+lruc+ii rs l  integrir,y and gaod 
corrosion --esistaace are used i n  the resctor  and ccnversely %hat tubes of 
questionabie qua l i ty  are Got used i n  the reactor.  

Twenty-seven spare PRTR process tubes have arrived or- 

It w i l i  provide the 
A ken-desTructive testing 

A wide angle borescope (180° f i e l d  of view) was bornawed fro= Lema Ehgi- 
neering Corporation f o r  f u r h e r  zests TO es tab l i sh  the f e a s i b i l i t y  of 
coupling a TV camera C,c t h i s  borescope f o r  the purpose of examining 
process tubes ic. the  PR!l!R. These zesfs showed conclusively tha+ the TV 
c ~ ~ ~ p e r a  and borescope can be matchec provided the surface of the process 
tube under vLew is properly illuminated. snd the TV camera is equipped with 
a very sensi t ive vidicon. 
be 0.2 foot candles o r  more. A tubular fros+,ed lamp plscod about 3/8 inch 
in front  of the objective lens  and a rir,g of lamps positioned t o  mine  
dam +,he rube past the  bor?scop objecrive lens  provlde the best ilLiLnin- 
a t ion of surface f i . b  and surface scratches . 

Light transmission through the boresccpe must 
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Effects of I r radiat ion on Tensile Properties of Iron- and Nickel-Base 
Alloys. Possible fue l  cladding and process tube metals were machined 
in to  duplicate sets of t ens i l e  t e s t  specimens and i r radiated t o  a 
thermal neutron f l u  of 2.53 x 1020 nvt in  dry graphite-helium en- 
vironment at  about 650 C. The unirradiated control specimens were 
heat t reated on graphite supports i n  helium a t  650 C (1200 F)  f o r  500 
hours t o  simulate reactor  environment conditions. 

The ef fec ts  of i r rad ia t ion  on the room temperature t ens i l e  p r q e r t i e s  
are indicated below, each value representing the average of two 
t ens i l e  tests.  

Tensile Properties 
I r radiated 

Yield U l t i m a t e  . Yield U l t i m t e  
Alloy Unirradiated (2.53 x 1020 nvt thermal) 

Strength Strenzth Elonbation* Strength Strcn;th Elon:. -:” 
I I 

1’ - 1000 p s i  No. - T n e  1000 p s i  I J  

14 
15 
22 
24 
26 
28 
33 
34 

Ferral  (modif i ed )  73.6 97.5 
AISI 406 SS 67 88.6 
Hastelloy X 51.7 116 
Hastelloy R-235 91 157 * 5 
Inconel 35 - 6  94 
Inconel 702 97 155 
AISI 316 ss 29.5 81 
AISI 347 SS 52.8 100 

15 - 5  
23 
30 
16.5 
42 
27 
62 
43.5 

76 76 
70 91 
37.7 108 
97 158.5 
35.5 95 
97 154 
27 78 
52 95 

3 
25 
34 
19 
42.5 
31 
56 
39 

*Crosshead motion of t ens i l e  t e s t ing  machine. 

Alloy 14, Ferral  modified, an Fe - 7.6 Al - 5 C r  - 2 Cb - 0.7 Z r  experi- 
mental a l loy  suffered the  most pronounced property changes from i r rad ia t ion  
by losing close t o  25$ of i t s  strength and 805 of i t s  duc t i l i t y .  The re- 
maining materials tes ted  sustained only minor changes i n  strength o r  
elongation. It i s  intended t o  fur ther  investigate the  e f f ec t s  of i r rad i -  
a t ion  upon the properties of these alloys a t  lower temperature and d i f f e r -  
ent environmental conditions. 
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PRTR Project Management and Design 

PRTR Construction. 
Mxrch 23, 1961, t o  L. W. V a i l  Company f o r  paving and landscaping the 
PR!l!R and PFPP si te  and f o r  re la ted 300 Area parking l o t  work. Contract 
costs have been s p l i t  as follows: CA-747 - $40,546, AEC-167 - $16,450, 
aad FPD - $16,650. The contrac+,or has done layout work and s t a r t ed  
excavation. 

A con+,ract in  the  amount of $73,664 was awarded 

Constructian of the mintenance and Mockup Fac i l i t y  (including the PRTR 
Rupture Loop Annex and PRP Cr i t i ca l  Fac i l i t y  Buildings) i s  estimated a t  
68.5s completed versus 76% scheduled predicted t o  April  1, 1961. 
W Building P o r t i a  is estimated t o  be approximately 66 completed 
versus scheduled. Forming and placing embedded items i n  the 0 ' - 0 "  
s lab  of the  M&M BuildiIlg consti tuted the major e f f o r t  &urine; the month. 
The contractor poured the 0'-0" f l o o r  slab, which completed the last  
major concrete pour f o r  the building. 

The 

The inf la tab le  seals f o r  the PRTR exhaust ssack f i l t e r  a re  scheduled t o  
be shipped a t  the end of Mrch. 

In s t a l l a t ion  of the gasoline engine driven generator un i t  a d  ba t te ry  on 
t h e  loadout f a c i l i t y  shipping t ra i ler  has been completed. I n i t i a l  test-  
ing has starzed a t  the  Radiometallurgy Building. 

New spl ine shafts of hardened 400 se r i e s  stainless steel have been ordered 
f o r  the  Fuel Element Examination Fac i l i t y  manipulator $0 correct ga l l ing  
a t  t h i s  location. 
successful completion of zes+,ing. No work on equipmmT ins t a l l a t ion  w a s  
done during the month. 

Delivery is  predicted f o r  the end of April pendinz 

Larger o i l  absorber units were designed, b u i l t ,  and in s t a l l ed  cn dil 
helium compressors and a t  other  key locations i n  the helium system. 
work w a s  performed following a faiiure of a compressor diaphragm whizh 
flooded 9 portion of the helium sys%em w i t h  oil. 

mis 

The f u e l  trarAsfer system and automatic H20 injection system were compieTed. 

Operating experience with $he primary system has rs-Ealed a ceed for 
additions arAd modifications LO the leakagz cgi lec t rcc  s.jsT€rn i n  A cE11. 
Desi@ of these revisions has be,-. 

PluToniun Recyci.2 C r i t i c a l  F a c i l i t y  (P-c j e c t  CAI-I-aL2 1. 
contractor i s  about %$ complete, ox scnedue  a f t e r  %: exters icn of 
days allowed because of the la te  del ivery cf c:;e f u r l  t ransfer  lock. 
remaining i rc iudfs  p o c i n g  the building focTings 
aad i n s t a l l k g  the veritilation equipmsnt I 

The coristruction 

Work 
erect ing the b u i l X n g ,  

The fue l  srarAsfPr lock frame has been piaced i n  the ioadcut basFn wall 
and pouzed i n  place.  Sone 1nstallat;or- diffrcyllsies as a result cf 
dimensicrial variames from the  vendor s drawings ha-Je beer encounte red 
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, 

and are being corrected. The comprzssiori ~ e a l s  have not k e n  delivered. 
The vendor's representative w a s  OG s i t e  durlrig the week of March 20, and 
is  scheduled t o  return on April h f o r  seal i n s t a l l a t ion ,  painting, and 
testing. 

The heavy aggregate shielding concrete w a s  completed March 21, 1961, and 
painting of the heavy aggregate cover slabs has s ta r ted .  Erection of the 
s t ruc tura l  steel frame w a s  s ta r ted ,  and the new doorway was cut in to  the 
exis t ing 309 Building. 

The bids on the I n s s m e n t  Package were received and reviewed and the 
contract awarded t o  the low bidder, General Elec t r ic  - APED, at  a bid 
pr ice  of $39,250. Delivery i s  scheduled f o r  June 1961, Bids have been 
requested on the f lux  charnbers f o r  the reactor .  The CPFF contractor t o  
the AEC has placed orders f o r  the in-ce l l  valves a: a pr ice  of $6,843.67. 
The moderator storage tank vendor has completed fabricat ion and tes t ing ,  
and the  tank w a s  shipped by truck the week of March 20. 
ac tor  pumps has been received. The other reactor pump and the thimble 
coolant pump are enrou+,e from the vendor. 

One of the re- 

Fuel Element Rupture Test Fac i l i t y  (Project CAH-8671. 
t racings,  par t  of "B" c e l l  work, have been approved. 
approved drawings now ir, process of being issued i s  48. 
package of work contained i n  completing "B" c e l l  and the annex has been 
prepared and is  pending a decision on the water p lan t .  

All except nine 

A complete 
The t o t a l  number of 

The water plant ,  which was  designed and approved to provide f i l t e r e d  
Columbia River water t o  both %he Rupture Loop and the PRTR heat exchangers, 
is  being reviewed t o  re-establ ish the  necessity of providing t h i s  source 
of water f o r  both f a c i l i t i e s ,  
have been approved since January, and delays at t h i s  time w i l l  extend the 
at ta inable  project completion date.. 

The water plant drawings and specifications 

Construction of the anxiex building i s  approximately 9 i  .4$ completed 
versus 94% scheduled.. Work ori the  t m r e l  f l oo r  s lab and the in s t a l l a t ion  
of the two-inch process drain f romthe  buildifig t o  marbole "C" progressed 
during the month. Remaining work inciudes roofing, painting, and concrete 
work t o  complete the sunnel. 

Bids on instrumentatiori, e l e c t r i c a l  switchgear, control valves, and the 
makeup pumps have beeri received, and orders have been placed or are  i n  
process. The bids oz a l l  items were considerably below the estimated 
cost .  A d e t a i l  stress analysis of the heater (RLHX-1) revealed t h a t  ex- 
cessive s t resses  were possible a t  +,he bottom vessel closure ( f la t  p la te  
design). A new design incorporating an e l l ipso ida l  end cap has been de- 
veloped and w i l l  be provided a t  the  vendor's expense. Delivery of the 
vessel w i l l  be delayed approximately two monrhs t o  the  middle of m y .  
vendor who is  fabricat ing the cooler (RLHX-2) maintains t h a t  it is  not 
feasible  t o  radiograph +ne high pressure nozzle-to-bonnet and bonne+,-to- 
tube sheet welds. 
radiographs can be obtaiied with standard commercisl p ramices .  A detai led 
procedure f o r  performing the required radiographs w a s  ?repared and fcr- 
warded t o  the ver,dor, Pfaudle- Company.. 

The 

Review by qualified HAP0 personnel indicates t h a t  these 
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Design and Component Testing 

PR-10 - Primary Loop Mockup. 
during the month f o r  a t o t a l  

The spare primary pump operated 687 hours 
6049 hours. The leak rate increased rapidly 

up t o  a maximum of four gph and has s e t t l e d  back t o  about 3.5 gph. 
pump data appear normal, pointing t o  possible leaking at the s t a t i c  neo- 
prene seals. The new self-adjusting seal assembly t o  be tes ted  on the 
spare primary pump was received during the  month. 

All 

The prototype p u q ' w i t h  the self-adjust ing seal assembly operated 687 
hours during the  month f o r  a t o t a l  of 5190 hours. 
is 0.9 gph. The seal tes t  stand operated an additional 180 hours and 
24 starts f o r  a t o t a l  of 710 hours and 95 starts with the two prototype 
primary puzrxp mechanical seal assemblies. 

The present leak r a t e  

The Aldrich in jec t ion  pump operated 273 hours f o r  a t o t a l  of 1115 hours, 
af'ter which t e s t ing  w a s  discontinued on the present set of R/M Vee-Flex 
packing due t o  one gla.nd leaking 5000 ml/hr with no fur ther  adjustment 
possible.  
during the  week of April 3, 1961. 

Flexure Loo . 
e d  74 cycles of operation a t  2000 psig and 200-600 F, 

Disogrin &cup packing has been received and t e s t ing  w i l l  begin 

The 3-Clamp Grayloc t r ans i t i on  union (SS t o  2-2) completed 

PRTR Shroud Tube Replacement. 
ful l -scale  mockup of t he  center section of the reactor  taxik. Scope 

The main  e f f o r t s  were directed toward the 

design is complete and d e t a i l  design is 75$ complete on t h i s  mockup. 
This mockup w i l l  represent the reactor  from 0 ' - 0 "  l eve l  t o  the -27'-0" 
l eve l .  It consis ts  of the large center shroud tube and nine regular 
shroud tubes. 

After checking dimensions on the w e s t  tes t  p i t ,  it was ascertained that 
t he  rnockup would f i t  i n  t h i s  p i t ;  however, there  is  an interference with 
the building crane. The crane w i l l  c lear  the ou t l e t  nozzles by six 
inches. 
removed in  olller t o  use the  crane. 
roof, each of two trusses would have t o  support 1000 t o  1200 pounds, 
which i s  a safe l imi t  and which seem t o  be the most expedient method 
of removing t h i s  upper sect ion.  

This means t ha t  the "upper ro ta t ing  shield" would have t o  be 
With t h i s  weight supported from the 

Tests have been s t a r t ed  which w i l l  determine i f  an acceptable shrink f i t  
j o in t  can be made between the shroud tube and bellows. 

C r i t i c a l  Fac i l i t y  Mockup. 
signed t o  control the  l eve l  of the moderatcr i n  the reactor  tank. All 

The w e i r  f o r  the  c r i t i c a l  f a c i l i t y  w a s  de- 

pa r t s  f o r  t h i s  component have been procured, and fabricat ion is 25% 
complete. 

Specifications for components of an eleven-point moderator temperature 
monitoring system f o r  the c r i t i c a l  f a c i l i t y  are nearing completion and 
these items should be on order by the f i r s t  week of Apri l .  Resistance 
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1 2 2 9  

temperature detector elements have been chosen as a basis  f o r  the system. 
Different ia l  temperature measurements with a resolution of 0.0025 degrees 
Centigrade are desired with t h i s  system. 
consists of a scanning switch, a bridge with provisions f o r  zero suppres- 
sion, and a recorder. Bids were received f o r  the  rod magnet power supply 
and it w a s  found t h a t  none conformed t o  the specif icat ions.  A l l  were 
rejected and the  specifications were t o  be sent out again f o r  bid.  
order has been placed and a contract f ixed with the  &actel  Corporation 
f o r  four synchro transmitter-receiver units, very similar tothose re- 
quired by the  or iginal  purchase specif icat ions.  Delivery is anticipated 
i n  about 60 days. Standard Fairchi ld  Model 909, 10 turn potentiometers, 
have been ordered f o r  the safe ty  rod posit ion indicators .  
t i on  tests w i t h  one of these potentiometers w a s  not conclusive; however, 
it i s  anticipated t h a t ,  at  the worst, these potentiometers w i l l  l a s t  f o r  
some 200 t o  500 hours of c r i t i c a l  f a c i l i t y  operation. I n  the meantime, 
fur ther  evaluation of potentiometers f o r  radiat ion service can be com- 
pleted.  

The remainder of the system 

An 

I n i t i a l  radia- 

Rupture Loop Mockup. 
against the dry helium system a t  550 F. The or ig ina l  Viton-A elastomer 
(which contains f luorine and is  harmful t o  stainless steels) w i l l  be 
replaced by a s i l icone elastomer. 
and w i l l  be tes ted  i n  a thermal t e s t ing  mockup in 314 Building. 

The O - r i n g  a t  the bottom of the  tes t  section sea ls  

The s i l icone O-ring i s  being purchased 

The first order of A-193-B.7 capscrews w e r e  delivered. 
marks and t o o l  gouging marks we* considered undesirable f o r  the c r i t i c a l  
bolt ing locations,  such as the i n l e t  valve-to-tube and the  tube-to- 
nozzle connections. New screws w i l l  be ordered with ro l led  threads, 
b e t t e r  surf'ace f in i sh ,  and forged heads f o r  the l a t te r  applications.  

The machining 

Gray Tool Company has continued t h e i r  tests on the studs of the out le t  
connector f i t t i n g ,  a "Grayloc" jo in t .  With a l l  300 series stainless 
steel pa r t s ,  the stud stresses are below 30,000 ps i ,  but relaxation has 
occurred during thermal cycling. This condition is  due t o  the large 
temperature gradient used during t e s t ing .  
prototypical conditions is  planned when the  unit i s  delivered. 

F'urther t e s t ing  under more 

Design Analysis 

PRTR Cr i t i ca l  Tests. Reduction and refinement of the r a w  data from PRTR 
Cr i t i ca l  Tests i s  essent ia l ly  complete. Analyses are being conpleted 
which u t i l i z e  the f i n a l  data.  
sumnary of c r i t i c a l  t es t  results which i s  now being wri t ten.  

These results w i l l  be presented i n  a 

An analysis of C r i t i c a l  Test No. 28, Substi tute Shims, w a s  completed. 
The results show t h a t  the shim strength is  reduced by about 22 percent 
if  mild steel i s  subst i tuted f o r  Inconel-X. The addition of 0.35 and 
1 . 2  weight percent boron t o  steel would increase the system strength by 
factors  of 1.6 and 2.2, respectively,  over the present value of about 
130 mil l i -k .  Uti l iz ing these data as a cal ibrat ion,  XL a l l  stainless 
s t e e l  shim system w a s  estimated t o  be about 12 percent weaker than the 
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presen$ Ircccel-X system. 
the PRTR shim system could be varied over a considerable range, if 
desired , using readi ly  availabie materials. 

These resf i ts  indicate char; the strer,gth of 

Safeguards Analysis, 
element t e s t ing  ~3 date and describing the  plarai5d PRTIi process tube 
monitoring program was forwarded t o  the  General Elec t r ic  Technclogical 
Hazards Council. This was in response t o  a request by the  Council f o r  
additional information on these programs. 

A memorazidum summarizing the results of PRTR fue l  

The detai led soudy of the consequences of p r i m r y  cmlan t  leaks i n  the 
F%"R (m-61236 SUP 2)  was published 3s a sqplement t o  the PRTR Final 
Safeguards Analye is. 

PRP Reactor physics Calcuiations. 
nuclear constants have been determined t o  represerL thc  PFTR core ard 
i ts  detai led components iur ing c r i t i c a l  zesting, f o r  use i n  reactor 
calculazions with she FLUX-WEIGIIT mulxigroup ccde. O f  particular concern 
w e r e  the  plutonium elemenzs. 
curate treatment of actual f u e l  content ir. the  C O R ,  the consistent use 
of Westcott cross sections,  and a more de ta i led  sreatment of self-shieldine;. 

The success of calculations of multiplication f o r  the all-piutonium 
loading is not f u l l y  evaiuated. 
necessarily treat the  geaxnetxy of the  core as a c i rcu lar  cylinder, the 
ac tua l  loading codigura t ions  w e r e  e f fec t ive ly  e l l i p t i c a l  cylinders of 
higher eccent r ic i ty ,  
ference i n  geometry has not yet beer, determined. 
p l ica t ion  in the two- w.d three-zore confi,prations or' the c r i t i c a l  tests 
do not present t h i s  geomtry d i f f i c u l t y  i n  such a degree. Moderator 
l eve l  coeff ic ients  calculated f o r  zwo-zone loadings %re greacer than 
those f o r  three-zone loadings; it is specuiatcd :hat the importar,ce of 
ver t ical '  non-uniformities i n  the side r e f l ec to r  i s  reduced 3s  the pill- 
tonium is mvea ?award t,he ceriter 02 ',he ccre. 

A more r e a l i s t i c  set of sacroscopic 

The revised c o n s t z t s  include a more ac- 

Where cne-dimensioml reactcr  calculations 

The degree of inequity i n  leakage due t o  t h i s  d i f -  
CdLculatiorLs cf multi l-  

A theore t ica l  deye-mination i s  being made of the  reaczivi ty  e f fec t  of lcss 
Of coolant f o r  varims coolant a r~ i  mo&.crator degrsdaticz cofiditions . 
Light water concentrazims up t 3  iC% i~ both coolas+, s.13 modsrator a re  
being studied I 
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Reactor Testing and Act.ivatiori. 
completed on the following Design Tests: 

The bulk of the t e s t ing  work has been 

DT h 
5H 

m 6  
DT 11 
DT 14 
DT 18 
DT 19  
DT 20 
DT 24 
DT 31 
DT 34 
DT 40 
DT 4L 

H e l i u m  €?res su_ri zaz ion System 
H e l i u m  Gas Balance System - Hot 
D r y  Gas System 
Secondary Coolant System 
Single Pass Shield Coolant System 
Elec t r ica l  System, Panel Index Verification 
Elec t r ica l  System, Switchgear and Controls 
Elec t r ica l  System, Motor Control Centers 
Fuel Handling Equipment 
Data Handling System 
Cranes an3 Hoists 
Gas Seal Leak Collection System 
Automatic Controller 

Study of data  collected during Design T e s t  5 5 ,  bbderator Level S t ab i l i t y  
continued. 
Research and Development Operation, par t ic ipated i n  the analysis.  

A. L. Ruiz of Systems Research, Physics and Instrumentation 

H e l i u m  system performance w a s  generally sat isfactory,  although a t  f u l l  
operating pressure several  previously undetected leaks were disclosed. 
These have primarily been associated w i t h  the  f a i l u r e  of valves t o  be 
leak-tight. It is  anticipated tha t  t h i s  may be a long-range problem. 
Corrective s teps  are now being %&en, including removal of valves where 
possible without sacr i f ic ing  operating f l e x i b i l i t y .  
required i n  cer ta in  locations t o  achieve desired leve ls  of system r e l i -  
a b i l i t y .  Pressure control of the primary system at  low temperature w a s  
sa t i s fac tory .  Failure of a high pressure compressor diaphragm released 
oil i n to  the gas system, requiring extensive cleaning. In the course of 
cleaning, it w a s  discovered t h a t  the recombiner had not been f i l l e d  with 
catalyst  by +,he Phase I11 contractor He l ium compressor performance has 
been sa t i s fac tory  since the diaphragm fa i lu re  incident.  
i n s t a l l ed  i n  the unloading valve liEes of the high pressure compressors 
t o  restrict flow t o  approximately 75 scfm, maximum. 
t o  prevent excessive loss  of helium from the high pressure helium system 
should the compressor discharge check valves f a i l  t o  hold. 
leaks i n  the high pressure helium system were found a t  the piping can- 
nections t o  the storage 3a.n.k~. 

New valves may be 

Orifices were 

This w a s  required 

External 

!These have been repaired by seal welding. 

Piping connections t o  the rsactor  3 r y  gas system compressor were revised 
t o  reduce stresses on the compressor casing. 
located and repaired ii? t h i s  system, but gas Losses have not yet  beer, 
reduced t o  acceptable leve ls  

Numerous leaks have been 

Shim rod modifications irL progress include the folloving : 
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1. 

2. 

3 .  

4. 

5 .  

6. 

The 

The 17-4 PB b a l l  nuts t h a t  support the inconel shims on the lead 
screws are  being replaced with 300 series s t a in l e s s  s t e e l  material. 
The nuts a re  being replaced because of possible f a i lu re  of the 
17-4 PHbal l  nut due t o  stress corrosion. 
t o  possible dropping of shims, two small s t e e l  pins are being 
welded in the inconel shim. 
pins w i l l  l i m i t  shim drop t o  1/8 inch. 

As an added deterent 

In the event a b a l l  nut f a i l s ,  the 

Shim assembly wiring is being improved by providing internal 
connectors i n  place of troublesome soldered connections. The 
new connectors axe being potted w i t h  a waterproof compound as 
work progresses. 

The e l e c t r i c a l  connector a t  the top of the shim rods w a s  modified 
t o  provide a waterproof seal, 
found sa t i s fac tory .  The or ig ina l  compression locking device was 
removed t o  f a c i l i t a t e  maintenance of the system. Present cable 
connectors w i l l  be provided with an amphenol screw connector and 
an O-ring seal. 

The modification was t es ted  and 

The thermocouple attached t o  each shim is being replaced w i t h  new 
SS sheathed couples. 
length i n  an aluminum tube that is welded t o  the shim web. 

The couples are being encased their  f u l l  

Each shim is being thoroughly inspected. 
replaced o r  reconditioned. 
accurately recorded t o  a id  future  evaluation of shim performance. 

Doubtful par t s  are being 
All maintenance e f f o r t s  are 'being 

A program t o  improve shim posi t ion readout w a s  i n i t i a t e d .  
Present VTVM's w i l l  be replaced by bridge c i r c u i t s  incorporating 
the VTVM's 0-200/ua meter f o r  readout. 
to completion of the s ta r tup  program. 

This work is  not c r i t i c a l  

total shim repa i r  job is  approximately LO percent complete. All 
necessary material  i s  on hand o r  is being fabricated loca l ly .  

Considerable d i f f i c u l t y  has been experienced during the removal of t,hree 
calandria  access plugs .  
pounds of torque is required t o  break a plug loose. 
t ightness  is  due t o  galling a t  the seal and w i l l  be eliminated in  the 
future  by using new anodized plugs t o  replace plugs vhich are removed. 

It has been found t h a t  approximately 200-foot 
This excessive 

Plans and Procedures. Preparation, review, and approval of the Oper- 
ating Standards and Procedures continued. Two Operating Procedures were 
approved during the month by the PRTR Startup Council, leaving eight 
procedures yet t o  be approved. 
month and are current ly  being reviewed. 
approved. 
cr ipt ions were prepared and are  being circulated f o r  comments. 
procurement and instal la t ior i  i s  continuing. 

Six new standards were writ ten during the 
Seventeen ssandards remain t o  be 

Equipment 
Rough drafts of t w o  of the three remaining power t e s t  des- 
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The l i s t  of information required f o r  approval of special  i r radiat ions 
i n  the PRTR w a s  d is t r ibuted t o  the groups expected t o  sponsor the 
majority of t e s t s  i n  the PRTR. 

2 .  PLUTCNIUM CERAMICS RESEARCH 

Plutonium Dioxide-Uranium Dioxide. 
and on the stability of PuQ were curtai led due t o  replacement of a 
burned out heating element i n  the s in te r ing  furnace. Another "long t i m e "  
sinter experimnt was conducted, however, i n  which eight U@-Pu@ pe l l e t s  
w e r e  held at  1550 C f o r  76 hours i n  helium. 
Pu@ r i ch  compositions previously seen i n  hydrogen atmospheres was  not 
observed. 
t i l i t y  in hydrogen is the result of a high vapor pressure of the reduced 
species, i . e . ,  Pu@,x. 
an individual molybdenumtube and on discharge f romthe  furnace, a t h in  
molybdenum coating was noted over the majority of the surface of each 
p e l l e t .  
with f ine black whiskers which is  evidence of the deposition of oxide from 
the vapor. 

Experiments on the Pu@-U02 system 

The v o l a t i l i t y  and flow of 

This lends further support t o  the speculation tha t  the vola- 

In  t h i s  experiment each p e l l e t  was enclosed i n  

The molybdenum boat wire which w a s  near a Pu@ pe l l e t  was  coated 

Examination of these pieces i s  currently i n  progress. 

The resistance t o  indentation of a ceramic material should be a function 
of its t o t a l  pore volume resul t ing i n  a hardness-density re la t ion .  Micro. 
hardness data have been obtained from the center, half radius,. and edge 
of about twenty U@-Pu@ p e l l e t s  ranging from 60 t o  97 percent of theoret-  
i c a l  density. A very def in i te  r e l a t ion  ex i s t s  between density and DPHN 
and should prove of assistance i n  evaluating in-reactor mass t ransfer  
and densification. 
currently in Radiometallurgy storage.  

Hardness t e s t s  w i l l  be made on the GEH-14 capsules 

A Uo;! - 5.67 w/o Puo;! 
approximately 2000 MID / T i n  the  MIlR has been subjected t o  x-ray d i f -  
f rac t ion  analyses together w i t h  i t s  unirradiated counterpart. 
cornparism of the two scans indicated a slight l i n e  broadening and s h i f t  
had occurred as a r e su l t  of i r rad ia t ion .  In tens i t ies  were noticeably 
d i f fe ren t  also, presumably due t o  excessive grain growth and or ientat ion.  
The two samples are presently being scaled f o r  detai led examination. 

GEH-14-88) sample which had been i r rad ia ted  t o  

A quick 

Plutonium Carbides. 
gain some understanding of the  defect phase PuC have continued. 
re f lec t ion  x-ray data  obtained from 19 plutonium-carbon alloys i~ both 
the as arc-melted and annealed condition showed the l a t t i c e  parameter t80 
vary uniformly over the range 43-49 a/o carbon. The samples which had 
been aunealed a t  1450 C i n  vacuum showed a s l i g h t l y  higher l a t t i c e  
parameter, presumably due t o  loss of plutonium. Above 49 a/o C, the  
l a t t i c e  parameter remains constant a t  4.974 A. 
l a t t i c e  parameter also remains e s sen t i a l ly  constant as a function of com- 
posit ion,  but extrapolation indicates the composition t o  correspond t o  
about 48 a/o C.  Densities obtained on the arc-melted buttons gave approx- 
imstely 13.35 g/cc f o r  the PuC phase and varied uniformly with composition 
f o r  carbon r icn  and carbon def ic ient  PuC. The above data were f i t  t o  the 

Experiments t o  determine the compositiors limits and 
Back 

Below 43 a/o C ,  the 
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PuC phase diagram proposed by E l l i q e r  m d  several modifications t o  the 
"dashed" lines are  postulated.  
posit ions discussed above are based on the amounts of plutonium and 
carbon i n i t i a l l y  mixed together.  
analyzed f o r  carbon by a combustion technique. 

Additional m3lting data  f ixes  the pe r i t ec t i c  decomposition of PuC a t  
1660 2 15 C and t h a t  of p u 2 C 3  at  2075 f 25 C. 

Micro hardness tests on a se r i e s  of arc-melted PuC-UC alloys w a s  ra ther  
unsuccessful due t o  oxidation of the sample surfaces. The most re l iab le  
data w e r e  obtained from a pure PuC specimen and gave a value of TOO DP€DI. 
These samples will be rerun next month immediately following a polishing 
treatment. 
t o  poor surfaces. 

Plutonium aide-Zirconium Oxide System. 
in composition from 77 - 95 m/o Zr@ w e r e  quenched in water from 600- 
1000 C. 
solution and the two-phase (F.C.C. so i id  solution + monoclinic Z r 9 )  
regions are  as follows: 

It should be pointed out t ha t  the com- 

All the alloys a re  presently being 

Detailed metallographic examination w a s  a l so  impossible due 

Several s intered pe l l e t s  r a n g k g  

Points determining the phase boundary between the F.C.C. so l id  

Composition (m/o Zro;!) Temperature (OC) 

77.0 Approx. 20 
83.6 600 
89.4 800 

* 94.9 13c0 

Thermal Conductivity. 
device and the concept involved in the determination of thermal conduct- 
i v i t y  by the comparative method which i s  the design basis  of t h i s  setup, 
Some changes were found t c  b e  required.  A new se t  of thermocouples vas 
attached TO the conduct i l i ty  i n se r t  and the head p la te  was machined to 
remove a w a r p  t h a t  had been introduced during inst .a l la t ion of a cooling 
c o i l .  Alteration of the heater  c i r cu i t ry  completed these changes. 

After famil iar izat ion with the thermal cor.ductivity 

The f i r s t  two t r ia l  runs showed the Thermocouples, vacuum system and main 
molybdenum T r i a l  runs three and fo-ur 
shared tha t  the constant voltage SOUTCE used w a s  inadequate t o  ra ise  the 
maximum thermode temperature over 250 C wiTk the main heater aione. Runs 
f ive  and s i x  tes ted  out the bottom balance heater  and recirculat ing water 
pump. The pump w a s  found t o  leak afTer pressure had been b u i l t  up. Thls 
Was remedied. 
bottom balance heater w a s  l e s s  than 300 C af%er f ive  hours. Changes were 
made in  order t o  put higher amperages in to  the main heater  and the top 
balance heater .  AT a temp- 
erature  of 480 C ,  the top balance heater went o u t .  Disassembly revealed 
t h a t  the heater  windings had shorted and a i so  tha t  much of tshe hsaxer in- 
sulat ion had broken o f f .  Three favl ty  water valves vere a l so  discovered 
and replaced, 
few more changes., 

heater  TO be functioning properly 

The maximum temperature obtained w i t h  m e  maLn heater and 

T r i a l  r u n  seven employed a i l  three heaters .  

The heater  w a s  rewarid and w i l l  be assembled folloving a 
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Fuel - CiaddiLg Reac-iors 

High temperature r e a c t i m s  Gf U% and UC W i t f i  Vasiaus claddizg ma??ri&i3 are  
being invesslgated. S m i l  specimens (abaut 52 ng] sf ?302 a d  ZC are w e i g f l e i  
t o  f. 1 ug and placod on a l / L .  inch w i d e  sz r ip  of The c l a d h r d  bel=% i rzva t i -  
gated. 
t c  the desired zemperature (as IIleasilred with ar Dptictil. p4moxer%r] a n i  
allowed t3 soak fo r  a predetemiced lengrh of time. 
is  measured m d  any changes i n  specimen appaar%ce I s  ricted. 
and specimecs ar8 then seczioned md Ixamined mcrallograpticalL:;. 
materiais icclude tungsten, t a c r a I m p  moLy>d.=r.un, Zircdcy-2,  Zipcaloy-L, 
3 N L  s+,aiUess stesl, HasteLlcy F ,  Ir,:mei X, Fsr,steei 85 (99s Nk,  1% Zr), 
and Fanstee; 82 (064 Ilk, 33% Ta, is Zr], UQ 2nd. UC syec insx  WEE h e a ~ e d  
on each of these ma te r ids  f c r  t,en mirauzes a t  l030-1:OO C ( c r  the Ei t - lng  
point of the cladding minus 100 C ,  whichever i s  l e s s ] ,  the melzing pclnr 
of the cladding min?is 1000, the meltirg point, of UC (2350 C )  and r,he wit- 
ing point of U@ (2790 C )  

The s t r i p  of cladding i s  resistance heated in 9 reliwl: atmosphere 

Specimen -deigkT change 

C!%ddxg 
The fL,anert 

U r a n i u m  carbide WEB much  mor^ reacrive t h a n U @  i n  a l l  cases> 
carbide reac ts  vigorously wizh fuLgs+.en, molybdenum, m d  Fansseel 80 a d  
82. Tantalum vas most compatible with UC arzd w a r  able t o  contain 8 
molten puddle f o r  about tk res  minutes 3'c 2350 C before the  filament separ- 
ated.  All of zhe claddings w h o s e  m l t i c g  teqera-rure w a s  l e s s  thm fLaT 
of UC reacted ener,sively az a n=qezi ture  io0 C less thac the melting 
point; but, wifh %he exception cf Hasre-lloy F, a11 filaments remained iri- 
t a c t  f o r  the duration of the tc-n-mutute test  
a f t e r  four minutes a t  1200 C o  
produced a s i lvery  m e t a l l i c  c o a t i q  orp the surfact  of thz carkide i n  most 
cases, 
Complete penetration of a 30-mil thick strip of ZiscdLoy-2 by 8 dul l  biack 
reaction p r o h c t  occur-rel d u i f i g  heating a: 1660 C f o r  ten mirxtezJ A l c -  
miL sz r ip  of 3C4L s t a i r e s s  ~ 3 ~ 5 1  was a l s o  per-etsarei, but, by a s h i s - j  
black product, a: 9 tempe-mvxe :f l ? @ C  c 
t o  form dull gray pr%kic~s wkisn j en  '13  be 1552 ref_-ac '~ory :liar. :he re- 
acting metal2 

The molter 

The Hsetelloy fi1amec.t bmke 
Heatirg at temperatures greater  than 1000 C 

This was especial ly  evident on the s -p f , cb~n  teazed on Zi rcs ioy .  

T1;s othe-c zis.idir?g-c a l l  reacted 
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High Temperatare and Electron Microscopy. 

Reflection electron microscopy %echniques were used t o  examine rhe cleavag2 
surfaces of a f s e d  U@ single c rys ta l .  Tke appearFce and d e t a i l  of the 
micrographs w e r e  comparable t o  %hose of trar,smissioE ,replica micrographs. 
The quality and info,.-mation value of the re f lec t ion  micrcgraphs appear to 
be closely related t o  the nature of the s u f a c e  examined and rhe appiica- 
t i a n  of careful experimental techr.ique. 

The Uo;? cleavage surface w a s  Slso examined by high tempe'rature re f lec t ion  
microscopy. 
at  1000 C f o r  20 minutes. Experiments t o  allow more detai led examination 
t o  the present upper temperature limit of The apparatus (approximately 
1200 c ) are in progress 

A miniature resis tance heating furnace w a s  selected as the most direct, 
approach f o r  obtaining the  desired 1800-2000 C i n  the electron microscope. 
The proposed design, u t i l i z i n g  Lucalox ceramic supporting members and 
tungsten g r id  and connecting w i r e s ,  will allow removal of the specimen 
from the vacuum chamber without disassembling the microscope. The opt ica l  
transmission charac te r i s t ics  of Lucalox ceramic should allow temperature 
neasurement by opt ica l  pyrometry. Direct beam heatily: t o  achieve tempers- 
tures above 2000 C a l s o  may be possible.  A desizn involving a gr id  bias 
control and "telefocus" g r id  t o  control the specimen heating and the image 
in tens i ty  independently is being considered. 

A series of exposure t e s t s  w a s  performed w i t h  the hot stage of the opt ica l  
microscope using various types of 'olack snd w h i t s  and colored s t i l l  and 
motion p ic ture  films. These tests w i l i  provide ceibrazior is  f o r  she high 
temperature microscopes wher they are used as met.alio&raphs under v a r l o ~ c  
l igh t ing  conditions. 
suitable f o r  s t i l l  pictures;  Kodachrome A w a s  sa t isfacsory f o r  motion 
p ic ture  kcroscopy.  

I n i z i a l  examination revealed no apparsnt chmges after hPating 

Royal Fki arLd Ecrachrome were found 'co be most 

High Energy Impact Formirag of UP, 

A series of s ta t is t ical ly-designed experinerrs Mas performed i n  rrhich tlx 
effec+,s of t e q e r s n u e ,  p r e s s u o  a i  O/U r 9 t i 0  3- the  UC2 dSrLs.LtY arsained 
by high er,ergy impact fcmnn;: were detsrrmned. 
compac-,cd U02 %re i f i  progr5ss. 

D e n i t y  measur?mer7? of Eke 
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4. BASIC SWELLING PROGRAM 

Irradiat ion Program 

Constant temperature capsules No. 7 and 8, each containing three ax ia l ly  
s p l i t ,  hollow, uranium cylinders, were successfully charged in to  a 
reactor  and are presently operating a t  control temperatures of 500 C o  
They w i l l  be operated a t  t h i s  temperature f o r  a short  period of time i n  
order t o  safely as tab l i sh  the  “in-reactor” operating character is t ics  of 
the capsules and the  contrcl  instrumentation. The control temperatures 
w i l l  be increased t o  525 C and 575 C f o r  capsules 7 and 8, respectivzly, 
and remain there  fo r  the  duration of the irradiazions.  
anticipated tha t  the  small am0w.t of b m u p  accumulated a t  the low 
temperatures w i l l  s ign i f icant ly  influence the ulsimate results of these 
i r radiat ions.  

It i s  not 

A vacuum heat t rea t ing  f a c i l i t y  has been modified t o  allow annealing cf 
laboratory capsules containing riranium specimens ident ica l  t o  those 
i r rad ia ted  i n  s w e l l i n g  capsules. 
fabricated and w i l l  be subjecfed t o  the same thermal treatment as the  
in-reactor capsules. 
order t o  determine the  changes t h a t  have occurred with respect t o  geornetry, 
density, and microstructure. 
laboratory specimens and the i r rad ia ted  samples 

Five laboratory capsules have been 

Post-annealing examinations w i l l  be conducted i~ 

Comparisons w i l l  then be made between these 

Pore Size and Distribution 

Optical and electron microscopy are being used as a d i r ec t  means of deter- 
mining the s i ze  and d is t r ibu t ion  of pores i n  i r rad ia ted  uranium. 
of 0.29 a/o and 0.41 a/o burnup which were annealed i n  an unrestrained 
state a t  400 C and 500 C f o r  times of one hour and 100 hours have been 
replicated and t h e i r  microstructures have been photographed. Pore s i ze  
dis t r ibut ions are current ly  being derived from the  micrographs. In  
addition, a specimen with a bumup of 0.29 a/o w a s  annealed f o r  100 hours 
a t  700 C t o  provide metallographic data on pose s i ze  d is t r ibu t ions .  This 
la t te r  heat t r e a t m n t  and metallography i s  a duplication of p r io r  work, as 
there  were reservations concernir-g The xmlidity of The or ig ina l  observa- 
t ions .  The s w e l l i n g ,  4 p /p  , associated with the 0.29 a/o burnup specimens 
( (3 as i r rad ia ted  = 18.62 g/cc) w a s  found t o  be 0.021 arid 0.035 due t c  OLE 
hour annealing a t  400 and 500 C ,  respectively.  The swellirig associated 
with similar specimens annealed a t  400, 500 and 800 C f o r  100 hours was 
fomd t o  be 0.020, 0.028, and 0.092, respectively. Specimecs u t i l i zed  f o r  
similar annealing treasments but representing b m u p s  of 0.kl a/o (p as ir- 
radiated = 18.70) yielded the following f rac t iona l  changes i n  volume: f o r  
one hour annealing a t  400 and 500 C,dp / e  = 0.021 and O.Ok7, respectiTrely. 
Chaxiges f o r  100-hour annealing trea+,mer+, a t  LOO and 5OG C wesE. 0,022 azld 
0.057 , respectively.  

Specimens 

S t a t i s t i c a l  treatmest of pore s i ze  meacurenents permits 2s?imaticrL of +,he 
f rac t iona l  volume i n  the cranium which i s  occupied by pores, t h e  pore void 
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f rac t ion  (V-F,), and a l s o  the cumber of pores pes uni t  volume, the pore 
void density (V.D.). 
exactly balanced by surface tension forces,  it is  possible t o  calculate 
the nunber of gas atoms t h a t  are contained i n  observable pores from the 
pore d is t r ibu t ion  dasa. Values so calculated were compared with the 
theore t ica l  number of gas atoms t h a t  should be preseot on the basis of re- 

l e  i r rad ia ted  t o  0.29 a/o burnup should zheoreti- 
A ' 3 8  

ported burnug. 
c a y  contain 34 x 1 gas atoms per  cc of uranium which is somewhat l e s s  
than the exprimentally derived number, 51 x 1018 atoms/cc, f o r  a specimzn 
annealed at TOO C. 
face t e n s i m  and restraint values and er rors  i n  the experimentally derived 
pore volume f rac t ion  and pore void densicy values. ch; the assumption tha t  
all of the gas atoms are  contained in  observable pores after the 700 C 
anneal and t h a t  e r ro r s  associated with measurements a f t e r  v a r i o u  annealing 
treatments are a l ike ,  it can be W e s r e d  t h a t  61$ of che atoms are  
accounted fo r  i n  the as- i r radiated s t a t e ,  78% a f t e r  a 600 C anneal and 
91$ after a 650 C anneal. This information i s  being correlated with 
various hypotheses t o  explain the agglomera2ion and growth of pores in  
i r rad ia ted  uranium and involves corAsideration of gas atoms i n  pores which 
are too small t o  be observed by the techniques employed. 

Assuming tha t  the ic te rna l  pressure of a l l  pores i s  

The discrepancy is undoubtedly due t o  e r rors  in sur- 

Fission Product Mobility 

Uranium specimens a re  being examined t h a t  have had inem gas introduced 
in to  the surface by "glow" discharge and U-U diffusion couples are  being 
examined tha t  have had an appreciable amount of f iss ioning occurring in  
one-half of +,he couple, but none, or  a t  l e a s t  very l i t t l e ,  i n  the other 
ha l f .  
e s sen t i a l ly  ambient water temperature. Each capsule contains a single 
specimen which co r s i s t s  of a s l i c e  from an extrusior, which has a core of 
depleted u ran ium and a ske l l  of enriched uranium. One surface of each 
specimen is completely precharractesized . 

Two NaK-filled capsules are  a t  the MIX awaiting i r r ad ia t ion  a t  

A uranium disk t h a t  was "glowed" i n  Kr- a d  ther  heated in  several  stages 
in the same system t o  about 900 C was removed from the system, l i g h t l y  
electropolished, arid reheated t o  i t s  melting poict  i n  a new vacuum anrm3l.- 
ing s y s t e m  in tegra l ly  COM€Cted tc the  mass spec t romter .  A maximum lri 
the  Kr evolution r a t e  w a s  observe2 at, about LOO C amounting t o  aboat 
2 x 1013 atoms per second. . 
previous maximum temperature of 900 C w a s  exceeded. 

No increase iri ra te  w a s  o-kserved v k n  th? 

Restraiced Isradiaticr,s  

Zircaloy-2 clad uranium fue i  rods w i s h  selected UrsLiiun tcmperatuEs, 
cladding thicknesses,  ar.d exposure arp being i r rad ia ted  i r L  NaK-f i l l e d  
temperature rnonit,ored capsules. Three swelling capsules, G E H - l L - P ,  
1L-95, ILL-99, a re  prcsently being ir,-adisT.ci i n  rke M I 3  t o  v s r i m s  Goal 
exposures Exposures arid avesagz ouTer uaniun  tempersTures f o r  the fuel  
rods i n  thess  capsules %re resprct iveiy 0.18, 0.27, 0 . 2 9  a/o and 575. , 5 C 0 ,  
and 5LO C .  Sever, capsules haiE now beer. discharged from :he MTR and TdF1l  
be examined iii Radiomet durirg the succeedifig nronths 
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5 .  

Radiomtallurgy Laboratory Studies 

The th i rd  NaK capsule cor.tainir;,g ar, utirestrair;ed uranium specimer, i r rad i -  
ated a t  high burnup has been opened and i s  beicg examned. 
and dis tor t ion  of the specimen had occurred (RM-28L), Results and irAter- 
pretations of these examir,ations w i l l  be reported i n  more d e t a i l  ir, con- 
nection with the developmlit programs served. 

Gross swellirig 

IN-REACTOR MEASU_SEMENT OF MECHANICAL PROPERTIES 

In-Reactor Creep Mzasurements 

The in-reactor behavior of one second generation creep capsule showed t h a t  
cer ta in  weaknesses i n  the capsule had t o  be corrected before other capsules 
i n  t h i s  series could be i r rad ia ted .  Consequently, three capsules were 
returned t o  the Vendor's plant f o r  modification. 
the reworking of one capsule s o  it could be shipped ahead of the others.  
The modification work on one capsule was followed at  the plant  by a labora- 
t o ry  representative u n t i l  the  capsule w a s  completed and packed f o r  shipment, 

Emphasis vas given t o  

Upon opening the  capsule i n  which thermocouples had f a i l e d  during thermal 
cycling, it w a s  established t h a t  the failures were ir, a short  section Qf 
swaged oxide thermocouple extension lead. 
capsule have been replaced with heavy gage w i r e  and alumina insulators 
ident ical  t o  those used i n  the successful prototype capsule. 
of concern in  the  modification work w a s  the  l imited l i f e  imposed by using 
unlubricated components ia the  mechanical extensometer system i n  the capsule. 
It i s  generally known t h a t  lubricants  suf fe r  deterioratior,  i n  a nuclear 
environment, yet  a l l  attempts t o  use unlubricated bearings i n  reactors have 
indicated t h a t  any lubricant ,  no matter how poor, i s  b e t t e r  than norie at 
a l l .  Therefore, when the capsuies were open, the bes t  known dry f i l m  lab- 
r ican t  w a s  selected and used to lubricate  the moving par t s .  A lubricant 
composed of lead oxide m d  graphite w a s  selected as being the best f o r  our 
capsule. A special  formulation vas made f o r  t h i s  par t icu lar  case which 
eliminated a l l  organics tha t  could decompose and contaminate she helium 
atmosphere i n  the capsule. The mecharAca1 extensometer after lubricat ion 
exhibited a marked improvement i n  the smoo+,hness of operation a t  room 
temperature. The lubricant  becmes more effect ive a t  temperatures near 
500 F, which w i l l  be the operating temperature of the  extensometer ic the 
reactor .  
from cer ta in  areas i n  +_he capsule TO obtain improved thermal charac te r i s t ics .  
Component tests duriIzg reassembly revealed a trouble apct i n  the variable 
permeame transducers. The Temperature cycling had caused The cores of the 
transducers t o  become loose on the gaging support, which would cause 
e r r a t i c  behavior of t h e  t ramducer  output. The cores were reaffixed t o  the 
gaging wires ir, a way thar  therma.l cyciicg w i l l  riot loosen the cores. The 
reworked capsule w a s  completeiy checked at_ tne vendor's plant  befor? 
shipping. 
the capsule i s  charged i n  the reactor .  

A l l  the  thermocouples i n  the  

Another area 

During the modification of the capsule some material w a s  removed 

A further check w i l l  be &e after a r r i v a l  at Hanfosd Sefore 
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Capsule a d  Ir,strumer;t Developmat 

A review of the drawings, The materials and techniques of constructior, f o r  
six third-generation capsules has now been completed. 
in the th i rd  generation capsules over The others i s  the at tent ion paid t o  
simplification. Only one variable permeffice TrsnsdLcer and one mechanical 
extensometer axe used. The two exensometers arp cmbiried, however, 
t h a t  each may be used independently and e i t h e r  orie can be used t o  cal ibrate  
o r  check the other.  The known system accuracy 3f the mechanical system of 
the second generation capsule has now permitsed a ten-fold reductioc i n  the 
m t i o  of the  gear box withir. the new capsules,  The ten-fold seduction iL 
the  gear box r a t i o ,  from 20,OOO:l t o  2000:1, should re ta in  all the system 
accuracy but require only ace-tenth the operational time f o r  obtaining the 
readings, 
of the mechanical exter;smeter system. The mechanical system w i l l  be proved 
a t  the vendor's plant before installatiolz ir; rhe capsules, Fun;her inprove- 
ments w e r e  made i n  the  heat balance in the th i rd  generation capsules as well 
as inprovements bi the  ease of fabricstiori  and assembly. 

The major difference 

so 

This reduction in  operational t i m e  w i l l  grea%ly improve the l i f e  

--Irradiation Material Characterist ics 

Measurement of the act ivat ion energies f o r  creep of annealed and cold worked 
Zircaloy-2 a t  various temperatures and s t resses  has cmtinued. Aczivation 
energies were determined in the temperature range 300 t o  350 C on annealed 
material and 300 t o  317 C on cold worked material .  
temperature range studied were within the experimental c,catter of the 
previously determined value of 61.4 K cal/mole. 

AG exis t ing creep frame has Seen modified t c  a l l o w  defermination of a c t i -  
vation energies as low as 1 K cd/mle in  the temperature range zero t o  
250 C. The nodified apparatus w i l l  a l l o w  determination of the activaticri 
energy spectrum at zemperat-ces below Yhich only rough e s t m t e s  of a c t i -  
vation energies c o d d  be made by usicg cocventional creep machir-es. 

Values found i n  the 

GAS-GRAPHITE STUDIES 

EGCR Grrlphi+,e Ir&ia+im 

The H-3-2 experiment cont imes +,G operaTF successfully in  the GETR. 
capsule has been ir, the  resc tc r  f;r fmr cycles ,  bur due t o  Two long shut- 
downs f c r  loop i rx 'a l la t iom, kae reccivei ardy TWO cycies cf i r rad ia t ion .  
All b u t  cne gf rlhe ~hernocoupies asp o2erat:ng sa t i s f ac ro r i '  1. ;IT 

The. 

EGCR B u r n i r i  Experlmen?s 

Experiments conduct,ed i n  the EGCR kum-in;; r i g  demonstrated tha t  siLicon 
carbide coazed fuel  sleeves greaTly reduce the hazard or' runaway '3xidaTior. 
Runaway did not cccur ur,+ii graphize c e q e r a 7 u e s  exceeded those cxpec-ed. 
i n  the reactcr ky 100 C .  
=dial  mckup cf %. EGCR fuel chanre; -2nd with eqecTed a i r  flows 

All e-erimects yere :cr.ducred. with a f i i  scale 
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In the cases where runaway occurred two d i s t inc t  causes were cbserved. 
The more serious was a fue l  sleeve f a i l u r e  i r _  the v ic in i ty  of a joirit 
resulting from pocr coatings o r  uncoated sleeve ends. In  t h i s  case a 
hole w a s  opened from the fue l  coolant chamel t o  the moderator coolant 
annulus. 
caused oxidation t o  proceed through the moderator block. Temperatures 
began t o  r i s e  a t  approximately 10 C/min and showed no indication of 
s tab i l iz ing .  Such a failuse i n  the reactor  would cause the f i r e  t o  
spread t o  adjacent channels. 

A i r  streams through the hole impinged on the moderator and 

The second type of runaway observed w a s  caused by a coating f a i l u r e  near 
the center of an assembly i n  the fue l  coolant channel. In t h i s  case the 
sleeve did not serve as a heat sink f o r  the section of moderator opposite 
the burning spot.  
about 100 minutes, after which the r a t e  decreased t o  about one-half t h i s  
value. 

Temperatures increased a t  the r a t e  of 1.5 C/min f o r  

Gas Loop Project Management and Design (Project CAB-822) 

A preliminary estimate of approximately $6,500 was received from St.mthers- 
Wells t o  modify the pre-heater by reducing the amount of NaK contained t o  
a tolerable  l eve l  (approximately 150 l b s ) .  
Struthers-Wells i n  the amount of $10,850 f o r  the detai led design of a re- 
movable section type s t e e l  shield for the external face of the gas loop 

and delivery of the shield before July.  

A contract was awarded t o  

, framework. It i s  planned t o  inv i te  bids on the open market f o r  fabrication 

Details of the Bristol-Siddeley blower shipment were discussed w i t h  
C.  E. W u r r  of the vendor's engineering staff. 
the touch meter and in te rna l  thermocouples from the machine. 
recommended 60-cycle s t a r t i ng ,  which can be done. 
of ro tor  is  required, the new assenibly w i l l  require balancing w i t h  the impeller 
on an air  bearing machine (Gisholt 315). This probably can be done a t  
Boeing's i n  Sea t t le ;  however, M r .  W u r r  foresees no d i f f i c u l t i e s  i n  s i x  
months of operation. 

It w a s  agreed t o  eliminate 
M r .  W w r  

In the event replacement 

Component Testing 

As previously reported, t e s t ing  of the in-reactor t e s t  section has been 
delayed due ts fa i lu re s  of the in te rna l  e l e c t r i c a l  heater.  Both heater  
f a i lu re s  have occ*xrred i n  the lower portiori of the test section where the 
clearance between the heater and t e s t  section i s  l imited.  The repaired 
heater ,  which i s  ready f o r  i n s t a l l a t i o c ,  has beeri shortened so tha t  the 
heater does not extend in to  the l imited clearance section., The heater has 
been successfully bench tes ted  a3 31 KW arid re ins ta l led  i n  the t e s s  secTion 
mockup, 
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7 .  G-TE IRwu)IATIoN D-E STUDIES 

ETR GraDhite Irradiations 

The GEH-13-6 irradiation capsule w a s  ics ta l led i n  the N - 1 4  position of 
the ETR on mrch 14. 
each. 
thermocouples and heaters. 
on gamma heat alone and have neither heaters nor thermocouples. 
graphites included in the t e s t  are: 
coke graphite; ZT, a hot worked graphite; ARE'-3, a furfuryl alcohol 
banded graphite; and gOl-S, a special isotropic graphite. 

This capsule contains seven sets of three samples 
The temperatures of four of the seven sets w i l l  be controlled by 

The remaining three sefs w i l l  be operated 

CSF (Standard); "A" grade, a raw 
The five 

Preliminary design has s tar ted on the GEH-13-8 irradiation capsule. 
purpose of this experinent is  t o  obtain irradiation data a t  sample 
temperatures of 200 t o  600 C. 
needed t o  extend the high exposure data from t e s t  reactor experiments 
down t o  exposures in  Ebnford t e s t  holes. The capsule w i l l  be irradiated 
i n  the E-5 position of the ETR. 

The 

Information in  t h i s  temperature range i s  

Hanford Graphite Irradiations 

A variety of experimental graphites is being irradiated in  the Hanford 
reactors at  about 500 C t o  determine the relat ive effects  of binders and 
f i l lers  on the dimensional s t ab i l i t y .  
alcohol binders are combined with conventional f i l l e r s .  Korite coke, 
f lu id  coke, coal t a r  pitch coke, lampblack and anthracite f i l l e r s  are 
combined with coat tar pitch binder. 

-the! HTGR and ERR, as w e l l  as NPR core graphite, are being irradiated 
s i m u l  t ane ous 1 y . 

Petroleum pitch and furfuryl 

Graphites proposed fo r  sleeves in  

Sonic bbdulus Measurements of Irradiated Graphite 

The dynamic modulus of TS-AGOT and TSF graphite irradiated t o  3385 W / A T  
a t  30 C was determined as a function of temperature t o  2500 C by Armour 
Research Fourdation. 
2500 C were run  t o  determine the enen: of annealing. 
t r o l  samples were measured 50 indicate T h e  precision of the measurements. 
The room temperature moduli varied wish exposures as indicated i r i  tne 
accompanying t ab le>  
ferences in  modulus due t o  i r radiat ion t o  different Exposures i s  s t a t i s -  
s i ca l ly  significant or-ly a t  the 90% cor-?' $1 idence Level, 

Or, each sample two heating and cooling cycles t o  
Unirradiated con- 

Two samples vere measured a t  each exposure. The d i f -  

SONIC ELASTIC MODULUS OF IRRADIATED GRAPHITE 
SAMPLES AT ROOM TEMPERATUXE 

Graphise Type Exposure Elastic Modulus x 106 ?si 

TS-AGOT Uni r radi  a t  ed 0.678, 0.665 
TSF 1189 W/AT 0.720, 0.720 

TS-AGOT 338: MwD/AT 0.625, 0.67~ 
TS-AGOT 2b71 W / A T  2 .695 ,  0 . 7 U  

1 2 2 0 , 9 6 0  
UNCLASSIFIED 
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The ef fec ts  of annealing were small. Only the samples i r rad ia ted  ;o 27b1 
and 3385 MwD/AT displayed a lower modulus a t  the start  of the second run. 
However, there w a s  a not.iceable difference i n  the character of the modulus 
versus temperature curve, with the  grea tes t  differences appearing at 
higher temperatures. 

I r radiat ion of Pyrolytic Graphite 

An i n i t i a l  short  i r rad ia t ion  (130 MWD/AT) of pyrolytic graphite at  500 
t o  600 C revealed a d i s t i n c t  difference i n  the  behavior of as-deposited 
material and material annealed a t  temperatures ranging from 2200 t o  3000 C .  
As-deposited material expanded about 0.24 i n  the direct ion pa ra l l e l  t o  the 
layer  planes, whereas the annealed material did not expand. Upon continued 
exposure t h i s  d i s t inc t ion  has disappeared. Both as-deposited and annealed 
samples expanded about 0.4$ after a 0 0  MD/AT. 
were large enough t o  measure transverse length changes. After 1930 W / A T  
an expansion of 0.3% occurred. 
bulk density upon high temperature i r rad ia t ion  t o  2000 MWD/AT. 

I n  addition, some samples 

Thus, there  i s  a reduction of about 1% i n  

I r radiat ion of Explosively Compacted Graphite 

Samples of explosively compacted material made from na tura l  flake. and from 
ground nuclear graphite were i r rad ia ted  at  500 t o  600 C t o  1930 MWD/AT. 
The original  bulb density of the  natural  graphite compacts w a s  2.12 g/cm3. 
After i r rad ia t ion  an expansion of O.9$ w a s  noted i n  the  transverse direct ion 
and a contraction of 0.24 i n  the pa ra l l e l  direct ion.  In contrast ,  nuclear 
graphite compacts with an or iginal  bulk density of 1 . 9  g/cm3 contracted 
about 0.07% i n  both the transverse and pa ra l l e l  direct ions.  

Electron Microscow Studies 

CoqarLson of cathodically etched and as-polished graphite surfaces by 
electron microscopy has shown t h a t ,  although cathodic etching reveals a 
network of microcracks, the surface between cracks i s  l e f t  smooth and 
more d i f f i c u l t  t o  in te rpre t  than the small oriented p l a t e l e t s  present on 
unetched surfaces.  
attempt t o  reveal the  or ientat ion of s t ructure  between microcracks. 

Oxidation w i l l  be combined with cathodic etching i n  an 

hktallography Studies 

Work on a technique t o  improve rep l ica  contrast  of porous materials w a s  
i n i t i a t ed .  
a material such as graphite because long shadows are  cas t  by repl ica  
material stripped from pores. The technique under study would leave no 
shadows and allow observation of areas i n  o r  near pores. 
l iqu id  epoxy r e s in  i s  applied t o  a carbon repl ica  prepared i n  a conven- 
t i o n a l  manner, w i t h  the  exception thaz no heavy metal shadow deposit is  
applied. The l iqu id  res in  seeks a l eve l  on the contoured surface of the 
carbon. A variable res in  thickness results which w i l l  cause a var ia t ion 
i n  e lectron sca t te r ing .  
carbon w i l l  result i n  a posi t ive rep l ica ,  whereas application t o  the opposite 
surface yields a negative repl ica .  Japanese investigators have pioneered 
t h i s  method or, other materials w i t h  some success. 

The conventional shadowing technique obscures much d e t a i l  with 

A t h i n  f i l m  of 

The application of the res in  t o  one surface of the 

1 2 2 ( i E i o  I UNCLASSIFIED 
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8. SUPEXCRITICAL PRES= WATER REACTOR STUDY 

The conceptual design and economic evaluation of a 300 Me Supercr i t ical  
Pressure Water Reactor continued with s tudies  directed toward defining 
the more detai led aspects of the  power cycle, fue l  element design, reactor 
control,  and equipmnt layout.  

Moderator Heat Uti l izat ion 

Heat generated in  the moderator by nuclear react'ion and absorbed by the 
moderator through transfer from the fue l  e l e m n t s  may be as high as lo$ 
of the  t o t a l  thermal output of the  reactor .  
heat f o r  feedwater heating is, therefore,  an important consideration. 
the  heat in the moderator represents no more than approximately s ix  per- 
cent of the t o t a l  power, nearly a l l  of t h i s  heat can be recovered and used 
t o  preheat the feedwater. Any quant i ty  of heat i n  excess of six percent 
can be used only pa r t i a l ly ,  with about 1/2 percent reduction i n  over-al l  
thermal eff ic iency f o r  every one percent heat generation i n  excess of the 
base six percent. 

Effective u t i l i za t ion  of t h i s  
If 

The most ef fec t ive  method f o r  conserving the  moderator heat i s  t o  d i r e c t l y  
feed the  moderator i n to  the feedwater cycle. 
incorporated i n t o  the  power cycle. 
inat ion of the  primary system upon f u e l  element failure (blowout of a 
pressure member) in to  the moderator led  t o  separating the primary and 
moderator systems. 
f o r  coarse control of r eac t iv i ty  resu l t ing  from burnup and other slow 
transients has been under consideration. 
moderator feed t o  the feedwater cycle is ,  of course, prohibiti-re. 
these reasons the  power cycle has been revised t o  regeneratively t ransfer  
some of the  moderator heat t o  the feedwater i n  a heat exchanger. A second 
heat exchanger t o  lower the  moderator temperature further is  a l so  required 
Tentative s iz ing iodicates  both heat exchangers t o  require about 19,000 
square feet of hear, t r ans fe r  area if heat i n  the moderator is  10% of the 
t o t d l  reactor  heat output. 

This method w a s  o r ig ina l ly  
However, concern about severe contam- 

In addition, the  d e s i r a b i l i t y  of moderator poisoning 

Where boron is used, a d i rec t  
For 

Turbine Bypass System 

A turbine bypass system i s  necessary during rapid os slow s ta r tups  and . 

shutdowns. During the operation of the  bypass system, close poximi ty  
of normal temperature must be m i n t a i r e d  throughoLit the  cycle to prevent 
thermal shocks o r  overtemperature conditions ir- the reaclror components. 
The most d i f f i c u l s  condition appears t o  r e s u l t  from turbine stop valve 
t r i p  followed by reactor  scram. 
progressively reduce khe pressure arid temperatme of the f l u i d  leaving 
Lhe last pass of the reactor  t o  provide hear sink mediti ir, the reheat 
rieat exchangers, and yet maintain steam a t  appropriate pressure and 
temperature f o r  the feedwater heaters and f o r  the  turbine-driveE feedplunp 
Simultaneously, the p,-essure and temperature reduction must correspond %o 
the  reactor  f l o w  reduction vhich m u ~ r  follow t L e  resc'or power decay 
re la t ion .  

In such an event +,he bypass system must 
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As a resu l t  of these considerations it is proposed t o  u t i l i z e  several 
bypass valves, pressure reducing devices, and desuperheaters i n  the 
turbine bypass system t o  regulate the pressure and temperatures. Be- 
cause of the speed of response necessary, some compromise may be neces- 
sary.  
pressure water comept from the power cycle standpoint. 

This area appears t o  be the main problem i n  the supercr i t ica l  

Equipment Sizing and Cost 

Preliminary specifications f o r  the reheat heat exchangers, feedwater 
heating system, condenser, and pumps have been submitted t o  various 
manufacturers f o r  s iz ing and cost information. To date,  information has 
been received on the condensers. Vendors' recommended s izes  f o r  the service 
have been essent ia l ly  s imilar  t o  preliminary calculations.  
cooling water temperature of 75 F, the surface condenser w i l l  require 
170,000 square f e e t  of area t o  maintain 1.5"  Hg absolute pressure. 
the  basis  of an average cooling water temperature of 57 F, the surface area 
requirements w i l l  be 110,000 square f e e t .  

For a maximum 

On 

Fuel Element Assembly 

Work continued during the month on optimization of the f u e l  element 
design f o r  the "inverted c lus te r"  element. The U-tubes carrying the 
coolant, i n i t i a l l y  26 i n  number, were decreased t o  18 t o  provide a more 
favorable fuel-to-tube m e t a l  r a t i o  and t o  ease fabricat ion problems. 
With the 18-tube cooling array,  power dens i t ies  on the order of 20 mega- 
watts per ton of uranium appear feas ib le .  

One of the basic quant i t ies  which m u s t  be assigned i n  a power reactor  
study is the design value of the heat f l ux  t o  the coolant. 
fue l  design, t h i s  value determines the specif ic  power (W/T) and hence 
the core s ize .  
mining the burnout heat f l ux  (about 1,000,000 Btu per square foot per 
hour f o r  many reactors)  and taking a fac tor  of two o r  three f o r  sa fe ty  
and unknowns. For supercr i t ica l  water technology no burnout l i m i t  has 
been determined, indeed i f  one even e x i s t s .  However, there does e x i s t  
a phenomenon cal led the "whistle e f fec t" ,  which, while the consequences 
of it appear t o  be 
burnout, does produce pressure f luctuat ions and vibration (about l5oO t o  
2500 cps). 
of two on the estimated "whistle e f f ec t "  region in  the Supercr i t ical  
Pressure Water Reactor has beeri assumed, resul t ing in  a design heat f l ux  
of 750,000 Btu per square foot per hour. 
average heat f lux  of about 200,000. 
location of the "whistle effect ' '  represents, perhaps, the most s ign i f i -  
cant ba r r i e r  t o  f u l l y  exploiting supercr i t ica l  cooling technology. 

For a given 

In most reactor  concepts the value i s  assi-ed by deter- 

e n t i r e l y  d i f fe ren t  order of seriousness from 

Because of the l imited data on the "whistle e f fec t" ,  a fac tor  

This resu l t s  i n  a reactor  
Definition of the magnitude and 

To provide a reasonable d is t r ibu t ion  of the heating load over the fue l  
elements, c i rculat ion of the coolant %hrough the reaczor i n  three passes 
has been selected.  These passes w i l l  be: 

UNCLASSIFIED 
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(1) F i r s t  Pass: In l e t  temperature 540 Fj out le t  805 F.  

(2) Second Pass: In l e t  805 F, ou t le t  1050 F. 

The e x i t  coolant f romthe  second pass will be l ed  t o  the steam 
reheat exchangers returning a t  805 F f o r  the t h i r d  pass.  

( 3 )  Third Psss: W e t  805 F, ou t l e t  1050 F. 

The eff luent  from the t h i r d  pass w i l l  be fed d i r ec t ly  t o  the 
turbine.  

The first pass w i l l  represent approximately half of the t o t a l  heat load. 
Tubes carrying * " f i r s t  pass" coolant w i l l  be concentrated i n  the central  
zone of the reactor ,  whereas the "high temperature" passes will comprise 
the lower power fr inge tubes. It appears that an average pressure drop 
of about 200 t o  250 ps i  per pass will be encountered a t  projected opera- 
ting l eve l s .  

Reactor Control 

To rea l ize  the high exposures (approx. 20,000 MWD/T) desired from the f u e l ,  
it w i l l  undoubtedly be necessary t o  introduce a variable reac t iv i ty  fac tor ,  
e i t h e r  by introducing a burnable poison in to  the reactor  loading or  by 
u t i l i z i n g  a variable-density soluble poison i n  the moderator. 
in te res t ing  poss ib i l i t y  being considered is the division of the moderator 
tank in to  zones by par t i t ion ing  and controll ing the soluble poison content 
of each of the  three temperature zones. Such an arrangement would permit 
t a i lo r ing  of the poison content t o  the  r eac t iv i ty  of the individual zone 
and should permit extension of f u e l  operating l i f e  without accentuating 
f la t ten ing  problems. 

One 

"Gray" control rods would then be used primarily f o r  short-term reactor 
control,  with strong safety rods interspersed in  the f u e l  pa t te rn  f o r  
shutdown. 

Work continued on the layout of the SPWR s i t e  and reactor  building. 
layout of the control,  o f f ice ,  and was%e handling areas has been completed. 

The waste handling system flow diagram and the f i rs t  draft of the system 
description were completed. A cost estimate f o r  the system is being pre-  
pared. 

The 

Work continued on the refinement of the SPWR unit cost of producing power. 
While the costs remain qui te  competitive, su f f i c i en t ly  de ta i led  analyses 
have not been made t o  s e t  a power generating c o s t .  

UNCLASSIFIED 
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D. 

9 .  AUNINUM CORROSION AND ALLOY DEVELOPMENT STUDnS 

Metal Growth During Corrosion 

The relationship of dimensional changes and f i lm  growth i s  being determined 
f o r  Zircaloy-2 and f o r  the aluminum alloys x-8001 (1% N i ,  0.5% Fe), 
1245 (99.45$ Al), and an experimental aluminum a l loy  containing 1.54 Fe, 
l.5$ N i .  Sample thickness from two t o  62.5 mils i s  being tes ted .  

For the two-mil a luminum f o i l s  the dimensional increases seem t o  have a 
l i n e a r  relationship t o  weight gain i n  the ear ly  pa r t  of the t e s t ,  a f t e r  
which the growth r a t e  decreases. The heavier aluminum f o i l s  show no dis-  
cernible growth during the f i r s t  pa r t  of the t e s t ,  but a t  a given f i l m -  

thickness t o  metal-thickness ra+,io growth becomes detectable.  There i s  an 
indication t h a t  the corrosion r a t e  may a l so  increase a t  t h i s  point,  but 
t h i s  is  not yet conclusive. The Zircaloy f o i l s  have shown no growth up t o  
a w e i g h t  gain of 11 mg/&. 

RADIATION EFFECTS CIN METALS - 5000 PROGRAM 

Radiation damage recovery is being studied f o r  a number of metals, namely, 
copper, nickel,  titanium, zirconium, iron, and type 347 s ta in less  steel. 

Isothermal annealing of zirconium, iron, nickel, and copper w a s  continued 
during the month. 
the kinet ics  of yield strength recovery ir i r rad ia ted  zirconium. 

A ser ies  of isothermal anneals w a s  begun t o  determine 

Analyses of t ens i l e  t e s t s  on i r radiated iron have been made using two tech- 
niques: 
(2)  separation of radiat ion hardening in to  l a t t i c e  and source hardening. 
The contribution of source hardening appears t o  decrease with exposure and 
increase with i n t e r s t i t i a l  impurity content. 
ing increases with decreasing i n t e r s t i t i a l  impurity content and reaches sa t -  
uration a t  increasingly higher exposures as the impurity content i s  decreased. 
The i n t e r s t i t i a l  impurity atoms are obviously acting as trapping s i t e s  f o r  
point defects.  
available and the radiation-induced defects migrate t o  other sinks such as 
grain boundaries and dis locat ions.  h e a l i n g  a t  temperatures su i tab le  f o r  
freeing trapped defects results i n  an increase i n  the source hardening. 
This i s  reasonable i f  one considers t h a t  only "fresh" dislocations are  moving 
under the applied s t r e s s .  

(1) increase i n  upper yield stress with increasing exposure, and 

The amount of radiation harden- 

In  the material of highest puri tys  fewer trapping s i t e s  are  

A similar  treatment has been applied t o  t e s t s  of Type "A" nickel .  
i n i t i a l  yielding, a specimen exposed t o  3.6 x 1Ol8 nvt w a s  unloaded and 
immediately reloaded, resul t ing i n  a decrease i n  the amount of source 
hardening. 
creased by 2000 ps i ;  upon unloading and immediate reloading, the source 
hardening decreased by 1500 p s i .  

After 

After aging f o r  one hour a t  200 C ,  the source hardening w a s  in- 
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Strain-rate  s ens i t i v i ty  t e s t s  a r e  b e i q  conducted on i r r sd ia tcd  and un- 
irradiaked titanium ixi an Effozz ?o determine t h e  ef fec t  of neutron damage 
3n dislocation ve loc i t ies ,  
1 .0  x 1@7 nvt was st,rained 0.5$ st a strair, ra?e of 0.02/min. 
rate vas instantaneously changed t o  0.002/min. 
several times. The same procedure w a s  followed on mAirradiate.I specimen. 
The coeff ic ient  of s t ra in- ra te  s ens i t i v i ty  w a s  0.02b t o  0.028 f o r  the 
i r rad ia ted  specimen and the strain-hardening exponents were +,he s a m ~  at  
both strain rates. 
t o  an increase in s t r a i n  rate thaIi 50 a decrease, due t c  a lower szrain- 
hardening exponect a t  the lower s t r a i n  rate. The coefficierxs of s t ra in-  
rate Sens i t iv i ty  were 0.018 t o  0.Clg f o r  a decrease i - r L  s t r a i n  rate ar,d 
0.021 t o  0.024 f o r  an increase i n  strair, rate.  

Ar, irradiaced specimen with ar, e,xposure sf 
Ther, the 

Tiis cycle w a s  repeated. 

The unirradiated specimen, however, was more sensi t ive 

Radiometallurgy Service 

Examination of the female end cap of ar, I&E hole f a i l u r e  revealed a pocket 
of Uo;! under the  cap and a pocket of U Q  extenalng one inch down the element 
under the  outer cladding. 
outside edge of the cap. Fromthe observations it 1s believed t h a t  the 
defect was i n  the female weld, although the exact point of water en t ry  w a s  
not found (RM-417 1. 

A large void i n  the AlSi w a s  found around The 

- A natural  uranium, I&E production elemerr rupture from 378i-H f a i l e d  by 
s p l i t t i n g  longitudinally.  Examination t o  date has indicated that prior 
f o  s p l i t t i n g  the  cladding w a s  penetrated a t  the upstream erd by miform 
corrosion and ari oxide aocket f o m d  ir tne uranium. 
products displaced the cladding w.i reduced the cooimt  ~ L ~ ~ L A S  orL the t cp  
s ide  of the  element . 
b l i s t e r  indicates fka t  t h e  surface cenperaturc w a s  ax least: 350 C (RM-G!O) .  

A side fail- which cccurrcd ir- Tube 2l73-E was examined c h i s  month It 
appeared thar, melting sf The claddirz had occurred. 
revealed That The fai1u;-5 resulted f y m  WFL~LP:  FexietraTlor of ?he claddirg 
in the  maxim temperatui-e zcxie of a "hot spot" 
cut the claddirig displacizg ?ne ciaddirg over a large 3 r L a  around the 
e n t r y  sil-e 
had occurred ;RM-J422), 

The urar-ium ccrrosiorr 

The aiiiminun corrosior product downstream from the 

A iipr,aiied snamLxiaciorA 

Water and/or n p o r  under- 

Due appearaxe of +Le cLaklir4 i i d  ZCT indicat_e that ne l t -ng  

ResLLLts ar,d interpretaricris CII? these exaxnir,atiais wAll k? r ~ p c L 7 ~ 1  irL mre 
d e t a i l  i n  coraectioL wlrh tke development program serve5 

bkzaliography Se rvicc 
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The gas pressure bondirg technique f o r  NPR fue l  element closures has been 
under study by FPD's Materials Engineexng Operation. Ini t ia l  work pro- 
duced incomplete bonds which were found t o  be the r e su l t  of improper 
cleaning before assembly. Tec-nciques used recently require t h a t  the com- 
ponents be cleaned by vacuum cathodic etching. h t a l log raph ic  examinations 
of pieces assembled after cleaning i n  tLis  marrier have shown t h a t  complete 
bonding occurs along the  cap-to-uranium interface,  but only p a r t i a l  bonding 
sometimes results between the cap and can w a l l .  This p a r t i a l  bonding i s  
caused by incomplete removal of what appears t o  be zirconium oxide from 
the mating surfaces. 

Samples Processed During the Month: 

Total Samples 624 
Replicas 58 

Photographs : 

Micrographs 566 
Macrographs 217 

978 
Electron Micrographs 195 

VBWR Control Rod Review 

The technical review of the  Vallecitos Boi1ir;g Water Reactor control rods with 
respect t o  the poss ib i l i ty ,  probabili ty,  arid circumstances which could lead 
t o  nine control rod "shoot-out" incidentswas completed. It w a s  the  opinion 
of the reviewers tha t  a control rod shoot-out incident w a s  credible (defined 
as a probabi l i ty  grea te r  than lo5 t o  10-7 per reactor  lifetime). 
it was the  reviewers: Dpinion t h a t  the present control rods could not be 
modified (without e s sen t i a l ly  rebuilding them) t o  place a shoot-out incident 
i n  the  incredible range. It w a s  t h e i r  recommendation tha t  cer ta in  interim 
modifications be made t o  the rods u n t i l  new rods could be designed, fabr i -  
cated, t es ted ,  and i n s t a l l ed  on the VBWR (about two t o  three years"  t i m e ) "  

Further, 

Pebble Bed Reactor Study 

The review of the OFNL desi@ szudy w a s  completed on March 17, a d  sent fo 
the AEC. A formal document w i l l  be issued i n  The near fu ture .  The PBR 
concept w a s  found t o  be techrlicaily feasible .  However, the opsimized uni t  
cost  of producing power appeared sanewhat high, 8.0 t o  8 .: mills/kvhr, when 
compared t o  the competiti-re cost area of 7 . 0  mills/kwhr o r  below. 
recommended tha t  a more detai led study of :he comept be performed ic  order 
t o  b e t t e r  predict  $he power cost .  m e  t echo log ica l  problem appeared t o  be 
developmerit of a reliable fuel baiL f o r  the exposure conditions establ ished.  
An R&-D program to develop %is reacmr  concept would cost approximately 
twenty-three million dol la rs  and requre a t  l e a s t  eiGht years t o  complete, 
Included ic the program TOLLCI be the  evmtua i  construction and opera%ion of 
small prototype pebble bed reactor.  

It w a s  

2 2 9 9 6 1  
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NPR Charging Machine 

Fabricatior: and assembly of the NPR Ckarqiq Machir,e is estimated t13 be 35;$ 
complete. 

Status of individual components is as foliows: 
the cross t r ave l  drive sub-assembly i s  complete; Trarsfer arm sub-assemblies 
are 9 6  complete; modified ma* frame ccqonents  are complete and t h e i r  
i n s t a l l a t ion  is 5 6  complete; idler r o l l e r  asseniblies are 4 ~ $  complete. me 
hydraulic power package has been in s t a l l ed  i n  t h e  cross t rave l  drive assembly 
and instal la t ior ;  oC the  hydraulic piping i s  15$ complete. 
mockup uni t s  built of wood w e r e  completed. 

r a i l  assemblies are complete; 

Two console 

Design of the  magazine support t o  bridge "C" elevator is complete except f a r  
the nozzle and connecsion. A prototype balancer is  being f m i s h e d  by a 
vendor f o r  investigatior,.  Design of the adaptor, end piug 3s-d f r ee  pis ton 
f o r  the magazbe is complete and conanent p r in t s  are scheduled f o r  issue at 
month's end. 
valves w e r e  completed. 

NPR Bellows Testing 

Spring -rate was measured on all bellows. 
w e r e  sa t i s fac tory  t o  5000 cycles and f ive  f a i l e d ,  
t o  flexure, two t o  galling by the  shroud, and one t o  vibration. 
design is susceptible t o  failyre from ga l l ing  betweeri the bellows and the  
shroud. 

Tes+,s on optimum magazine end taper  and materials and on check 
A six-degree taper  will be used. 

O f  ten bellows tes ted  t o  date, f i ve  
Two fa i lu re s  were at t r ibuted 

The preser 

PCTR Hot Water Loop 

Scope design of t h i s  high pressure (1500 psi), high temperatus  (572 F )  
f a c i l i t y  has Seen comple+,ed and delivered t o  W, P, Stinson. 

Shielding f o r  Fuel Recycle P i l o t  Plar.2 

Shielding calculations weye s + a r , e d  f o r  the Fuel Recycle P i l a t  P l a t  project 
proposal a t  the request of F a c i l i t i e s  Er-gizxering Ope razion. 
planning layouts have used four feet of heavy aggregate concrete f o r  shield- 
ing. 
indicate tha t  a :h;,rs,e,- shield may be 1~se i .  

Pzelimiriary 

I r i t i a l  3 0 s ~  r a t e  calculations far the case of a criticality Lmiden: 

c 

W a g e r ,  Reactw wid Fuel-. Rezearch 
ar,d Development 

1 2 2 9 4 8 8  UNCLASSIFIED 
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REACT OR 

EXponential Measurements f o r  NP Reactor 

The material  buckling has been measured f o r  the  condensed N-Reactor l a t t i c e  
loaded with dry natural uranium fue l  elements 2.3" x 1.8" and 1.1" x 0.5". 
The l a t t i c e  spacing is 7.56 inches. The preliminary buckling i s  -178 x 10 cm' . 
Estimated extrapolation lengths of 1.0 inches side-to-side and 0.8 inches front- 
to-rear were used In calculating the  preliminary buckling. 

-6 2 

Fast and the-al extrapolation distances in to  t h e  control rod with water coolant 
have been calculated fran the r e su l t s  of exponential measurements i n  the  NPR 
mockup. The f u e l  elements were 0.9469 enriched uranium with a0 coolant. The 
control rod w a s  placed in  the center of t he  mockup. The thermal extrapolation 
distance derived w a s  5.35 an and the fast extrapolation distance w a s  18.02 an. 

As a canparison, t he  calculated thermal and fast extrapolation distances i n t o  
the control rod as reported i n  IN-68407 are  6.06 cm and 15.64 cm, respectively, 
f G r  the  NPR mockup exponential p i l e .  

NPR Ne1 TemDerature Coefficient 

A l a rge  e r ror  w a s  made i n  computing the  normalizing constants t h a t  went i n to  the 
temperature coeff ic ient  reported last month. 
temperature coeff ic ient  of & should have been la rger  by a fac tor  of (2.238). 
The corrected r e su l t  is  

Re-examination has sham tha t  the  

tl16, = - (1 k 0.07) [(5.26 f 0.2) x - (2.55 f 0.4) x T (OK)] GaT- 

The above r e l a t ion  is  va l id  over t he  temperature range from 24OC t o  9 6 8 " ~ ~  but 
n e a e c t s  the  e f f ec t s  of volume changes at the  phase t r ans i t i on  temperatures. 

The step-changes i n  r eac t iv i ty  dxe t o  volume expansion at constant temperature 
when the  w a n i u m  passes through the  a + p and p + y  phase transformations can 
be expressed i n  terms of uni t  flurctions, U ( T ~ - T J ) ,  and appropriate mult ipl iers .  

The uni t  functions, U(Ti-Tj), are  defined as follows: 

l 2 2 9 c i 8 9  r 



A new method of analysis has been developed which yields  the  change in k, direct,, 
as a function of fue l  temperature, i n  terms of t he  observed r eac t iv i ty  changes. 

or 

&(TI = R [ & ( T i )  + BU (TI-TM) 
1 

The function f ( T )  has been chosen t o  be (Tt-T:), following t he  suggestions of 
Keane('), Vernon(2) and others. 

Evaluation of the  abwe equation in tenns of the measured quant i t ies  leads t o  the  
following: 

where T is in OK. 

The arguments of the  unit functions are selected t o  correspond t o  the average 
fie1 temperature at the time. that the  en t i r e  fue l  element had made the  par t icu lar  
phase t rans i t ion .  

The leading tern,  (1 f O.O7), represents t h e  maximized uncertainty due t o  flux 
and adjoint f lux mismatches. 
based on the  variance of the  f i t t e d  data.  
of the unit functions are  estimated t o  be about 24. 

The uncertainty on the  term (1.79 f 0.03) is 
The uncertaint ies  on the  coeff ic ients  

Neutron Spectrum Studies 

The power ser ies  representation of the Hurwitz  H-function has been programmed. 
This program has been incorporated in to  ACE as one of i ts  eight subroutines. 
Resonance in tegra ls  of t he  lutetium isotopes for  neutrons with energies below 
the  cadmium cutoff have been recalculated using the  new subroutine. For neutron 
temperatures below 6 0 0 " ~ ,  the  r a t io s  of epithermal resonance in tegra ls  t o  epi- 
cadmium cadmium in tegra ls  were within < 1% of those calculated p r e v i o a l y  with a 
polynamial f i t  t o  the curve printed i n  the HvJwitz paper. 

Resonance in tegra ls  were calculated a lso  fo r  t he  Pu-239 and U-235 f i s s i o n  cross 
sections with the  Hurwitz function. 
w i l l  be used t o  caanptwe measurements of the spectral  index i n  the TTR as deduced 
f ran  lutetium, plutonium, and uranium f o i l s .  

The r e su l t s  of these l a t t e r  calculations 

(1) A. Keane, B. E. Seale, m E  R/M 224 (1959), An Investigation of the Ten- 
perature Dependence of the Doppler Coefficient i n  Natural Uranium Latzices. 

A. R. Vernon, NSE - 7, 252, (1960). (2)  



2-3 m.-69062 

TABIX I 

ExCUraFclat ita L e r - a .  Czqarisons 

)L h FLel 
Element Thermal Soxr2.e Fast Saur c e 

2.5 x 1.6 wet. 2 . 3  1.1, 

Lattice 
Spacing 

12 3/8 
tt 2 - 5  x 1.6 2.4 1.8 

2.5 x 2.6 dry 2.4 
wi%h 1.17 

I 2 2 9 9 9  1 
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pins were made in the  same manner tha t  lutetium pins have been made. 
is mixed with a hydrocarbon r e s in  and molded i n  a glass  tube. 
been made by molding the  resin-powder mixture between glass  pla tes .  

The powdei 
Foils have also 

New f o i l s  a re  being prepared fo r  the dual chamber that w i l l  be used fo r  the 
standardization of E measurements. 

A measurement of 
has been designed. 
measurements f o r  very hard neutron spectra.  

and f fo r  a 1.66'' fue l  element in a 6&" graphite l a t t i c e  
The results w i l l  be used t o  check calculations and buckling 

Digi ta l  Cauputer Programs f o r  Reactor Analysis 

Developent of HFN, the  xuultigroup neutron diffusion theory code, is  continuing. 
Newly added features which have been debugged by being used on at l e a s t  one cm- 
puter run are: 

1. C r i t i c a l i t y  Search - a single  diffusion parameter is varied i n  an 
attempt t o  malre the calculated mult ipl icat ion equal t o  some input 
value. 

2 .  Material Mlxlng - a hanogenedus mixture of as many as t e n  d i f fe ren t  
materials frcm the cross sect ion l i b ra ry  may be specified fo r  any 
region. 

3 .  Flux Convergence - the  convergence c r i t e r i o n  used t o  terminate 
the  i t e r a t i o n  process may be based on the f rac t iona l  change in 
group flux at each point.  Previously, only the  multiplication 
fac tor  could be used as a basis  f o r  the convergence t e s t .  

The option which a l l o w s  p a r t i a l  suppression of output has not been t r i e d .  
has been located in the  sect ion of the  program which calculates theore t ica l  
detector  t raverses ,  but has not yet been eliminated. 

A bug 

FIT-1, the  few group neutron diffusion theory code f o r  analysis of experimental 
detector t raverses ,  is being readied fo r  a final report .  Improvements i n  output 
formats and er ror  computations have been made. The input data  for  a t e s t  case 
f o r  the  report have been gathered, but have not been run. 

Computational Programming Services 

XIELASCAT, the  code which processes ine l a s t i c  sca t te r ing  data from the t-hree- 
axis  neutron spectrometer, is  operating on a production basis.  All revisions 
and additions thus far requested have been completed. 

A n  informal report  (m-68858) has been issued which describes the changes made 
a t  Hanford t o  the Los A l a o s  generalized l e a s t  squares program. The program 
decks have been put into the  SPL i n  713 Bldg., and are  available for  general 
use. 
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Instrument at ion 

!Two prototype experimental s c i n t i l l a t i o n  combination quasi-logarithmic and m u l t i -  
range l i nea r  beta-gamma area monitors were canpleted and i n i t i a l l y  tes ted.  
un i t s  a re  t ransis tor ized and use a chopper input. 
mic range is  1 mr/hr t o  100 r/hr, and the  four l i nea r  decade ranges are  0-10 
mr/hr t o  0-10 r/hr. 
24 months with no accumulated d r i f t  errors  and with day t o  day readings varying 
by l e s s  than f 10 percent of the  t r u e  reading. The two prototypes are  now in 
condition for  complete evaluation t e s t s .  
applicable t o  all plant area-type monitoring problems, including MPR. 

The 
The available quasi-logarith- 

The or iginal  breadboard c i r cu i t ry  performed continuously f o r  

The units, i f  successful, w i l l  be 

The prototype t rans is tor ized  NTR Beta-Gama Sc in t i l l a t i on  Air Monitor w a s  re- 
turned t o  f i e l d  service a f t e r  i n s t a l l a t ion  of a new ruggedized meter-relay. 
Operation t o  date has been sat isfactory.  

Specifications were completed, i n  cooperation with Instrumentation Design, CE&UO, 
for  the slow scan portion of the NPR Fuel Rupture Monitor. 
were issued f o r  camnents. 

The specifications 

The fast scan t ab le  and s l ip- r ing  assembly fo r  the  experimental Fast and Slow 
Scahning Type Fuel Failure Monitor operated continuously f o r  one month without 
trouble. S l ip  r ing noise l e v e l  measurements a re  being periodically made, and 
t o  date, no var ia t ion  f ran  the  ini t ia l  50 microvolts peak-to-peak l eve l  has been 
noted. EXperimental c i r cu i t  development continues. 

Work i s  under way towards determining the  possible e f f ec t  on NPR Fuel Rupture 
Monitor s ens i t i v i ty  due t o  f i s s ion  products introduced i n t o  the  coolant by 
uranium surface contaminstion on the  fuel .  
pipes and associated l i gh t - l i gh t  box and necessary electronic  eqpipment for  
experimental investigations of uranium contamination on the outer surfaces of 
NPR fuel elements by alpha detection. 
than 0.010 d u n 2  can be detected on the element surfaces. 

Design w a s  completed fo r  two l i g h t  

It w a s  calculated t h a t  l eve l s  of l e s s  

A specif icat ion (HWS-8127) w a s  prepared f o r  Instrument Developent, IPD, con- 
cerning a chamber-cable assembly fo r  use as a reactor  high l e v e l  flux monitor. 
In  t h i s  case, a unif ied cable-chamber assembly with no cable connectors w a s  
proposed. 
Period Monitors, and technical guidance w a s  rendered concerning improvements 
t o  the  gamma type fue l  rupture monitor ( CGI-904). 
general specif icat ion w a s  prepared concerning the  procurement of replacement 
f i s s ion  counters f o r  subc r i t i ca l  neutron monitors. 

Technical advice w a s  rendered concerning the  Intermediate Range 

In addition, a guide fo r  a 

Advice was rendered t o  Instrumentation Design, CE&UO, concerning technical as- 
pects of the NPR nuclear instrumentation procurement. 

Tests were performed t o  determine the  extent t o  which emittance a f f ec t s  the 
output of the radiat ion r a t i o  pyrometer being developed for  reactor  graphite 
temperature measurement. m f s  pyrmeter  w a s  used fo r  the t e s t s ,  and the  
indication of th i s  pyrometer and a s i l i c o n  s o l a r  c e l l  pyrmeter  were cmpared 
t G  t h a t  of a thermocouple f o r  specimens of Zircaloy-clad and bare uranium 
elements. 
s icce it is a brightness pyrometer and i s  sensi t ive t o  the  difference i n  

The s i l i con  so lar  c e l l  pyrmeter  sh i f ted  ca l ibra t ion  as expected, 

' 2 2 q q q 3  BEC 
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emissivity between Zirca loy cladding and bare crankan. The calibration of the 
radiation r a t io  ppsne ter  did not shift e i ther  from drift  ,aver a one-month 
period or frm difference i n  emittance between the t w c  types of specimens. 

Systems Studles 

Work is  continuing on the NPR plant simulator. The purpose of this simulator 
is t o  provide a reactor m o d e l  for  the supertisors and operators. 
w i l l  al low interested personnel t o  investigate the behavior of the reactcr under 
actual operating conditions. 

This node1 

The NPR secondary loop study has been ccmpleted for  the present. 
s is ted of transient and s t ab i l i t y  analyses of the ent i re  secondary system. The 
analog representation of the system includes the secondary side of the primary 
heat exchangers, the dump condensers, the swge tank, and automatic control for  
the heat exchangers, dump condensers, and surge tank. Lack of non-linear m a l o g  
ewpment dictated the use of l inear  approximations t o  par ts  of the system. 
Almost the ent i re  system w a s  simulated on the GEDA computer. The first analog 
studies were of the secondary system as prcposed by Burns and Roe; t h i s  system 
exhibited a marked instability. Stabi l i ty  was ccnsi.2erably improved by increas- 
ing the  s ize  of the surge tank by a factor cf f a n .  
ed by remaving the dump condenser reset  control. In an effor t  t o  u t i l i z e  the 
desirable features of reset  control without undue instabi l i ty ,  a low reset  value, 
around 0.01, w i l l  probably be used. 
analog study of the secondary system sanetime i n  April or May, 1961. 

Tlte cmputer program for  the speed of control of the rJld reactzrs is presently 
being reorganized t o  more eff ic iegt ly  -=e cmpi te r  time. 
are being redrawn t o  conform t o  the present c i r c d t  being used. 
of new equipment will allow the  ent i re  pro51m t o  5e run on the EASE ccmputer; 
i .e . ,  it w i l l  no longer be necessary t o  use both cmputers t o  solve the problem. 
A l l  ar3itrary fbctions used in the pmblem are being tabulafed and f i l ed  for  
easy access t o  the compcter. Test cases w i l l  be rm t c  cuit down the checkcut 
time on the computer. 
ami the cost. 

The study con- 

Further s t ab i l i t y  w a s  .attaifi- 

It is expected that  IPD w i l l  initiat,e flirther 

B e  computer c i rcui ts  
The installazion 

These improvements w i l l  reduce -%e comFiter time invclved 

The EASE analog computer w a s  used t o  sxnulate a two-zone reactor cmt ro l  system 
in an attempt t o  determine the behavior of a reactcr siibjected t o  zone tempera- 
ture control. The control system consists of a sam~1iag device which measures - 
the outlet  water temperature i n  each zone pericai:aily> cmpares t h i s  tempera- 
tu re  t o  a reference, and i f  the error is greate- thm a predetermiaed value, 
moves the zone contrcl rod a fixed distanr,e. 
e t e r  changes were stuaieci: 

T k  PffecTs of %e fsllawing param- 

(1) sampling perimi 
( 2  
( 3 )  Error limits (aeaci ->ana) 
(4; 
( 5 )  

Rod travel  per sample [when a c o r r e x i  2x1 is neec',e4; 

Relative "worth" .=f the two ends of the haif rcd 
Cross couplir!  between the two sections 

In general, the stuay skews that stable zcmrz; *.f each zone temperat-ae is 
possible with relat ively lcng sampling pericas ( m e  rnimte, 3r l z s j .  &tiever. 
the quality of ccntrol i s  improved 5y cfecreasing the sampling period and rehci.ng 
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the amoznt of rod t r ave l  per sample. 
sample) depends on the  magnitude of the la rges t  expected disturbance, the  samp- 
l i n g  period and the maximum allowable temperature, or power leve l ,  deviation. 
Details of the t e s t  r e su l t s  w i l l  be contained i n  a forthcoming report .  

The amount of rod t r ave l  needed (per 

A reactor  control t e s t  w a s  made at 100-D reactor i n  which control logic  s imilar  
t o  tha t  used i n  the  above simulation w a s  carr ied out by the p i l e  operator. 
Four of t he  six out le t  temperatures normally recorded on a six-point recorder 
used by the  p i l e  operators were used t o  control four of t he  long control rods. 
The four temperatues used fo r  control were chosen t o  represent temperatures 
Eear the  fow: corners of t he  reactor ( i n  the front  face plane). The other two 
points represented the  center sections of the  reactor and, fo r  the  i n i t i a l  t e s t ,  
these temperatures were allowed t o  change in  absolute magnitude as long as they 
were approximately equal. 
d r i f t  apart .  Total power w a s  allowed t o  d r i f t  within a predetermined dead bandg 
3ct i f  the band limits were exceeded, the temperature setpoint w a s  moved i n  0.4"C 
steps as required t o  bring t o t a l  power back within the limits, 

Wsing t h i s  control philosophy, four d i f fe ren t  t e s t s ,  each apprmimately two hours 
dcration, were made on the 100-0 reactor.  Sampling periods of 48 and 96 seconds, 
a d  rod movements per sample of one-half and one inch were used. In each case 
s tab le  operation was obtained and very few t o t a l  power or half-rod corrections 
were necessary. For exanple, i n  the  t e s t  using one-half inch rod movements and 
a one minute sampling period, neither type of correction ( t o t a l  power nor half- 
rod) was needed over the  two and one-half hour t e s t  period. 
inch rod movements yielded s l igh t ly  la rger  deviations i n  power but the  control w a s  
very s table .  
ber of control zones, are  planned fo r  the  first week i n  &rile 

A half rod w a s  moved i f  these two points tended t o  

The t e s t s  using one 

Additional reactor t e s t s  of t h i s  type, but including a la rger  nm- 

SEPARATIONS 

Plutonium Cr i t i ca l  Mass Fac i l i t y  

-her pre- ; tarcq t e s t s ,  which need t o  be made on t he  solut ion system pr ior  t o  
commencing c r i t i c a l i t y  experiments, are  i n  progress. 
during a portion of the month because of the  l a t e  delivery cf stainless s t e e l  
valve replacement par t s  f o r  the  valves t o  the  suction header i n  the  mixing hood. 
The required valve parts were received on March 16, and following i n s t a l l a t i o n  
of these par ts ,  the  pre-startGp check at of the  so lu t icn  system was begun. 

These t e s t s  were delayed 

The l iqu id  leve l  indicators of the storage and mixing tanks are current ly  being 
cal ibrated,  
c r i t i c a l  assembly vessels is mdergoing t e s t s  

m e  LiGid  l eve l  manometer fo r  measuring sclut ion leye ls  i n  the  

The fast addition puap fo r  the c r i t i c a l  assem5lies and the  traflsfer pump are  
wcrking sa t i s f ac to r i ly  with one exzeption; there  i's too  m w h  leakage at the  
Tacking glands. 
ca l  assembly vesselsI operated sa t i s f ac to r i ly ,  but some d i f f i c d t y  w a s  encoun- 
tered i n  priming which has not been resolved. 

The metering pump, fo r  making s m a l l  f ie1 additions t o  the  c r i t i -  

Construction w a s  begun on the mechanical cmponents of the  qlit half machine 
which w i l l  3e used for  the  condxct of c r i t i c a l i t y  experiments with PcQ-plast ic  
mixtures. 
Slcwly Secasse of a lack of qcal i f ied personnel f o r  t h i s  work, 

The aesign 3f the  e l e c t r i c a l  compooents fcr the  machine has prowessed 

1229995 
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Dwelopnent of Nuclees Codes for C r i t i c a l i t y  Calculations 

The modifications t o  the HISMC code ( A  Monte Carlo code t o  study the behavior 
of neutrons in homogeneous systems) have been completed. These modifications 
were described in the  February monthly report .  
100 h i s to r i e s  indicated that the  running time would be prohibit ive.  The s m c e s  
of the  time-conslrming operations were determined f ran  a canparison of the code 
before and after the  modifications were made. 
undertaken which should speed up the. code considerably. The code is  now ready 
t o  be reassembled. 

An initial run on the code with 

Several proqrnmming changes were 

The subroutines which were missing frm the AIM-6 multi-group diffusion code, 
when received frm A t d c s  International,  have now been obtained. 
multi-group diffusion code has several  advantages Over the 9-Zom code, namely 
a c r i t i c a l i t y  search option, and the  f ac t  t ha t  the code is wri t ten i n  Fortran, 
which makes modifications simpler a 

The AIM-6 

Copies of two codes of major in t e re s t  were recently received frm Atomics Inter-  
national.  These codes are: 1) TEMPEST and 2 )  FORM. 

TIWESL! is a neutron thermalization code, wri t ten i n  Fortran f o r  an IBM-709. 
This code wFU. provide e i the r  microscopic or macroscopic cross section averages 
over the thermal neutron spectrum based upon the  following: 1) Wigner-Wllkins 
apprarrlmation f o r  l i g h t  moderators, 2 )  W i l k i n s  appraximation f o r  heavy modera- 
t o r s ,  and 3 )  a Msxwellian d is t r ibu t ion .  

FORM is the  Fortran version of the MUET-4 code, i . e . ,  a Fourier transform slow- 
ing-dam code. 
t o  24 few group constants for a few group code. 

The code w i l l  generate a 54-group flux spectrum and provide up 

Cr i t i ca l  Mass Calculations fo r  Hanogeneous Pu@-+O Systems 

A s e r i e s  of c r i t i c a l  mass calculations pertinent t o  nuclear safety were c m p  
l e t ed  during the  month. 
various cmpositions.  
11.46 d c c .  
systems considered a re  l i s t e d  i n  Table I. PU-240 w a s  considered i n  amounts of 
5 and 10 percent of the  t o t a l  Pu f o r  a range of H/Pu values i n  which the cal-  
culations were expected t o  give reasonably accurate predictions fo r  t he  effect  
of Pu-240. 
i t y  a re  continuing. Good agreement w a s  obtained with experimental data in two 
regions of t he  curves. In the region of minimum c r i t i c a l  mass, the  values fo r  
the bare and re f lec ted  c r i t i c a l  mass agree well with those predicted from the  
Hanford P - l l  project data. 

The points at H/Fu r a t i o s  of approximately 3000 are  not well determined, since 
the convergence on the  c r i t i c a l  radii are slow and the H/Pu r a t i o  of 3000 is near 
the minimum concentration which can be made c r i t i c a l  (-8 gm pu /L) .  

The systems considered were Pu%-QO mixtures of 
The Puo;? w a s  assumed t o  have a theore t ica l  density of 

The H20 density w a s  taken as 0.99 @/CC. The canpositions of the  

- 
Efforts  t o  more accurately predict  the  e f fec t  of Pu-2k3 on c r i t i c a l -  

The c r i t i c a l  masses and radii of bare and ref lected spheres are  given i n  Table I1 

I 2 2 9 9 9 b  D 
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11.46 
10 
8 
7 
6 
c 

i; 

Total FQ :. 
10. lo? 
8.816 
7.06 
6.17 
5 03 
?C.k 
3 " .28 
2.646 
1.76L 

8816 
0 w- 
.2205 
P 0882 
0662 

0 Olclbl 
0 0397. 

0 0309 
0265 

0 0221 
0 0175; 
00882 

.0353 

131-69062 

Mole cvl e* 
W / C @  

* C O k l ?  

.01288 
0 0157 
01866 

0 0 2 4 9  
02732 

03166 
,03238 
03281 
03288 

0 

009994 

0215 5 

03021 

.032g6 
0329'7 
03298 
03300 
C330l 

.C3303 

.03304 

.0330'1 

Mote: The ambers i n  parentheses are  the  powers of LS whi2h mdt ip ly  the given 
number 

* The numbers gi%-en axe in mits of lS240 
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Cr i t i ca l  Masses far Bare axxi Reflected Spheres of PuQ-HpO m t u r e s  

with 0 ,  5, and 10 Percent I3-240 

Bare Spheres Reflected Spheres 
240 1 c; 24.0 10k-24.0 7 

H/Pu Rc(cm) *Mc(Kg) R C ( a ) *  M C ( K g )  R C C a )  M C ( K g )  Rc(cm) Mc(Kg) 

0 - 38 
1.25 
1.66 
2 -37 
3 -36 
4.85 
7.33 

12.3 
27.2 
5? -1 

117 
295 
395 
594 
660 

7.79 
8.54 
9-52 

10.0 
10.5 
10.8 
ll.? 
12.2 
13.1 
14. j 
15.2 
16 .o 
16.9 
17 03 

18.2 
19.2 
19.5 
20.4 
21.9 
24.3 

2C.O 
23 
25.5 
25 09 
25.6 
24.5 
23.5 
20 .o 
16.5 
l l . 2  

6.5 
3 -77 
1.78 
1.44 

1 .oo 
1.02 

951 
945 

.965 
1.06 

17.4 
17.2 
17 -85 
18.2 
18.6 
19.1 
19 $8 
20.4 
21.4 
23 .O 
25 .8 
62.8 

*All c r i t i c a l  masses are  given 

9 -24 
4.47 
2 .oo 
1.60 
1 .3  
1.09 
1.08 
1 .oh 
1.03 
1.07 
1.20 
8,67 

18 4 
19.1 
18.6 
18.9 
19.,4 
1 ~ ~ 8  
20.4 
21.3 
22.4 
24.2 
27.4 
88.8 

in  Kg-PL-2.39. 

10 36 
4-89 
2*13 
~ 6 9  
1,21 
1.17 
1.13 
1,12 
1.12 

1.35 
1 .la 

23 - 3  

6 .? 
;r -2 

8.8 
9 *1 
9.5 

10.2 
11.2 
12.2 
12 0 3  
13 .k 
13 .a 
14.4 
14.8 
15.3 
16 .o 
17.0 
18.5 
20.9 
52 

12 .?4 
13 -67 

12 3 8  
11.06 
9.56 
7.80 
5 -23 
3 *u 
1.70 
0.897 

0 72 
55 

.54 

.531 
9 53.3 
e 5 k o  
a 582 
$676 

5.16 

In the  regions where the  s r i t i c a i  mass varies slowly witn the  H/P: r a t i o ,  sane - 
estimate of the uncertainty i n  the  c a l c - d a t i m s  can be obtained. The aceI-t,ainty, 
which per ta ins  only t o  the  przgram ana the  23nvcTgence c r i t , e r i m  sel?cted,  indi-  
cates tha t  the  c r i t i c a l  masses a re  knmn + I  vithirl  aboLt t 25. 
improved at, t he  expense Jf additional ~cmp-z'i~ag time. 

This c o d d  5e 

Interact  ion of %bcrit  i c  al Sys t a s  

Enccia&ng r e s d t s  have been obtained i n  the calcuiation cf ixteract ion of re- 
f lec ted  subcr i t ica l  systems by a m r l a t i c n a l  method. 
tions of c r i t i c a l i t y  -0naitions by t h i s  f3nm;laticn a r e  s igni f icant ly  i n  e r ror ,  
usually non-conservatively, r e l a t ive  predictions have been v i rh in  one o r  two per- 
cent of "exact" c a l c d a t . i m s .  These obserrations a r e  based 02 the comparison of 
predictions of the a-pp-aimaticn mefhcd v i t n  c a i c d a t i o n s  of HFN fo r  s l a b  
geametry. The qgantity coqared  is the  r a t i z  ui /vc,  wnere Y ;  i s  the number of 
neutrons per f i s s ion  reqLired t o  make m e  p r t i c - f i a r  i n t e r a c t i u  m n f i g u a t i o n  

Whi.Le the a b s c h t e  predic- 
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c r i t i c d  and v& is t he  number of neutrons per f i s s ion  required t o  make any one 
of i ts  ( ident ical)  units c r i t i c a l  i n  isolat ion.  

Preliminary determinations of t h i s  r a t i o  as a function of slab thickness, fue l  
concentration, s lab  separation, and number of slabs have been made both by HFN 
and the  appraximation. 
and spheres,, by the appraximation only, have a l so  begun; cmparisons t o  HFN 
cannot be made i n  these geanetries except fo r  the case of an isolated uni t .  

Calculations of t h i s  r a t i o  f o r  interact ing cylinders 

The var ia t ional  formulation is based on two group diffusion theory and i s  cam- 
pared with two-group calculations.  The r e su l t s  thus evaluate the  accuracy of the 
approximation t o  the  two-group model, and not t o  a c t u d ,  c r i t i c a l i t y  conditions. 
The accuracy of this l a t t e r  comparison, which depends, i n  addition, on the  values 
rJf cross sections and on the  adequacy of two-group theory, has not yet been in- 
vest  iga t  ed . 

- 

Miscellaneous Brperiments f o r  Nuclear Safety Specifications 

The experiment t o  determine the  l imit ing c r i t i c a l  concentration (concentration 
for  which & = unity)  of a plutonium n i t r a t e  solution w a s  begun i n  the PCTR, but 
it became necessary t o  temporarily suspend the measurements because of a contami- 
nation incident on March 3 -  

A t  the  time of the incident, a la rge  buffer tank containing about 114 l i t e r s  of 
solut ion w a s  in posi t ion i n  the  PCTR core. The contamination incident occurred 
when a s m a l l  end buffer tank, which had developed a leak, was inser ted i n  t h i s  
la rger  buffer tank. 

The contamination w a s  detected when the  physicist  who inser ted the tank checked 
his hands on leaving the  reactor  room; since t h i s  person was not wearing gloves 
when the  tank w a s  first touched {he had l i f t e d  the tank, and then remembering 
tha t  gloves were t o  be worn, had se t  the  tank dawn and put on h i s  gloves), skin 
contamination w a s  incurred on both hands. 
accomplished by RMO personnel; some a r t i c l e s  of clothing were l o s t  because of 
contamination, 

Decontamination of h i s  hands was 

The PCTR reactor  room is i n  the  process of being decontaminated by personnel 
of Experimental Reactors Operation. The rails, wooden p la t fom,  wooden beams, 
e tc .  (used i n  conJmction with the  bydrad ic  l i f t i n g  t ab le  t o  in se r t  t he  la rge  
br;ffer tank in to  the reactor  core), which were contaminated and discarded, are  
being replaced. The large buffer tank w a s  removed from the  PCTR core and 
eas l ly  decontaminated by personnel of Cr i t i ca l  Mass Physics; t h i s  +,a& has been 
sent t s  the  23k-5 Building f o r  inspection. The smaller tanks, which were more 
highly contaminated, were sent t o  the 231-2 Building f o r  decoatamination by 
personnel of Plutonim Metallurgy Research; the  decontamination process has pro- 
ceeded without d i f f i c u l t y ,  

The contamination resul ted Secause of both f a d t y  cons t rmt ion  and imprcper 
O-ring designs on the  seal ing plugs and end cap enclosures cf %he tanks,  
tank and jacket design indicated three separate leak seals:  An O-ring under 
the f i l l i n g  plug, another O-ring under the  cap tha t  covered the f i l l i n g  plug 
assembly, and a taped sea l  a r m d  the  Joint  where the jacket top syrerlapped the 
jacket 'ccttcm. The first O-ring did nct s ea l  emple te ly  because of inproper 

The 

c 



- B-12 HW-69062 

fabricat ion of t he  plug; the  second O - r i n g  did not s ea l  properly e i ther  because 
of incorrect design or  choice cf O-ring material; and the  taped sea l  around the 
two parts of the  jacket e i the r  f a i l e d  t o  stand up t o  pressure buildup in the con- 
tainer, or  t o  the  r e l a t ive ly  la rqe  axnounts of l i qp id  present between the  jacket 
and the  tank w a l l .  
signs, and other considerations being made, t o  correct defects i n  the aver-all  
sealing of these tanks. 

Modifications are being made in the  end cap enclosure de- 

It naw appears that the & measurements, which were canpleted last month with 
the s~ueats U-235 solutions, w i l l  have t o  be repeated. 
experiment w a s  t o  determine the  U-235 concentration for  which & = unity i n  
an aqueous solution. 
U%F2 sclut ion contained in aluminum tanks. On cmple t ion  of the measurements, 
when the tanks were being emptied, it w a s  noted that a reaction had taken place 
between the  U@F2 solution and t h e  aluminum w a l l s  of the  tanks. 
insoluble uranium canpound was deposited on the tank w a l l s ,  The results of 
subsequent chemical analyses showed the  U Concentration t o  have been unduly 
lowered by this process. 

The purpose of the 

The experiment had been performed with 93$ enriched 

A layer  of sane 

Since there  is no way of kncwing the exact concentrations at the  time r eac t iv i ty  
measurements were made, the experimental data are  nct re l iab le ,  and it will be 
necessary t o  repeat the experiment. 

The react ion between the solut ion and tank w a l l s  w a s  not anticipated because 
no such reaction w a s  observed when tes t  s t r i p s  of aluminum had been immersed 
in the  U*F2 solut ion p r io r  t o  f i l l i n g  these tanks. 

The experiment w i l l  not be repeated u n t i l  the  above d i f f i c u l t y  has been re- 
solved. 

C r i t i c a l i t y  Hazards Specifications 

Nuclear Safety i n  HLO 

A meeting w a s  held with Fuel Fabrication Developnent Operation personnel t o  dis- 
CUSG nuclear sa fe ty  in the  306 Buildingo 
basis of t he  nuclear sa fe ty  limits in specif icat ions F-1 and F-2, 2 )  the safe 
handling of 3$ U-235 enriched uranium, and 3 )  the  limits proposed f o r  the  future 
handling of 93$ U-235 enriched uranium. 

The main items discussed were 1) t he  

The nuclear sa fe ty  of processing U02-O.5 w / c  Pu% i n  the 308 Building was dis- 
cussed with Plutonium Fuels Development Operation personnel. Each par t  of the 
process w a s  reviewed and limits suggested fo r  the nirclear sa fe ty  specif icat ions.  
It w a s  pointed out that since there  was no c r i t i c a l i t y  data available fo r  U%- 
PUO;! systems, nwlea r  safety would be based on data f o r  s l i g h t l y  enriched uranim 
by estimating an equivalent enrichment for  the  oxide mixzure. 
U@-0.5 W / O  PUO;!, the  eqgivalent enrichment is estimated t o  be about 1.54 U-235. 

In  the case of 

A meeting of the  Hot Semi Works Safety Council was attended. ta review the S r  9C 
program. 
:.ontain no plutonium, consequently, there is no nuclear safety hazard i n  the 
p o c e s s  

The crude feed material. w i l l  cane from the  22kCR tank farm and w i l l  
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A meeting was held with Chemical Engineering Development personnel t o  discuss 
the  nuclear safety aspects of a molten salt process that m a y  be used f o r  the 
recovery of Pu% from i r rad ia ted  PRTR fue l  elements. 
UQ-Puo;! would be dissolved in a molten salt mixture and the  PuQ deposited on 
electrodes. 
the  electrodes i n  a water bath. For nuclear safety,  both geometry control and 
batch control w&d be used i n  the  process. 
an m o d e r a t e d  system and the  removal of Puo;? i n  the  waterJ as a moderated system. 

After decladding, the 

"he PuO;!> i n  the fo ra  of f ine  crystals ,  w a u l d  then be removed frcm 

The molten salt w i l l  be t rea ted  as 

Evaluation f o r  Nuclear Materials Operation 

The nuclear safety of a 500 gram plutonium. metal shiment  t o  Pelmsylvania was 
reviewed and approved. 

Mass Spectrometry 

The new Son source f o r  the  heavy element mass spectraueter f o r  t h i s  program w a s  
ins ta l led  in the spectraneter,  
source, which is a modification of the  or iginal ,  were examined. 
t ions  t o  the  or iginal  design provide f o r  improved e l e c t r i c a l  insulat ion between 
electrodes and an increased spacing of the  focusing electrodes of the  ion opt ical  
system. It appears that the  improved interelectrode insulat ion has reduced leak- 
age of t he  accelerating poten t ia l  t o  a negligible leve l .  
shown t h a t  ions fran the  source are  monoenergetic t o  a degree which is consistent 
with the  geometric collimation of the saurce slits. Thus the  spread i n  ion ener- 
gies  encountered i n  the  or ig ina l  source appear t o  have been eliminated by the new 
design of the  focusing electrodes which w a s  intended t o  reduce the  interact ion of 
ions with the  electrode s t ructure .  

FLslcther comparisons were a l so  made on sample l i fe t imes  which a re  experienced with 
different shapes of filements, 
the  portion of the  filament containing the  sample is not heated d i r ec t ly  by obmic 
heat continued t o  give useable sample l i fe t imes  s igni f icant ly  longer than d i r ec t ly  
heated sample filaments 

Several operating days  were spent i n  correcting malfunctions of the  ion current 
measuring and recording system and the  magnetic sweep system. 

Two measurements of the  isotopic content of natural  uranium were made t o  ver i fy  
the perfcrmance of the spectrameter. 
a systematic e r ror  i n  m a s s  r a t io .  
disccvered as ye t .  

Same of the operating charac te r i s t ics  of the  new 
The modifica- 

Measurements have also 

The fflament design reported last month i n  which 

The r e su l t s  of these measurements indicated 
The source of ths d i f f i c u l t y  has not been 

Instnunentaticn and Control 

Technical support t o  CpD continued i n  e f f o r t s  t o  s t a b i l i z e  the  servo systems on 
s b  t r ace r  la thes .  
i n  operating condition but when assembled it w a s  found they would not maintain 
the r e w i r e d  tolerance.  The t r a c e r  l a the  is  designed t o  autamatically produce 
a machined par t  by a l l m i n g  a metal s tylus  t o  t race  a contoured pat tern.  Move- 
ment of the stylus. is amplified and transmitted t o  the  cut t ing t o o l  as the  too l  
i s  moved along the  par t  being fabricated.  

The new la thes  were delivered by the  manufactuer presumably 

1 
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$35 are  tabulated as foUms: 

2 2 0 ~  m/s  neutron Parameters 

n, T 

%, n 

(3 

$33 - 
587 f 3 

1 2 f 3  

%,X 575 2 4 

%,7 4 9 * 2  

Alp- 0.00935 f 0.0038 

Eta 2.288 ?: 0.010 

2.502 f 0.014 mu 
526 * 4 

$3 5 - 
694 k 4 

16 k 3 

678 f 5 

0.1-p f 0.007 

99 4 

2.077 f 0.010 

2.434 k 0.019 

579 f 6 

The parameters f o r  Pu239 caanot be t rea ted  in the  same manner, however, because 
there  are no precision measurements of alpha. 
urement of the  t o t a l  cross sect ion by Saffo&rd, e t  a l e )  of 102.8 k 6 barns. 
best  value of a, 

These th ree  parameters plus the absorption cross sect ion and t he  best  values 
obtained f o r  $35 overdetermine the  parameters fo r  Pu239. The resul tant  s e t  
of parameters: e ta ,  nu, ard f i s s i o n  cross sect ion a re  discrepant t o  about 
four percent although the  assigned precisions a re  1.0 t o  1.7 percent. 
fo r  the  discrepancy has been found. Ekperiments ase in progress elsewhere t o  
redetermine e t a  and nu f o r  Pu239 with kigh precision but the r e su l t s  of these 
measurements w i l l  ;lot be available f o r  a matter of months. 

There is a recent precision meas- 

Best values have been determ- 
The 

is found t o  be 1008 f 6 barns. 
ined fo r  the r a t i o s  of f i s s i o n  cross section, eta,  and nu of Pu 239 and $35. 

No reasofl 

Slow Neutron Cross Sections 

Preparations were made t o  d e r t a k e  measurements on two problems, B e  f i r s t  is 
a remeasurement of the Fu2% f i s s i o n  cross sec t ioc  ia the  v i c in i ty  of the  0.3 ev 
resocance. The second is an a b s o h t e  measurement of the f i s s i o n  cross sect ioc.  
A new se t  af f i s s i o n  f o i l s  was momted i n  the f i s s i o n  chanber and excellent 
f i s s ion  pulse height dis t r i ' rut ions were obtained. Measuremen.ts of spontaneous 
f i s s iou  r a t e  were also obtained for  use l a t e r  i n  e-mhlating the  absolute f i s s ion  
cross section. 

During tLe course of measurements on the  c rys ta l  spectrcmetsr it was discovered 
tht, the n a t r o n  beam in tens i ty  ha3 again f a l l e n  t o  a low value. 
investigation &uriag a reac5or mtage showed fur ther  d e t e r i o r a t i m  of the 
masonite sections of a beam defining plug i n  the reactor  shieldipg. 
pcwder which was o5structing the neutron beam was removed. 
encouctered in December, 1960. 

Subseque.it 

The masopite . 
The same 2roblem was 

!3e frequent occurrence of %his  troubie indicates 

1 2 3 0 U 6 3  
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that sn effor t  is necessary t o  s,+,-Lempt..t.o replace o r  modify the r a p i a y  3eter- 
ima t i zg  plw wXch %as been i n  use fo r  swez  years. 

T7strumat at ion 

&tail desi& of the 130O-cbnnel slow neutron time-of-flight analyzer kas 
progressed t o  the point where all necessary eqyipueDt bas been sgecified and 
s u h i t t e d  for  puchasing. 
metic functions t o  exist ic 5- coded decimal fora ratker fhm in s t ra i&t  
b-. While t h i s  cmplicates the desi@., sanewhat, the readcz5 is nrx5 more 
W e c t  and 7understandabls t o  werators.  

A design change w a s  rnaiie t o  C a w  starage aid arith- 

Fast Neutron Cross Sections 

Analysis of the- background meascremeats made 33 the time-of-fligkt system i3 
Febxary has bee2 canpleted, aad several lmg-staa&.bg m i 3 c o ~ c e ~ i o n s  refated. 
'Jnder ro.agUy typical circtmrstaxxes, 3/!+ gf the a s~xhrcnons  Sackxpmnci ~ri3i- 
m t e s  i n  the plrised beam striking the target .  
frm that encountered in *znpLsed opzratim. . 
syrxh=.onaus backgraud . 

It is tbs no different i=1 nst-cre 
There does xot .seem to 5e a z y  

As a function of distance froao the target,  the backgrormd not associated u i th  
the target burst is virt trally cozlstarrt; the rneasuremellts do not clmify its 
canposition. mee-four ths  of t i e  brtrst-associated backg=.& close t o  C,Ee 
target  is due t o  xxtrms of energy greater thaz 1.3 Mev. A t  greater d i s 5 a x e a  
the average energy of the neutron canponerrt decreases rapidly, while the gamma- 
ray background of eqaivalezt Wse-height ia st i lbeae remaim zear2.y c:,r.stazt. 
The gross pulse-height spectrum begins t o  "harden" a q a b  as the r e a r  wall sf 
the eqerimenta3 area is approached. 

The new the-msrk generator has been b s t a l l e d  and debugged. It's per2ormaac.o 
is now qylte satisfactory.  The problem rwoaled in the evmt - idemi l i ca t im  
side channel of the chronotroa dwing the Febnrary IWE zre being attacked 
simultaneously by r~ew c i r a t l . y .  A Sreaiiboard version has been 1-t btlt nG 
tested. 
search coil .  
largely -iuccessflz1, 'cut the parasi t ic  si- 5rave ihg  011 fhe skiel2 3f %he 
S i g n a l  cable t o  the cjrmotron w a s  reduceri by a fac+,cr g e a t e r  %an 10C ?y re- 
arraxqpmezt a& bet2er grrnwihg of caqo,_ men;ts 

Slow Neutror Sca',tering Crcss Secfims 

The ser ies  Jf al~sw ZwLtron scat te=.kg meas-z-sert; at C . 2  ev- i.xider.t ezergy 
has eoctirnred. 
temgezature water sample a t  scatteri-4 m e s  af I O ?  3C. SO, az;d 72 degrees. 
An a;lgclar distribuzior; mxi f c r  t h e  mrty s m p l e  kl2eel- vas made at 62.2 e - ~  
fizKL energy. 

Picklzp f r o m  tlze RF deflec+,ion osci l la tor  w a s  st.L&Led witk a zmed 
Efforts t o  reduce tke errergy radiatcd fran the o s c u a t o r  $ere 

Energy m y s i s  I'U;IS have Seea made f o r  +,he 32 m i l  thick? r a m  

1 2 3 0 c 1 0 4  111. 
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2 
aectiozl . In order t o  detect systematic errors is. the calibration, a azfs 
reasom3ly lazge amout  of averdetermislation has beea provii?ed for. 

A gezmanixm si;.lgle crystal, 3 inches long and 2 inches in diameter, has been 
purpdiased for  eaTaLuation as a neutron monochromator. 
measurements t o  establish crystal  orientation indicates a narrow mosaic width 
but possibly a slightly rmsltiple crystal. Germanium is  an at t ract ive crystal  
for  use as a neatron monocbrauatsr because it possesses diffracting planes 
fo r  w h i c h  second order reflections are forbidden. A germanium single crystal  
WEi& meets the requirements of resolGtim and reflection efficiency c&d be 
wed t o  extend fhe range of measurements of the crystaJ spectraneter t o  energy 
regiom where second crder r e f l zc t ims  are a problem. 

Preliminary neutron 

The Cri t ical  Facil i ty of the mzp 

A purchase requisit ion fo r  a Ap-Be source which will be used in the C r i t i c a l  
Facil i ty has been initiated. 
scalers and a signal generator t o  be wed as an electronic timer. 
t i on  of this requisit ion is pending the resu l t s  of t e s t s  which are being con- 
ducted by Nucleonics Instnanentation on a transistorized system. 

It is planned t o  write a requisition for  two 
The fiitia- 

Revisicms h v e  bees suggested for  incorporation in the description of the 
MEt-REaF experiment. 

The Advanced Reactivity Measur- Facil i ty (ARMF) is in operation now and in 
a31 probability the O - R M F  experiment will use the ARMF instead of the RMF. 
Calibration experiments conducted by Phill ips personnel i=ldicate that the 
ARMF is In addition, the 
largest  r a t i o  possible between the sensit ivies for  fissionable materials and 
s P p ~ f s o ~ "  i n  two positions of tfie ARMF is ~ 3 3 4  larger t , ~  t h a t  which cuuld 
5e o3tab-et2 ill the RMF. 

times more sensit ive (,10-7 L& thaa the RMF. k 

mm st;artrsp 

B e  &xa frcm one set cf gold f o i l s  which w a s  activated ia a PRTR Cri t ical  
Test s k m  lzlore scat ter  t h  w c ~ i ~ l i  be expected frm staSistics. 
were r;armaJ.ized on the rotator in the TPR t o  determine i f  *'le sca t te r  was 
caused Sy something i n k r e n t  fr?. the  f o i l s .  
a l izat ion shcw that  this 13 not the case. 

mese fo i l s  

Ar_alysis of the data f r c m  the nom- 

P l T t o d ~ m  Fuel Temgerat-Lwe Coefficients 

SFeciffaatims fa r  these e k s t e r s  ?axre been s d b i t t e d  t o  pzrrsomel of Pl-~*onium 
meis 3e?relqmeJ5 @%ration for  :,sst estimates ., 

I 2 3 0 0 0 5  
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P 2 - 2 b  Effec3i-re Resonazce 

-her wcrk haa I;*= Lme h ~ h m x i n g  ti=- mas-izments cf tke effec5iire 
r e s o m c e  imegra of PL-24~ as a f a c t i o n  cf PL-24~ co;lte=rt in R - A ~  r*. 
~n agprac'mate aaaly-sia cf *Le expected e r rms  kd ica t e s  t k a t  a usef!! w e r i -  

c8c Se 13;;e if tke gzss.=ity of phtozixn ic each rck can be carefc;lly 
controlled. Ex -hest is m x h  more sers i t ive  t o  this than it is t o  +,lie 
hcnnogeneity cf the Fu-A1 mlmuze. 

Specifiea3icm for FJ-U rot& with both hi& (169 P3-240) asd lo. eqowne  
plutmium have beer m M t t e 6  t o  Zersoxel  ctf E I x t o ~ ~  PLels Developnert 
Operation f o r  cost estimates a 

141 February it was re2orteZ tSat the two % h e m  q c n q  diff'usion m d e i  zf re- 
thermalizaticn was geaerally T a l i 3  fc r  graphite a3d water. T1.l~ r-oxlui:z w a s  
baaed upon tke agreement betwee3 calmlazed ax5 ckser;ed +,raverses of tke 
them act iv i ty  of I;ta-iT (act;it.ateci u-176) for  f m r  inie2exient q e r i m e n t s .  
This past mmth f ive ad6itic;Sal experimez3s -Lave beer analyzed a& she r e s u t s  
S U ~ G Z %  the  ear l ie r  cozchsion. T"--e new r e s d t s  33, hoidwer, redwe the aver- 
age agreemect for all wer imea t s  f r m  5-134 t o  appr*aimate% ~) -15$.  
Westcatt mcdel. of the zeutron spectrrm yields tize agreement quoted. 
the resul t  fran a s-e experimect report& last rnoc2L t3e "3u,-wifz model" of 
the zeutron spectrum does not *=..me zke agreement ic all experiments an2 in 
fact  fcr some experiments it makes it wcrse, 

A canplete report 3n this wczk is 5 e a  prepared and vi?: be subuitted f z r  
i.aclasim iC. Jantrary, February, Mare, 1$l2 NLlc1ea.r W s i m  Research QurterLy 
Re2ort. 

The 
Contary ts 

Average Eergy  of Diff'usioz? of Thermal. Xatrcm Fz t>rap%fe 
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T W  I 

& and 2mn i x i  (ev] x 1c2 

720 1.61 2 -38 5 .oo 7 . g  12 -28 

m n  1,72 2.48 5 e l 7  8 2 4  12 41 

The amlicat ion of these data t o  re themal iza t im cro8s section meas.!y.ements i n  
graphite may lead t o  corrections t o  the rethermalization cross sections of 
-4 at 1b0K t o  zero perce& at 720"K0 A complete evalcation of t h i s  effect 
is being planned. 

Rethermalization i n  Granhite Near Absorbinn R o d s  

We eJrperimental apparatus f o r  these experiments has been designed and is 
sehedaled for  fabrication by Tech Shops. 
and 1-1/2 inches i n  diameter w i l l  be used. 
excess of 9 9 . s  and contsim no objectionable impurities. 
siona in the rods, as calculated f'rm simple diffvlaion theory, w i l l  be 97.5% 
e id  33$, respectively. 

Copper cylinders 5-5/16 inches 
The g m i t y  of the eomer is ic 

The flux depres- 

Traverses of the bare and cadmium covered ac t iv i t ies  of Cu and Lu i n  the 
cqpe r  r d s  and graphite have been prwided for  in the design of the experi- 
mental apparatus. The CQ traverses w i l l  be made with 0,3625-iach by 1/2- 
inch pins i lz the l w g e  C !  rod and with 0,052-irzck ky 1/2-inch Fiw i n  the 
small rado B e  LG traverses in the rods w i l l .  be mede wi5h W.-resin pins sf 
appraximately the same dime2lsio.w as the cjl pfis, Lxtetium Ceside-allmmirriim 
z i d e  foils and large c'u. pins w i l l  tse used in %ne graphlte traverses. 
bratiox, cietectors w i l l  be used where necessaq f o r  narmalization of traverses 
made with detectors of differezt geometries 

C a l i -  

F ~ i l s  af CQ an2 La w i l l  be i r r d i a t e d  at the !X-gra@ite interface with e i ther  
the hware cr  mtwazd flm. C-3 shields will be csed 02 cze side cf the 
cetecters and edge effects w i z T  5e investigated w i t 3  varies shapes of CsaZUnium 
shields 
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A method of determining the rethermalizatim cross section of a heated ligh? 
m e t a l  rod, such as alumbum, izl a graphite core i n  the PCTR is being studied. 
This cross section cnrld be used t o  calcslate the magnitude of the sh i r t  in 
the neutron s p e c t m  in a hot fuel  element, such as PwA1. 
only react ivi ty  measurements as experimental data. The three-group (one fast, 
two-thermal) equations fo r  the neutron flux inside the  rod are solved. 
react ivi ty  effects  of a suitable absorber, such as gold, at the surface of the 
rad and rm the center line are then used as bazndary conditions t o  e n k a t e  the 
c a n s t a t s  appearing in the solutions. 
PClD as the  rod is heated is then interpreted in terms of +,Le rethemaliza3ion 
cross section. The sens i t iv i ty  one might ex2ect from arch an experimect is 
m e r t l y  being studied. 

A modification of the Eumitz spectrum f c r  a weak v-l absorber has been derived 
t o  include neutron leakage i n  the case of small corstant buckling. The result-  
ing flux i s  a l inear  combination of three functions of energy: 
the  Hurwitz correction for a weak absorber, aad tke derived leakage ccrrectiozl. 
Since in t h i s  approximatior: the degree of absoq t i ac  an2 buckling enter only i=1 
determining the weight coefficients of the three functions, the fluxes for a 
variety of cases can be obtained direct ly  frm the three f h c t i o n s .  

The method requires 

The 

The change in tbe react ivi ty  of the 

A Maxwellim, 

Lutetium Pins 

In support os” the absorbing-rod experimeats, a method has been developed for 
fabricating lutetium oxide-resin pins for  use at roan temperature. 
inch by 0.500 inch and 0.062 .inch by 0.500 inch have 3een m a d e .  The average 
var ia t ioa in w e i g h t  o f  150 large pins was found t o  be approximately k 1%. 
This  variation is in   pa^% due t o  air  bubbles introduced in the  mixing cf the 
lutetium oxide and resin. 
this variation is reduced and air bubbles eliminated. It has been demonstratsd 
that this technique caa be extended t o  other materials; sodium carbonate-resin 
pins and f o i l s  have been made. 

P i s  0.03: 

Calibration by activation w i l l  be necessary unless 

A brief description of these techniques w i l l  be su3mitted for  inclusioi  ix %e 
Jan-, February, March, 1961 NPRO Quarterly Report. 

Same d i f f icu l ty  is anticipated in the  use of res in  as a matrix material be- 
cause of i ts  moderating effect .  In  an attempt t o  
evaluate the resin, pure resin pias and Lu302-resin p i r s  have been i r rad ia tzd-  
for 30GO watt-minutes i~ the TTR. 
cnrnting rates  did cot d i f f e r  significantly fram n a t x a l  man 3ackgrmn.d for a 
10 minGte count. TLe I,d3%-resk FLIS Lave been c u i t e d  a d  $he data is ‘xing 
-zed. 

The res in  l s  a hydrocarbon. 

The r e s b  p i a  were c c a t e d .  Tie &served 

Even i=1 the preserce of this p e e z t i a l  moieratbg effezt  it can be shown tat 
mgertur5ed thermal ac t iv i t i e s  may be -erred frm bar? a d  ca,Chi-m covered 
acti-ri t ies,  although epicadmim acti-ri t ies canno% he de temhed  in principle. 

Analysis of Uranim Oxiie n e l  Taqeratzr?  Scefficiem 

Part  of’ t%e data which w a s  3btained p rev iua ly  frm ;-pCTR mas-irenents cf the 
fbel -:enperatwe coefficient of a pn;-iche2 r.raram a i d e  cicster  has bee3 re- 
aralyzed. 
fit t c  the experimeatal p o i l t a .  

Lrl this i a t t e r  a l j - s i s  a Puct,ior, which is Freliicted Sy theory is 
me derivative cf the f k c t i c n  gives tke 

1 2 3 0 0 0 8  
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temperature coefficient of the resonance escape probability 

In the p r e v i a  anaJysis this coefficient w a s  expressed as 

-& = Co + CIT(*C). 

I 
Data were obtained for  two heating runs that  differed only in the time required 
t o  reach the maximum fuel temperature attained. The data f r m  the k-minute 
heating cycle f i ts  an equation of the form 

In P(T) - In P(To) = (23.67 f 0.20) x - (1.33 f 0.01) x qm 
for  temperatures between 322 .cud 767°K. Thus 

The resul ts  may also be expressed in terms of the temperature coefficient of the 
effective resonance integral, C(T). This coefficient is 

1 

hw = 2 [ T  (OK) + ( K 8 k  6)  v m ]  
Over the same temperature range. 

The uncertainties which are attached t o  the numerical values re f lec t  how well 
the chosen function fits the data. 

Code Developnent 

The graphite l a t t i c e  c e l l  calculation was run through an ent i re  time step, using 
all parts of RBU, a t  the beginning of the month. 
section and i n  the thermalization tables describing the thermal motion of the 
moderator atams were noted and corrected. A f iner  energy group structure w a s  se t  
up t o  improve the self-shielding of U-238 resonances, f o r  those runs i n  which 
the resonance tables are not used. 
the time required t o  establish good thermal spectrum convergence i n  a uniform 
moderator region. 
t r ibut ion w a s  established i n  about f ive minutes. 
required fo r  most problems. 
accept cases in which not all macroscopic ce l l s  contain flux t a l l i e s .  
report (preliminary draft) is nearly canplete. 

Discrepancies in  the U-238 cross 

A second simple problem was run t o  determine 

Results are not canplete, but a f a i r l y  good Maxwellian dis- 

The Post-Monte Carlo has been f'urther modified t o  
Longer running times would be 

The final 

The cross section l ibrary ed i t  routine was canpleted, and copies of the l ibrary 
l i s t i n g  were being prepared for  distribution a t  the end of the month. 
errors i n  the l ib rary  were detected and corrected, and the inelast ic  spectrum 
tables and evaporation constants were changed fran velocity t o  energy units.  

Several 

r 



Ccmplete listings of the SOS system tape were prepared by Data Processing per- 
sapnel. 
sc ien t i f ic  programmiq use, being fo r  m a ~ u r  jobs preferable t o  the FORTRAN-FAP 

The system has reached the point where it can be recammended for  ruutine 

system. 

MELEAGIR Code Applications 

The description of the code, aw-68100, w a s  distributed in rough draft  fom. 
Cases were set up for the mapercritical-water reactor study, conforming t o  the 
results of l a t t i c e  analysis by the IDICII! code, and for  IvER plutonium irradiation 
samples ( P H O W ~ ~  fuel study).  he repeat cahmlatians for APWR were started. 

Debugging of the w o r d  version of C-6 started during the month, and a number 
of errors have been corrected. 
it w a s  received frcm ANPD. 
test cases using ~ m p ~  18-gr- cross sections. 
needed t o  make the program use the 100-group cross section tape properly. 

Two of these errors existed in the program when 
The program has run largely successfully on severaJ. 

Several modifications are s t i l l  

MiScellePeaus Develapnents 

French m e t h o d s  of treating .neutron-spectnrm and effective cross section problems 
w e r e  extensively reviewed, with a v i e w  t o  adoption of similar procedures in our 
own work. P€T 
c r i t i c a l  t e s t  resu l t s  are mostly in good agreement with predictions of this  coo. , 
but some questions concerning i ts  formulation are as yet unresolved. 

Instrumentation and Systems Studies 

Escperiments were conducted on the themostat portion of the PRFCF "last ditch" 
safety fuse using a heater. It w a s  detennined that the over-- response time 
W i l l  be limited by the thermal response time of the themostat. 
closing time w a s  determined t o  be 1.2 seconds. 
0.4 seconds for  poison injection for  a 100 millisecond p riod and 4 seconds 
f o r  a 500 millisecond period from a starting point of 10' mr fo r  "normal" neu- 
t ron flux. 
on order. 

Several additional fuel rods containing Puo;! and U% were received and invesfi- 
gated concerning the developnent of methods for  detecting PuQ segregation. 
One rod contained a Pu@ concentration imperfection 20 times "nornaL" arid t h i s  
w a s  readily apparent fran the garma spectra tests. 
concentration imperfections also were readily detected. 
a two-times-"normal" imperfection w h i c h  was not determined by regular gamma 
SC-; however, by using a subtraction process on the 200-channel aaalyzer, 
this imperfection w a s  located. 
imperfection of two times "nomal" is about the l i m i t  v ia  gamma scanning m e t h a ;  
vhereas Plutonium Metallurgy wishes t o  detect concentration variations of as lit- 
t l e  as f ive percent fran "normal". 

The theory of the W o r d  code "FLUX FTEIGBT" w a s  a l so  reviewed. 

The minimum 
This time of closure permits 

The necessazy enriched uranium f o r  f inal  prototype fabrication is 

Six- and four-times-''normal" 
The last rod contained 

It appears thst detection of a concentration 

Other methods f o r  such sens i t iv i ty  are beinp 
SDLZght. 



m e  design of a px5e  f o r  meamring the w a 3 1  %'hichess of t 5 e  PRTR process 
tubes has been can'pleted, and tke p s b e  is being fabricatez;. 
2ucers having a contacting s c f a c e  area of 1.C 5y 0.5 b e h  h-Je been orciered. 
z;Poa canpletioz, tne pro3e wiE 3e tested f o r  operatio2 w i t 3  tLe Vidigage 
t h i c h e s s  measubg  imtrumelrt mi its associated gatbg circcif ,  

'P-trasonfc trans- 

Tbe radiation resistant va;rfable differentia2 trsslsfcmers f o r  the PRTR process 
txbe 1.3. measurement were agair? tes ted af%er 6. gamma exposme of 1-4 x le9 R. 
Excep-k for  a sli&t s t i f f e n k g  of the wire im-Lkti%, 30 measarable phjs iza l  
o r  elecC,ricaJ. e w e  occ-crei, 4k the  *&ts &miA7g irrdia5ior-i. 

*The PIER gas ba3ance system stuCiy is in prJgresa k srler GC deternine +,3e 
c a u e  and remedies of t?ze osciilatiorrs. m e  derivation of tke necessary ewa- 
t i o m  and the Sesi(p of the aaalog eanpher c i r cz i t  have been cmpleted. 

I 2 3 0 0  I I 
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v h i ~ 3  is tkat of matching plmer gezeratior tc coolazt f i~ ; .  

The xed of Se t t e r  wrkicg c m p s e r  c d e e  of ke?ter kzzarlb&ge of t h e  effec- 
t i v e  res9liB;tce b t e g r a l  sf t'ncrium in grq$xite as a f h c t l o n  of temgeratwe ani ._ ~ 

cmsentration were &e very evilled k r L 2 g  C,%s wcrk. 

Electrunagnetic T e s t a  

attempt t o  give izdepedezt reticizLt 3f t e s t  spe-imez Sazsmesers. 
network WU serve t o  read c c t  t e s t  specimen relat ive electr ic& cczl&ct,ivity 
as a fcnction of d e s h  3elow the ssrface. 
cap led  with tbe M w t i v e  themanetry p k c i p l e  w i l l  make pwai51e relatiTre 
meas-aements Jf si&-s-~rfa2e temperature g r d i e n t s  r 2  me-;als. 
se-erital time reversal tievize vas finred a d  parts zkerzd. 

Tbe f i r 3 t  summks zetwxk will 3e zeci  th xn3ine fke vdxr cmponents lJf t k  
Signal b an attempt tt. giTre indepedent rea&x% 2f t e s t  specimen p.rame$ers. 

m e  secxtd 

Success- >erfor?na;nce cf the l a t t e r ,  

E e  117,~s;- :,f a 
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t ransfer  t e s t s  of alumirrm clad uranium f’uel e1emer;ts are  p e s e n t l y  bei-ng 
made by scanning the outer surface with a s b g l e  tm induction co i l  heat 
s a u c e ,  md an infrared radiometer which senses temperatures d is t r ibc ted  over 
a l/$-iqch-diameter f i e l d  of view. 
t o  core heat t ransfer  defects a re  higher during the t e s t ,  due t o  t h e i r  higher 
heat impedance, than the surface texnperatmes of surounding regions. Tests 
have indicated that t h i s  AT increases approximately l i nea r ly  with increasing 
power Over c i rcular  defects.  

Several apparent heat transfer defects have been found i n  type K-IV-N f i e 1  
elements which had passed production ul t rasonic  t e s t s .  
were near the l i m i t  of s ens i t i v i ty  of the present heat transfer t e s t ing  apparatus; 
no gross defects were found. These small indications were possibly due t c  
variat ions i n  surface emissivity. 
elements with heat t ransfer  t e s t ing  maps has shown t h a t  ul t rasonic  defects were 
not always located i n  the same region as the  apparent heat t ransfer  defects.  

Infrared band pass f i l t e r s  for  use i n  development of an emissivity-independent 
high speed infrared radiometer have been ordered. 
lengths between 4.5 and 5.0 microns w i l l  be used. 

Heat t r ans fe r  t e s t i n g  equipment using a plasma arc  heat s m c e  has been assem- 
bled. 
defects have been cmpleted. 

Good r e su l t s  have been obtained m i n g  an inductive (eddy current)  thermameter 
i n  conjunction with the  plasma j e t  heat source i n  the  detection of c i rcu lar  
mica-produced voids i n  f’uel elements. 
inch i n  diameter were detected i n  two different  specimens with good s ignd- to -  
noise r a t i o s  for  aJ.1 three s izes  of defects.  
were not detected. 
which have been tes ted  previausly by both infrared heat t ransfer  and ul t rasonic  
test methods. 

The inductive thermaneter being used i n  these tests comprises a vacuum-tcbe 
self-excited osc i l l a to r  followed by a detector and amplifier. 
W a s  operated a t  about 11 Kw power t o  the arc.  
j e t  on surface corrosion charac te r i s t ics  w i l l  be investigated. 

Surface temperatures over fue l  c l d d i n g  

The apparent defects 

Comparison of ul t rasonic  maps of these fwl 

An initial band pass of wave- 

h-eliminary t e s t s  of t h i s  ewpment  using f u e l  elements w i t h  known 

Such c i rcu lar  voids 1/2, 3/8, and 1/4 

The fabricated 1/8-inch defects 
Correlation tests are  being made on a group of fue l  elements 

/ 

Tk.-e plasma j e t  
L Possible e f fec t  of t he  plasma 

A 50 M, 10 KC induction heater has been obtained t o  provide a heat t ransfer  
t e s t e r  fo r  immediate application and fur ther  evaluation of exis t ing technicpes. 
This w i l l  make prototype equipment available f 3 r  developmerrt of new techniques e 

Arrangements fo r  locat ing t h i s  equipment i n  the 314 Buildirig have beer, cmpletee.  

Zirconium H w i d e  Detection 

A new program has been initiated t o  evaluate nordestructive methods f o r  determ- 
ining the  concentration of hydrogen i n  Zircaloy. 
ing of Zircaloy reactor  process tubes could r e su l t  i n  s t ruc tu ra l  f a i lu re s  dxe 
t o  hydrogen embrittlement of the  zirconium. Because of t h i s  and the increasing 
use of Zircaloy i n  process tubes, an investigation b t o  possible methods of 
nondestructive monitoring of hydride concentration has been i n i t i a t e d .  
there  is need for  a rapid method of measuring hydrogen Concentration i n  a large 
number of s m a l l  Zircaloy control samples presently being used i n  s tudies  aimed 

There is  evidence that hydri8- 

Also 



~ y 6 r o g e a  cmcemra t iom 2f i n t e re s t  i n  Zircaloy samples range f ran  a ~A~IUZL 
concentratiac of 50 p p  3y weight t o  a b x t  lOCC p p .  A measurement azcxacy 
of 1C-20 percent would be *zsefU. 
mests of '3ydrogen csr tent  iz Zircaloy przcess .t,.A3es would be of v a k e .  

Two possibie methods of hydride detection ana meascrement a-e 3ei,?g s t u a e d .  
The first method u t i l i z e s  f a s t  ne?Ltron sca t te r ing  an& the  s e c a d ,  E a l l  Effect 
measurements. me f a s t  neutron scs2terir-g met?xC sknrld be applicable t; ex- 
reactor meamrenents, whereas the  H a l l  vcltage metkcd w a 2 . Z  be =ore amena5le 
t o  in-reactor measuremezrks because cf the hi&. neuzron backgrsind preserk. 

Fast neutron sca t te r ing  is beiag given m e d i a t e  a t te r ; t ix . ,  aad preliminary 
sca t te r ing  measurements are schedLeti a t  the V a n  de Sraaff generator f a r  the 
first wee in April. 
H3(d,n)He m e  h&c?i-Jgei concen- 
t r a t i o n  can be measured by r i e t e c t i x  cf the  number zf ie.;trcI;s scattered from 
the  hydr3gen a x l e i  ccr=taA=ed i c t h e  ZircalrJy sample. Beutrons sca t te re5  fran 
the W o g e n  have l e s s  eaergy +,kin rhcse scat tered f r m  zirzozi;m a d  thus 2a.r- 
be ident i f ied.  
t i o n  counter and a multichannel pulse h e i g x  analyzer. 

Even r e l a t ive ly  inexac+, in-reactor meamre- 

FJur'een-Mev neutrons i r i l l  be Dhtaised f ran  the f: reac t ioc  using the  Van de G r a a f f  3eceratqr. 

The scat tered neutrons w i L l  ?x detected with a L i I  s c i t i i l a -  

In initial te s t s ,  shielding requirments,  signal.-to-backqroad r a t i o  measme- 
mentS, reso lu t iac  of scat tered neutr3r energies, & s e r s i t i v i t y  t.3 hydragec 
concentration w i l l  be determined. 

A sunrey of the l i t e r a t u r e  -has reyealed ZLG qrranti+,ative studies r J f  the e f fec t  
of law hydrogen cmcemrat ion on H a l l  ccef f ic ien t .  
technique will use a permaneat magnet, whose f i e l d  strength is apFrmimately 
f ive  kilogauss, and a 100-cps a l te rna t ing  c-zrrent tbrcnigh tLe sample. 
voltage w i l l  be measured using the  tkree c a 3 a c t  method in c m j m c f i m  with a 
narrow Sandwidth, high gain,  law noise amFlifier. 
be read with an a-c voltmeter. 
voltage w i l l  be i n  tke anier 2f 1 t? 2 microvolts. 
and a sample holder is : e m  fabrizated f o r  these s t&ies .  

Lni t ia l ly  the meaflzrl33 

m e  Hal; 

The Hall voltage caz;. the? 
Frelimizra--y ca.lcUations irrdicme $he E a l l  

A '5as 3 e e ~  ,3b'air,ecl 
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Description of Possible Detector Brvsonments 

Water Jacket 
surrounding 
Loaded Fuel 

Location Element 

Neutron 
Spectrum 

Hard 

Westcott ttr'r values 
r ave 0 * Oi'5 
rmax 0.085 
r m i n  0.065 

Effective 
Neutron 
Temperature 

Tmin 425.C 

T axe 629 c 
TIlSC loOoo c+ 

In 
Graphit e 

Well 
Moderated 

O a 0 3  * 
* 

14 1 x 10 * 
* 

600*c * 
* 

Air Pocket 
i n  

Water Annulus 

soft 

0.M * 
* 

1.5 d4 * 
* 

350°C * 
* 

Centered i n  Water- 
Fil led Process 

Tube 

0 * 
* 

14 2 x 10 * 
* 

150" c * 
* 

* = Vaxiatione in neutron epectnmr not determined to date. 
+ = m o t  yet =mined. 

In one class of detectors examined, fissionable Pu-241 is generated t o  replace 
the burnout of Pu-239. 
ined t o  date which give the l eas t  sensi t ivi ty  change over four months of irrad- 
ia t ion  are listed in Table II. Data on U-235 for canparison are listed also. 

The characterist ics of the initial canpositions exam- 

1 

1 2 3 0 0 1 5  
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Extended Lifetime Detector Characteristics (Best Cases t o  Date1 

Location 

Initid Detector 
calposit ion 

Pu-239 
Pu-240 
Pu-241 

Westcott (I fission 
fbarns) 

Air Pocket Centered in 
Water Jacket In in Water F i l l e d  
Around Fuel Graphite Water Annulus Process Tube 

u-235 
m-239 
Pu-241 

531 
1381 
1500 1633 1373 u 5  5 

538 524 un 1 5 9  
550 
875 

Init ial  SensitivityJc 
(Fissions/mg/sec/nv) 1.39 10-3 8.03 10-4 4.79 10-4 3.17 x LO-& 

Sensit ivity Deviation 
wing 4 ~ ~ n t h s  Exposure f 5.4$ * 9 $  rt 149 * 11.6% 

* This does not reflect  detector optimization since the sensi t ivi ty  can be c b q e d  
by varying the detector coating thiclmess ( d c m 2 ) .  . 

1 2 3 0 0 1 b  c 
1 
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The de%ector l i fe t ime can be great ly  erolonged by reducing the  t o t a l  f i s s ion  
cross-section. Best cases t o  date fo r  t h i s  c lass  of detectors are l i s t e d  i n  
Table 111 for a 24-month irradLation. 

TABLE I11 

Very Long Lifetime Detector Characterist ics (Best Cases t o  Date) 

Air Pocket Centered i n  
Water Fi l led  Water Jacket In i n  

Locat ion A r d  Fuel Graphite Water Annulus Process Tube 

Initial Detector 
. campositions 

NO 
solution 

t o  

U-238 96.5% 99$ 9% 
15 m-239 1.96$ 

Pu-240 o w  
Fu-241 0.47$ 

- l$ - 
. -  - date. 

Westcott a f i s s ion  
. (barns) 

1381 
1500 

1598 
1633 

ll71 
1373 

875 
115 5 

Ini t ia l  S e n s i t i v i t p  
(Fissions/mg/sec/nv) 8.69 x 4.04 x ~ C Y ~  3.97 x lo'* -- 
Sens i t iv i ty  Deviation 
mirg 24 Months k 3.24 +, 6.8% f 4Q -- 
U-235 -Out 
i n  24 Months 

U-235 Initial 

985 

* %is does not r e f l ec t  detector optimization since the  sens i t i v i ty  can be 
changed by varying the  detector coating thickness (=/an2) 

Arrangements a re  being m a d e  concerning the  experimental fabr icat ion of f i s s i l e  
detectcr  material  i n  t he  form of a carbide f o r  coating chamber w a l l s .  
ments a l so  are being made f a r  i r rad ia t ions  i n  a 1 0 0 - K  reactor  fsr both shcrt 
and long exposures. 
w i l l  be maiie Sefcre ana a f t e r  irradiaticln t o  determine the change with exposwe. 
Several zal ibratfon and measzement methods a re  being eonsidered. 
experiments i n  which the detector s ens i t i v i ty  w i l l  be co f i t i r ans ly  monitored 
during i r rad ia t ion  a l s o  are  Seing investigated,  
preclude t h i s  l a t t e r  apxsach  i n  t k e  K t e s t  hole f a c i l i t i e s .  

Arraige- 

For fissile material  i n  the form of fb i l s ,  meastlremenZS 

Prsssible 

Mechanical limft.a.=ions may 
However, it may be 



p x s i b l e  t o  use the f o i l  in a conventional in-core flux shamber wits a proces:. 
tube. 
ccxrposifians, the -altimate success of practical  flux monitcrs also deyerds 
largely on successful chamber-cable assemblies which are under development by 
variars d a c t u r e r s  . 

While the primary present objective is the develapment of aptimum detector 

Experimental studies on the new ideas for  tlsing micrmave techniqces fo r  k- 
core flux monitoring are s t i l l  awaiting delivery of ordered canponents. 

Mechanlgm of Graphite Damage 

A study w a s  made of the possibi l i ty  of using thermistors as absolute tkzermme- 
ters. The res-ts indicated that accuracies Qf about 0 . f " C  were possi'sle. 

b i t e  with 

m e  i r radiat ion time w a s  short a d  may ?lave been too s h ~ r t  for the 

A t e s t  was made t o  see if radiation damage c ~ d d  3e obsemed in 
electron paramagnetic resonance eqpipnent iollowF3g eiectron i r r ad ia t im .  
waa seen. 
purpose of the t e s t .  

None 

BIOLCGY m mxcm - 6coo PROGRAM 

Atmospheric m i c s  

New data on atmospheric dispersion and Ceposition processes became a-railable 
during the month with ccmpletion of redzction of measurements made &ring the 
1960 f i e l d  t e s t  ser ies .  Summaries include measurements of both the hcr izmta l  
and ver t ica l  dispersion of t racer  material t o  a ?&stance of 2 miles fran a 
source near ground level .  
to moderately --table, extending substantially the r w e  of experimen$al data 
fo r  use in es tab l i sung  diffasion-depositian models. Smmzizatioc and refkx- 
t i o n  of +,he meteorological measurements takea duriag tkese experiments coctizuec?. 

Atmospheric density gradients ranqed from very stable 

Wcrk continued irto the theoretical  fcrmulaticz of 3;Rnospkeric Ziffusior,-deposi- 
t i on  equation3 t o  guide analysis of the 1959 fie12 t e s t  u t a .  Special a t t e n t i x  
W a s  given t o  a mde l  t o  descri3e the chazacterist is  sbsar flow fcar i  -A rnmt of 
*he experiments conducfed durizlg temperattlre invezsions. 3f the 2e .exyerimszta 
I;r, the series,  o d y  4 were selected f o r  depositicr-, azd r e r t i c s l  diffi lsisn cal-  
+?ulations. 
desositioc, Lei@ D f  release, and var ia t ics  of 5eighs >? plane center wLTh (3.5- 
t ame.  
derived f a r  the loss cf t racer  material 

Confcvz6ing i;;teracticD were f mxi ';etweex ver t ica l  , i i f f i s i r z ,  

, c- i f Ebpirical methais of seysrating tJese effects  were Tried and an eqi- Q W A J L  

t2 5eT;ositior fcr cjae a p e r i m e s .  

Four addltio2lal diff'usioa experiments were attempted kziAx $be month, w i t 5  
three successes, brizg- the t o t a l 3  f a r  +,he y e a r  to 7 3722iesses ic IrJ triais. 
.The wer imea t s  were c,o&xcled us- ar eiesated smrTe l ica ted  a t  20\3 feet 
height an tbe rneteor5iogical tower with &sage meassemexas E& i.5 Eeters t e i a t  
tc: a t i i s t a x e  of 1 miie OQ a korizoxhl  grid. 

1 2 3 0 0 1 8  
i 
c 
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Further analysis of 2 minutes of record frm the wind component meter by hand 
calculation methods were made t o  assist in evaluating the data recordin@; require- 
ments of the instrument. 
ver t ica l  and longitudinal directions were ccmbined with the turbulent shearing 
s t ress  i n  that plane t o  yield a correlation coefficient of -0,324. This value 
is smaller than expected, but not unreasonable for the very stable temperature 
gradient associated with the  measurements ., 

Values of the mean square turbulent velocit ies i n  the 

In A i r  Force supported act ivi t ies ,  f i e l d  engineering and technical assistance 
were provided upon request, Procurement w a s  in i t ia ted  on a U  equipment t o  be 
supplied by APO for conducting the off-site diffusion studies, 
analysis of climatological data for  the test s i t e s  was begun. 

Preliminary 

D0SIME;TEIY 

A cooperative experiment w a s  begun with D r ,  E. Eo Osgood of the University of 
Oregon Medical Schoolo 
the bremstrahlung from the bodies of sane of h i s  patients t o  whm he has admin- 
istered P-32. Frm these measurements w e  w i l l  gain knowledge of body distribu- 
t ion  and retention and of the sensi t ivi ty  of our counting methods. One man who 
received 2 mc of p-32 has been counted twice. 
count another man i n  d b e o  

We w i l l  use the whole bcdy counter f a c i l i t i e s  t o  measure 

Arrangements are being made t o  

Radiation Protection Operation w a s  assisted i n  the identification and measure- 
ment of body burdens resulting f r o m  two contamination incidents. The subjects 
involved were also studied t o  find out how the  radioactivity w a s  distributed 
and eliminated, A f e w  hours after the 
incident the ac t iv i ty  was in the  nose, chest, and abdomen, After the first day 
it was all i n  the abdomen. Two men had eliminated all of it within three days 
and the th i rd  within seven days. Four men had body burdens of ~ a - 2 4  and 211-65. 
After the decay of the ~ a - 2 4  and in i t i a l  elimination of ~ n - 6 5 ,  two of them had 
sufficient a-65 t o  m e r i t  continued study. 

Three men had body burdens of Mo-Tc-gge 

The current regulator system fo r  the analyzing magnet of the positive ion Van 
de G r a a f f  fa i led,  
After repairs the accelerator w a s  restored t o  sat isfactory operation. 

The d i f f icu l ty  w a s  traced t o  a faul ty  current generator, 

Experiments were carried out with the decontaminated SbBe s a u c e .  The precision 
long counter and the double moderator were used t o  obtain measurements a t  25 Kev 
neutron energy tha t  had not been available before., 
agreement with what had been expected f r m  measurements at higher energies. 

The resul ts  were i n  good 

By comparing neutron measurements of'- and PuF sources with measurements on 
RaBe (gamma ray or alpha par t ic le )  sources, the rates  of grarth of the neutron 
emission from the various plutonium sources were determined. Same sources 
showed negligible growth while others showed up ' to  2.6$ per year. The resul ts  
brought order in to  al l  OUT precise measurements of these sources. 

A new experimental transistorized circui t  vas developed for  use with the minia- 
ture  alarming personnel dosimeter which uses a modified "pencil" ionization 
chamber as the detector. The new circui t ,  sa t i s fac tor i ly  breadboard tested, 
chops the output of the detector, which has i t s  readout CdS c e l l  i n  a bridge 

I 



c i r cu i t ,  amglifies ';he resultant signal, and energizes a so l id  s t a t e  memory 
which permits the  slrpply voltage t o  be mpressed acr9ss the alaxm c i r cu i t .  
The nc-alarm ba t te ry  pmer requirement w a s  reduced by holding mcst of the  c i r -  
cuits in an "off" :oxxiition. 
the bridge voltage fails, the  dam energizes t o  provide fa i l - sa fe  oFeration. 
The a l a r m  is a resonant air  column ami i c  qtiize audible. 

If the  lamp l i g h t  s m c e ,  the  phcrtocell, or 

ELnal prototype fabricat ion c o n t i x e s  on the experimental s c i a t i l l a t i c n  air 
monitor which wes coi.nci.ient ccLi7Lt +,echniques t o  eliminate interference 
frm radon-thoron h i l h p .  Fabrication is 50 percen3 cmple+,e. 

Experiments were essent ia l ly  cmpleted zn tne inexpexive,  small, high-level 
dose-rate deteczicn method ing a photccell  a small :rgar?ic detecz9r. 
Dose r a t e s  fram 5 r / k  70 13 r/hr are  readi.Ly measirable and the r e s p x s e  is 
l i nea r  t c  greater  thari 10' r/hro 
80 Kev t o  5 MeV, md it s h w s  l e s s  than a 2;l change i n  reepcnse frm 0' 
+lQoF. Accumdated dose -e w a s  fslad t o  5e negligible lip t c  j x 10 
with increasins p, which resc l ted  in a lcger c-rpt vclr=e readigg, up 
t o  lo8 r. 
w a s  about one-half o f t h e  init ial  readmq. 
t o  fabr icate  two prototypes w i t h  waterproof , shcckprmf c o m t r x t i o n .  Over- 
all detector probe s ize  w i l l  be abmt m e  incn diameter by cae and one-half 
inches long. 

Design-develcpent work contimed on a new type cf manitor f o r  airborne alpha 
detection. hrentually, the prototype the  approach v i l l  be in s t a l l ed  in 
t h e  325 In this mit, the  alpha-part is le-caued pulses from the  
phototube drive a t rans is tor ized  amplifier and a se r i e s  ?f binaries .  
binary drives a miniature stepFing motor, and a contacr , dri-reo 5y the  motcr, 
advances one s tep  f a r  every 256 alaa-caLsed (pl',ito-?limg radon, thorzm,! F a s e s .  
A timing motor with a second contact on i ts  cLaf t  is  used as a reference. If 
the  s t e n i n g  motor &-ranees mere rapidly than the  timing motor, the contacts 
close t o  c a u e  an al&m. 
motor and the  stepping motor t o  prevent the  timing m=rtc;r frm driving the step- 
ping motor thus keeping the  csntact s p a c i s  c o n s t a t  
has performed s a t i s f a c t o r i l y  in laboratory t e s t s  w i t h  an air?mme contin-ucus 
concentration s e n s i t i v i t y  calc-Latea as 2 x 10-15 pc/cc in aboLt 50 r e i x t e s .  

The u t  is gamm enerqy independent f r a  

A t  10 rs the reading a tput ,  at a cona':mt dose r a t e  of 10 r/mP 
Necessary p e s  have bee3 crdered 

Tke last 

A d i rec t iona l  clutcn is Flaced cetkeen the  t i m i n g  

The breadbcard mcdel 

The final design and packaging, in pretctype fmn ,  was c c q l e t e d  on the  t.ra.n- - 
s i s tor ized ,  jaced x c i l l a t o r ,  a n n u c i a t m  c i r cu i t  Tising a resi-,nant a i r  ~ L u n  
speaker. The u i t  can >e ixed , i irect , ly w i ~ h  all 7 :Ttar,.E HAP0 cuz t t -  r a t e  t - q e  
suTrey instrunente t: elimi_r:ate the LLSF :f h~acips~,!es. 

Develcpent work ccutinLres on a decaiie scaler wit? - ~ e q  1,- pover reqi i reaents  
f o r  use i n  portable and other bar, tery-pzrated irL5tz-,ments vhere l;ower ccmump 
t i o n  is  expensive. The sca le r  11- a f r a m i ~ 3 r i t e a  r ~ r a z y - q ~ i n a r y  tyTe rrqAr- 
ing 180 rnilliwat2s per decade f o r  a merer a m  ?-.:y SG? m i l l i ; r a T + , s  Fer  
decade f o r  incandescen5 light redci-z,  The r e s t  car me^ :-al. scs le r  req2:res 
abmt  3OC.O mll l iva t t s  per decade, @nlv se-ren t rani is t ' r :  are re-irec Fer  
aecade uit and a r e s c l L t i m  c f  less trar. 1C micrzse2oxis 1s ? s a l l y  at ta ined,  
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t o  k 2GOO W C  at 50 microamperes (maXimuu9) mtpvbt for  use with BF 

modification shp ly  added a daabler c i rcui t  as the high voltage secondary c i r -  
cui t .  
were necessary, 
for  ?: 900 VDC output t o  35 percent for  2 2000 !DC output. 

Technical progress w a s  made on the Automatic Film Badge Densitmeter. The de- 
signed printed circui ts  are 50 percent ccmpleted, 
t o  stop the operation i f  the reading on the digital  voltmeter exceeds a preset 
threshold, and this logic c i rcui t  w i l l  be operator adjustable. 
the sequencing circui t  is 70 percent ccmplete, and it uses the auxiliary dupli- 
cating drum t o  control selection a d  printing for  the addenda IBM uni to  
canplete control c i rcui t ry  is being fabricated i n  the 328 Electronic Shop. 

bdbes, e tc , ,  
which require more than the ?: 1200 VDC m 8 x h u n  originally obtaina 2 l e ,  The 

Standazd HAP0 prints  are being preparedo No p r b a r y  circui t  modifications 
Conversion efficiencies, for  4 VDC input, range f r m  60 percent 

, A "no go circuit" w a s  designed 

The design of 

The 

An experimental pulse height selector or discriminator c i rcui t  is under develop- ' 

ment. The circui t  uses tunnel diodes as gating elements, has a variable window 
width, and tr iggers on pulses exceeding 0.5 volts i n  magnitude. Operation t o  - 125°F has been achieved, The circui t  has wide application use i n  portable 
gamma energy analyzing instruments. 

A journal paper w a s  prepared on the mechanism of thermoluminescence i n  CaF2:Mn 
dosimeters The necessary induction heater for  further dosimeter developnent 
was received and modified, and an experimental crystal  furnace w a s  assembled, 
Investigations continue t o  improve the dosimeter f ran its present configura- 
t i on  t o  a bcT type and t o  reduce the storage losses associated with the uni ts ,  

A recaamnendation w a s  made t o  Atmospheric Physics Operation that an Ampex F'R-1100 
7-track tape tr-port be purchased fo r  use i n  recording continuous meteorologi- 
cal  data. This unit is compatible with the tape delay units now being used with 
the analog computer fac i l i ty ,  and w i l l  permit interchange of the electronic 
amplifiers and power supplies between the two units.  

WASXIMGTON DESIGNATED PROGRAM 

Isotopic Analysis 

The mass spectrometer for  t h i s  program supplied isotopic analyses of +,he pro- 
gram samples received t h i s  month. In addition, two analyses were provided on 
plutonium standard samples t o  verify the performance of the Analytical Labcra- 
to r ies  m a s s  spectrometer, Four days were spent on maintenance and correction 
of malfunctions of the mass spectraneter, 

The data previously obtained on the resul ts  of analyses on standard uranium. 
samples are being examined i n  de t a i l  by Operations Research, 

TEST REACTOR OPERATIONS 

The PCTR operated tuo days curing March, and there were nc unscheduled shut- 
acudns, 
room, and the reactor was shut down for  reactor room decontamination during the 
remainder of the month, 

On March 3 ,  1961, there was a plutonium solution s p i l l  in the reactcr 

1 2 3 0 0 2 1  
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One experiment w a s  canpleted t o  determine the  fue l  loading necessary t o  make 
the  reactor c r i t i c a l  with a 4 x 4 x 37* inch capper bar i n  the center of the 
core. The copper bar w a s  simulated by using a cadmium wrapped graphite bar 
33 x 3& x 36 inches. The 
f ina l  loading required w a s  36 drivers ,  4 columns each containing three 8-inch 
~235-a pieces and one 6-inch V235-u piece, and 47 columns each containing 
four 8-inch V235-U gieces. 
t i o n  w a s  worth appraximately 13 cents. 

The fue l  w a s  loaded in t he  outer f i e 1  posit ions.  

One l u c i t e  rod added t o  a dr iver  in this configwa- 

Two groups of f o i l s  were irradiated in  the  TTR during the  month. 
irradiated t o  obtain data f o r  resonance correction i n  copper. 
w a s  i r rad ia ted  t o  get data pertinent t o  the making of N O 3  pins. 
no unscheduled shutdowns of the reactor .  

One group w a s  

There were 
The other group 

Data were taken t o  determine the  difference,  if any, in the TTR prompt neutron 
l i fe t ime when air  and helium were used t o  f i r e  the poison piston in to  the  core. 
The data axe being -zed. 

The l i fe t ime of the  pranpt neutrons hss been measured by two methods: 
poison y c t i o n  by air and the  other by noise analysis.  
2.7 x 10- 

One by 
The resu l t  w a s  

sec with agreement t o  9 between the two methods. 

CUSTOMEEl WORK 

Weather Forecasting and Meteorology Service 

The f irst  in a Series  of three scheduled reports  on prospective 1961 c res t s  
of the Columbia River f l o w  at Hanford w a s  issued on March 27. Because of the 
abundant prec ip i ta t ion  during Febnrary and March, much of which occurred as 
snow at high elevations, t he  outlook is fo r  higher c re s t s  t h i s  year than last. 
The preliminary outlook f o r  1961 f o U m s ,  together with the  canparative figures 
for  1960 Snd 1959. 

1959 
Observed 

1961 1960 
Forecast Observed 

Peals flaw (units of 103 CFS) 360-450 311 4 438 .a 

100-D 393 (1 5-396 5 3% 02 396.2 

Richland 3u 2 5-352 0 5 31605 350 - 5 

Peak stage ( f ee t  MSI,) at: 
100-B 4ok 5-408 0 433.4 407.8 
100-K 399 u 5-403 " 0 397 0 7  402.8 

100-H 386 0-389 o 3ak o 388 5 
100-F 380 5-383 e 5 378 .a 383.2 

Meteorological services,  viz., weather forecasts ,  observations and climatologi- 
ca l  services were provided t o  plant operations and management personnel on a 
routine basis 

% 
i 
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m e  of Forecast 

8-~our  Production 
24-Hour General 
Special 

Number Made 

93 
62 
17'1 

$ Rel iab i l i ty  

84.2 
86 - 5  
91.8 

Precipi ta t ion fo r  March was more than twice the  normal amount. 
t o t a l  of 1.02 inches w a s  less than half  that of February, there  were actual ly  

' . 3 more days of precipi ta t ion occurrence, Unlike FebruaryJ March precipi ta t ion 
was well dis t r ibuted over the month and there  were no heavy dmnpours. 

fithaugh the  

A tornado funnel w a s  observed a t  1500 on March 24, but dissipated 5 minxtes 
l a t e r ,  before photographic equipment could be summoned. 
miles SSE of the s ta t ion.  
but it apparently stayed well abave the  ground. 
from Richland. 

It was estimated 10-15 
There was considerable sideways lashing of the t a i l ,  

It was a lso  viewed by s m e  
There w&s scat tered thunderstorm ac t iv i ty  at the  time, 

Instrumentation and Systems Studies 

Specifications were prepared fo r  Ehvironmentsl. Monitoring Operation, RPOs 
concerning a so l id-s ta te  DC amplifier t o  replace the  defective vacuum tLbe 
units or iginal ly  used by RPO i n  t h e i r  River Monitor. 

Design, fabrication, and sa t i s fac tory  t e s t i n g  w a s  cmpleted fo r  t he  modified 
Sensitive Gamma Airborne Monitor f o r  Environmental Monitoring, RPO. The added 
c i r cu i t ry  provides a f a s t  (0,5 seconds t o  fu l l  sca le )  chart recorder response 
time and provides several  selectable  time constants, 

Most of the necessary t ransis tor ized c i r cu i t ry  design was canpleted on a 
special  sensi t ive s c i n t i l l a t i o n  Beta-Gtmma Portable Field Monitor fo r  the  
Biology Operation, HLO. 

Fabrication continued on the  experimental mixed f i s s ion  product Air Monitor 
f o r  the  327 Building using a moving-tape f i l t e r  head. 

Fabrication also continued on a designed combination alpha-beta-gamma Air 
Stack Monitor f o r  lise by Chemical Research Operation, BLO. 

Minor adjustment work was completed on the experimental t rans is tor ized  A u r a l  
Alpha-Beta-Gamma Monitor i n  use ( for  one year) by Calibrations Opera+ionp RPOo 
Since no troubles, other than necessary adJutments,  developed during the  year 
of use, the  mit was turned m e r  t o  Calibrations Operation, and drawings snu 
maintenance information were prepared and given t o  the technicians who w i l l  
be respcjnsible far fu ture  maintenance 

Advice was rendered concerning the  Sc in t i l l a t i on  C r i t i c a l i t y  Alarm Units i n  
use in the 325-A Builaing a f t e r  m e  false d l a r m ,  
a l a r m  was not determined; however, actxal t e s t s  a f t e r  the incident showed 
the instnunent t o  bc performing ccwpletely correct ly ,  

The reason f o r  the f a l se  

Design infcrmation w a s  given t o  Radiological Chemistry Operation, HLOj con- 
cerning the  large NaI c r y s t a l  mechanical holder and posit ioner designed by 
Ntccelonic I n s t m e n t a f i o n  and nm i n  use a t  the Biology Operation. 
cdl  Chemistry wera t ion  is  going t o  fabr ica te  a similar imit for  t h e i r  use, 

Radiologi- 

1 2 3 0 0 2 3  



-., - Cdi>rat i .Jn sf the  mix r - i i s~ laceman t  T f e C i t  ;ystt?mS TG be Ued by Physical. 
M e t u m a  f c r  iE-reactor creep neaS;rmentS has ccntintied. 
b ra t i ca  .2f the  Scnaevitz DRS-19'3 3ystem in '35 'prC€nt C c m p . k f € .  Cdlibration 

2 ~ 0 " ~ ~  30ooc, a;l.i- ~ c P c ,  sad cu ik ra t io r ,  r m ~ .  on the ~.?-mcn scale a t  :CG"C 
and 430°C. 
l e t e ,  and the reference system has been comened  fo r  ca l l5rs t iag  tke. more 
sensi t ive scales  (0.04 ani C.@Obioch). 
indicates the  DRS-100 recorder exhibits a def in i te  and ctrnsistent noc-linearlty 
with a maximum value of sppraximately 0.025 inch c c m r r i w  a+; accG 65 percent 
of f u l l  scale.  
which is smal;er in  magnittide [O0OO3-inch average), Y2.X mrrsi&erar;ly l e s s  C;Q- 

sistent. 
specif icat ians  af * 0.5 percent cr k C.0015 inch. C.:i?t'_niied u.28 of %ne DRS-1CG 
has resul ted in a ae f in i t e  deter iorat ion ~f i ts  operating cnarac te r i s t ics .  
Uignment of the ewi-ent is Seccminq increasingly d i f f i a l t ,  and '12if h d i c a t o r  
?;nit is develcpinq a randan osc i l l a t ion  vhi.:h f i r t f ier  ccmpLiraz.es a l igment  and 
azeration. LnstalLation of a l / l 6 - b c h - t h i c k ,  oozper shie ld  dtd nct appreciably 
redtice the  adverse t ransient  e f fec t  cf s t r ay  r i e l &  f r m  t ! ~  ;eatxig elements? 
5ut  it &d improve the s t a b i l i t y  ;f temperatze c c n t r d o  TEF temgeratme &rift 
of the  transaslizer itself IS continucusly mcnirxed and ksz Yeen. fmn6 t c  be l e t s  
than 2 0.25"C Over an e ignt -smr  pericd. 
and has a tendency t o  flake a t  W C  and is jeing repiaced 3y a shield made r,f 
s t a in l e s s  s t e e l .  
meter holder w a s  f abr ics t& w i t L  p r w i s i m s  f o r  an e , e r r , a l  prism adjlistment. 
Roan temperacure var ia t ions i n  the laboratcry are  eqect.e,  t o  i r i luence the  
accuracy of t he  reference system, and an a t t a p t .  t o  c%tain a qyantitative meas- 
urement of t h i s  e f fec t  w i l l  ke m a d e .  

The -sed Ektrscticn Cslznn Dynamizs Anal.og Sunulaticn %e keen i n i t i a t e 5  5y 
Chemical Research and Developlent The gr:blem scn.sists of the  determizat im 
cf t h e  displacement ,zf the  colunn interface as a f 'mctiei of the fre.c&cecy 
and amFlitGde of the air pulser, W . s  ;ro?,lem !I&S not been ccmpleteiy fl.:mL- 
l a t ed  yet .  

Ceramic Fuels Deve1opnm.t B e r a t i a r  reqyest-ed tha t  tuc. existir4 ecige-cmtrcl 
amplidyne -its Ye converted +i; prr r tde  s-,eed c m t r o l  of t h e i r  swage rackin€ 
drives., If e c o n a i c a l l y  feas ib le ,  A tesf- procedue t.0 determiae the charsc- 
t e r i s t i c s  of the exisr,hq mit.s has been rec.mendcrl.. 
t e s t s  s h d i  indicate tke  f'eLsikL.Lity z.f t.ne r e q w s x i  S S ~ V E P S ~ C E .  

TC i?a+e, C E i L i -  

made di;ri:ng March i n c h d e  drift ,  t e s t s  on The 0.3-inch scale  at l C C J C ,  

Drift +,esti= and cal ibrat ion of the Co3-iSc?". szale are now c a p  

Prel.fminsry evalaaT,im ?Q $he data 

m e  DRS-100 indicatar  a l s c  exhibits B def in i t e  Icn-llLearity 

In 'both cases f a e  noo-linearit ies exceed. the  reqy-ired l i nea r i ty  

Hcwe-rer, the c q c c r  snield cxidizes 

To improve the  cperat isn of the reference 3yst,emp a~ a t e m a -  

P E S L L ~ Z  c.f tlt_eSe - 

Physical Teetina 



ult rasonic  methcxi fo r  d e t e c t h g  transverse in te rna l  d i scon t imi t i e s  i n  the 
tubes. Standards containing elcctro-machined 1- and 5-mil-deep transverse 
nctcbes have been prepared for  establishing t e s t  parameters. Pickling and 
autoclaving processes a lso  have been improved. 

The major emphasis i n  f i e l d  t e s t ing  work th i s  month concerned the  reactor  
nozzle modification program fo r  the  bumper fue l  element, radiography at the 
PRTR, 2nd radiography fo r  200-W vessel fabr icat ion.  
put in to  operation. 
mounted a closed van containing a dark roan, f i lm developing equipment, 
instrument storage, a power generator, and a hois t .  
a se l f - suf f ic ien t  f a c i l i t y  f o r  expediting and improving f i e l d  t e s t s .  

A mobile laborazory was 
This consists of a one-ton t ruck chassis on which is  

The mobile lab  pravides 

A second new ul t rasonic  f l a w  detection t e s t  un i t  f o r  fue l  sheath tubes has been 
placed i n  operation i n  the 314 Building. 
sheath tube ul t rasonic  t e s t  standards. 
unsuccessful. 
defects i n  tubing by swaging. 
with respect t o  a b i l i t y  fo r  detection of hole-type defects .  

Efforts are  being made tc .  fabr icate  
Extrusion of a defected b i l l e t  was 

It appears more feasible  now t o  t r y  t o  close pr ior  machined 
An eddy current t e s t  a l so  is  being evaluated 

DeForest scratch gage capabi l i t i es  have been established. 
t ha t  scratch-gages, if properly-applied, can be used f o r  s t r a i n  measurements 
on reactor  downcomer "I" beams. Results and recommendations were reported 
by memorandum. 

It was concluded 

Sane fur ther  work w a s  completed on a gamma-ray scanning method fo r  t e s t ing  
i r rad ia ted  fue l  elements f o r  r ad ia l  parer asymmetry. 
a column of metal which had a poison spline beneath it fo r  the en t i r e  exposure 
were tes ted .  
generation) asymmetry. 
of lack of time and f'unding. 

Two fuel elements from 

Both'elements showed a 17% k 3$ f i s s i o n  product gamma (pcwer 
Nc f'urther work is  planned on t h i s  a t  t h i s  t i n e  Secause 

A final report w i l l  be issued. 

Work is  continuing towards placing the V a n  de G r a a f f  e lectron accelerator i n  
t h e  306 Building in to  operation. 
f o r  leaks.  A leakage r a t e  of about six pounds per day pe r s i s t s .  A new generat- 
ing voltmeter has been ordered. 
w i l l  allow more cmvenient dismantling of the un i t  has been s t a r t ed .  

The tank has been closed and i s  being checked 

Design work f o r  building modificakions which 

Optics 

Good progress has been made i n  the development of  an opt ical  mechanism fo r  
measuring horizontal  and ve r t i ca l  displacements of channels and prmess t n t x s  
i n  the reactor ,  
prepared and fabricat ion is  about 90 percent cmple te ,  

Design sketches f o r  the first developmental un i t  have been 

A t o t a l  of 612 manhours of shop work was performed du-ing the five-week period 
(February 26 t o  April 2 )  included i n  th i s  repcr t .  

The work included: 

lo 
2 .  
3 .  
4. 

Fabrication of adapters fo r  a telescope camera fcr 327 Building. 
Evaporation of gold on Wlar  films f o r  Radiological Chemical analysis.  
Fabrication of 20 glass bearings. 
Fabrication of three s i l i con  solar ce l l  pyrometers for  FPD. 

1 2 3 0 0 2 5  



B- 38 m-69062 - 

5 0  

6. 
7 .  

8. 
9. 

10 0 

u. 
12. 

Fabrication of adapters for  a saper pressure mercury vapor microscope 
illuminator t o  be used by Ceramic Fuels. 
Resurfacing of four pump sea ls .  
Coating of t e n  lamps with s t a in l e s s  s t e e l  t o  f a c i l i t a t e  inspection of 
IPPR process tubes. 
Fabrication of a flash lamp for  Photography Operation. 
Fabrication of ccpnponents of the t ravers ing mechanism f o r  nzeasurlnq 
reactor  channel contours. 
R e p a i r  of four crane periscope heads. 
Servicing the  Redax crane periscope. 
Fabrication of par t s  f o r  an ult rasonic  w a l l  thickness probe. 

Aaalog Canpter  Fac i l i t y  Operation 

The major analog ccPrputer problems considered during March include: 

1. rJpR Plant Simulator, 
2 .  NPR secondary Loop Analysis 0 

3 Two-Zone Reactor Control Simulation. 
4. GW Balance System Analysis. 

The computer operation was as follows: 

GEDA lo3 hours up EASE 105 ~ O U S  up 
45 hours scheduled downtime 
16 hours unscheduled downtime 
12 huurs idle 0 hours i d l e  

64 hours scheduled downtime 
7 hours unscheduled d a r n t h  

'1'Tg hours t o t a l  176 hours t o t d l  

Instrument Evaluation 

hraluation tests were conducted on the  miniature organic (ME-102) dete t o r  and 
photocell probe fo r  use in measurement of dose-rates fran 5 r/hr t u  10 
The probe w a s  quite l i n e r  in  response (voltage output change versus dose- 
rate) t o  grea te r  than 10 Non-linearities f o r  dose-rstes above 5 x 10 
r/br may be caused 13y t he  ca l ibra t ion  method available which is t he  12 Kilo- 
cur ie  Co60 source. The exact posit ioning of tp probe w a s  exceedingly d i f f i -  
cult in the  w e l l .  
using the  electron Van de G r a a f f .  
prototype units a r e  fabricated and assembled. 

6 r/hre 

r/hro 

The lower dose ra tes ,  t o  10 r /k ,  were accurately obtained 
- Flr ther  tests w i l l  be conducted when the 

Final evaluation t e s t s  on drift charac te r i s t ics  of the 61L ELilding Scintilla- 
t i o n  Monitors were canpleted, and a procedure w a s  devised f o r  proper calibra- 
t ion .  

All twelve of the Sentinel portable s c i n t i l l a t i o n ,  settable-alarm-point dose- 
r a t e  meters f o r  100 Area use were tes ted  s a t i s f a c t c r i l y  and released fo r  f i e l d  
use 0 

Acceptance tests were s t a r t ed  and cmple te  procedures prepared an a new gro-tis 
of self-reading dosimeter "pencils" of the 50 r ,  10 r ,  and 200 mr types ~ The 
hi& l eve l  un i t s  a re  f o r  emergency mon i to r iq"  
200 m r  ( rout ine use)  type, 21 percent were rejected because of excess leakage, 
Previous orders frm the same vendor showed. only a 6 percent re jec t ion  fo r  Leakage, 

O f  the LCC! i o s b e t e r s  of the 
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A "new" version of the cammercial NMC "Gammaguard" s c i n t i l l a t i o n  area monitor 
was cal ibrat ion t e s t e  
of t rue  v a u e s  fo r  Rag26 dose ra tes ;  however, above 1 r/hrJ saturat ion e f f ec t s  
occurred, and the uni t  indicated only 2 . 4  r/hr i n  a 6 r/hr f i e l d .  This e f fec t  
could be dangerous. 

Belaw 1 r/hr, re su l t s  were accurate t o  k 20 percent 

A Nucleonic-Instrumentation-developed quasi-logarithmic response s c i n t i l l a t i o n  
Revator  Monitor was cal ibrated f o r  IPD and returned t o  service.  

Advice was rendered t o  maintenance personnel concerning the  conversion of an 
old m o d e l  5-fold beta-gamma hand and shoe counter frm glass organic-quenched 
GM tubes t o  Amperex metal w a l l ,  halogen-quenched GM tubes. 

A radiat ion sensi t ive uni t ,  using a Nucleonic-Instrumentation-developed, 
t rans is tor ized  GM portable instrument modified t o  include a meter re lay  and a 
power relay, was devised fo r  use by the  loca l  AEC. 
with a radioactive soiuce, w i l l  actuate a gear motor used t o  raise the Flag 
during the  AprU 8 ceremonies honoring the  select ion of Richland as an All- 
American City. 

The uni t ,  when activated 

Manager 
PHYSICS AND INSTRUMENT RESEARCH 

HANFORD LABOFUTORIES OPERATION 
AND DEVELOPMENT 

PF Gast:mcs 
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FISSIOflA3LE MATERIALS - 2020 PR0~2RA.M 

IRRADIATION PROCESSES 

TJranPm Qxisattcz. aad Fiss loc Frodus."u Vclat i l izat ioc Studies 

The iwes t fga t ioc  of sizgle slug "5upzntgff ircidenr,s w&s corzfrued. 
2 & E fue l  el.eEszs w e r ?  keaspd by i ~ d u e t i o r ;  iz a f l c w i ~ g  a i r  atmosphere %e deter- 
mine tho zcde of meit2cT*TCg extect  of cranium reaezicr: and %e trise versus teEperai;ure 
relationships.  Two ~f 5:e s lugs were alurmmz L a d ,  %o w+re bwe .  One of the 
clad elenects had beer FurposeLy Ciefected 2y Z r i 2 l Z g  a 5/3i.-inch dlaneyer hcle 

Fcur unirradiated 

through tb.e chdding 

Both of  the bare siugs flowed exsensiveiy upon nelt ing.  
as predicted fron: small saaLe experimrss  :m-58022 j !The two aluminum-clad pieces, 
however, behaved differerti.y. 
as U-A13 by x-ray diffract icc .  No upariur flowed out from the jacket and o r i y  four 
percent of tke wa~iim cxidiized in about 30 minutes a t  teEperatures a3ove 1130 C. 
I n  the secord experPiaenz, :he ailoyed jacket fragmented as soon as it w a s  formed. 
Ascut half of the urazim flowed out of the vork c o i l  area and onto the f loor  of the 
container. 
metal had been conver+,ed t o  o x 3 e .  
the work zoil area oxL5izdLI  The flow of the u r a n i a  did m t  or2gicat.e a t  the point 

Oxidaticn rates were about 

In me, a reteztfve 5-AI aLloy f o m d ,  ident i f ied 

After freezicq, f-, oxidized over a severa: hcur period u n t i l  al; the 
A x u t  25 peraert  of t5.e metal remining within 

of the defect,. 

These t e s t s  coc f im tl;e conclusion =de pre-riously %hat the extent of uranium oxida- 
t i o c  (and h e x e  of f'esioc prodtiet release) of a i h n u m  clad fue l  elements can vary 
frcm es sec t i a l ly  tcne t.cl extensive =der eondi%ions postulac,ed f o r  rear  face i x i d e n t s  

Two fissicri p roduc~  rere&&= expe=.is_pn_ts were made CGr'Lcg the  mortk @I; specinem 
i r rad ia ted  t c  6.6 x l W 3  ~ Y T .  
w a s  88 pzrzent oxidized arj. released 99.8, 97.2, art5 2"s percent c f  it.s X e ,  I, and 
Ru contect, respzctively. 
minutesp w a s  56 pemecJ, cxiSzei! acd released 99.8 perverr of  i's Xe. 
$hac e3r,ee-,ed oxiiktfor_ is the f i r s t  exper+Lm%: w a s  a fi;cc+,lor of ac icxease Ln 
the area-tc-weigh: ra+,io &&e Cc I'lowCcg as fr.d.lcat& ?y lcose oxide product- 
Tk.,e sictrre5 3 8 s  proCIu2: fro-  ?Lo o%e: L"GC vas of" ~ c m l  appearance- 

One specknet, 3eated i n  aSr a t  1200 C for  2L minutes, 

!Ee other specimen, heated LC a i r  a+ lLL0 C f o r  terr 
The higher 

NFE EffLLenYs 

Current la';cra:.ory research experhierz-;s f o r  s-rudvkg disposal metkods f o r  NPR decor- 
taminatioc solutlocs were completed acd the results p - i i s h e d  :xi HW-68863. 
mjcr dee0r;aniEaatiGr.l w h s k  volme t o  be rout;ne;y qererated lr the  NPR consls5s 
cf" a FkosFhorl? a r . 3  so lu~Fca  USFA t c  ciean UF zarbon s-zel ~ O - P ~ ~ O C S  of tke reactor 
loop. Disposal of' tkis aater'al I s  compiizated by the desiro ',o prevelzf the 
phosphave Fcz f rcz  reachizg she rive? a2ove SE-I of the re&+crs.  From soil eolumn 
oqzrimects  it was YoixZ :&-: grc .1~3  Lisposai cf the waste is  a fsasZ.'rle net%od 
if The disposal sitc i s  one fro% wt4_.o_h the gromd water mcwes t c  a r i r e r  discharge 
~ o k t  seLsw 1%-F. 

The 

Tk Fla r ; t  2cordxa:es M 69,000, '.I L7,00c! ( j u s t  nor.rh of "lable 



Reactor Effluent Treatment 

The p i l o t  scale aluminum bed f a c i l i t y  fo r  reactor eff luent  decontamination w a s  
operated during the month a t  5 f e e t  pe r  minute. An attempt was made t o  reduce 
pressure drop across the f ron t  section of the bed by drawing water a t  high velocity 
f romloca l  areas on the front  surface o f  the bed. This w a s  effect ive i n  reducing 
the pressure drop by about one inch of water, which is  the present pressure drop 
over about three l i nea r  feet  of the bed. 
s i s t ed  of fly ash, fibrous material, tumble weed stems, and other unidentifiable 
arganic materia. 
plant growth. This examination gave assurance tha t  the material responsible f o r  
the pressure drop was entering the water after a r r iva l  a t  the basin, thus should 
not be of great concern in a closed system. 

Debris collected on a 100 mesh screen con- 

The fibrous material was ident i f ied i n  part as a fresh water 

The adsorption of phosphorus by beds of the minerals pyrrhotite,  pyrite,  and olivine 
was studied by comparing the results of column experiments using these materials 
w i t h  the results from similar experiments using columns of 8001 aluminum turnings. 
None of these minerals showed par t icu lar  s e l ec t iv i ty  f o r  phosphate ion. The 
minerals adsorbed only s l i gh t ly  more phosphate than did the aluminum c3lumns. 
passage of 1300 column volumes of  80 c tap  water containing 0.01 uc/& P-32 a l l  of 
these materials had a breakthrough somewhat greater than 60 percent. 

After 

Reactor Effluent Analysis 

A promising method was developed f o r  monitoring radioarsenic i n  reactor eff luent  
water t o  guide water treatment processes. 
arsenic would be a measurement of the effectiveness of the water treatment process 
f o r  reducing both the As-76 and P-32 since these isotopes behave similarly i n  the  
flocculation process. This measurement then would provide data f o r  the two radio- 
isotopes of main radiological in te res t .  The monitor is based on gamma spectro- 
metric measurement of the As-76 after cation exchange removal of a l l  in te r fe r r ing  
materials but &I-56. By using large c rys ta l  counting techniques the Mn-56 in te r -  
ference can be made small. 

Continuous, current data on radio- 

SEPARATION PROCESSES 

Diluent Studies 

Further characterization of diluents f o r  Purex application has resulted i n  the 
following arb i t ra ry  c lass i f ica t ion :  

1. 

2. 

N-paraffin hydrocarbons, such as the synthetic dodecane, Adakane-12. and 
f ract ions isolated from petroleum by the urea process. 

Non-aromatic petroleum fract ions.  These a re  remarkabiy a l ike  d i f fe r ing  
only i n  the  quantity of t h e i r  consti tuents.  This group includes S h e l l  
E-2342, Bayol D. Ultrasene, Supersol, Shel l  16550, and Shel l  82000. 
Compositions range from about 60 t o  70 percent napthenes and 5 t o  10  per-  
cent n-paraffins i n  E-2342 t o  20 t o  30 percent napthenes and 50 t o  60 
percent n-paraffins i n  the Shel l  82000.. Branched hydrocarbons probably 
make up the balance of the composition. The napthene f rac t ion  is  f a i r l y  
reactive toward n i t r i c  o r  sulfur ic  acid; however, the chemical s t a b i l i t y  
is  not appreciably improved by a simulated cycle of  acid degradation and 
caustic clean up. 
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3. 

4. 

Highly aromatic diluents such as Penola-100 and Amsco D-95-El .  

,The synthetic alkylates produced by polymerization and hydrogenation of 
short  chair: olef ins .  
copolymers and contain many different  species; however, by polymerizing a 
pure monomer, iso-butene f o r  example, it i s  possible t o  prepare a diluent 
consisting almost en t i r e ly  of  a single species. 
and Amsco 450 are members of t h i s  c lass  of diluents.  
marily i n  the r e l a t ive  concentrations of the branched chain hydrocarbons. 

Most of these commercial products are  apparently 

Sol t ro l  170, Amsco 125, 
They d i f f e r  pr i -  

Chemical s t a b i l i t y  of the paraffin hydrocarbons i s  expected t o  decrease i n  the 
order, normal, branched chain and cycl ic  compounds w i t h  the difference ir sta3iliby 
between the f i r s t  two compounds being less than t h a t  of the l a t t e r  two. It i s  
believed tha t  compounds having t e r t i a r y  hydrogens are par t icular ly  susceptible t o  
solvent degradation and tha t  n i t ra t ion  of carbon atoms having adjacert  hydrogen 
atoms ( f o r  enolizqtion) i s  perhaps par t icular ly  undesirable Thus, compounds made 
up of  -CH$R2- groups may be par t icular ly  s table  t o  the e f fec ts  of n i t ra t ion .  
The theoret ical  basis f o r  a choice of diluent i s  very helpful; however, the nomplex 
nature of the materials (as has been emphasized in  the past) points up the desir- 
a b i l i t y  of  a "use" type test. 

Observation Wells 

Analyses of routine samples from w e l l  699-20-20. 6.5 miles southeast of 200 East 
Area, continued t o  ver i fy  the low concentrations of radioisotopes i n  the ground 
water a t  tha t  location as reported last month. The average concentration i s  
1.1 x 10-7 ue/cc (be ta )  which is  essent ia l ly  the same as tha t  noted i n  February 
1961. Radioisotope concentrations i n  well 699-26-15, 6.5 miles southeast of 200 
East Area and 1.5 miles northeast f w e l l  699-20-20, are  j u s t  s l i gh t ly  below the  
routine detection l i m i t  of 8 x l d  uc/cc (beta)  a t  the 95 percent C.L. but have 
shown a def in i te  increasing concentration trend over the past several  months. 
the increase continues a t  i ts  present rate, the concentration of contamicacts w i l l  
Se above the routine detection l i m i t  i n  one o r  two months. The la t te r  w e l l  i s  
a'sout f i ve  miles from the Columbia River but a t  a location where ground water i s  
flowing pa ra l l e l  t o  the r iver .  The sources of  waste in t h i s  locale  are Purex 
placf disposal f a c i l i t i e s  and possi5ly abandoned scavenged waste cribs ir 200 
East Area. 

If 

D i s m s s l  of Wastes t o  the Ground 

A l a b r a t o r y  experiment w a s  performed t o  study fur ther  the adsorptiorr of plutoni-dm 
from 234-5 Building surcp waste by a 5ed of Florida pebble phosphate rock. Acidic 
waste vas passed through a bed of  the mineral u n t i l  a 20 percent breakthrough was 
reached, a t  which point the plutcnium concentration i n  the inf luent  w a s  suddenly 
increased. 
response t o  the inf luent  concenfration change ard appeared t o  maintain abou5 the 
same breakthrough percentage. The results indicate rather s table  proportionali ty 
between inf luent  and eff luent  concentrations under r e a l i s t i c  operation conditions. 

The plutonium concentratfoc i n  the eff luent  increased sharply i n  

Mlnerai Bed Removal of C - z s i u n  

Laboratory experinents were perforlrzed i n  the study of the elut ion of cesium fron? a 
bed of c l inop t i lo l i t e .  Tkre select ive adsorption of cesium by t h i s  zeo l i te  i s  
lc~owc tc  be relat.ed t o  t he  par t icular  s ize  and charge of the cesium ion. E lu t ion  



experhezm were therefcre performed w i t h  ammonium and potassium ions because of  
t he i r  s b i l a r i t y  t c  cesium. A solution of ammonium ni+,rate is the mst e f f i c i en t  
eluate of those tes ted  but may be too unstable f o r  la ter  zalclnatioc.  
consectrations amn?cnium chloride and potassium chloride were found t o  Se aboEt 60 
percect as e f f i c i en t  f o r  e lut ing cesium from c l inop t i lo l i t e  as ammonium n i t r a t e  
solutions. 
per mole of ammonium ion adxed than are 5 M solutions. 

A t  2 M 

Solutions of 2 M ammonium n i t r a t e  are more e f f i c i en t  fo r  cesium elutiol; 

Batch Calcination 

Bench-scale studies of the calcination of simulated Purex high-level wastes by the 
batch process were continued. 
diameter by 15-inch high annular pot. 
solution foaming and sol ids  removal. 

Fceming during the boil-down s tep  appears t o  be a Arnction of the solution corrrposi- 
t i o n  and concentration. 
However, i n  another run w i t h  the same consti tuents but with a 42 percent increase 
i n  concentration of the consti tuents,  only mild foaming was observed. The boil-off 
rate i n  the la t ter  run w a s  three times higher than the run which foamed. 

Another run was d e  w i t h  a solution high i n  phosphate and the severe f o a d n g  which 
is a charac te r i s t ic  of such solutions.  However, the foamicg w a s  effect ively con- 
t ro l l ed  by the tangential. introduction of  an a i r  sparge into the boiling soluticn 
so that a mild swirling action was produced. 

The calcined sol ids  were removed from the pot by repeating the process of adding' 
water or  n i t r i c  acid, boi l ing and siphoning off the resu l tan t  slurry. 
the volume of the slurry ccl lected was less than tha t  of simulated waste soluflcn 
used as feed. 
from zero t o  two molar appears t o  decrease the volume of slurry collected.  
t he  slurries contailled twenty t o  t h i r t y  volume percent sol ids .  
the i a l z b e  removal oFerations w a s  effect iveiy coctrcl led by adding a s i l icone a n t i  
foam agen';. 

Four runs were made i n  an inductlon-heated 6-inch 
The objective of the runs w a s  t o  study 

Severe foaming occurred in the run reported last month. 

IC a 2  cases 

Increasing the n i t r i c  acid concentration of the removal sc lu t lor  
A l l  of 

Foaming during 

Wasze Caleicer Feed Concentrator 

The radiant heat spray calcicer  i s  being modifi2d t o  allow tes t iog  of  bo%h the 
at t ract iveness  of i t s  use as a spray concentrator f o r  waste ca lc i re r  feeds arid the 
f e a s i h i l i t y  cf' channel recycle. 
:aL-.irer ?;ne cy-les sicce water evaporation const i tutes  the largent pcrtior, cf $he 
heat load fr- such a calciner .  
heat i rg  problern. 

Such a preconcentrator i s  needed t o  reduce batch 

The channel recycle feature  should simplify the 

The modification is  an approxinately 6-iz:h diameter sleeve which w i l l  f i t  corxen- 
t r i c d l y  iEt,c $fie 8-icch d'arceter ba r r e l  of the laboratory sprav caleiner ,  
sleeve has a 1eoqtk of four feet  and i s  doi;Sle walled wL5h cne-half i a c h  of 
irsulatior:  between The w d l s .  

The 

Zz cgeration, tke l i qu id  vastes w i l l  be sprayed into the t o p  zf the insulated sleeve 
ard w L l  be joined by hot recycled gas. The heated gas w i l l  then vaporize a porticn 
cf the spr&yed l iqu id  and the  uxYzre will exhaust OUT of the bct+,on; of the sleeyre. 

1 2 3 0 0 3 1  
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After passing through a wire mesh screen acting as a demister-coalescer, a portion 
of this mixture will then recycle through the annulus between the hot outer wall 
and insula+,ed sleeve to complete the channel recycle. 
coalesced liquid proceed to additional disengaging, liquid collection, and off-gas 
train auxiliaries. 
the concentrator is t o  minimize scaling of heat transfer surfaces by eliminating 
access of solids bearing streams to such surfaces. 

The residual gas phase and 

The purpose of both the channel recycle and spray features of 

Thermal Effects in Solidified Radioactive Wastes 

A solution to the Poisson's equation has been derived to give temperature distributions 
In  a cyelinder having a strip discontinuity In the bonding of calcine to container 
wall. This strip discontinuity gives rise to an angular step function in the 
overall heat transfer coefficient from calcine to coolant stream. Numerical values 
of temperature distributions are now being prepared for various cylinder diameters, 
non-Sonded strip angular widths, relative film transfer coefficients, heat generation 
rates, and thermal conductivities of the calcines. 

Thermal Conductivity Measurements 

The Line Heat Source apparatus for measurement of thermal conductivities under un- 
steady state conditions was calibrated using 18-40~ glass spheres as the test 
material. Using a 0.025-Inch diameter source, a thermal conductivity of 0.101 Btu/ 
hr. ft2 F/ft. was obtained as compared to 0.093 determined by steady state methods. 

Waste Transfer Proaram 

A program has been outlined for developing technology necessary for transfer of both 
solid and liquid underground stored wastes. 
equipment is in progress. 

Development of hydraulic mining test 

Corrosion of 304-L Stainless Steel by Purex Acid Waste Solutions 

Samples of 304-I,, stainless steel have been exposed for a total of 900 hours to 
synthetic, 60 percent concentrated Purex l W W  solution at 80 and 95 C .  
solution was 0.5 M HNO corresponding to the residual acidity to be expecteC aft.er 
formaldehyde destf;uction of nitric acid in IWW solution. Corrosion rates were one 
and five mils/mo, respectively. 

The test 
3 

Samples of 304-L stainless steel and A-55 titanium have been exposed to the liquid, 
. v&porl and icterface of a boiling spthetic solution corresponding to the currently 

proposed waste solution for interim storage. A l l  samples have been exposed for a 
tozal of 830 hours. 
vapor, 3 mils/mo in the interface, and 6 mils/mo in the liquid. 
intergranular in nature. 
nils/mo or less. 

The 304-L samples exhibited corrosion rates of 0.2 mil/mc in the 
The attack was 

A l i  three titanium samples corroded at rates of 0.02 

Ccrrosivi2y of Phosphate-Coctaining Calcined Waste 

Sanples of Inconel, Inconel X, and 3Ok-L stainless steel have been exposed at 900 C 
QGr 24 hcurs to synthetic calcined waste zontaining phosphate equivalent to the 
tckl cation concentration. 
spray calciner; phosphate was added; the mlxsure heated to 900 C and allowed to 
cool. Metal samples were exposed in the remel5ed mixture at 900 C. Corrosion rates 
of Inzonel, Inionel X, and 304-L stainless steel were 0.8, 2.0, and 20 mils/mo, 

The synthetic waste was prepared in the raiiiant heat 

1 2 3 1 1 0 3 2  W 
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respectively. 
rate of the Incccel m y  be as high as 30 mils/mo. 
intergranular attack, and the 20 mils/mO rate is a factor of ten higher thac a 
rate reported for 304-L in this same environment by ORNL investigators. 
exposure of type 330 stainless steel indicates that this system may be very tempera- 
ture sensi5ive; another series of exposures is planned to determine if this is SO. 

Metallurgical exanination indicates, however, that the penetration 
The 3&-L sample exhibised 

Ore 

TRAlrlsuRAmIC ELEMENT AND FISSION PROINCT RECOVXRY 

Strontium-90 Program 

325-A Strontium Purification - Repair of  the A-Cell equipment was completed, a d  a 
strontium-90 purification r m  (#3 of the series) was made during the month. 
tially the same flowsheet was used as in run #2, equipment functioned satisfactorily, 
and the run was uneventful--except for a difficult loading cycle caused by copious 
solids in the feed. Final product elution (from column 6) was with 0.1 M HElMlA at 
pH 8.8, vice nitric acid, in crder'to obtain a solution mre suitable foF direct 
loading on Decalso. About 8,000 curies of purified strontium-90 were obtained 
from the run, compared to 5,000 from run #1 and 8,350 from run #2. 
was loaded, with the product of the other two runs, into the HAPO-U cask. 

The feed material was identical to that of run #2 except for age; however, a differ- 
ent feed make-up procedure was used in an attempt to minimize amwnium ion coxen- 
tration and thereby improve-loading capacity. 
cation wlth HED!l!A and ammonia alone (rather than solids dissolution with nitric 
acid followed by ammonia neutralization and €EDTA complexing), had been piloted ir 
B-Cell on s m a l l  volumes of feed followed by successful. loading onto a 100 ml ion 
exchange column. IC feed makeup for run #3, however, mch larger volumes of EDTA 
and ammonia were required and complete clarification was not obtained, implyicg that 
the small samples were not truly representative of the solids in the storage t d s  
(presumably because of a s m a l l  diameter sampling line). 
and ammonia which were required resulted in an ammonium ion concentration, azd heme 
a strontium capacity, about the same as in run #2. Although all of the feed was 
filtered, as an added precaution, prior +,o introduction to the columns, pressure 
drop across the columns was excessive and calm plugging finally necessitat2d pre- 
mature termination of  loadfng and initiation of the elution cycle while sme 80 
liters of feed remained. 

Essen- 

This strontium 

The procedure, which involved clarifi- 

The large amounts of €EDTA 

Strontium Cask Filling - The HAPO-IA Decalso-insert cask was suc-essfully filied 
[for transfer to Oak Ridge) wirh the purified strontium product frcm r m s  1, 2 aEd 3.  
Filling was uneventful except for difficulty with air in-leakage around she Snap- 
Tite fittings. 
that passed through the cask, were loaded onto the Decalso for shiprect 

Twenty thcusand juries of strontium-90, ropresertiLg 93 p r e e n ?  cf 

Nice gallons of 3O+ mesh Decalso was slurried iCLo the cask ;ten gallcn void) ard 
pretreated with six bed volumes of L M NHhN03 and water wasted. 
with strontium loading from an amnonibneutralized rather +,?an Paustic-neutralized 
sclution, was requested by Oak Ridge in order to minimize sodium ccntellt of t,be 
eluted strcntiu, a recommendaticr based on re-,ect evi6ence that even small arrcEts 
of sodium are deleTericus to strcntium titanate production Lakoratory studles 
wlth synthetic 325-A product showed that strontiun is less readily akscr'zed. from 
amnorium solut.ion than frcm sodium by a factor of abcut twc- This facr, acd t h e  
re1a:ively small 'cine gallon) Trolume of the Decalso, made lcading the -,ustoner's 

This treatment, 

ImmE 
1 2 3 0 0 3 3  
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required 20,000 c w i e s  of sfrcntium-90 marginal, even when advantage i s  taksa of 
hi& dilut ion and elevated temprazure (50th cf which aid sbsorptico).  Pzxher 
experimnts t o  define a flowsheet showed thaz capacity i s  maximized and loading 
t P m e  minimized by a step-w;se loading szkeme whereby loading i s  zarr ied out a t  
ra la t tve ly  high concentration till ineigient  Sreakthrough is  reached follcwed by 
loading the remainder a t  high di lut ion.  
absorbed on Decalso a t  even higher capac55y if  e lut ion from the isolat ion c o l m  
(ir +,he ior: exchange purification prozess) i s  done with EDTA o r  HEDm, rather than 
n i t r i c  .acid, and neutraPized t o  a low pH ( two t o  four )  f o r  absorptioc 00 the 
Decalso. 
absorbed on, and indeed is eluted from, Deealso by acidic  HEITTA. 
elution and loading scheme assumes, of course, t h a t  the cask i s  available wkec 
elution occurs since the HEDTA coIztafning soluticn undergoes rad ia t ior  in&Jm,et! 

It was also found ttrat; strontslm i s  

€EDTA works best .  A fur ther  advantage of HEDTA i s  t h a t  copper is c o t  
~ Use of" the EW2A 

. decomposition on standingo 

Ammonia neutralization and step-wise di lut ion was used f o r  the ( n i t r i c  acld)  pro6cct 
f r c m  runs 1 and 2, followed by HEDTA e lut ion and loading of the product of run 3. 

Rate of Gas Evolution from Strontium Concentrates - A series of' measuremnts were 
&e of the rate and composition of radiolyt iz  gas generatioc from strontium con- 
ta ining solutions (because of the appl icabi l i ty  of the data t o  storage and shipping 
problems). 
stored i n  a 250 gallon shipping cask, and ( 2 )  10 gallons of purified stroctim COE- 
centrate (run 1 and 2 product) stored i n  a 40 gallon cask. 
contained about 20,000 curies of strontium-90 
8.5 g / l  iron and 4 g/l  lead (mostly precipi ta ted]  a t  pH 2 t o  3 .  
contained 13,500 curies-of  purified strontium-90 i n  2 M n i t r i c  acid,  
product decay energy w a s  about 1,400 watts i n  the e a s e o f  the 250 galloE cask and 
120 watts f o r  the 40 gallon cask, Rate of gas evolution from the 250 gallon cask 
was about 500 t o  600 c@/hr, o r  0.4 cc/watt,hr. 
w a s  150 cc/hr, o r  102 ce/watt,hr. These figures may be coxpared with a calzzlated 
value of 18 cc/watt,hr if sll of the energy is assumed t o  produce gas with a G 
value of 2 molecules per 100 electron vol t s .  In practice (because much of t S e  
decay energy i s  dissipated i n  other ways), ~t wocd 5e expected tha t  the observed 
values might be an orde- of magnitude lower; i .s . ,  &cut 1,8 cZ/wa$t,hr, i n  reaaolz- 
able aqreemnt with the observed rates .  The gas LssaPzg frolzl botk ;asks cor+afzted 
trydrogen and oxyger i n  a 2:: r a t i o  and was s x p l o s i ~ - ~ ~  

Solutions studied included (1) 200 gallons of' F-8 Purex concentrate 

The 250 gallon cask 
200,000 curies  of cerium-144, plus 

The 40 gallon cask 
Tctal f'ssfon 

That from the purif ied strontium 

Latoratcry Solvent Extraction S5udies - Furt3er mizi-lri-ce~ sez t l e r  rum Yestirg 
flowsheets f o r  solvent  extract;ioz recovery of  strcr';iun from &rex ~ l a r ; ' :  ''E:.ruk 

Feed f o r  ';he first, run w a s  made 0.15 M EDTA acd 0 . L O  M sodium acetate  and adgustad 
to pH 4.3 by addition of ac  EDTA-sod:& aaetate-flaOH stock solution; thf SEE? f o r  
this ruc w a s  0.5 M NaN02-0.02 M EDTA a t  pE 306m Feed f o r  the seroc& PX was &SO 

OolS M E m  and OT40 M sodium Zcetate but was aZjusted t o  pH i070 
seronx run was G o d  M. c i t r i c  acid a: FE 2.6. 
D2EHPA-0.2 M TBP-Shzl1 Spray Base 30: previocsLy washed wfrh eirker  :atstic o r  
n i t r i :  acid: Seven extractzoc and fT%-e scrub s ~ s g c s  were used i~ bc th  runso 
Ucoresponded t o  5hose cf S t u t j r  Flowskzeet, Nco 2 0  

- 

P i e  s.".rut in rhc - 
E e  ex f rac tmt  i~ 30th  pulls was 9 * -  M - 

Flrk-s 

1 2 3 1 3 0 3 4  
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Hyazguiia performance of the mini-mixer s e t t l e r  was excellent i n  the run w i t h  the 
sodium n i t r a t e  scrub. 
second run but did not seriously in te r fe re  wi th  mini operation. 
aqueous raffiaate i n  the f i r s t  run was 4.3 while i n  the second run the raff inate  
pH was 4.5. 

Strontium recovery w a s  excellent in both m s .  
strontium was l o s t  t o  the I A W  stream i n  the run w i t h  the sodium n i t r a t e  scrub and 
about one percent in the run w i t h  the c i t r i c  acid scrub. 
organic product samples from these runs were determined by gamma scan techniques 
after pr ior  removsl of the strontium-89 and -90 by a double precipi ta t ion w i t h  
fuming n i t r i c  acid.  Based on such analyses, the cerium decontamination factor  i n  
the  f irst  run (Na,NO scrub) was about 11 and the Zr-Nb decontamination factor  was 
about 1200; cerium a econtamination factors  i n  runs a t  t racer  leve l  using the same 
flowsheet ranged from 10 t o  1 5 .  
the c i t r i c  acid scrub was about 22; the Zr-IQb decontamination factor  was about 
3000 i n  this run w h i l e  the Ru decontamination factor  was greater than 200. 
cerium results compare very favorably with the decontamination fac tor  of 24 obtained 
i n  t racer  l eve l  runs using the same flowsheet. 

The flowsheet used In the second run is favored over that used i n  the f i rs t  run 
not only because higher cerium decontamination is obtained but also because the 
organic product obtained w i t h  a c i t r i c  acid scrub a t  pH 2.6 contains less sodium and 
consequently const i tutes  a more acceptable feed t o  the 1B column. 
month's end these flowsheet conditions were used i n  a 20-hour A-column run a t  40 
Percent full l eve l  ac t iv i ty  t o  produce suf f ic ien t  organic product f o r  a six-hour 
B-column run. 

Ion Exchange Separation Studies - A small (1 cm x 62 cm) ion exchange column i s  
being used t o  s t u d y  ion exchange treatment of the 1B 'column product stream f o r  
further purif icat ion of strontium, 
t o  determine cerium decontamination, the column was loaded t o  about 50 percent 
CaPaCi+,y by passage of a feed solution containing 0.0625 M Sr  - 0.0075 M C a  - 
c i t r i c  acid (pH 3.0) and w i t h  water and then eluted w i t h  3.0 M NaNO 

remved 7; percent of the strontium a t  an average concentration of 0,055 E and 
with a cerium decont&nation factor  i n  excess of 350. Further elutior, wi th  Oce 
and one-half volumes of 1 . 0  - M sodium c i t r a t e  a t  PH 11.0 remcved an additional 15 

Intermittent flooding occurred t o  a smal l  extent i C  the 
The pH of the 

Less than 0.1 percent of the  

Camma emitters i n  the 

The cerium decontamination factor i n  the run with 

The 

Accordingly, a t  

Analytical data from these last runs are  not yet  available.  

Biorad Dowex SOW-X 12 res in  is  used. i n  a run 

M c i t r a t e  ard traced with sr-85 and Ce-144. The col& was washed Z i t h  1.0 M - 
previously 

adjusted t o  pH 11-0 with ammocium hydroxide. Elution w i t h  th7ee be a voiumzs 

percent of 5he strontium. 

Hot Semiwcrks Operation - Work a t  Hot Semiworks has moved into a cold t e s t lng  
pericd after completion of work by construction. 
s h i f t  basis included acid and water flushes of equipment fol lowed by solvens 
extraction floodioq tests. 
dicted from other development work. 
throughout the cold t e s t s .  

Instnunentation i n  Support of HOC, Semiworks - The shielding and collimazors f c r  
the gaslma s c i n t i l l a t i o n  probes have been redesigned t o  handle the radiation leve ls  
expected during strontiim recovery runs. 
those designed f o r  the cesium-137 i s o l a t i c r  f a c i l i t y  a re  a l s o  Seicg fabricated fo r  
ins5aLat ion ic "B" c e l l  f o r  measuring gross gamma ac t lv i ty  d i rec t ly  ix process 
liLeS. 
c c r e r i t  "cold" runs ., 

Testing conducted o r  a three- 

Column fiooding p e r f o m i c e  m e t  expectations as pre- 
Minor equipment adjustments a re  continuing 

High in tens i ty  ion chambers similar t o  

%--e pH monitorlcg sys tem have Seen ins ta l led  ard a re  ic  cperation oi; 
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S~rcciu~un: Cartcnate F i l t e r  Cask - Constructicc c? the f u l l  scale strootiun! oar'2c.r- 
a72 f i l t e r  cask simulator is  now 90 perzent coxplete. 
ayaLable fo r  mockup tes t lng  a t  Hot Sentiworks l c  ear ly April.  
s t r o n t i m  carbonate s -p the t ie  products were prepared for  Van de G r a a f f  radiolysis 

The finished mi% w i l l  31 
"Practical" 

studies 

Developmen5 of Closures f o r  Shipping Casks - Performance of "Snap-Tite" f i t t i n g s  
anu a Pacific ball valve 50 be used on HAP0 I, IA,  and I1 f i ss ion  product shipping 
casks was evaluated i n  hydrostatic and steam bomb tests. 

pressure activated "Viton" seals appear suitable f o r  temperatures t o  400 F. The 
Pacific 5all  valve after ins ta l la t ion  of new Vitoc seals, held from zero t o  1530 
psig a t  room t.emperature and zero t o  75 psig a t  350 t o  LOO F. 

In  general, "Snap-T'te" 
. f i t t i n g  leaked a t  low pressures but held a t  high pressures (1000 psig).  The 

. 

I n  other zlosure development. studies,  2-3/4 inch unlu5rieated stainless steel "0" 
rings sealing screwed type s ta in less  s t e e l  surfaces, f a i l e d  a t  pressures over 100 
psigo 
failed a t  500 F w i t h  Molykote burning. 
seating stationary, non-rotating faces withstood 1000 psig hydrostatic t es t  5ut 
fa f led  a t  300 psig, 400 F. 

Natorq and Conoseals (one inch) were steam bomb tested a t  300 t o  TOO psig a d  200 
t o  700 F and showed leakage rates of less than 1 .5  x 

Malykote lubricated "0" rings withstood 1200 psig hydrostatic tests bat 
A 2-3/4 inch s ta in less  s t e e l  "0" r ing 

co,/hr., based oc bomb 
water loss .  

Bu lk  Fission Product Packaging - A fu l l  scale (?or 50,000 strontium-90 cur ies )  
developmnt model of the f i l t e r  canis ter  shipping container has been tested using 
styontium peroxide as a f i l t e r a b l e  intermediate t o  strontium oxide. 
resu l t s  confirm that  the equivalent of 50,000 curies strontium-90 can be depcsite2 
i n  a four-inch diameter by 18-inch long canis ter  containing an in tegra l  twG-inrh 
diameter filter s t i ck .  
f i l t e r a b l e  and convertible f i ss ion  product compounds without necessitating powder 
hardling. The customer can employ e i ther  w e t  o r  dry chemistry f o r  f u d h e r  processinge 
Tests employing cerium and rare earth oxalates (zonvertible t o  oxides a t  r?asor?atile 
Tezperatu-es are planned. 

I- cther  vork, s t r o n t i m  n i t r a t e  solution has been evapcraL,ed t o  dryness a55 ral:in?-d 
C,o thz cxide ic a small vessel sui table  in s ize  f o r  a shipping eoo5ainer. 
riszessary freeboard f o r  boi l ing md fcaming during the reactions was provrlded 2'' 
removable diaengagicg space ard vapor l h e ,  but the prac t ica l  mxlmr of rarerial 
that  -,an be handled a t  oce time is approximately 500 gram cf SrO (30,OCO xc:t~ 4 
in a two-in& diameter canis ter ,  The calcined oxide IS decse, hard. azd adkerez 
::ghtly t o  the vessel .  
wi fh  s t e m  a t  150-200 C,  forming S ~ ( 0 9 ) ~ .  

C e r i a  oxalate ( so l id )  was eas i ly  calcined t c  2eriun; oxide ic a shippizg-cerister 
zaljiaer by heating a3oare 350 @. 
k0apc2~ 
Ce203 and CeOz.  
re,:essary t c  h a l t  tix de?cmposit=on a t  cerous oxide. 
oxygen as the r ? r i u q ? T )  decays t o  form t r iva l en t  rare  esryh exideso 

I n i t i a l  

The f i l t e r  canis ter  approach permits bulk packagicg of 

F e  
a 

It aan be disintegrated t o  a. erunkly powder by reanting . 

The react loc w a s  quiet  and reqclred no free-  
The product had a tap density of 1 g/c: and w a s  proba3ly a mix tu re  of 

To FreveCt pressurization of shipping coctainers it vi21 SE 
Ceri: oxide wculd  prod^:? 
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Solid Strontium Product - Fi l t r a t ion  character is t ics  of Sr02-Ca02 precipitated 
from simulated ior: exchange product solution were studied. 
affecting f i l t e r a b i l i t y  were termin& pH and the r a t e  of caustic addition. A slow 
zausti: addition r a t e  t o  a terminal. pH 511.5 produced an eas i ly  f i l t e r e d  product. 

Thermal decompositicn studies of  strontium peroxide were made a t  350, 370 and 400 C .  
Af+,er one-half hour exposure a t  temperature, the residual peroxide content (calculatec 
as H202) was 0.23, 0.023 and 0.007 percent, respectively. An additional one-half 
hour exposure produced no change i n  the sample heated a t  LOO C whereas the peroxide 
content of samples heated a t  350 and 370 C decreased ten and two-fold, respectively. 

Electron d i f f rac t ion  studies show that stroctium titanate is  formed.when SrO2-HSTi03 
precipi ta tes  are ignited a t  400 C .  
tate requires tha t  H2Ti0 
than by addition of causZic., 

The chief variables 

Production of a f i l t e r a b l e  Sr02-H2Ti03 precipi-  
be formed by hydrolysis of TiO(NO3l2 a t  100 C rather 

Determination of Cerium i n  Strontium Samples 

The determination of cerium-144 i n  the presence of strontium-90 i s  d i f f i c u l t  because 
of the intense beta ac t iv i ty  and bremstrahlung of the strontium and i t s  yttrium 
daughter. 
this di f f icu l ty .  
column packed with a mixture of anion exchange res in  (Dowex-1) and lead peroxide. 
The lead  peroxide oxidizes the cerium to  the (IV) state and it i s  absorbed by the 
r e s in  while strontium, yttrium and any t r i va l en t  rare earths which may be preser t  
pass through. 
taf lnat ion fac tors  from strontium and yttrium (and t r iva len t  ra re  ear ths)  exceed 
10 
and should eliminate a serious bottleneck which was troubling development and 
demonstration of the HSW solvent extraction process. 
i n  determining cerium colltamination in purif ied strontium product. 

A rapid, sensit ive,  and novel method has been developed which eliminates 
The sample, i n  n i t r i c  acid solution, i s  passed through a small 

The cerium is eluted with hydrochloric acid and counted. Decon- 

The new method has been introduced into the HLO and CPD analyt ical  laboratories 

It should also prove valuable 

D e  terminat ion of Neodynrium 

The f e a s i b i l i t y  cf neodymium determination io :old semiworks strontium recove-y 
samples w a s  democstrated. 
applied t o  ceodyrcium thrcugh select ion of an analyt izal  l i n e  at. L446. L angstross 
mat ilri is  Lot the most sensi t ive bu+, is free from i r te r fe rerce  i n  t h i s  aFplin2ationo 
Dercrminatior of 0.004 g / l  of neodylIllum was axomplished wi th  a coeff ic ient  of 
var la t ion of 212 percert .  

The copper spark method, useful f o r  cerium analysis ,  w a s  

ANALYTICAL AND INSTRLWm CHEMISTKZ 

Det .ednat ion  of Nitrate by Costrolled Po-entia1 Sodcae t ry  

LOR. M c a n  gave the  su-zject paper at, :he 139th American CkeurAal Society National 
me t ing  

Low Cxeent ra t ioc  T ~ ? O ~ L L U I .  Aralvses 

Prelimizary r e s L t s  f r o =  the in3erZcrr;parison of thcrium det.ermrations by ermsslcr? 
SFeCtrCgr&ph aLd ne-L:ror aetivat.lcr. analyses and from comparlsor- of determirstlon 
cf r e p l  :ate S~IF&.F~S I=y ac t iva t icz  anal-mis have disc losed (iiscrepancies ac1mtLng 
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t o  nearly a factor  of two In some samples, 
has beerr within 20 percent. Additional work wi th  control standards and repl icate  
analyses is  currently ir progress t o  reduce the uncertainty of the methods and tC 
resclve the exis t ing discrepancies, 

A o  approximate sens i t iv i ty  of 1 x 
?J the activation analysis method currently used. 
qmnt i ty  of 'ph-232 (per sample) necessary t o  give a counting rate of twice backgrourd 
a t  the 0.31 MeV gamma peak of the Pa-233 daughter of the (n,  7 )  produced Th-233. 

In about ha l f  of the  eases the agreen;ent 

w a s  de+,ermined f o r  the analysis of Th-232 
This figure is based on the 

Ccntinuous Centrifuge 

The 6-inch continuous centrifuge has been operated fo r  process tes t ing  w i t h  a feed 
s lur ry  of freshly precipitated cerium oxalate (stand-in fo r  plutonium oxalate), 
approximately 95 grams of sol ids  per l i t e r ,  a t  a feed rate of 400 ml/min. The solids 
product contained 63 to 68 percent sol ids  under nearly a l l  combinations of speed 
(6000, 4000, o r  3000 rpm); pool depth ( l / 3  inch o r  3/8 inch); and conveyor speed w i t h  
respect t o  the bowl (1 percent o r  0.25 percent of the bowl speed). A t  6000 rpm and 
1/8 inch pool depth, the product contained 50 percent o r  less sol ids ,  
and conveyor speed of 10 rpm w i t h  respect t o  the bowl, the conveyor f l i g h t s  plugged 
because the sol ids  were not removed rapidly enough from the v i c in i ty  of the feed 
ports.  A t  3000 rpm, the sol ids  discharge nozzle became plugged w i t h  product after 
30 minutes of operation. The equipment manufacturer claims t h a t  in similar tests 
a t  the plant he had producenproduct with 85 percent sol ids .  The feed rate during 
those tests was about 1000 ml/min, or  2-1/2 fo ld  greater than used here. 

A t  4000 rpm 

Further t e s t ing  i s  underway t o  check the e f fec t  of  feed rate on product quality. 

Aaitation Studies 

Mockup ag i ta t ion  s tudies  of the Purex 3AF annular tank were completed. Phenolph- 
thalein indicator was employed t o  visual ly  fallow the neutralization of aci&iZ o r  
alkaline solutions i n  a l u c i t e  tank. It was found tha t  mixing times were l i t t l e  
affected by sparger air  rate, intimate blending being accomplished In 24 seeocds 
w i t h  1 .5  scfm and 18 seconds with 19 scfm. 
2.5 mfzutes f o r  homogeneityo 

Pump recirculation a t  25 gpm required 

Non-Metallie Materials 

Four differert  transparent materials were tested i n  a mixture of 25 percent dibutyl- 
Sutylphosphonate and 75 percent. carbon te t rachlor ide-  
undamaged. These were Plexiglas WA, Eolnalite C r  39, and a Teslar-Plexiglas 
laanfna+,e. The fourth, Plexiglas 5009 was damaged severely after one day an2 d is -  
xzegra ted  after oce week. 

Three of the a t e r i a l s  were 

A s a ~ ~ p l e  of 3usco p a i n t  w a s  t es ted  i n  60 percent n i t r i c  acid a t  37 C. 
fa i led eoxpietely a f t e r  20 hours, Gusco is a hot spray epoxy system. 

The zoaticg 

Saxples taken from a spare h r e x  .sen$rffuge cushion r ing have been exposed to  dry 
heat and the change in hardness note&!. 
inxeaaed  from 60 t o  85 Durometer C. 

After 36 days a t  90 C the hardness had 
This i s  a marked increase i n  hardness and 
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could possibly be more than the design of the  equipment could to le ra te .  
t o  75 C has caused hardness t o  increase a t  about ha l f  the rate obtained a t  90 C .  

Exposure 

Two msgnesia-titania crucibles of l oca l  fabr icat ion were tested w i t h  the bariun- 
potassium-sodium chloride mixture being used by 234-5 Development Operation. 
200 hours a t  800 C the solution had percolated through both crucibles. Chlorine 
gas was bubbled through the solution f o r  a t  least 150 hours during the test. 

After 

A t h i rd  crucible similaz to the above was tested with the same salt  f o r  100 hours 
a t  800 C.  For this t e s t  metall ic aluminum w a s  introduced into the m e l t .  No 
chlorine was used. 
the crucible w a s  noted. The crucible did not leak. 

No s igni f icant  reaction between the aluminum and the salt  o r  

A Serlox crucible (pure BeO) was t es ted  a t  800 C w i t h  the same salt. 
the solution had percolated through the crucible.  

After 100 hours 

PROCESS CONTROL DEVELOPMEIPT 

Calciner Furnace Control System 

Plots of K calciner  f i n i s h  section 
startup runs and two shutdown runs. 
ming cam. The data indicated that 

she l l  temperature vs. time were made f o r  fou r  
f o r  use i n  designing a she l l  temperature program- 
no two star tups o r  shutdowns are the same so t h a t  

for any given casl design, e r rors  of up to  85 F might develop between controlled 
s h e l l  temperatures i n  the f i n i s h  section and uncontrolled s h e l l  temperatures i n  the 
feed sections.  U s e  of a feed section temperature recorder t o  program the f i n i s h  
section s h e l l  temperature control ler  set  point was therefore investigated as being 
a more direct method of maintaining minirmlm she l l  temperature d i f f e ren t i a l .  
of the analog computer control loop study charts indicates tha t  operation within the  
specified +-15 F temperature d i f f e ren t i a l  can reasonably be expected. A transmitt icg 
slidewire has Seen added t o  a recorder which w i l l  be used as a programmer f o r  the 
f inish section she l l  temperature control ler .  
laboratory simulated furnace control loop pr ior  t o  in s t a l l a t ion  on K calciner a t  the 
next shutdown. 

Review 

The recorder w i l l  be tested in a 
. 

C-Column Instrumentation 

The high speed scanning c i r cu i t ry  was i n s t a l l ed  i n  the C column Data Scanning 
Programer a d  checked f o r  correct  operation. Several .necessary modificatiorrs 
and redundancies were incorporated i n t o  the Programmer i n  order  t o  obtain mere 
re l iab le  performance . 
The method by which the "Read" and "Standardize" readings are  obtaiced from the 
Mid-Column Photometer has Seen changed w i t h  the incorporation of the new c i r cu i t ry .  
S i x  "Read" values are now obtained a l te rna te ly  w i % h  six "Standardize" values as 
quickly as Fossible, f o r  eveby scan a t  a sample port .  This method, besides being 
much f a s t e r  than before, has the advactage t h a t  the data from a l l  ports are equally 
pracise, s t a t i s t i c a l l y .  

The average time per scan using t h i s  method and the high speed scaac1o.g c i r z u i t r y  
w a s  found t o  5e 36 t o  40 seconds as w a s  anTisipated. 

i 2 3 u o 3 9  
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Salt Cycle Procese 

Hot Cel l  Experiments - A run with  i r radiated feed was made fo r  the purpose of 
t e s t i r g  a higher temperature i n  the by-product deposition s tep  and the effect  of 
dry a i r  atmosphere on the product deposition step.  

. Dissolution of the i r radiated U308 proceeded uneventfully. 
f i t t i n g  l i d  vas used over the vessel during t h i s  s tep  than had been the case i n  
e a r l i e r  r u n s .  
factor  of - c s .  10 than had been the case in the e a r l i e r  runs. 

CocdueC, of the by-product deposition s tep  a t  800 C (vice 750 C i n  earlier rms] 
yielded d e c o n t d a t i o n  faetors of e. 140 f o r  plutonium, ea. 600 f o r  cerium, - 38. 1600 f o r  ofher rare  earths, and ea. 1600 f o r  sfront iumy These results are 
q.;l*,e conparable w i t h  those obtained% e a r l i e r  runs with tke exception that  t h e  
;erium decontamination was s l igh t ly  improved acd the piutocium decoctamlnation 
fac tor  was s l igh t ly  worse. However, it may be noted tha t  the removal of 15 per- 
cenf of the t o t a l  m e l t  uranium w i t h  a plutonium decontamination factor of  140 
corresponds s t i l l  t o  removal of only - ca. 0.2 percent of the melt plutonium i n  the 

However, a tighter 

Activity collected on the c e l l  exhaust f i l t e r s  was lower by a 

.5y-pro&ue t 0 

The product deposition w a s  made under conditions duplieaticg those of e a r l i e r  
runs except t ha t  the a i r  employed as the sparge and sweep gas w a s  passed throngh 
a drying tower packed w i t h  llanhydrone.l' 
had been i n  the melt before the by-product, product sequence w a s  removed ic t h i s  
ctep. 
salt phase a t  the start of t h i s  step, plutonium had been enriched by factors  of  
1.32 and 1.u. Fission product decontamioation factors  were - ea.  2 f o r  c e r i m ,  
7 and 8 f o r  other rare earths,  and 130 and 250 fo r  strootium. Once agair ,  t h e  
cerium d e c o n m n a 5 i o c  represents t2e only percepti3le change, being atcur, twige 
t h a t  o f  earlier runs. 

Diffizultfes were enzouctered io  ar;alyzilzg the moisture zonfent of t5e "dried" 
air, ane it i s  not bcwr, t o  what degree t'ris drying te-hnique w a s  successPl .  

About 46 percent of the uranium which 

Analysis of two samples of the  produet deposit showed that, re la t ive  t o  tke 

F lu toxur r  2ehavicr - A vis ikle  zathcie deposit was achieved on electrol:;sls cf a 
FaCL-KCl-l. w / o  PuCI 
f r a g i l e  azd dissolved ragidly ic 8 M €iNO~-O.l M HI?. 
Total ad2sd p h t . c c i x  was f ~ m d  on the sa$hodeaf'er its removal frcn; the Xe:?,, 

Ele&rc;;rsis of a N a C i - K C l  - 1 w/o UO@, - 1 w/o PuCl3 system gave results scze- 
what becloucied 5e.cause m s t  ~f tke deposit f e l l  o f f  the  c,atkode0 
R/lT r a t i o  ir the fratztioc of the &posit remir-icg OIL the ca-rhzode was a k u t  T?E 

p c - e n t  higher %.an t h a t  of the i n i t i a l  melt. 

sys:om unkr dried a i r .  The depos2: was very f i c e  a?% 
- 

3 Akou~  foLr peraerit cf the 

However, +he 
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Electrolyses of NaC1-KC1-U0$12-PuC13-CeC13 systems under "by-product" conditions 
(oxygen-free, moisture-free, anode-generated chlorine gas blanket) w i t h  the cathode 
ltdriventf a t  high cathodic overpotentials gave the following resul ts :  

Cathode Potent ia l  
PUDF C e  DF (vs  Ag/AgCl reference c e l l 1  - 

- 1-45 vol t s  
- 1.7 vol t s  

37 31 
18 21 

Under these conditions over 60 percent of the uranium remaining i n  the m e l t  after 
e lec t ro lys i s  for 2-1/2 t o  3 hours was found t o  be uranium(N) on dissolving the 
m e l t  in to  aqueous solution. 

The foregoing observations confirm a suspicion that the M( 111) .-+ M couples fo r  
plutonium and rare earths may be too close in potent ia l  t o  achieve any select ive 
removal of raze earths from plutonium. 
earths l i e  between cerium and plutonium. 

Deposition potent ia ls  of  the other rare 

Manner of Growth of Electrodeposited UO9 - Exploratory studies of the effect of  
gaseous afmosphere on the manner of growth of electrochemical UO2 deposits have 
been laxgely completed. Results.are as follows: 

Rate of 
Atmosphere Deposition 

Dry He Very slow 

Dry air Very rapid 

Moist H e  

C 1 2  + air  

HC1 + air  

Depos it 

Polycrystalline deposits having very smoo%fi 
(polished) surface. Grain boundaries not 
v i s ib l e  or  barely perceptible on surface 
(without preparation) measured density 10.76 
g/cc (98 percent of theore t ica l ) .  

"Mace" composed of "Christmas tree" o r  "spear-. 
point" c rys ta l s  i n  radial orientation. Indiv- 
idual spear-point c r y s t a l l i t e s  as nuek as 8 
mm long.  

H i g h  current but Smooth but unpolished surface. Grain bound- 
low net deposition 
rate 

aries barely d lscemi3le  on surface. 

Fast  

Moderate 

Moderate 

I r regular  surface. Deposit has "aEorphous" 
appearance 

Smooth but unpolished surface. 
aries v is ib le  Secause of  exposed crysSal 
faces of d i f fe ren t  "sheen . I t  

Graio F o ~ r d -  

Tightly cemented c rys ta l s  of substact ia i  sizep 
ItFacetedr* surface .sompos?d o f  many slig-h,+ly 
t i l t e d  planar r,rys%al faces. 

i 2 3 0 o u  i 
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The foregoing were a l l  grown out of N a C 1 - K C 1  melts containing ea,  1 2  w/o uranium 
and on a platinum "pin point" cathode and, despite the f a c t  t h x  the e l ec t r i c  f i e l d  
i s  non-symmetric, exhibit sphericaL symmetry. 

Perhaps the most interest ing type of deposit i s  the very dense deposit achieved by 
e lec t ro lys i s  under dry helium. 
hd ica t ed  by a bulk density (measured by displacement) about 98 percent of theoret ical  
'JO2 crys ta l  density (10.76 g/cz v i a  10.9 g/cc) 
include O/U r a t io s  of 2.0015 t o  2.0048, t o t a l  alkali m e t a l  content of 100 t o  200 
ppm and chloride content of E. 80 ppm. 

Growth urider the same conditions but on a platinum wire about one-inch long i n  a 
non-symmetric e l ec t r i c  f i e l d  yielded a "sausage" of approximately cylindrfcal shape. 

Although polycrystalline, void volume is low, as-  

Other properties of in te res t  

Studies of KCl-PbC12 Systems - A study w a s  made of the e f fec t  of K / P b  r a t i o  on the  
properties of  electrodeposited UO,. The depositions were a l l  made out of a melt 
coniaining 10 m/o uranium and a t  600 C .  
and 2.5 were studied. 
Oxygen t o  uranium ra t io s  were l e s s  than 2.01 in  a l l  cases. 
from ca. 500 ppm a t  K/Pb r a t io s  of 1 and 1.5 t o  ca. 200 ppm a t  r a t io s  of 2 and 2.5,  
Sieve<nalyses showed 10 t o  20 mesh, ca. 50 percent; 20 t o  35 mesh, ca. 25 percent; 
35 t o  60 mesh, - ca. 15  percent; 60 t o  100 mesh, - ca. 6 percent and c a , T  percent less 
than 100 mesh. 

Potassium t o  lead r a t io s  of 1, 1.5, 2.0, 

Lead contents varied 
The U02  deposits from a l l  these melts were very similar. 

Variation of temperature likewise had l i t t l e  e f f ec t  on the properties of UOg electro-  
deposited out of 2KCl-Pbc12. 
all exhibited O/U r a t io s  less than 2,006 and with the exception of the products at 
TOO and 750 C lead contents less than 500 ppm. A t  TOO and 750 C the lead impurity 
was ca. 1000 ppm. 
apFrGiable a t  650 t o  750 C,  uranium ( N )  contents of aqueous solutions prepared 
from the residual  melts being equivalent t o  16, 22 and 30 percent of the t o t a l  
uracium a t  650, TOO and 750 C, respectively. 

Products made a t  500, 550, 600, 650, 700 and 750 C 

Build up of soluble uranium species of lower oxidation s t a t e  w a s  

Tke deposits m a d e  i n  the KCl-PbC12 systems are  a l l  of the r'mace" type, consisting 
cf large and well-formed crys ta l s .  The indication i s  t h a t  la rger  c rys ta l s  are 
favored by higher uranium concentrations, No indication has yet  been seen of any 
inherent cut-off point. Individual c rys ta l s  of 0.200 t o  0.380 grams have Seen growr 
on single day s h i f t  operations. The single experiment t o  date i n  which the apparatus 
was allowed t o  run overnight produced individual c rys ta l s  of the order of 0.5 grams. 

Chedca l  Decladding - The use of chlorine-nitrogen gas mixtures was investigated 
f o r  decladding UO2 fue ls  clad w i t h  oxidized Zirealoy. Ir: Zests made on oxidized 
Zircaloy coupons a t  an i n i t i a l  temperature of about 415 6 it was determiried that 
the reaction r a t e  and therefore the temperature of t h i s  highly exothermic reazticr: 
could 5e controlled by adjusting the gas flow rate and the nitrogen-to-ehlorfre ratic" 

Two oxidized Zircaloy-clad fue l  pins containing U02 were deelad i n  a Vycor reastior, 
tube. 
w i t 3  a gradual decrease t o  1 t o  1 during the run. The U02 was exposed but c o t  con- 
ple+,ely declad i n  2.5 hours., 
a t t r i su t ed  t o  cocdecsatkn of the Z r C l q  product on r,ooler par t s  of %he reactlcg 
surf"a.;z. I n  the seccnd run t h e  i n i t i a l  nitrogen-to-chlorine r a t i o  w a s  1 t o  1; a f t z r  
ope hour of operation it was decreased t o  1 t o  2. The maxinuin temperatures obszrved 

I n  the f i rs t  run the i n i t i a l  nitrogen-to-chlorine r a t i o  i n  the feed w a s  4 t o  1, 

The f a i lu re  of the reaction t o  go t o  completior 1 s  
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adjacent t o  the pins during the f irst  and second par t s  of t h i s  run were 535 C and 
645 C,  respectively. 
removed within 2 .5  hours. 
the reaction tube and contained about 0.1 percent U. 

ALL the cladding except fo r  a small par t  of one end plug was 
In both runs par t  of  the ZrCl4 condensed on the walls o f  

Engineering Studies - Molten salt w a s  recirculated between two 20-l i ter  salt  baths 
by means of gas l i f t s .  
s i l i ca  and w a s  tested w i t h  a i r  and equimolar NaC1-KC1 a t  750 C. 
operation was maintained f o r  30 minutes w i t h  15 t o  x) inch l i f t  and a 15 t o  10 inch 
depth. 
equilibrium l iqu id  leve ls  in the two baths during the operation period. 

The uninsulated dual gas l i f t  system was made of fused 
Steady state 

Because of i t s  self-adjusting nature, the gas l i f t  system maintained 

Continuous Ion Exchange Contactor Development - Jiggler Contactor 

Search fo r  a simple device to  provide a net  one-way flow of res in  under pulsed bed 
conditions has l e d  t o  the design and application of two check valves i n  the pulser 
chamber of  the J iggler .  
basic elements of a pump. Init ial  experimental evidence indicates t h a t  the resin 
thus moves w i t h  a posit ive displacement action. The res in  "pump" appears t o  have 
eliminated the necessity of having dense bed conditions above the pulser chamber t o  
provide necessary driving force t o  propel the resin.  The new valves are simple and 
appear t o  be dependable. 
activated by the hydraulics of the  system. 

These valves in combination with the pulser provide the 

The. only moving part i s  a small p las t i c  sphere which is 

Tests of several  hours duration each, w i t h  no process liquids being pumped through 
the system, demonstrate that both 20-50 and 5 0 - l O O  mesh resins  can be readi ly  pumg 
through 4-inch glass pipe. 
S l i p  water, under these conditions, w a s  negligible in  both cases. The quantity of 
r e s i n  moved appeared t o  be d i r ec t ly  related t o  the amplitude-frequency product. 
The new pumping arrangement developed 40 psig while recirculat ing the 20-50 mesh 
res in  through a column comprising a combination of 4-inch glass  pipe and 1-inch 
p l a s t i c  tubing t o  a net height of 15 feet. Considering a flowsheet f o r  a plutonium- 
anion exchange system w i t h  a feed flow of 1.5 l i ters  per minate, t h i s  pressure i s  

The smaller par t ic le  r e s in  moves easier than 'the larger: 

several times greater  than the 
countercurrent flowing process 

RADIOACTIVE RESIDUE FMATION 

Meltable Waste Solids 

Because of current i n t e re s t  i n  

back pressure that  would be imposed on the systen Sy  
streams. 

continuous melt pots f o r  waste calcination, o r  f o r  
the re-melting of  powders, addi t icnal  work was done on the rate of decompositior 
of sulfate i n  sodium sulfate based systems and on the melting range and flaidity 
of phosphate systems. 

The rate of thermal destruction of sulfate i n  f lu id  sulfate melts containing a 5 : l  
atomic r a t i o  of  sodium t o  iron w a s  measured as a function of surface t o  volume r a t i o .  
IC, w a s  found t h a t  most of the sulfate is  expelled during the ear ly  stages of  heating 
but that  the process is  inhibited as a c rus t  of f e r r i c  oxide forms. Thus the 
reaction is, i n  practice,  dependent o t  the surface t o  volune r a t i o .  

Melting point and "dkip temperature" measurements were made on synthetic wastes 
csntaining 1.82 - M N a ,  0.L5 - M Fe, 0.06 - M Al, 0.043 M - C r ,  0.034 - M Mn, 0.020 - M N i ,  and 

1 2 3 0 0 b 3  
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phosphate ranging from 50 percent to 125 percent of' stoichiometriz. 
systems con+&inir;g a t  least 80 percent phosphaze melted, 
sample melted a5 1000 C p  and those with 92.5 percent (o r  more) phosphate were f l ~ 1 3  
a t  900 C. 
125 percent. 

Only those 
The 80 percent phospha5e 

Drip points decreased from 962 C a t  92.5 percent phosphate t o  778 C a t  
Qualitatively, however, f l u i d i t y  decreased as phosphate increased. 

Spray Calcination 

Additional runs were made in the calciner t o  fur ther  test the ceramic cloth f i l t e r s ,  
. perfect off-gas sampling methods, and obtain data on the de-entrafment effect iveress  

of the various un i t s  i n  the off-gas system. 
operate weU and w i t h  very low pressure drop. 
tendency t o  hold up large amounts of powder. 
f i l ter  w a s  1000, that   cross the condenser w a s  100, and across the scrubber 1059 
for  a t o t a l  f o r  the system of 1.6 x 105. 
column by water flushing seemed t o  work quite w e n o  

Tests were made of Nucerite coating (a  high temperature ceramic glaze applied t o  
metals by the Pafauder Chemical Company) both f o r  spray calciner  application and 
f o r  use on waste storage containerse 
it appears unsuitable f o r  heat t ransfer  surfaces. 
quite useful f o r  normal processing equipment and on waste containers which a re  
heated f o r  o d y  a short  time. 

. The cloth filter has continued t o  
Also, the Jack-leg uni t  has shown ILC 

The de-entrainment fac tor  across th  

Post-run cleaning of the f i l t e r s  and 

Some softening was observed in all t e s t s ,  and 
However, the material might be 

Mineral Reactions 

Equilibrium dis t r ibu t ion  measurements were made t o  comgare the adsorption of cesium, 
cerium, and strontium from synthetic Purex 1 W W  waste by a commercial phenolic resin,  
a synthetic zeol i te ,  and c l inop t i lo l i t e .  Cl inopt i lo l i te  wa6 superior f o r  cesium 
adsorption i n  the pH range studied, from pH 2 t o  10. 
s ign i f icant ly  lmproved Q a t  the high end of the pH range, consistent with prePious 
experience that  indicated optbum cesium adsorption above pH 12+ 
ments a t  higher pH a re  being made. 
were somewhat anomalous and d i f f i c u l t  t o  in te rpre t .  However, the phenolic r e s i c  
seemed t o  give the highest cerium values i n  the lower pH range of the tkree 
adsorption materials.  
g rea t e s t  f o r  c l i n o p t i l o l i t e  systems. 
measured were essent ia l ly  the same f o r  all three adsorbers. 

The phenolis res in  had a 

Further Iceasure- 
The & measurenvents f o r  both cerium and s t r c c t i m  

The removal of  cerium from solution a t  a higher p9 was tke 
The strontium d f s t r i h t i o n  coeff i2iects  

Condensate Streams 

Tke l o w  capacity cf sulfonated Folystyrene resfn f o r  Cs-137 i n  Purev tank f a r m  mz- 
dcnsate was found t o  be the r e s u l t  of ammonia in the condensateo Coccenzraticm 
of  anamnia as high as 0.013 M were measured i n  samples of' t h i s  waste; r ece r t iy  scze 
ffssicr, product recovery was& containing about 0.8 M NHb' had Seen added t o  ttze 
waste storage tanks. The amonia is vaporized from 'the basic s a l t  waste acd appears 
ic the Condensate; about half of the coridecsate is  recycled back t o  the waste teaks 
E O  it takes a s igni f icant  time t o  c lear  the ammonia from the system. 
of other sources of BrrmLocia9 such as radiolysis, is being considered, In lakccrac,orv 
cola experfments, f i f t y  percent breakthrcugh f o r  NHq' and C s c  w a s  a t ta ined  a f t e r  
1 5 0  and 21.0 column vclumes, respectively, when condensate ccc ta ic i rg  0.013 M - NHL+ 
a t  pH 3 w a s  passed thrccgh a bed of resi~. 
ta ining OoOC83 M MI4+, 50 perzent breakthrough f o r  NH4' and Csf w a s  attaiseii a t  
230 and 31.0 ~ o G m n  V O ~ ~ S ,  respectively. 

Tke pOSSL?i;li* "V 

For a different  3a t th  of a2ocdema:z 20'1- 
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M i ~ r o  P i lo t  Plan% R u n s  1L 
cation exchange resin ( h b e r l i t e  IR-120) i n  the hydroqen forn f o r  removing radio- 
isotopes from Purex Tack Farm cordensate havlng an adjusted pH of 2.5 t o  3.5. 
acidified waste w a s  passed ?!rough activated carkcn %o remve organic m t t e r  before 
passage through the resin.  
column became plugged with precipi ta ted iron hydroxide formed after beirg dissolved 
out of the carbon column. 
d i l u t e  n i t r i c  acid before s t a r t i ng  R u n  15 .  
+*he ac id i f ied  waste were treated.  
radioisotope removal was obtained during the test .  

Ef for t s  t o  explain this poor performance resulted i n  the identificatiori  of ammia ic 
the  Purex Tank Farm condensate i n  concentrations ranging from 0.004 M t c  0.013 M. 
The presecce of this base explaics the failure t o  achieve the expectgd decontazcafion 
during R u n s  14 and 1 5 .  Samples of feed f o r  Runs U, L2 and 13 were also aralyz,o\i 
f o r  ammonia; it was preseri+, i n  amounts varyicg from o . , ? ~  M - t o  0.00L M. - 

15 %ere &esigced $0 explore the a b i l i t y  of a syn+Le+, 

*-e 

R u n  l?) w a s  prematurely terminated Secause the res in  

Acid solt;ble materials i n  5he carbo= were leached out w i t h  
D u r a  Rurr 15  about 1200 l i ters of  

Radiochemical analyses showed that l i t t l e  o r  no 

BIOLOGY AND MEDICINE - 6000 PROGRAM 

Geology and Hydrology 

The Corps of Engineers, Sea t t le  office,  again began explorations a t  the dam s i t e  at, 
r i ve r  mile 348. 
machines, following which, a t  periodic intervals ,  the casing is driven t o  hole bcttom 
by churn d r i l l  machines moved over the hole f o r  that specif ic  purpose. 
was reported dr i l led t o  a depth of 90 feet; a second was begun. 
were sands and gravels, as predicted. 

The log sheets of the airborne magnetometer survey of the  Hanford Works and v i c in i ty  
made i n  1959 by the U.S. Geological Survey were received. 
confirmed the southeastwad extension of the Gable Mountain an t ic l ine  t o  about a 
mile south of Ringold. The deep basins in the basa l t  southeast of 200 East Area and 
beneath 100-B Area were fur ther  confirmed and prof i les  obtained. 
previcusly unsuspected, evidently l i e s  beneath 100-F Area and 100-N Area and passes 
south of 1 0 0 - D  Area. It dies  out t o  east and w e s t  vi thout achieving surface 
expression. The depth of i t s  8res t  is  not knowr,. The an t ic l ize  i s  Seiieved, kcv- 
ever, t o  have folded the overlying Ringold beds suf f ic ien t ly  to  have icfluecsed t h e  
location of  one o r  more o l d  r ive r  channels i n  the RiLgold formation surfa2e xrt? 
cf Cable Mountain. 
r iver  channel near 100-D aod 100-H Areas and prokaLy af fec ts  grcund water ncvene3t 
in the area Scrdered by 100-K, D, E acd F Areas. 

Coring is achieved by means of rotary (coring o r  diamond-drill) 

One hole 
Materials encount 1 

Preliminary interpretat ion 

An ant ic l ine,  

It also may hsve thereby influenzed she locanon cf tccay's 

Methods were sought acd studied for  reducirg the :omputa?ion tine required f o r  
kumerisal solution of noc- l ineu  d i f f e r e c t i a l  equatiocs, M u h  of the theoret ical  
development of ground w a f ? r  flow results ic models of t k h  f o m ,  w k : h  are  pro- 
h ib i t ive ly  expensive t o  solve ky cocvectfonal me?kods. Prccehres  f o r  reducriag 
three-dinensicnal pro t le rs  t o  Wo dimensions were test?& arid nethods f o r  speedlng 
up i terat ior-  cor7ergence were invesxiqated. None of thcse tes ted showed O k V i O i l S  

superior i ty  f o r  application +.o g r c u i  warer prcblem Arcocg the m9Tkcds studied 
f o r  i q r o v i n g  i terat ior ;  convergence we?? the Skcrt ley-wdler  h-l;oin+, +po in t ,  
and 15-point rethods; the bomdary c o r t r a c t - m  icetho?; arjd several natrix Eethcds 

The computer program f o r  r m r i - a l  scll;ficL of unsa'urated flow prcjlems SUC:PSS- 
f u l l y  computed the iccrecer-tal lievelcpnect of a wetTed so:: t-olwe beneath an 



axial leak ir, a waste tank f o r  the case of porous, homogeneous s o i l  t o  the  p o k t  
az whizh l 5 , O C O  gallons o f  l iqu id  had entered the s c i lo  
jeer, sczzessfuily tes ted  f o r  the homogeneous s o i l  case t o  a point of somewhat 
grea-er l iqu id  release it cac be applied t o  more r e a l i s t i c  heterogeneous s o i l  
cases. 
f o r  budget reasons, but work has continued a t  a reduced r a t e  with preparatioc of 
a program f o r  steady flow systems. 

After the progran! has 

The conticued development and t e s t ing  of t h i s  computer program w a s  c u r t a i 2 d  

. A  temperature probe capable of measuring t o  0.1 F w a s  obtained t o  permit a tercpera- 
ture survey of the ground water underlying Hanford Works. The d is t r ibu t ion  of 
tzmFeratures may w e l l  provide additional information regarding the movenrert cf 
ground water. 

' 

Sei1 Chemistry and Geochemistry 

The polymerization which occurs i n  l i tharge  and glycerol mixtures w a s  u t i l i zed  i n  
$he ZaZoratory as a 3onding agent f o r  powdered zeol i tes ,  A method w a s  sought fo r  
preparing these materials for  application t o  laboratory column experimentso 
other bonding agents were examined, including sodium s i l i c a t e ,  e thyl  or thosi l icatz ,  
and a number of gels.  A l l  of these were found t o  have some unsatisfactory eharacter- 
i s t i e  f o r  laboratory application, such as undesirable wetting properties, ins tab i l i?y  
i n  hot water, o r  lack of chemical res is tanceo The glycerol-l i tharge cement i s  s table  
i n  cold t o  boiling water, ten percent a n e r a l  acids, and mildly alkal ine solut,iczls, 
Prolonged contact w i t h  strongly alkal ine solutions eventually depolymerizes the  
:enent 

Several 

On the  basis  of equal weights of zeol i te ,  the exchange kinet ics  of  powdered c l inop-  
t i l o l i t e  ZeEected wf-th glycerol-l i tharge was found t o  be the same as that of tke 
urxeaented powder o r  natural ly  cemented material. 
w i l l  permit the study of exchange properties of several  zeo l i tes  that can be 
obtaired only as powdzrs. 

It is  expected that t h i s  cement 

Laboratory exper-nts indicated that pyri te  (FeS2) is apparently replaced by 
sphaler i te  (ZnS) i n  soluticns of Zn+2 as low as 10-4 to  10-3 M. 
experimentaL design was followed to  explore the importance of-several system vari-  
ables i n  the replacenect reac t ior .  O f  %hose studied, temperature and s o h t i o n  FE 
were Prdfzated to  be of most significance. Within. the experimental l i m i t s ,  t k e  
cxvgec zcncentrafion w a s  found t o  be of minor significacce, indicat icg that  t he  
replacemert reaction i s  not  deperdent upon oxidation of the pyrzte. This is LC? 
f e l t  t o  3e generally applka'cle t o  replaeenect o r  adsorptiorz react iccs  of sirlffdes. 

A s t a t i s t k a l  

, 

Ccmponents f o r  the o r i fhe - type  flowmeter desfr-ed f o r  very Zow vert ical  flows ir, 
wells were rezeived and preparations were made f o r  assembly ard tes t ing .  
:ontrcl c i r c u i t  f o r  the flow meter and packing element w a s  designed. 
pcrates volfage and polar i ty-sensi t ive relays t o  provide the necessary f u x t i c n s  
of ilzflatfcn and defla",or. of she packer, and f o r  transmitt ing signals icd:?atir,g 
d i res f icn  acd r a t e  of water flow, 

The 
it in?or- 

Desi& ?haages requgred a reva,uation of a proposed aerosol sampling p r o h  ard 
6e;:very l i r e  f o r  a ck.en?ics; F ~ O C P S S  a i r  stream. 
?kc+ retention of 2C L ard szaller partisles of densit-,y 2 was es7ircated t o  ' 5 ~  neq- 

In  the 20-foot locg 1/2-x:h kr-e ,  

L g P t l e  f o r  the  flow rates anricipazzd. 

l 2 3 0 0 N  
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Seta-Coicc. idesce Gamma-Rey Spe.ztrometry 

A Se?a-ccincideEee gaarca-ray spctrcmezry xeckcique w a s  developed whi-,h a l l o w s  
inproved analysis of cerr-ah radioisotopes i n  aqueou solutioc.  
metkod has not been completely optimized as yet,  a background reductlon cf a factor  
02 40 can be ob+,aioed with orzly a 50 pereer?? loss i n  efficiency. 
irzreased sensi=ivi ty* 
?eta-gamma emitters are countedy thus elimioating interferences from K-capture 
radioisotopes such as Cr-51 and Zn-6:. about 100 m l )  I iqcid 
eaaqles are introduced in to  a l iqu id  s c l o t i l l a t i o z  Seta = o u t e r  which i s  operazed 
i t s i d e  a large w e l l  c r y s t s l  gamrca-ray detec%or, Only the spectra from gamm-rays 
wkick appear In coincidence w2th beta par t iz les  are  observed. 
%ve special  applization t o  r ive r  water samples. 

Although tfie 

This results in 
P-e degree of  s e l ec t iv i ty  is  also inproved since o n l y  

Relatively large 

This t ech ique  w i "  

Si l izcn Surface Berrcer Alpha Detectors 

Sil icon surface 3arrier alpha detectors have beer: fomd t o  Se superior t o  Frisck 
Grid Icn CLam3ers for  the d e t e d m t i o r  of alpha emitters i n  cer ta in  plant stream" 
The surface barrier detecCYor has a tolerarise 50 beta ac t iv i ty  whiz5 i s  about i09 
t i m s  greaeer than f o r  the ion chamber and a lso  has a reduced "low energy a l ~ h a  
ta l i ."  
requiring chemical reduction of the Seta ac t iv i ty ,  and a greater sensiti 'rity &;e 
70 l e s s  interference from higber energy alpha e d t t e r s ,  A fur ther  advantage is 
the muck lower cost  of a surface barrier alpha counting system. 

This makes possibze analysis of samples 3y di rec t  p l a t i rg  instead of 

Reaction Kinetics of Paramagnetic Centers i n  Irradiated Seeds 

Investigation of the formation and decay of paramagnetic Tenters i n  radish seeds 
during and after g m - i r r a d i a t i o n  w a s  continued" Relative concentratiocs of 
centers were followed as functions of time by EPR measurements. 
heights on the recorded f i r s t -der iva t ive  curves f o r  each sample were measwod 
and divided by the analogous quantity from a standard diphenyldipicryhydrazyl 
sample measured on the same day w i t h  similar instrument settings. 
r e l a t ive  concentrations were evaha ted  whi-h should 5e Lndependent of day-to-day 
var ia t ions i n  the sens i t i v i ty  of +Le EPR spec r rcE te r .  
t.21 3e evaluated as 

The peak-to-peak 

In  t h i s  way, 

Ahsclute concertrat lc is  
perai%, 5u'i reLariiTre :-dues arr suf f ic ien t  fcr zacy 
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Thus, roughly half of the centers present one hour after irradiation apparentljr 
decay with a half-life of 40 days while the remainder exhibit a half-life of less 
than 8 days. 
present one hour after irradiation decay with a half-life of 16 days while the 
remainder exhibit a half-life of 0.75 days. 

A tentative activation energy for the long-lived component can be calculated to be 
14 kcal.mole-l.deg-l which may be compared with values of 9-12 kcal .mole’l ,deg-l 

As more data become available a better comparison of the activation energies for 
these reactions and typical diffusion-controlled chemical reactions will be made. 
In this way, the hypothesis of free-radicals diffusing and combining with each 
other in this living tissue can be tested. 

Similar measurements at 310 K (37 C) in air indicate half the ceoters 

.for the diffusion of other neutral species such as gases dissolved in solid polymers, 

This investigation has shown that radish seeds provide a convenient medium for the 
investigation of chemical reactions produced by irradiation in living tissue. Not 
only  are the seeds of an ideal size for EPR studies, but their metabolic rate is 
low and the paramagnetic centers formed in them during irradiation are long-lived. 
These latter features allow adequate time for treatment of the seeds with various 
radical-scavenging reagents, followed by a kinetic study of the EPR signals from 
the seeds after irradiation. Comparisons can then be made between the ability of 
a reagent to depress the signal. intensity in seeds and its ability to protect them 
from lethal or genetic damage. 

Manager 
Chemical Research and Development 

ZP Bupp : cf 
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A. ORGANIZATIDN AXD PERSONNEL 

On March 1, 1561, D r .  R. F. Foster, Manager, Aquatic B i o l o a ,  transferred t o  
the Radiation Protection Operation as Pmager of Environmental Studies and 
Evaluation Operation. P. A. Olson i s  Acting Manager, Aquatic Biology. 

r- 

, 

B. TECHNICAL ACTIVITIES 

FISSIONABLE MATERIALS - 2000 PROGRAM 

BIOLQGICAL MONITORING 
Effect of Reactor Effluent on Aquatic Organisms 

Effluent monitoring w a s  continued at the  1706-KE laboratory w i t h  the exposure 
of young salmon t o  d i lu t e  untreated eff luent  and t o  l ike concentrations of 
eff luent  passed through a bed of aluminum turnings. 
passed through the aluminum (4 per cent strength) show a s l igh t  increased 
mortality over those of the control and untreated effluent,  but any significance 
is  s t i l l  mestionable. 

1’1’1 i n  Rabbits 

F i f ty  sanples o f  sagebmsh and thyroid glands and stomach contents from 
25 jack rabbi t s  were co l lec  
compare concentrations of I’3p in the  thyroids o f  t he  animals to that i n  food 
and will establ ish the range of variation. 
the rabbit sampling program of the  pas t  several  years. 

Fish exposed t o  the eff luent  

and analyzed fo r  radioiodine. Results w i l l .  

This special  study w i l l  conclude 

C. columnaris 

From the s t r a ins  of columnaris obtained last  summer, it is c lear  t ha t  there i s  
a w i d e  var ia t ion i n  virulence, even of s t ra ins  taken a t  the same time and i n  
the same location. As an example, one s t r a i n  was obtained from r ive r  water a t  
62 F. Another 
s t r a in ,  taken on the same day and in the same location, caused 100 per cent 
k i l l  of 50 f i s h  within the three-day period. 

It caused no k i l l  of f i s h  within three days a f t e r  exposure. 

Possession of  an essent ia l ly  avirulent strain will be useful i n  projected 
t e s t s  for  the  induction of  virulence. 

BIOLOGY AND MEDICINE - 6000 PFDGW 

METABOLISM, TOXICITY, A I D  TRANSFER OF RADIOACTIVE MATERIALS 

Strontium and Calcium 

90 90 Radioanalysis of two survivors of the medium-treatment ( 5  x lom2 p c  Sr 
f o r  21 weeks) f i s h  seven months a f t e r  ending isotope feeding showed l i t t l e  
difference i n  t o t a l  beta  ac t iv i ty  i n  compact t i s sues  (e.g., scales,  o t o l i t h s ,  
operculum) when compaxd t o  samples taken from f i s h  sacr i f iced a t  the end of  
feeding. 
G.I.  t r ac t ,  showed only about 5 per cent o f  the  t o t a l  ac t iv i ty  observed a t  the 
close of  chronic feeding. 

-Y /g/day 

On the other hand, the s o f t  t i s sues ,  such as t h e  l iver ,  spleen, 

l 2 3 G C j 4 4  UNCLASS D I E D  
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A study on the t ransport  of Sr9O-Y9' thrmgh the gas t ro in tes t ina l  t r a c t  in t rou t  
showed, six hours a f t e r  s ingle  oral  amin i s t r a t ion ,  t h a t  about 60 per cent  of the 
isotope was s t i l l  retained i n  the f i s h  and about 20 per  cent a t  1 8  IOUTS. 
total beta a c t i v i w  in the f i sh ,  exclusive of the ,.I. tract ,  represented abaut 
2 t o  4 per cent of the given administration a t  six hours, 

Study of tile excretion of btravencrusly injected Sr85 and CaLs into the small 
in tes t ine  was completed. 
anesthetized rat was perf'used in s i t u  w i t h  solutions of varying calcium content. 
The radioisotopes were injected intravenously ana t h e i r  subseauent appearance 
in the  perfusate measured, 
inject ion amounted t o  f ive  per cent of the injected radioisotope. 
discrimination between strontium and calcium. 
perfusate-calcium l eve l  except possibly a t  the highest (25  &I) calcium l eve l  
where excretion appeared t o  be somewhat reduced. 
conclusions drawn from previous s tudies  of calcium and strontium absorption 
f r o m  the in tes t ine  could not have been s igni f icant ly  influenced by re-excretion 
o f  the  absorbed radio is0 topes, 

Limited studies o f  SrB5 and 
t h i s  route of excretion is less s igni f icant  than t h a t  v i a  the small i n t e s t ine  
by a fac tor  of approximately ten. 

Carbon-lb labeled dinitrophenol (DNP) was  used t o  determine why the e f f ec t  of 
D N P  on water and calcium uptake w a s  pH dependent. I t  w a s  found that  t he  DWP 
was rapidly absorbed and translocated when the nutr ient  solution was hela a t  
pH 4,but slowly taken up when held a t  pH 6. It appears t h a t  t h i s  difference 
is due t o  the more rap id  uptake of the un-ionized 3NP molecule. 

The 

I n  these experiments the small i n t e s t ine  o f  an 

Maximal e x c r e t b n  auring a ?O-minute period f o l l o w i n g  
There was no 

There appeared t o  be no e f f ec t  or' 

These resu l t s  incicate  that  

excretion in to  the large in tes t ine  indicate that 

Under some conditions DNP markedly reduces water uptake and t ranspirat ion 
and a t  that same time calcium uptake into the plant  i s  increased. 
from observations of this s o r t  t ha t  a major portion of the calcium uptake occurs 
by way of spec ia l  as yet undefined, mechanisms rather  than by passive flow 
w i t h  water. 

Apparently normal l i t t e r s  were born t o  three female swine receiving 125 p c  SrFo/a; 
T'ne offspring have shown normal growth since bir th .  
skeletons o f  these newborn animals receive 2.5 rads/day. 
collected f r o m  these females s ince par tur i t ion  were submitted f o r  Sr40 and calciun 
analysis. 

It is c lear  

It is estimated t h a t  the  
Milk and b lood  samples 

Whole-body monitoring of animals i s  continuing. 
be attempted u n t i l  more standards are available. Early counts 2q ica tg5?a t  
the animals may contain some short-lived raaimucl ides  (e.g., Xa , %n , 
probably obtained from the loca l  drinking water. 
complicate in te rpre ta t ion  o f  t l e  data  ana in11 continue t o  uo so u n t i l  a 256- 
channel analyzer is available. E f f o r t s  are  being made to  improve the eff ic iency 
of the counting procedure which presently takes about one and me-half rnan-h?urs 
per animal. Modifying t l e  mthod used t o  res t ra in  the animals auring Tonitorin0 
and ef fec t ive  u t i l i z a t i o n  of t l e  new multi-channel analyzer w i l l  probably cut  
i n  half  the  t ime required t o  monitor each animal. 

Analysis of the data  will not 

These rauionucliaes 
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Iodine 

L d i n g  i s  about 50 per cent complete, 
an area not pieviously investigated, are being performed. 
regular thyroid monitoring, the whole-body monitor is being used t o  obtain 
thyroid a d   ole-body counts.) 

Thyroid uptake s tudies  on new-born lambs, 
( I n  addition t o  the 

I 

1 2  

Cesium and Potassium 

The experiments on moisture s t ress  previously conducted with Cineb‘u s o i l  were 
repeated using Mi l lv i l le  soil, with an appreciably lower uptake o f  Cs137 noted. 
However, the effects  of moisture s t r e s s  on the cesium and potassium concentrations 
i n  plants  were s i m i l a r  to those observed on Cinebar s o i l .  Cesium concentration in 
stem and pe t io le  t issue,  and other p lan t  parts,  was increased as moisture 
tension (drying) i n  the s o i l  was increased. Relatively l i t t l e  e f fec t  on potassium 
concentration in the plant was noted. 

Comparative Toxicity of Strontium, Plutonium and Radium 

Radiographs were taken o f  the r i g h t  forelimb and hind limb of a l l  miniature swine 
on this study. 
severe changes seen i n  animals injected w i t h  Pu239 (1.3 pc/kg body weight) a t  
six weeks o f  age. 

A progression of earlier bone damage was noted with the most 

The forelimbs a re  showing considerably more damage than the hind limbs, This 
may be related to  the  grea te r  weight supported by the fore  limbs or t o  trauma 
t o  the f ront  legs  in jumping against  objects a d  dropping t o  the f l o o r  with 
cons ider able force , 

All animals appear grossly normal although there is a great  deal of var ia t ion 
i n  individual condition -- a ref lec t ion  of t h e i r  communal feeding. U t i l i z i n g  
the whole-body monitor, estimates of the body burden were obtained, 
counts were obtained in raclium and strontium animals but not in the animals 
injected with plutonium, 

Hazard Evaluation o f  S2’, CS’’~ and 

Reasonable 

i3ased upon available large-animal da ta  on the metabolism of  Sr 909 c s  137 
1131, the leve ls  of contamination i n  edible animal products following both chronic 
and s ingle  exposure of the animals to these radionuclides i n  a i r  o r  vegetation 
were evaluated. 
theoret ical  P P C  re la t ive  t o  the MPC f o r  a i r  and water f o r  man t h a t  would resu l t  
i n  the edible  products containing contamination leve ls  equal t o  the  P!C (water) 
for  man. These values may then be multiplied by the acceptable FlPCfs f o r  man to  
determine the m a x i m u m  permissible concentrations of the  radionuclide t o  which 
the animals may be exposea. The  re la t ive  PIPCIS were determined fo r  milk, meat, 
kidney and l i v e r  fo r  the dairy cow, beef ca t t l e ,  sheep and swine, The advantage 
o f  the  re la t ive  N P C l s  i s  t ha t  a standard procedure may be used f o r  a l l  radio- 
nuclides and the r a t i o s  of ion pa i rs  would therefore not  be needed, 

This was accomplished by determining f o r  each radionuclide a 
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Plutonium 

A new chelating agent 2-(B-hinoethoxy) cyclohexylamine-NYI~,~31 ,?I’ - te t raacet ic  
acid was t es ted  f o r  i ts abil i ty to promote the excretion o f  plutonium from the 
rat .  
t h i s  new agent stimulated the  urinary excretion, &r ing  the f o l l o w i n g  four days, 
of 
f i ve  per cent. AnFmals t r ea t ed  w i t h  DTPA excreted 72 per cent. 
therefore, would appear t o  be l e s s  e f fec t ive  than DTPA. 
feca l  excretion of plutonium and t i ssue  d is t r ibu t ion  remain to be evaluated. 
are  a l s o  being made of its effectiveness a n  administered oral ly .  

administered one hour fo l lming  intravenous plutonium c i t r a t e  

per cent of the injected dose. Untreated control  animals excreted l e s s  t h a  
The new agent, 

However, i t s  e f fec t  on 
Test 

Some preliminary experiments have been directed toward the ident i f icat ion af pluto 
binding s i t e s  i n  so f t  t issues.  
pholipid or s te ro id  f rac t ions  but remained in the  protein residue. Approximately 
one-third of plutonium remaining i n  l i v e r  90 days a f t e r  injection was extracted w i  
water and two-thirds with 0.1 n NaOH. The NaOH treatment removed plutonium which 

Plutonium i n  adrenals was not removed with phos- 

could not be removed by DTPA treatment o f  the t issue.  

Cerium, Neptunium, Americium, a d  Strontium 

Available l i t e r a t u r e  on the metabolbm of Ce 
surveyed. 
estimating the body burdens o f  the above radionuclides by analysis o f  urine 
of man. This material  was submitted t o  and discussed with the In tenra l  Dosimetry 
Group. Data on cerium, neptunium ana americium was very inadeauate and 
r e s t r i c t e d  p- incipal ly  t o  small animals. 
eas i ly  be in er ror  by a factor  o f  10. 
excretion pat terns  and tox ic i ty  of these radionuclides in miniature swine. 
animals would be in j ec t e  of th ree  and added t o  the groups already 
injected with Sr90, R a  

, Np279, Am241 and Sr90 w a s  
Based on the information obtained, equations were developed f o r  

Ss t imtes  f o r  these radionuclides cm 

3.e 
Studies are  being planned t o  determine the 

Radi o a c t  i v  e Par t ic les  

Three groups of r a t s  were exposed t o  CelWlPrab2 aerosols  for  retention a;.d 
translocation studies,  and for tes t ing  therapy agents. Carbon black ana negative 
ion inhalation were t e s t ed  f o r  possible effects  on pulmonary clearance o f  
radioactive par t ic les .  ( A  negative ion generator was provided by General 
Engineering Laboratory, Schenectady, New York.) 
complete . Results of the t e s t s  are  no t  

Gastrointestinal I r rad ia t ion  Injury 

Continuation of s tudies  on repeated i r rad ia t ion  of the abdominal area, with and 
without cysteine protection, indicate tha t  bi-weekly doses of 500 r can be 
tolers ted,  without protection, up t o  a t o t a l  dose o f  about 10,000 r. With 
t h i s  accumulated dose, animals d ie  of *at a p e a r s  t o  be s tarvat ion,  a f t e r  a 
decrease of approximately 50 per cent in b o q r  weight. 
prevents the weight l o s s  and mortality. 
f o r  extended periods w i t h  cysteine protection. 
protection has l i t t l e  e f f ec t  ana a h l s  d i e  a f t e r  an accumulated cose of 
about 6,000 r. 

Protection wFth cysteine 

A t  1,500 r, bi-weekly, cysteine 
ai-weekly uoses of  1,000 r are  to le ra ted  

UX CL.GSI7T3D 
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Micmb iological Skrdies 

Experiments on raciat ion e f fec ts  on t h e  cation binding properties of yeast  c e l l s  
were ex teded  t o  calcium ions. 
i r radiated c e l l s  as compared t o  non-irradiated ce l l s .  It is not c lear  whether 
t h i s  binding was limited t o  c e l l  surface or  may have resulted from a change i n  
permeability. 
i n  the  medium ef fec t  a reduction in leakage o f  ce l lu la r  components from i r radiated 
cel ls .  
constituted a repa i r  of damaged membranes. 

Two t o  three times more calcium was adsorbed t o  

The l a t t e r  seems quite possible since high calcium concentrations 

I Further studies are  i n  progress t o  determine whether t h i s  reduction 

Plant Ecology 

It was found t h a t  chlorophyll production of t e r r e s t r i a l  algae can be-estimated 
by acetone extractions without separating the a lga l  filaments f r o m  t h e  s o i l  
matrix. The absorption spectra obtained show tha t  the green pigment extracted 
is  largely chlorophyll Itatf. 
chlorophyll 

Methods are  being investigated t o  report the 
content i n  terms of milligrams of chlorophyll per  gram of s o i l .  

Cultures of  the algae (Microcoleus vaginatus) hdlich were exposed t o  X-radiation 
dosages o f  about L!6,000 r did not show any reduction in chlorophyll production. 

Project Char i o t  

Sorting of smples  f o r  ecological analyses of the  invertebrate communities o f  
the Cape Thompson, Alaska region was continued. Collections o f  mollu_;ks and 
annelids were prepared ana sen t  t o  taxonomic spec ia l i s t s  f o r  determinations. 

development o f  a program was completed f o r  I3M analyses of specif ic  gamma 
emitters from fallout i n  the plants  anu animals collected from Chariot f i e ld  
s k d i e s .  

Manager 
XOLOGY LABORATORY 

. . HA Kornberg:es 
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c. B i o l o g y  Seminars 

Daubenmire, R. G., L'epartment of Botany, Washington Sta te  University, 
PUJm, Wasp ington, tlEcologic problems o f  the sagebrush vegetation 
i n  Washington," March 8, 1961. 

Sullivan, M. G., "Gastrointestinal t r a c t  function following exposure t o  

Palmer, E. F., l lFaci l i t ies  a t  HAP0 available f o r  biological research," 

radiation, IYIarch 22, 1961. 
I 

[larch 22, 1961. 

D . Public a t  ions 

a. HW Documents 

Staff  of the Biology Laboratory, "Biology Research Annual Report fo r  1960,'l 
Document HW-69500 ( i n  press) 

b. Open Li terature  

None 

KKLASSIFIED 
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3EGANIZATION AND PERSONNEL 

J. H. Wujek joined the operation on March 1 as a technical graduate on a :-month 
rotational training program assignment. 

CPEXATIONS AN&YSIS STLrDIES 

Fuel Element Performance 

Pata fram the complete file of about 6650 fuel elements thus far irradiated and 
measured under the Quality Certification Program are being used to obtain revised 
estimates for the coefficients of the models expressing warp, tube filling capa- 
city, and diameter change as a function of reactor operating conditions. These 
models are‘useful in predicting fuel element behavior under various sets of con- 
ditions, and in removing the effects of reactor conditions when evaluating fuel 
element quality as such. 

These data are also being used to investigate fuel element distortion as a 
Function of canning date, and the effect of this on the incidence of observed 
hot spots .  
of canning date is essentially the same as plotting as a function of Fernald 
shipping date, so that variations observed m y  be related to core quality. 

The new estimates will be completed in April. 

It has been established that plotting such quantities as a function 

A report was written recommending methods of describing fuel element distortion 
for irradiated NPR fuel elements. 
fit, using orthogonal polynomials, to describe the &el element profile. It was 
also pointed out that similar methods can be used on present fie1 elements in 
order to better describe the types of distortion present. 
med on a sample basis in the near future.’ 

The method uses polynomials, which are easily 

The technique will be 

Assistance of a consulting nature was provided in connection with developing a 
rupture model f o r  hole failures, 

2pf. imi zat.ion of React or Operat ions 

A model was developed which gives fuelelement clip reqvlirements, ass-ming var- 
icus alternate cowses of action with respect to procedures in handling clips, 
lhese clips will be used in charging bumper fie1 elements, 
required depends on their ccst, the economic consequence of ruiming short, and 
the physical flow of clips. 

Z e  n-mber 

2-Plsnt 1nformat.ion Systems Study 

7 r r o c e s ~  technclogy continues to be mcdified in preparat.icn f o r  full prxess l i n c  
operaficn. 
machining step and the new ingot-ting fbrnace and break-cat Facility has been 
cbtained, and these sections have been coded i r i to  the over-all computer prcgam. 

B e  best logical definit.ion for fitare opermion of the f i n a l  

1 2 3 0 0 5 b  



Four d & p  of machine debuggixg were accomplished befGre the memorJ drwn was 
renoved f o r  modification. Seversi areas of the program benefited from this 
ac5ivity. 
f'unctioning properly. This is 50 be corrected during diagnostics following 
reinstallation of the memory dnsl unit.. 

It was also discovered that %he high speed output punch was not 

Aseeting with the Manager, Research and Engineering, CPD, was held to 
re-establish the ccrmputer s.t;udy con5inuity with newly appointed CPD managers 
and discuss personnel requirements to fscili+vate a successful computer 
demonstration. 

Fuels Preparation Department 

Fre-irmdlation warp  jata from NPR co-extruded fuel elements were analyzed in 
order to assist in defermining haw the number of rejects due t o  excessive 
warp might be reduced. 
on wan of successive Bets-heat treatments. 
es+,imsTe these effects. 
treating was evaluated. 
w e  used, the warp is reduced by a considerable amount. 

3f primary interest was an evaluation of %he effects 

The possibility of pre-straightening before Beta-heat 
It was also suggested that if shorter fuel elements 

Yect,or quantities were used to 

A sequential sampling plan hsd previocsly been developed for use in the sccept- 
3nce sampling of lots of aluminum components with respect, to wettability 
c%ract,eristics. 
t o  be expec5ed when witkin lot variation is changed. 

3'cr%er, work was done this month in describing the results 

Irradiation Processing Eepartment 

A st.udy of uniform corrosion models is continuing. 

A *heoretical model is being fitted 30 same points which describe fission decay 
in a reactor. 

A study was made to determine whether the recent failures of rear cross-hesder 
fittings sse indicative of an increasingly severe problem. 
requirements for examining fittings for near failures were also computed. 

Sample size 

Zhe problem of determining %ne symmetric intercomection of contacts from nine 
identical relsys was solved by tke m e  of symbolic logic. 
the circai5 were: 

Fequirements for 

'.a, Each relay should have the same number of" cmtacrs. 
(b) , *  The number of contacss per re lay  should be a mininun, and 
.c) The circuit of cmtscts stould be nonconduzting whenever any seven of 

the nine relays were de-energized. 

Ziis analysis arose in cmneccion wi2h :he design of a safer7 cirzuit. 

'nemical Processing Departmen; 

Zx.sultstims and computations were coctln-ied for Finished Product\-ethnology 
in connection with 'he design and use of equipment,, fixtd-es, and gauging 
mc4;anisms necessary to ac2urstely fabricste and inspect proposed wespcn 
camponent s 
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Cmments were given in connection with potential hazards involved in the ship- 
ping of cesium and strontium to O a k  Ridge. 

Assistance was given in preparing for a study concerning assigned automobile 
utilization. Results from queuing theory will be applied. 

The number of measurements required per part in the acceptance inspection of 
final product has been reduced due to improved analytical and process control. 
One analytical determination suffices for most parts. 

In connection with determining the Pu-240 content of final product, an evalua- 
tion was made of the accuracy of the mass spectrometer, which is used on a 
sample basis in conjunction with the part-by-part measurement done by neutron 
counting. 
by the mass spectrometer. 

Steps are being taken to use evolutionary operation techniques in connection 
with the production of buttons. 
of the fluoride w i l l  be controlled. 
optimize yield, keeping purity above 8 specified level. 

* 

, 

Questionable parts located by neutron counting are also re-measured 

Several variables associated with Lhe reduction 
It is tentatively planned to try and 

Relations Operation 

Three additional salary curves were fitted at the request of Relations personnel. 

STATISTICAL AM) MA-IC& ACTIVITIES WITHIN HLO 

2000 Program 

Chemical Development 

Consultations continued with Process Development Operation in the general area 
of instrument calibration for the pending pulse column test facility experi- 
ments. Additional mid-column photometer pilot study data are being analyzed 
to determine the effect of the tenperature differential between calibration 
temperature and the temperature during experimental runs. 
erature correction factor will be derived from this data. 
designed to calibrate the rotameter which will be used to measure flow rate of 
the pulse column feed stream. 
and flow rate is influenced by solution density, the calibration is being done 
f o r  a range of uranium concentrations from 50 to 120 g/l. 

An appropriate temp- 
An experiment was 

Since the relationship between bulb displacement 

Work continued on a mathematical problem associated with ion exchange phenomena 
reported in Januluy. Further meetings were held with interested personnel of 
the Chemical Research and Development Operation of Hanford Laboratories for 
the purpose of mutual clarification of the chemical and mathematical concepts 
involved. 

Materials Development 

Components of variance calculations were performed on graphite physical pro- 
perties test data for Materials Development Operation. Tensile strength 



measures, loa2 and deflectioc, eiectrical resis*ivity, thermal conduc'vivity and 
coefficient af thermal expansim data were analyzed t,3 determine the variability 
of the prqe3ies within a graphite block and between several such Slocks. .Be 
effec5 on the aver%e value of these properties of crystal orientation, result- 
ing frcaa extrision of the blocks during fabrica"uion, was also estimated. 

Swellinu Stxlies 

Analysis of pare size disfribuTions f x  irradiated uranim samples, pre- and 
p%t-mmeal, continued in order ts determine the heterzgeneity o f  such distri- 
buSions within a single uranium sample. 

Plutonium %cycle 

Several minor modifications were made ic the exper-dent previouly designed 
fDr Struczural Yaterial ?kvelopnent Operasion to investigate the reliabilizy 
of a fluorescent penesrant nondestmctive test used ?a detect surface defats 
on zirconium tubes. 
roughly the same number of defects 50 handle the experiment as initially 
designed. 
additional 14 should be in another month. 

It was not possible t3 pr.ocure sufflcien+ tubes wi+h 

The modified exper'imenr, zses 32 tubes - 18 are naw available 3n3. an 

A n  experimental pragram was deslgned for Ceramic Fuels persorncl to investiga5e 
high energy m-anium axide impacting as a function of the independent variables, 
o.xygen uranium ratig, Dynapak pistm pressure, and oxide tenperatxre. >*e 
primary f'mction of the experimen7; is to de+,ermine how +,hese variables intersct 
so that maximum density impacting can be realized as a fuction of xygea 
uranium rati3 with piston pressure and oxide temperature kept as low as pxsible. 

Further pragress has been -de on the problem of achieving dense packings w i t h  
mixt- ies of three fixed sizes of spherical particles. 3ree sizes and ?.he 
relative proportisns of each have been discovered t h a t  yield a mime packing 
fac%,or in excess of .9.  If can be skmn 5haT s.n absolute ipper bound for the 
wcking density of three sizes 3f spheres is .9825. 

6000 Progrmn 

E io lop j  

linear kine-r; nrul-icgrnpar-aeqT bisl7gy model is in The F - - Y F S S  of being 
generslized In particular the er,+ire model is being rewritt.sn i3 terns tf 
a mltivariate diffLsion partial differentiai eqation. It is expected that 
the solution, when 5btsined, w i l l  x i %  +ne presmf  estimatim tecknique wi",iin 
the purview of classical statis+,izal es-im?im theory. 
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reference system for the calibration of linear differential transducers f o r  iise 
in in-reactor creep testing of zirconium alloys. ' 

Work Sampling Study 

A statistical analysis of data f'ram the work sampling study recently conducted 
by Analytical Laboratories Operation has been completed and the results reported 
to interested persons. 

Division of Research Programs 

Work continued jointly with Chemical Instrumentation and Data Processing in the 
setting up of a magnetic tape master file of program sample data. 
analysis was performed of mass spectrometer standards data and estimates of 
the precision and accuracy of the instrument were provided t o  interested persons. 

Statistical 

The study to determine the possibility of using isotopic concentrations of plu- 
tonium to make inferences about the reactor conditions under which it was pro- 
duced is continuing. 

Methodology 

Several discussions were held with personnel of Nuclear Physics Research 
Operation and some mathematical calculations were done in connection with the 
use and interpretation of a computer code for generalized least squares analysis 
recently obtained from the Los Alamos Scientific Laboratory. 

A table of 5he function 
foreward to explain its use has been written. 
as a formal statistics and mathematics distribution Hanford report. 

2 N  log N for N = l(l)5OOO' has been calculated and a 
This material is being prepared 

A table and accompanying nomogram for the calculation of sample-backgromd 
ratio confidence limits from low level counting statistic data has been pre- 
pared. A farma1 report for mathematics and statistics distzibution is currently 
being written to circulate this material t o  HAP0 research personnel. 

C a r l  A. Bennett, Manager 
Operations Research & Spthesis 
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PROGRAMMING O p E R A T i O N  
MARCH 1961 

A. REACTOR DEVEUQMEIT - M O O  PROGRAM 

1. PLuTamnlM RECYCLE PROGRAM 

Computer Code Development. McroacOFic debugging of the ?del sost  portion 
of the PUCK code is nearly finished. 
mode are checking i n  a l l  four fuel cost  components and i n  t o t a l  f u e l  cost, 
but some further debugging w i l l  be necessary because some intermediate 
values do not agree with the  standard, Results f o r  the  uranium mode s t i l l  
d i f f e r  s l i gh t ly  due t o  variations i n  a minor term. 
used i n  subroutine Rx have been coded as a main program f o r  t e s t ing  purposes. 
Resulting compositions of the  plutonium isotopes appear correct;  but as yet, 
cannot be considered authori ta t ive.  Rx w i l l  be the master minding routine 
fo r  PUCK and w i l l  prescribe the equilibrium and near equilibrium plutclnium 
compositions f o r  analysis.  Currently, the PUCK code analyzes only the 
secular equilibrium case which mayp i n  f ac t ,  take hundreds of years t o  
a t t a in .  

Fuel costs f o r  the recycled plutonium 

The equations t o  be 

The supercr i t ica l  reactor  design has progressed t o  the  point where more 
precise  f u e l  costs a r e  needed than were supplied e a r l i e r  with the PUCK c d e .  
Programming has been supplyfng such data t o  the  Reactor and Fuels Operation 
of t he  Hanford Laboratories. MELEACER, a physics burnup code, w i l l  be 
u t i l i z e d  t o  give exposure vs. enrichment f o r  both batch and graded f u e l  
discharge schemes. These bracket the  operating case of primary in t e re s t  
since the  Supercr i t ical  Reactor would l i k e l y  be operated i n  a compromise 
mode. These exposure data w f l l b e  supplied t o  the  QUICK f u e l  cost  code 
with a wide range of t he  input economic parameters. 
demonstrated the  f e a s i b i l i t y  of t he  method, and the necessary cases a re  
being set up. 

Prelimi2ary debugging 

Work continues on an interim t ap iea l  reFort dealing d t h  the effect  cn 
f u e l  cost  of using various d i f fe ren t  f u e l  clazdings, including coqar4,scns 
between zircaloy and s ta in less  s t e e l .  This first repcrt  covers ~ r a n i - m  
enrichment, but the study v i l l b e  extended t o  i n e h 9 e  the ramificaticns 
of plutonium enrichment. The la rger  neutron cross sections cf  plutinium 
generally allow the use of more pa ras i t i c  material  i n  a reactor .  
f u l l y  evaluate tho possible o p t i m  r y ~ e l  element designs using plcrtcnim 
enrichment, more care must be given the ac tua l  f u e l  geometry by v i r tue  
of plutonium self-shielding in the thermal s p e c t m  and significant epi- 
thermal absorptions which, in tr;m, require self-shielding t,reatnent. As 
a consequence, t h i r  work is being t rea ted  as a f u e l  geometry study r ” G r  
which generalized high speed ccjtfes a re  being develcped. 3’ blind use 
i s  made of codes t o  determine t.he necessary parameters, a r idiculously 
large number of ccaputatfons appear necessary. Hcwever, inspeeticn Gf 
the basic relationships wfthin the  codes and the actzzai avai lable  knowiedge 
indicates that a manageable ccmptatim lsad should be possible. As a 
consequence, a simple code i s  being prepared t c  s e l ec t  the  ccnputaticns 

Tc 
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t o  be made i n  view of the  ac tua l  possible significance, and then t o  
define the  Units of the  results. While this work is under way,9 the  
plutonium-enriched burnup studies a re  being crganized. Much of t h i s  
work can be made avai lable  t o  t h i s  study be edi t ing reactcr  fuel bunup 
data, from specif ic  cycle analyses. 
tha.t reactor  designs maximizing the value of plutonium can be qua l i ta t ive ly  
def lned . 

These data w i l l  be tabulated 30 

Plutonium Recycle Program Planning Act ivi t ies .  The long range s c h d u l e  
f o r  fueling the  PRTR is being revised and up-&ted, taking into acccm5 
changes in-dellvery dates f o r  high-exposure plutonium, revised neutrcn 
yields from plutonium based on the PRTR c r i t i c a l  tests, and cther  changes 
which have occurred since the  previous schedule was issueri. 

A study has been s t a r t ed  t o  ident i fy  the  conditions for eccnmical  ayplica- 
t i on  of partial-decontamination separations techniques, such as the 
"Salt  Cycle" process, t o  over-ail  fuel cycles for the  u t i l i z a t i o n  of 
plutonium in power reactors (plutonfum recycle).  I n i t i a l  e f f c r t s  a r e  
being directed a t  determining the  types of fuels and reactor  feed an3 
burnup conditions under which partial-decontamination type processes skch 
as "Salt  Cycle" appear a t t r ac t ive .  
be determination of t he  cost  of remote, heavily shielded refabricat ion of 
partially-decontaminated, plutonium-bearing, f u e l  elements. 

One of the major considerations wiil 

One member of Programming has provided consultation en "esign scGping a 
the  Fuels Recycle E l c t  Plant, and par t ic ipated i n  a visit t o  six s i t e s  
t o d i s c u s s  the  l a t e s t  operating philosophy and design conslderat:ors f o r  
"hot" laboratories.  G f  i n t e r e s t  from these contacts is  the  2:ca:inuing 
shift of the  meaning of "containment" from "i=mtaiment as a pe r sa r i e l  
protection device'' fo "contamination control ami easy disposal"e 

Code Development. 
tc generalize Che MEI;EAGER b u r n q  calculaticaa has beec c ; i l e = t i .  
code converts batch i m L i a t i o n  data t o  irniat2racfe3. graaicd %ta an2 k , L l  
p rmide  shut off *ta for eizfier mode a t  any 3.eirsd final react.iv:ty. 
Thus, a s ingle  MEZEAGm, physics calcuiation reFrezents b . i ~ b  batch and- 
minterac ted  grazc-h cases a t  any n-mber GI? f i r ia l  a, vahzcs ,  wh:ch consti- 
t u t e s  a gross saving of csqGt.er time. coacurrently, ttz MF;*xAG~E T~~:J-;.I.:J 
code has been changed. t o  aL.m PiLly-fnt=racted, grade2 bmq cai:,slatioss 
t o  be made in additim t o  the -mLnteraet& c.:mptatiGoa sent.icnzd abave. 
These twc forms of graded i r rad ia t ion  bracket, the F c a s i b k  Lattice arrange- 
ments that may be esi'mntereci ic a reactcr. 
interacted cases can be rapidly mmpietsd since cve r -a l l  r2actzr cc3aitioca 
apply, which eliminates the necessity cf altering the nuclear CSICIS 
sections as the bumup proceeds. The MEZZAGER g e n i r a l i z a t i a  x d e  has 
been written so khat it can also prscejs t.he F d l y  interacre2 grade+i 
discharge data, although slightly 5iffirent rolaticnships a re  
code curve-fi ts  the  i s c t ~ p i c  m q o s i t i c n s ,  t he  r x p c ~ u r e ,  ana +,he 
i n s t a t a n e m s  and average k, ' 5  as a function or" tine. 
density fif is acc3Tlisked by appLxha t fng  the .%ta witn an e x p x n t i a l  

The first working version of a computer przgam Zesigned 
T.e 

c'cspc:r,ati.sn cf f d l y  

'The isotayic  

I 2 3 0 0 b 2 function, and then f i t t i n g  the Ilfferer,in by twc third-order pciyncmial 
functions. The t i m e  scale i s  ther ncmalizeli t o  a constant f lux  an6 
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selected speclf ic  pc?~er case tc represent grazed i r r a d i a t f m .  Third- 
order polynmfals a re  a l sc  us& t c  f i t  the  data as a function cf &- 
This provides "shutoff" h t a  a t  a nmber cf lfmiting values s o  that 
a s ingle  MEZENXR c a l c u h t i o c  can be convelzd in to  any number cf cases 
a t  a great  savings i n  compzlter time, A scmplete eaiLztrlat5n wPth an 
unlimited number of f i n a l  values requires a b x t  one minute csmpared 
with approximately three mint;tes f o r  a s ingle  M E W E R  case which 
produces only one value. 

A revisior; of the  Q K C K  eccnmfzs cc3e w a s  promptei by the  necessity 
f o r  ref ining the inxemental  f%el element fabr icat ing and jacketing e c s t  
(FEFJ) calculatfcn f o r  simple p lu tonim recycle e 

a d d i t i m a i  cost  is  required f o r  jacketing pi-ztcnim bearing fllcl elzmen+,s 
Over the cost I D f  jacketing wanium-only fuel elements. In  this rZviSfGn, 
the available pltitonium is conei9erp9 t c  be mixed with t a i l s  ccnpc;",+,ion 
uranium while the frac-ticn of the f u e l  elenents i n  the reac ts r  t ha t  
contain plucuonfuin is 3ctemined by t n e  c r i t e r ion  ?hat the  e n r i i b e n t  
(atomic f rac t ion)  sf each element in the  reactor  be the same, The FD?J 
cost for the  reactclr is calculated by aadfng tne basic FEpd ccst. t c  %he 
de l t a  cost  and mlt i? lyfng  by the  f raz t ion  clf the eiementa t h a t  ccntain 
plutonium. 
the concentration of recycled plutonium is maximized so t h a t  the cirer-all 
cost of the  incremectal fabr lzat ion charges, delta, is minfmized. The 
impact of t h i s  is IUCSC, impressive. 
reactor, by confining the piutonfm enrickumt tc iiepletzd urmimp 10 tt 
20 grams cf fissionable plutcnim a re  u c d  in  egch pv&A cf f u e l  which 
spreads a de l t a  value cf $20/lb rJf f ue l  such tha t  Zhe plutonium value 
is  decreased only one t u  t w o  d G l l a r s  per gram. If, cn the  C h e r  hand, 
the  recycled plutonium is - 2 e C  t o  enrfcl; eve,ry f u e l  elemnt. i n  the 
reactor, then, the recycled p l a t cn im i e  i n  TWG tc t - kse  g r m  qmt iz i i a s  
i n  each pcund of ???re1 arid the  assc-.Ia%i pL-tcnfum value redlctf:3 i s  
$10 t3 $20/gram for az incrsmentai charge 3f $2O/'ib cf h e l a  
a cost involve2 with zoning since bfgh2r-+xi:se3 u r a , ? i l u ~  musf be 
purchased f o r  the  uanium-enri2l??d z=ne a t  a s l i g h t l y  higher C C Y ~ .  
Accordingly, t n f s  section ~f tlie et&? i s  arrar-ge: sc +,ha%* 

This incremental . "  

This r e v i s k n  permits evaPuat:cn cf a zctnej. reactzr  i n  which 

For e x q i e ,  ia a ty-picalt%ermal 

There is 
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W o r d  waste disposal practices,  envirmmental mcnitoring, and 
appropriate re la ted research were revfewed with S o  H. Small of 
the Internat ional  Atomic Energy Agency, Vienna, Austria. Also, 
similar topics plus the praposed ecological studies fn the  Coiumbia 
River system including the estuary an2 oceanographic studies were 
discussed with D r .  I. H. Wallen, AEC-Wash., 3ivis ion of Biology and 
Medicine. A report  was compiled and transmitted t o  AEC-HgO f o r  the 
use of AEC-Wash., Division cf Eiology and MeZicine, i n  the  Special 
Report t o  Congress on Life and Physical Sciences. 

HAPO-wide irradiaticln uni ts  requirements were reviewed and compiled 

t o  HOO. 
capsule i r radiat ions and loop i r rad ia t iens  i n  suf f ic ien t  d e t a i l  fo r  
Commission planning purposes. 

' by programs f o r  F isca l  Years 1961, 1962, and 1963, and transmitted 
The tabulation included the needs f o r  each program by 

Assfstance was provided i n  arranging fcr v i s i t a  arid tours by 209 
v i s i to r s  during the month. 
o f f i c i a l  v i s i t s ,  plus 110 students and scncol administrators on f ea r  
separate tours. It a l so  included one Austrian, one Swede, and 11 
Japanese nationals of the  Japanese nuclear material  t e s t  reactor team. 

!This number fncluded 99 v i s i to r s  on 39 

Study is  being given t o  the p o s s i b i x t y  of havfng clle day a month set 
as ide as "tour day" a t  Ranfore, an.? t c  publicizing t h i s  procedilre, i n  
order that a l l  but o f f i c i a l  v i s i t s  would be heid on t h i s  day. 
m a x i m  capacity f o r  handling tour  v i s f to r s  under such a plan i s  e s t i -  
mated at about I200 v i s i t o r s  i n  one day. 

The 

Acting Manager, 0 
Programming 

FW Woodfield: rd 
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RADIAEON PF.OTECTION OPERATION 
REPORT FOR TRE MONTH OF MARCH, 1961 

A .  ORGA.NIZCIIE?ON AND PERSONNEL 

. The in te rna l  re-alignment of the Radiation Protection Operation became effect ive 
March 1. The Section is  now composed of six Subsections and two individual con- 
t r i bu to r  posit ions reporting t o  the Manager - Radiation Protection. I n  conjunction 
with the  s ta f f ing  of  the new Subsections, R. F. Foster joined the Radiation Pro- 
tec t ion  Operation as Manager, Environmental Studies and Evaluation and H. V.  Larson 
joined the Radiation Protection Operation as Manager, External Dosimetry. 
John M. Selby, Engineer, was rehired i n t o  the  Radiological Development and Calibraoions 
Operation on March 13. 
Dosimetry Operation on March 7. 
Analyst, was transferred t o  the Fuels Preparation Department 8 s  a Metal Handler. 
The t o t a l  force i n  the Radiation Protection Operation on March 1 was 138; 39 exempt 
and 99 non-exempt. 

. 

Alice L. Didier, Secretary, was hired i n t o  the In te rna l  
Effective March 20, Melvin Lo Brinkerhoff, Chemical 

B. ACTIVITIES 

A n  HLO employee, assigned t o  the 325-A High Level Cell Fac i l i ty ,  received an 
exposure of 6.3 rads beta  and .lg r gamma, as measured by h i s  film dosimeter. 
source of this excessive exposure t o  the  skin was believed t o  be a highly contaminated 
metal bar  or contaminated protective clothing. The m e t a l  bar which was handled w a s  
subsequently found t o  have surface contamination of 150 rads/hour a t  two inches. 
The dose t o  the skin exceeded the maximum permissible dose of 6 rads recommended by 
the  NCRP f o r  a 13-week period, 

The 

Four IPD employees received t rans ien t  in te rna l  deposition when an unkr,own gas under 
pressure m s  released from a sample tube i n  the inner rod room of  the t05-m 
Building. Whole Body Counter m surements indicated 6 - 100 nc of Na2 and from 
30 t o  180 nanocuries (nc) of Zn8, representing respective maxima of 2% and 0.3% 
of the maximum permissible body bu.rc$y (mpbb). 
t rans ien t  i n t e rna l  deposition of Mo while lubricat ing the reactor  control rods 
a t  the  105-DR BuSl ng. Elcamination i n  the Whole Body Counter i n  cated 

Three other  IPD employees received 

125 - 280 nc of Mo% (1.6$ - 3.6$ of the mpbb; with t races  of Na2'and Zn 

A local ized exposure from a radioactive pa r t i c l e  on the face of  an IPD employee 
resul ted i n  an estimated maximum dose of k e 6  rads, including .O5 P t o  a small 
skin area. 

Par t iculate  f i s s ion  product contamination occurred throughout the lO5-m Building 
during the removal of the  ruptured fue l  element and process tube from the r e a c t x  
f ron t  face. 
disposal of contaminated protective clothing, w a s  confined t o  the building. 

The contamination, which was believed t o  r e s u l t  from removal and 

There were no new cases of plutonium deposition confirmed during the month. 
t o t a l  number of plutonium cases that have occurred i s  265, o f  which 193 are 
current ly  employed, 

The 

UNCMSSIFIED 
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A f au l ty  s e a l  on a tank containing plutonium n i t r a t e  solution resulted i n  wide- 
spread contamination of  equipment,floor areas as well as t o  three employees a t  
the Physical Constants Test Reactor i n  the 305 Building. Decontamination and 
resurfacing o f  f l oo r  areas proceeded throughout the month i n  contaminated air  
up t o  1 . 5  x 10-9 )IC Pu/cc. 
the hands of one employee and on other surfaces i n  the reactor  room. 
bioassay samples of involved employees indicated l i t t l e ,  i f  any, deposition of 

Mcrocurie &mounts of plutonium were measured on 
P r e l i m i - w  

plutonium. 

The floor &d bench in Room 42 i n  the 231-2 Building were contaminated up t o  
40,000 d/m from the radium on the dials of an a i r c r a f t  bomb s i t e  that had been 
dismantled t o  obtain some gears and shafts. 
incorporated in to  the new Physical Testing Mobile Laboratoqy which will result, 
i n  improved radiat ion control. 
addi t ional  l i g h t s  and radiat ion instrument alarms, a flashing red l i g h t  on the 
truck, improved shielding during t ransport ,  and greater  securi ty  of  the sources 
when the truck is unattended. 

Several improvements have beer? 

Included are  a generator f o r  operation of 

The c r i t i c a l i t y  meters alarmed i n  the 325 Building and i n  the 305-B Building a t  
unrelated times during the month. Immediate followup surveys and processing o f  
the d isas te r  film kits confirmed t h a t  no abnormal radiat ion event had occurred. 
The cause of the alarm i n  the 325 Building was not d e t e d n e d .  
Building, the alarming l e v e l  had been established too low f o r  operating the 
Physical Constants Test Reactor a t  a power l eve l  of 100 watts. 

' 

I n  the 305-B 

A 
Sr?O on a l l  Maintenance Laboratories and service personnel a t ' t h e  Hot Semi-works 
was i n i t i a t ed .  
during the month. 

rogram t o  obtain background bioassay and Whole Body Counter measurements f o r  

Background sampling of the Hot Semi-works stack was i n i t i a t e d  
The following average a c t i v i t i e s  -were discharged: 

gamma emitters 
beta emitters 
alpha emitters 

negligible 
1 x 10-5 curies/day 
1 x 10-6 curies/day 

Laboratory sens i t i v i ty  f o r  measuring SrgO on the integrated f i l t e r  sample is  
9 x 10-7 curies/day. 
this isotope. 

This represents approximately 1% of the release l i m i t ,  f o r  

EquLpment revisions and recal ibrat ion of the Redox stack 50' l e v e l  samplin8 
equipment w8s accomplished. 
sample flow through the manifold while allowing a volume of 2.4 c f b  through the 
sampler. Additional revisions remaining are: 
from the stairs and back in to  stack t o  prevent contamination of  stairways and 
icing i n  winter months, and 2 )  relocation o f  the steam t r a p  a t  the top of the 
s t a i r s  t o  prevent icing. 

A 3/4" o r i f i ce  was i n s t a l l ed  t o  provide the i3okine:ic 

1) diversion cf steam j e t  discharg* 

Field t e s t ing  of the charcoal adsorber car t r idges f o r  1131 monitoring continued. 
Data t o  date indicates  that addi t ional  development work on design i s  required.. 
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Calibration of the modified s o a i m  iodide s c i n t i l l a t i o n  equipnent f o r  aeriai  
monitoring was re inst i tuted.  
different time constants over a 2 cur ie  cobalt somce. 
fair  agreement with calculated values. 
i n f in i t e  water source t o  determine the  capabilities of cfetecting an increase 
i n  background due t o  contamination. 
from land t o  water at  500'. 
the  same a t  lower a l t i tudes  a6 a t  5OO', this indicates that it should be possible 
t o  detect an increase i n  ground d i a t i o n  leve ls  of about 25% f o r  an in f in i t e  
source s ize .  
of  flyinps time f o r  environmental monitoring personnel. 

The Automatic Columbia River Monitoring Station (ACRMS: continued t o  operate 
sporadically due t o  previously reported amplifier troubies. 
amplifiers were ordered on an emergency basis and i c s t a l l a t ion  of the new mp;iflers 
was planned during the second week of April .  

FLights were made a t  varying a l t i t udes  and a t  
The resuits were i n  

MeasLnements were made over land and an 

A reduction by a f ac t a r  of two vas observed 
Since the background over the water was essent ia l ly  

Five f l i g h t s  were made during the month f o r  a t o t a l  of 26 manhours 

Two new s o l i d  s t a t e  

The ACRMS was i n  operation p a r t  t i m e  during the down period o f  the reactors on 
March 13th and 14th. 
noted. In addition, several radiation traverses and temperature measurements 
were made on the Columbia River. Results of these studies w i l l  be reported 
separately. 

A def in i te  t rend i n  the measured a c t i v i t y  of the r ive r  was 

Sampling of Columbia River f i sh  was started by the EwironmentaJ. Studies WAd 
Evaluation Operation on March 29, 1961. 
waterfowl sampling was received. Modification of the laboratory i s  currently 
i n  process and should be completed during the first week o f  April.  
w e r e  held with D r .  Eagan and others of the State Agriculture DepaPaent re la t ive  
t o  obtaining bovine thyroids. Favorable cooperation was indicated azd the  details 
a re  current ly  being worked out. 
the month. Routine surveys of the ground of control  p lo ts  i n  the 200 Areas indi-  
cated no unusual conditions that were not previously noted. 

A l l  equipment orderee! f o r  fish and 

Discussions 

Twenty-four crop samples were obtained during 

Compilation of  information reiating t o  reactor  e f f luent  and the measuremen5 of 
radionuclides i n  the Columbia Eiver was begun 4 w  use i n  an audit of the monf5oring 
and evaluation of t h i s  source of environmental exposure. 

The State  of Washington Depar-bment. of Game was re-contacted t o  encmrage i r i t i a t i o n  
of a survey of  the kinds and numbers of f i s h  and waterfowl harvested f r g m  this 
area and the  qwmti t ies  eaten by l.ocal residents. 
f o r  the surveys are nearing completion. 

Formai contract  arzmgemen+s 

Waste disposal pol ic ies  f o r  the Fuel Eecycle Pi lot  Pian-c are i n  the  process of 
being formulated. 
gaseous exhaust limits. 

The majority of effop, has been concentrat.ed on es tabl ishiq 
Those radion i i&s which are being investigated are Pu239, U (natural) ,  1131, Srgo, and S r  % 9.  

A study was init iated of the poten t ia l  cced f o r  res+,ric+,ing use of land south of' 
the 300 Area, considerirg planned additions t o  pk-n-t; faci1i:ies and the northwara 
gromh of the C i ty  of Fichland. 

1 2 3 0 0 6 8  



Assessment of the Iphximum consequences of aa acc iden td  =.lease of selected 
radionuclides during shipment was campieTed during rhe month. 
considered. The fixt case, involved +.he shipment o f  90,OOC curies of Ce137 
i n  an Oak Ridge desigc i! cask {ST:$ m e  second case involved the shipment 
of  80,000 curies of S& i n  a HAP0 aesLgned cask (HAP0 ?A:. The rtsul'rs of 
these anaiyses were d x m e n t e d  i n  HW-68899 wi5h L. L.. Zahn ;ts co-au5hor. 

Two cases were 

The Radiological Design Cr i t e r i a  ior the Fuel Recycle Pilot Plant were completed 
ami dist r ibuted.  
location of the PWP f a c i l i t y  8ue east of the 308 Buiidi-w was s t w i e d .  

The f c a s i b i x t y  of  moving B u r i a l  Gromd #6 51) pemi4; :he 

Landsverk Znetrument Company xdLca+,..d tht the cge hundred pro-otjrpe iozizsfioE 
chamber fi-wer r iq  dosimeters, being obtained for  final eval.u.tion, nll be 
shipped by the end of March. 

Development woyk an The new fi lm badge a3sime+er coatinued, Xlm shielded v i th  
25 mils of tungsten axxi exposed t o  e ludL doses of P L J ? ? ~ ? ~  X-!%ys w i t L  ezergies 
from 52 t o  17C Kev exhibited a dezsizy mnge of  1'7%. 
density increased by bbout 60$ indicai;ing t h a t  a th inner  tungsten f i i t e r  is 
required t o  normalize the film response from 0.95 to 1 Mero 
20.8 mils i n  thickness, have re3xcecl. the 2.ewity vanet im,  st constant dose, t o  
about 10% ovtr the energy rsngt Pram 0.05 %c 1 Hev. 

A: higher enecgies, the 

Tungsten f i i t e r s ,  

X-ray templates t o  code d.osimet,er f i lm with :he ares as w e 2  as the week and 
year i n  which i t  was w3rn a re  baing fabricatei: f o r  use i n  ?he badge processing 
=chine. 

The desi- d the new automatic dersiTsPe+er bas r t y i r e d  consider&ble rework 
by the Nucleonic Instrumentation Cpera3on. 
and the equipment about 40s fabricsted.  
have been obtained and f1na.l completion DP t h i s  projecs is  p r e d i c e d  f o r  April .  

The design is now '7Q% recompletsd 
Necr?sscy psr+,s f o r  a 2  al tep- t ions 

The 3"  dibmettr double moderator c r i t i c a l i 5 y  dosime-,+_p received SU t i o m 1  
performance t n l u a t i o n  testingn %e f o l i  system siALar :Q Yht S&va,nnah River 
c r i t i c a l i t y  dosimeter has 3een added t o  provide the divis ion of the 2elJt;.on 
spectrum i n t o  f ive  energy gpoupe. T t s s  p e r f c z m ~ c c  t o  date indicaTes  ha^ t h e  
t o t a l  single c3i. l ision theory dose i n  rads CSI! %? 5vaLwtel mt.h bfi accurscy of - + lS$. The p r f o m n c t  of copper f o i l s  - i ~ L i ~ : * <  a+ zeu+xn ezergies ranqi -q  
frzm 0.230 t o  0.9% Nev was f o n d  t3 Se abcu,: d iac?o;- o f  5 Less  ha^ the r.osponse 
at  1.8 Mev, The,.? olxEn-a.tians indica?? *%t. 3 c q p e r  fail w i l l  'x us;eful C q r  
measwiq the f,ctaL ceutron flux be:m abou: L M?v 
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A j i g  fo r  use i n  positioning the impactor head on the portable impactor a i r  samplers 
has been designed. 
the impactor air samplers, it i s  necessary that the distance bet.ween the impactor 
head and the col lector  p la te  be maintained a t  a predetermined value. 
p e d t s  the checking and relocation o f  this spacing i f  necessary. 

A review of ca l ibmt ion  procedures and methods has been i n i t i a t e d  i n  order t o  
define areas i n  need of improvement, correction, o r  developent  a t tent ion.  
extensive program t o  provide necessary mdi f i ca t ions  t o  procedures and e q u l p e n t  
i s  being in i t i a t ed .  As part  of this program, the K-fluorescent source was 
re-examined and an appropriate new dose r a t e  cal ibrat ion obtained. 

Six units were fabricated,  To assure constant efficiency of 

The j i g  

An 
. 

An electr ical ly-dr iven system f o r  rotat ing f i lm dosimeters during routine c a l i -  
bration a t  16 and 59 Kev w a s  designed t o  eliminate s l i g h t  discrepancies i n  
K-fluorescent source beam in t ens i t i e s .  Comparisons of dosimeters cal ibrated on 
the rotat ing system and previously cal ibrated dosimeters show a s ignif icant  
decrease i n  density var ia t ion  between dosimeters. 
X-ray f i l t e r s  have been replaced. 
consists of a single sheet of material. 
each new f i l t e r  was reviewed pr ior  t o  Its use. 
spectra remain t o  be completed. 

Routine cal ibrat ion and spec ia l  services were provided t o  customer groups. 
t o t a l  of 39.8 cal ibrat ion hours wepe spent on special  studies during the month. 
The year-to-date t o t a l  f o r  special  studies is  160.2 hours. 
unit  was recal ibrated with the free air  chamber. 
about l5$ since the last cal ibrat ion.  

Safety rules, emergency c a l l  l i s t ,  and evacuation procedures were reviewed and 
updated. The air  conditioner switch was  plainly ident i f ied ,  and a klaxon warning 
horn was i n s t a l l ed  t o  s igna l  f o r  building wacust ion as necessary. ALL radium 
sources stored i n  the vaul t  were given a le& t e s t .  
f o r  19 CP meters, 4 Juno meters, 4 GM meters, and other obsolete equipment, 

A prototype Scintran instrument was received from General Elec t r ic ,  San Jose, 
California, and is undergoing preliminary acceptance and ca l ibra t ion  t e s t ,  
The Bendix self-reading pencils were received and are being given ca l ib ra t im  
performance checks. A t  t h i s  t i m e ,  28 out o f  200 pencils received have f a i i e d  
some portion of the acceptance t e s t .  

All of the i n i 5 i a l  K-fluorescent 
Each f i l t e r  now has the same dimensions and 

The energy and dose r a t e  obtained wlth 
Some fur ther  s tudies  of the energy 

A 

The 220 KVP X-ray 
"+he dose r a t e  had d r i f t ed  down 

Excess papers were processed 

C. TRIPS AID VZSIT0F.S 

David Wagstaff from the Oregon State  Board of Health v i s i t e d  the Calibration 
f a c i l i t i e s  on March 16. 

C ,  M. Uzzruh attended the Film Dosimetry Performance Cr i t e r i a  Meeting held at  
Germantown AEC o f f i ce ,  
Safety f o r  the AEC convened rhe meeting t o  discuss personnel dosimeter c r i t e r i z .  
The c r i t e r i a  being developed may at  a future date be utilized i n  evaluating :he 
performnce of commercial. film dosimeter services,  

Lo R ,  Rogers, Assistant Director, Nuclear Materials 

UNC LASSEFIED 
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J. W. Nmak and W. E Bleiler from Argonne National Laboratory, Lemont, I l l i n o i s ,  
v i s i t e d  Radiation Protection f a c i l i t i e s  t o  discuss radiat ion protection pr9- 
cedures and methods used a t  Hanford. 

K. R. Heid attended the Nuclear Weapons Medical Symposium a t  Albuquerque, New 
Mexico. 

Seven of twelve papers su'twitted f o r  presentation a t  the 1961 Annual Meeting 
of  the Health Physics Society have been accepted thus far. The papers accepted 
were : 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

"Columbia River Continuous Moni+,oring System" - by T. C .  Mehas 

"Radiological Protective Apparel Program A t  Hanf'ord" - by T. C .  Mehas 

"A Portable Dose Rate Instrument For Measurement O f  N a t u r a l  
Background Radiation Levels" - by F. L. Rising 

%Experience With An Ionization Chamber Pulse Reader A t  Hanford" - by F. L. Rising 

"Radiological DevelopEnt Within The Hanford Radiation Protection 
P r o m "  - by C. M. U& 

"Radionuclide Classif icat ion:  
J . W .  Vanderbeek 

'Quantitative Measurements O f  
I n  Nuclear Industrial Workers - by F. Swanberg 

De EMPLOYEE RELATIONS 

Relative And Absolute Hazard" - by 

Some Camma Ray Emitting Radionuclides 
By Whole Body Counting Techniques" 

Three suggestions were submitted by personnel of the Radiation Protection Opm?ition 
during the monfh bringing the year-to-date t o t a l  t o  8. 
adopted and one rejected.  Three suggestions submitted by RPO personnel a re  pendi?? 
evaluation. 

Three suggestions were 

Three were three medical treatment injuries during the month f o r  a frequency of L,20 
No secur i ty  v io la t ions  occurred during March. 

Radiation protection t ra in ing  included: three 1-hour demonstrations of  pro+,ective 
equipment and their  use were presented by radiation monitors t o  90 members of 
Design Engineering Operations; f o u r  2-hour t ra in ing  sessions on radiological 
problems a t  the Biology F a c i l i t y  were held with all 100 Area Firemen; and oqe 2-hour 
talk on rad ia t ion  protection x a s  presented t o  a l l  Hot Semiworks personnei., 

UNCLASSIFLED 
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E. SIGNIFICAIVT mPORTS 

c-7 HI?-69062 

HW- 669 54 

. HW-68751 

HW-68851 

HW-68899 

HW-69039 

"Radiological Design Criteria For The Fuel Recycle P i lo t  Plant" by 
L. G.  Faust and C .  M. Unruh 

"Control Limits For Concentration O f  Radioactive Materials I n  
Aqueous And Gaseous Effluents From The Plu tonim Recycle T e s t  
Reactor" by G. E. Backman 

'!Analysis O f  Radiological Data For The Month O f  February, 1961" 
by R. F. Foster 

''Maximum Liabi l i ty  Evaluation, Strontium And Cesium Shipments 
Decalso Media" by E. C .  Watson and L. L. Zahn 

''Monthly Report - March, 1961, Radiation Monitoring Operation" by 
A .  J. Stevens 

L. C .  Rouse presented a lec ture  en t i t l ed ,  "Some Health Physics Aspects O f  
PRTR" t o  the Columbia Chapter of the Health Physics Society. 

UNCLASSIFIED 
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ENVIRONMENTAL MONITORING - RESULCCS - (Mid-February 1961 - Mid-March 1961) 
Activi ty  Monthly 

U n i t s  Sanrple Type and Location rype Average - 
Drinking Water 

100-F Area Isotopic 0 *7 %-GI* 
Separations Areas Gross Beta 2.3 x 10-7 P C / C C  
msco Isotopic 9 01 $3 MPc,-GIH 

Richland Gross Beta < 3.0 x 10-8 F / C C  

Kennewick Isotopic c 1.0 $ E , - G I *  

Columbia River Water 

Above 100-B Area Gross Beta 1.7 x 
100-F Area Isotopic 3 00 

Isotopic 2.5 Hanford 
a s c o  
McNary Dam Gross Beta No Sample 
Vancouver, Washington Isotopic 0.5 

Is0 topic  18 

Atmosphere 

P1 Separations Areas 3 3 1  
1'3' Separations Stacks $31 
Active a r t i c l e s  - Project -- 

-- Active Par t ic les  - Environs 

6.8 x 
0.8 
1.0 
0.1 

Vegetation (Control l i m i t  for vegetation is  10-5 pc W / g )  

Separations Areas 1131 
Re s ident  i a  1 1131 
Eastern Washington and 

Oregon 1131 

2.1 x 10-6 
< 1.5 x 

* The $ E i s  the percent of the m a x i m u m  permissible limit f o r  occupat.iona!, 
exposure To the gas t ro in tes t ina l  t r a c t  calculated from drinking water l i ln i tc  
contained in N E  Handbook 69. 

* The $ ME,-GI i s  the percent of the maximum permissible concentrations f o r  
persons i n  the neighborhood of controlled areas fo r  continuous exposure t o  
the gas t ro in tes t ina l  t r a c t  calculated from drinking water limits contained 
i n  NBS Handbook 69. 

This locat ion i s  now sampled quarterly.  The most recent result i s  tabled. 

c 
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EXWSURE EVALJATION AND RECORDS 

Eqosure  Incidents above Permissible Limi ts  

Whole Body Localized 'I 

March 
1961 t o  Date 

I 
1 

J. 

3 

h a t  
Readings ,. 

Gamma Pencils 
Pencils Paired ReadFngs Paired Readings 

Processed 100-280 mr Over 280 m r  
. March 5,324 67 3 

1961 t o  Date 14,742 213 13 
U 
0 

Lost 
Beta-Gamma Film Badges 

Badges Readings Readings Readings 
Processed loo-300 mads 300-500 made Over 500 mads Readings 

Average Dcse 
Per Film Packet 
mad( ow) mrcs) 
9 A7 23. sc 43 March li ,128 963 

1961 t o  
Date 30,503 2,640 

136 

266 

30 

78 

Readings 

9.02 20.38 78 

Neutron Film Badges 
Film Lost Readings 

lOO-3OO mrem 
Readings 

70-100 mrm Over 300 mrem Readsb.8;e Processed 
Slow Neutron 
March 
1961 t o  Date 

10 
25 

0 
0 .  

0 
0 

0 
0 

0 
0 

March - 
43 
10 
0 

3 

0 - 
56 

March 
0 

518 
18 

577 

291 

0 

2,320 
5,232 

777 
i, 596 

Fast Neutron 
March 
1961 t o  Date 

10 
25 

79 
a8 

10 
53 

Whole Body Counter 
1961 to Date 

148 
27 
1 

Male 

41 
10 
0 

- Female 

2 
c 
0 

GE Employees 
Routine 
Special 
Terminal 

9 3 

0 - 
54 

0 Nonemployees 

0 - - Pre-employment 
w 
UJ . Total 
a. 

2 

Bioassay 
2 1961 tc Date 

- 3it J= Confirmed Plutonium Deposition Cases 

Pktonium: Samples 
Results 

Assayed 0 

2,062 
2 

Fission Product: Samples Assayed 
Resnlts above 3.1 x 10-5 pc FP/sample 

U r a n i u m :  SamDles Assayed 862 
-he t o t a l  n&ber of piutonium deposition cases which have occurred a t  
Hanfcrd remains 265. UNCT..ASSTFTKTl 
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Sample Descriptfon 

k e l s  Preparation 
F.el3 Preparation* 
Hanford Laboratories 
Hanford Laboratories* 
Chemicsi Processing 
Chemical Processin@ 
Special  Incidents 
Random 

Following Eqosure  
Units of  10-9 uc ‘Jjcc 

Number 
Maximum Average Samples 

80.3 3.2 74 
1.7 1.7 i 

19 09 3.; 32 
0 0 0 

58 .o 7.2 32 
8l.L 47.1 2 

470.0 51.4 18 
1 .o i .O 2 

Fcllcving Pericd cf i?c E r ~ c s  
Units cf LO-9 pc U / C C  

N:mb e r  
Maximum Average Sampies 

436.0 iO.6 €2 

6.5 2 .i 27 
0 0 0 

0 0 0 

0 0 0 
0 0 0 

wSamples %&sen p r i c r  t o  and af ter  a specif ic  job dwring vcrlr week. 

Thyroid Checks 
Checks Taken 
Checks Above Detecticn L i m i t  

Hand Checks 
Checks Taken - Alpha - Beta-gamma 
Skin CoEtaninat ion 
Plutonium 
Fission Products 
U r a n i u m  

CALIBRATIONS 

Portable Instruments 
CP Meter 
Juno 
GM 
Other 
Audits 

Total  

Personnel Meters 
Badge Fllm 
Pencils 
Other 

Tctai 

30,682 
42 J 968 

29 
46 
1 

87,339 
139 9 998 

E3 
i29 
. ZlL 

Pmber of  Units Caii?rnt,ed 
Marzh 1961 t o  Datc 

MLsceilaneous Specia; Ser-rices 1,181 L &LZ 

I 2 3 0 0 ’ i 5  
Fadiat i on F r o t  ec t i on 
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LABORATORY AUXILLARIES OPERATION 
WI?THLY m O R T  - MARCH, 1961 

GENERAL 

There was one securi ty  violation charged to  the Operation. 

There were no major in jur ies ;  the minor injury frequency r a t e  w a s  2.29, 
which is  considered below average experience. 

' 

TECHNICAL SHOPS OPERATION 

T o t a l  productive time for  the period w a s  19,837 hours. 
14,72l hours performed i n  the Technical Shops, 3,621 hours assigned to  
Minor Construction, 259 hours assigned t o  other  project  shops and 1,236 
hours assigned to of f -s i te  vendors. 
of which 60% is required i n  the  current month with the remainder dis t r ibuted 
over a three-month period. 
8.3% (1,457.9 hours) of the t o t a l  available hours. 

This includes 

Total  shop backlog is 21,651 hours, 

Overtime hours worked during t h e  month w a s  

Distribution of t h e  w a s  as fol lows:  
Man-Hours $ of  Total 

Fuels Preparation Department 4,957 25.0% 
I r radiat ion Processing Department 739 3.796 
Chemical Processing Department 646 3.3% 
Hanfo rd  Lab0 rat0 r i e s  Operatian 13,298 6700% 
Construction Engineering & U t i l i t i e s  17 0.q 
Miscellaneous 180 0.9% 

Requests f o r  emergency service increased sharply, requiring an overtime 
r a t e  of 8.34, compared t o  5.4$, the previous period. A majority o f  the 
requests originated from t h e  Weapons Component Operation i n  CPD and the 
PRTR Operation i n  HILI. 

A t  the clcse of  the reporting period, there were two open requisit ions f o r  
Machinists and one f a r  a qualified Instrument Technician. Candidates f o r  
these posit ions have been processed and f i n a l  ca l l - in  issued. 
were added t o  the r o l l  during the reporting period. A Junior Engineer 
associated with +,he Manufacturing Training Program was assigned t o  the 
Technical Shops for  a six-month t ra in ing  period. Exposure to all phases of 
shop operation i s  planned, with vacation r e l i e f  duties furnishing the 
majority of the experience. 

Two Machinists 

Security performance was considered sat isfactory,  w i t h  no violations.  There 
were nine medical treatment injur ies ,  which is considered within the normal 
control l eve l  i n  an operation of  t h i s  sype. 

UNCLASSIFlED 
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CONSTRUCTION OPERHTION 

There were 65 e x i s t b g  J. A. Jones Company orders a t  the beginning a f  
The month with a total unexpended balance of  $110,743. 
fourteen new orders, 2 supplements and adjustments fo r  underruns amounted 
tc $78,072. Expendltures during %he month on HLO work were $117,723. 
Total J. A. Jones backlog at month's end w a s  $75,232. 

One hundred and 

Summary 
HL m&m 
Unexuended Unexpended - 

No. Balance - No. Balance 
7 

Orders outstanding beginning of month 64 $ 106,238 1 $ 4,505 

8,524 1 Issued during the 100 a (1nc.Su-g .& A d j  ) 114 73,072 
Z , A e  Zones Expenditures during mo. (Inc. C.O. costs)  $ 106,148 $ 11,575 

1,4511 1 
Balance month's end 69 73,162 0 

0 Orers d.osed durulg month 109 227,2u 

FACILITIES ENGINEERING OPERATION 

Projects  

- 

of February 28, 1961. 

The following summarizes the sC,atus o f  FEO project  ac t iv i ty ;  

12 

2 

Number of authorized projects  at month's end 

Nunber cf new prc jec ts  authorized d3ring t,he monzh. 
CGH-923 - Spectroecopy Laboratory - 325 B u i l b n g  
C M - 9 2 l  - Geological & Hydroioglcal Wells - FY-61 

3 P r o j e ~ t s  compier-ed during the monrh. 
C G - 7 3 5  - In-Reactor SYLdiec EqG:pmen+ - i35 Kw 
ZGH-eO5 - High TomperaTure Tensile Testing Cell - 327 Bl2g 
CGH-907 - S C E n 7 i U i - P  I n t e r m  Pmggram 

2 New projec't prcposals submisted t o  AEX d x m g  monf-h, 
CGH-922 - B u r s t  TesT Fae i lz ty  f o r  I r r 4 b a r e d  Zr T h e s  
Cf-Ei-527 - Adr';tions 70 271-CR Building Was-e Treatmen: 

Demonstration Facili7y 

1 2 3 0 0 1 1  
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New projects  awaiting aEC erpproval: 
CGH-902 - U r a n i u m  Scrap Burning Fac i l i ty  
CAH-$1'7 - Field Service Center 
CGH-918 - Second Whole Body Counter Cel l  Addition - 747 Building 
CGH-919 - 314 Building Ventilation System 
CGH-922 - Burst Test Fac i l i t y  fo r  I r radiat ion Z r  Tubes 
CGH-924 - 200 Kw Induction Heating System - 306 Building 
CGH-927 - Additions t o  27l-CR Building Waste Treatment Demonstration 

Fac i l i t y  

project  Proposal's complete o r  nearing completion: 
Coolant Systems Development Laboratory 
Lab0 rat0 ry Waste Re t e n t  ion F a c i l i t i e s  E xp ans io  n 
Safety and Operating Improvements - 231-2 Building 

Enginee ring Services 

Engineering work performed during the month included the following l i s t e d  
major items as well as scope engineering f o r  project  proposals. 

T i t l e  - Status  

Pressure Vessel and Piping Systems 
Engineering & Inspection Service 

This i s  a continuing work program on 
RLO vessels, pressure systems and re- 
l a t ed  safety devices. 
not only periodic inspection and enginee- 
r ing evaluations of p lan t  pressure systems 
but engineering service during design, 
fabrication, ins ta l la t ion ,  and operation 
to R & D comp3nents having process devices 
subjected t o  high pressures and tempera- 
tures  - Code compliance engineering service 
work i s  being performed on 1) PliTR Systems; 
2) I r radiat ion Studies Loop; 3) Breakaway 
Corrosion Loop; and, 4) RLO PAC &Equip- 
ment Projects  

The work includes 

"Split-half' ' Machine f o r  C r i t i c a l  
Mass Studies complete E lec t r i ca l  design work remains a 

Mechanical design of machine i s  esseEtial ly  

Components have been purchased and are 
being assembled. 

C m t r o l  and Safety Rods f o r  Tamper 
Tank (Cr i t i ca l  Mass) 

Design mrlr  i s  nearing completion. 
men?; work i s  required p r i o r  t 3  completion 
of design. 

Develop- 

Beryllium Dust F i l t e r s  - 306 Bldg. Fabrication and inst .allation work i s  
complete. 

Field work i s  delayed pending ava i l ab i l i t y  E lec t r i ca l  Modifications - 3702 
Building of oraftsmen. 

1 2 3 0 0 1 8  
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%?le 

F i l r e r  Changer - C l 6  

- Syatus 

Drawings are being prepared of  the 
proposed design involving a %echnique 
using p l a s t i c  bags and shielded car+,. 

327 Water Basin - Clean-up System A study is being made o f  a recirculat ing 
f.il+,er sysfen f o r  removing radLoactive 
contaminates fmm storage basin water. 

Cask Storage - 327 Bii lding A study i s  being st&ed.. 

Material Handling System and Ot.her Eng-ineerlng work is in p,-ogress. 
S*mp Improvements - 328 Building 

Motorized Door Opening Device - Design complete.. Ins ta l ia t ion  work i s  
327 Eu.ilding i n  progress and w i l l  be complete about 

Apri l  15 ,  1961. 

Modifications to H - 1  Loop - l O 5 t H  
Building 

Concep%Ual smrk is i n  pmgress .  

Arrange space and install u t i l i t i e s  Design work in progress. 
f o r  business machines - 3760 Bldg. 

Source PosiZioner - 3745 Building Design complete. Material  on hand. 
1nstallat . ion depends cn c ra f t  forces 

Special. A i r  Conditioning - 
Laboratory in 222-U Building 

Zone Modifications - 325 Building 
A i r  Conditioning Syst,em 

Sns';allat.lon work i s  e s sen t i s l l y  
complete a 

Design is progressing on +he addirion 
c f  rehea? c o i l s  and assccia7,ed ?on?rc ls  
to  -.he air zondirmned space c f  325 
Su1ld+2ng e 

Drsfting and Design SerF-?es 

Work load in 3706 Bui lkng  draft.ing room 1s x n s m n ?  - j i T h  some overrune 
w r k  required., Brmch off ice$ +in 306 and 306 Buildings have ~ o r k  L s ~ r 3 - s  
wi:ho~l+. backlog. 
be?er equalize - a r k  load. 
ple ted  t h i s  month. 

The 308 Building draf'ing mcx was r e d x e d  by cne man to  
The equLv3;en: of 185 i e s i s  drawings der$ com- 

Major design and drsfzlng work ;n prggresr includes ?he fo l l9k ing :  

1. Ssruc+.urai MGteridLs I r r a d i r t l c l  Test F s c l l i t y  - des:@ - k 3  dwgs. 
required - 95-7 zcmplete. 

r- 
L.  Thermal Presipi-s tar  - 5 dwgsd r e q u r e d  - Lo$ ccmplete 

1 2 3 0 0 1 9  
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The 

HLO 
W W  

\ 

3. 

4. 

C r i t i c a l  Fac i l i t y  - approx. SO dwgs. required - 95-$ complete. 

Process Calciner - 25 dwgs. estimated - 805 complete. 

5. Transfer Cask - 327 Building - 7 dwgs. - complete. 

6. 

7 .  

Rupture Loop Mock-up Fac i l i t y  - 1 5  dwgs. required - work s ta r ted .  

Process Tube Monitor Mark I11 - 6 dwgs. required - work started. 

Plant  Maintenance and Operation 

February costs were $136,309 which i s  9’7.2% of forecasted evpenditures. 

Analysis of Costs 

The cumulative expenditures continue about 2.8% below forecast  t o  date. 
The emphasis on PRTR work has cur ta i led  other  maintenance because o f  
craftsmen ava i lab i l i ty .  The weather remains milder than normal wi th  
reduced . .  steam consumption. 

Improvement Maintenance 

Item February - 
Relocation and a l te ra t ion  5, 920 
Rep ain t i n  g 5 986 
Reroofing 0 
E lec t r i ca l  Ma d i  f i cations 38 3 
Piping Modifications 1191 
H & V Modifications (854) 

$ 8626 

Waste Disposal and Decontamination Service 

N e w  lead casks were received during the month fo r  waste disposal. 
are  being used on a trial basis and w i l l  be evduat.ed. 
i n  the l iqu id  waste handling trailers appears 3n the  increase. This  is 
noted even shor t ly  after decontamination of the t r a i l e r s .  
t o  be taken is  to  place a layer  of lead over the front ends o f  the t r a i l e r  
thus protect ing the t r a c t o r  dr iver .  
being ini t . ia ted 3f l i qu id  waste handling pmcedures fo r  HLO. 

These 
The lat.ent radiation 

The firs? step 

Concurrently, 3. long range sh idy  i s  

P lan t  Engineering 

Approximately 24,700 square f e e t  of p r in t s  were reproduced during the 
m0nt.h. 

t o t a l  estimated value of the 20 reqGisit.ions issued durlng the  month 
$4O,OCO. 
p m  jec ts .  

The majority of  t h i s  procurement act . ivity i s  fcr approved 

230080 
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Pdnt-ing -.ontime< 325 X i i d i n g .  

In te r ior  painting w a s  completed i n  3707-C Building. 

Paint.ing of cerkalr, moms i n  231-2 Building continued. 

Painting w a s  s t a r t ed  i n  3745 Building. 

The replacement, rerouting, and shielding of  the cr ib  w a s t e  l i ne  in  327 
Building is  being performed by J .  A. Jones Construction forces.. 

A new type of sump pump w a s  i n s t a l l ed  in basenent o f  326 Buildmg t o  
solve flooding problem; however, misoperation of controls allowed flooding 
t0 occur. 
pumps are now being checked by the operators 3n each s h i f t  f o r  proper 
operation. 

These confrols (float and guide) have been adjusted and the 

E lec t r i ca l  Load Studies are being made i n  325 and 3760 Buildings. 

A drain l i ne  o f  adequate s ize  connected to the 328 Building air washer w a s  
ins ta l led .  This should minimize overflow problems and resul tant  damage t o  
occupied space. 

The crane i n  314 Building is out o f  service until repairs are made. 
i s  on hand. Motors have been overhauled. Work w i l l  be compleze about 
mid-Ap r i l  . 

Material 

Improvements t o  safety features of 325-A Building vent i la t ion system w i l l  
be in s t a l l ed  dtiring April.  

The crane in 321 Building is  being readied for  inspection and, repa i rs ,  

EsTimates have been obsained fo r  redressirg crane rails in 3 5 ‘  Bui ldxg .  

C r i t i a l i y y  alarm syst.ems ins t a l l ed  i n  t h e  HOT Semi-works and Criz ica l  
M a s s  Laborr tory are being interc@nnect;ed. 

T C K N I C A L  TINFORMATION OPER&TION 

James Cape, of the AEC Technical Book SzcTion, v i s i ted  Technics1 InfLmTion 
on Mar:h 2C - 21 i n  ccnnecxon wi:h she Commission’s book publishing pr3grm. 
Hanfard bocks on Graphite, Plu$onillm, Radlo%c?ilre WasT-e Disposal and on 
Envirmmental Ebbazion E i o l o g y  were kz zyssed, The d i s x s s i m s  a lso  brought: 
OUT the fac t  That a Hanfcrd ‘cook on Radioac-ive W s t e  Mcn;oring mighr f i l l  
a def in i te  need. An o w l i n e  is  being preparedi. 

UNCLPSSIFTED 
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Word w a s  received l a t e  i n  the month t h a t  the Division of Classif icat ion 
has reinstated previous instructions on classifying plutonium. 
instructions permitted cer ta in  l imited quant i t ies  of plutonium, f o r  use 
i n  unclassified projects,  t o  be handled as unclassified. 

A maJor bibliography "Review of Power and Heat Reactor Designs -- Domestic 
and Foreign" w a s  completed during the month. Fifteen copies w e r e  prepared 
fo r  in te rna l  RAP0 use. 
Office of Technical Information Extension, O& Ridge, from which they w i l l  
be able to reproduce additional copies as of f -s i te  demand warrants. 

A comprehensive bibliography on the Columbia River has been s ta r ted .  
w i l l  consist  o f  about 400 Hanford reports, a few from the Public Health 
Service and other  sources, and also selected references from the open 
l i t e r a tu re  o f  the last several  years. 

These 

The mul t i l i t h  masters are  being forwarded t o  the 

It 

The Classified F i les  micmfilming program is proceeding steadily,  with 
22,800 documents microfilmed t o  date. 
documents being microfilmed, there is  a surprising amount of use of the 
microfilm f i l e s .  
month f o r  the films. 

Considering the age of mst of  the 

Classified F i l e s  is averaging 250 - 300 requests pe r  

The review f o r  "LFmited Circulation" and "Atomic Weapon Data" markings 
on all documents microfilmed to date has been completed. A l l  documents 
presently being prepared fo r  microfilming are being screened and marked 
by the Inventory Clerks. 
t i t l e  information fo r  future microfilmed documents. It appears that t h i s  
information could be ob+,ained f r o m  an additional catalog card produced by 
the Flexowriter a f t e r  the ins ta l la t ion  of the Card-a-type system. The 
t i t l e  could be clipped f r o m  the card and inserted in the microfilm jacket. 

Some thought has been given toward providing 

Work Volume S t a t i s t i c s  

Document Distribution and F i l e s  

Documents routed and discharded (copies) 
Documents issued (copies) 
Documents sent  o f f - s i t e  (copies) 
Document reserves f i l l e d  (copies) 
Documents picked up and delivered 

Document Accountabilitv 

Holders of c lass i f ied  documents whose f i les  

Documents inventoried i n  F i les  (copies) 
Documents destroyed o r  r e t i r ed  (copies) 
Documents revised (copies) 
Documents pulled and documents f i l e d  (copies) 
Documents rec lass i f ied  
Documents microfilmed 
Accountable copies of SECRET and WCUMENTED 

were inventoried 

CONFIDENTIAL documents on-site 

February 

22,2l5 
14,361 
8,182 

617 
20 , 827 

284 

15,344 
1,196 

6 51 
4,843 

-- 

21,465 

207,343 

March 

19,763 
11,466 

411 -- 
13, 475 
1,181 
18,391 

4,220 
602 

204,941 

1 2 3 O c i C 2  UNCWSIFIFD 
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Referenee snd Publication 

Books cataloged (new t,i?>Les] 
Books added t,o The :o;lezt,ion !volumes) 
Ready reference Questions rnswered by 

Li terature  searches by professional staff 
Reports abstracted (Tit.ies) 
F o n d .  reports prepared ( t i T 8 1 e s )  
Off-s i te  recpeszs f c r  K M O  reports (copies) 
Reports released *a C A P  (+,i?les) 

professional a+,aff  

L i b r a r y  Acquisitions and Circul&ion 

B O O ~ S  ordered (mimes) 
Periodicals crdered 
Books circulated (volumes> 
per iodicals  c i r c u a t e a  i- Issues) 
In te r - l ib rary  Loans 
Films bcrmwed o r  ren?ed 
Indussriai f i l m  s h o w i n g s  
Bokd periodicals  added to the col lect ion 
Bound periodicals  cliscarded 

HW-6962 

Febrva-y March 

14 
327 

200 
90 
261 
16 
231 
4-8 

h70 
172 

1,935 

20 
77 

133 
35 

$8 
jo  2 

253 
71 

287 
9 

181 
17 

377 
208 

2,519 
.L , i 4 L  

81 
10 
53 

172 
1 

Library. Colie =?ion: 

Tosal Main Library U-10 L i b r s r y  108-~ L i b r s r y  Ind. Med. - 
No. o f  books 31,138 8,603 1,757 2,046 4 3 , w  

246 3 51 

26 

JL Boyd: jv 
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F I X E D  P R I C E  

PROJ.  NO. 

C O S T  P L U S  F I X E D  F E E  

P L A N T  F O R C E S  

A R C H I T E C T -  E N G I N E E R  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

G E  F iELD E N G I N E E R I N G  

T I T L E  

2 1250 

3 710 

F I X E D  P R I C E  

C O S T  P L U S  F I X E D  FEE 

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

- 
CONST. 100 100 io0 
PF 100 103. 100 
CPFF 

FP 

AE-TIT. I I . I  I 
1 

1 1 
740 1 CONST. ' 100 io0 ~ i@2  

2 100 l@0 

I I I1 1 I I 

S C O P E .  P U R P O S E .  S T A T U S  h P R O G R E S S  

This project proviucs a research a d  development f a c i l i t y  t o  pennit instLlntnneoU 
measurement or' p h y s i c d  properties of materials under dynamic in-reactor and 
;i,iiL l t L b i i C O L  s CX-1 cc c tc r  conditions 

Work on the  exceptions is  continuing, but is  being held up pcn?ii.nr; 1 ~ c c i 1 ) ~  (I 

rcm:inhg procurement i t e m s  . 
exceptions, -it will no lon_,er be reporLeci. 

1. IC 

sincr! %hi.; 1 rJdest h z  7 'bx; c J, m k  (4 I sri.W1 x i  EO L -  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

G E  FIELD E N G I N E E R I N G  

28 5 I :FF 35 100 IQC 
50 

Ii2;at'i 63 I 100 100 

Euilding I 025 
n - - ..- /- . 7 /  

High Temperature Tensile Testing Cel l  - 32'7 !O 
1 COST & COMM. TO j-1b-ol 5- A, 867 A U T H O R I Z E D  F U N D S  

s 170,000 
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H A N P Q W E  R I A V E R A G E  

F I X I D  P R I C E  

C O S T  P L U S  F IXED FEE 

P L A N T  F O R C E S  

A R C H I T E C T -  E N G I N E E R  

D E S I G N  E N G I N E E R I N G  0 P E R  A T I O N  

G E  C 4 E L D  E N G I N E E R I N G  

A C C L M  M A N O A Y S  

, _ -  
1-FS - , Pal,--,, 1 TITLE I 
_ L _  

-. M A N  P O  w E R A V E R A G E  ACCUM M A N O A Y S  GE-TlT.11 -?3 -.:': 

F I X E D  P R I C E  

C O S T  P L U S  F IXED F E E  

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

G E  F I E L O  E N G I N E E R I N G  

AE- TIT. I I , 
7 7 : -pn 
- .  , 

r' 100 _ .  1 '  CON ST. 
1 -  
~ 

I 



TITLE CR0J.N 0. F U N  DING 

CAE-842 Sriticsl Resc",f-?lfy Measuriog Facil-"ty 5e-e-15 
LUTHORIZED FUNDS b5,00G ' A E C $  l k? ,coo  COST L COMM TO 3-19-61 s 214- 934 

* 360,000 E S T I M A T E D  T O T A L  C O S T  

TARTING 'DESIGN 12-17-59 DATE A u i n o n i ~ ~ ~  C O M P L .  ESTOD. D U l G N  2-1-67 * 
'ATE' I C O N S T .  1~.,~.& 
E N G I N E E R  

11 OIA.  COMP. DATE 4-?Ow61 CONST- 4- X - 6 1  

D O  - WS Kelly 
A V E R A G E  A C C L M  M A N D A Y S  m A N  POWE R 

C l X E D  P R I C E  

COST P L U S  F I X E D  FEE 

P L A N T  C O R C E S  

A R C H I T E C T -  E N G I N E E R  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

GE F i E L O  E N G I N E E R I N G  

P E R C E N T  C O M P L E T E  
.. 

W T * D .  I C H E D .  A C T U A L  

D E S I G N  100 109 160 
TITLE I 

GE-T'T*I I 

AE- TIT. I I 

- 
CONST. 100 ITS 32 

%) 8@ 80 

PF 

CPFF 

FP 

I 
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' I X E D  P R l C  

: O I T  P L U S  F I X E D  C E E  

= L A N T  F O R C E S  

k R C H I T E C T -  E N G I N E E R  

DESIGN E N G I N E E R I N G  O P E R A T I O N  

Work com$.etsd the l a s t  two weeks is as  follows: 
la 

1. 
3. 
4. 

Due t o  a design change mo8:fy:ng VaxlT "A" t a d  nozzles thc fixed prize zcntractcz'  
completion date was ext.ended 14 days %o L/P,/61. 
All t e s t ing  of mechanical and electrLca1 w@?k is completed. 
A second punch list has been made and I t zses  of' " i r k  a x  b e k g  soWl? tsd .  
All cover slabs have been placed os V g d t s  "€3"~":" ani t ronzh .  
these slabs and the main f l o o r  zemafn t o  be palnted. 
item of work i s  polishing of a l i  S/S l i n e r s .  
The t m p r s r y  wood i n  e x k a u t  duct was renovtd and the pe-"manent duct ins ta l lod .  
All doors have been hung and bydware ins ta l led .  
The last remaining sectfan of m f n  f loor  s lab  was poured. 

The b c t t o z  2.f" 
912 other Larg: rfma:n3g 

5 .  
6.  
7. 
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{ C O N S T .  1 OIR. COHP. DATE D A T E S  C O N S T .  L-L-62 

E N G I N E E R  

GE2 - RW ~ ? ~ ? s z c  
M A N  P O W E R  A V E R A G E  ACCUM M A N D A V I  

F I X E D  P R I C E  i 
1 C O S T  P L U S  F I X E D  FEE 

P E R C E N T  C O M P L E T E  
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DESIGN 1 ,OO , _ \s  ~ 

TITLE I 1 1 5~: i 
GE-TIT.  I I 

A€- TIT. I I 1 

- 1  I , P L A N T  F O R C E S  
I 1 A R C U I T E C T  - E N G I N E E R  

' D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

G E  F I E L D  E N G I N E E R I N G  
I 
I 

1 CONST.  1 
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The revise6 project proposal was transmitted t o  the AEC 01: 1/23/61.. 
h s  5een sent to  Washington fo r  approval. 

%ne gropstzi 

GENERAL ELECTRIC CO. - za,&ord bbomtor i e s  

A number of estimates of cost have been prepared f o r  loeating the a t r u t c u e  at 
various s i t e s .  
A reconmendatton will be presented t o  the AEC. 

Fall-out shelter and bomb-proof s t n c t m e s  have been conEii.o?eJ. 

D A T E  -'I 2 /7 - , /€1  4- 

PROJ.NO. T I T L E  

' ~ c X  Servics Center - Atmosgheriz PhySiCS 
F U N  D I N G  

6;- j 

C O S T  P L U S  F I X E D  FEE 

P L A N T  F O R C E S  

A R C H I T E C T  - E N G I N E E R  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

G E  F I E L D  E N G I N E E R I N G  

€ IT 'D .  -;&jl* 
C O M P L .  T A R T I N G  5-3-6ye 11 DATE AUTHORIZED 

M T E S  2~-;5-61* I( D I R .  C O M P .  DATE DATES CONST. 2-1-63 
E N G I N E E R  

FEC - TI? Lloyd 
A V E R A G E  A C C W  M A N D A Y S  M A N  PO WE R 

FIXED P R I C E  

c o a t  PLUS FIXED FEE 
I 

P L A N T  F O R C E S  I 

h R C H I T E C T -  E N G I N E E R  

D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

GE F iELD E N G I N E E R I N G  

I I I I I 
S C O P E .  P U R P O S E .  S T A T U S  & P R O G R E S S  i 

.1 P E R C E N T  C O M P L E T E  

W T ' D .  , S C H E D .  A C T U A L  

DESIGN 100 , 
TITLE I 

GE-TlT.1 I i 
AE- TIT. I I , 

I 

CONST. 100 I 

P F  

CPFF 

FP 

- 

I 

". 2 2 s  gro jeef w C 1  provide a secozd whole body m n i t c r k g  ce _- in $he 74,-A Bu i .Lkg  
t c  f=le:erise the Zapacity of  +,he Whole Body "omter F'ac5i:y t o  nze5 _D_-cZectzd needs. 

PROJ.  NO. T I T L E  F U N D I N G  

EST'D. -I ' 2 %  T A R T i N G  &:-&;E 11 DATE AUTHORIZED COMPL. D E S I G N  *-- -" 
' * T E S  CONST. l-L-62: IIDIR. COMP. DATE D A T E S  CONST. &.1-6?$ 

E N G I N E E R  

P E R C E N T  C O M P L E T E  

W T ' D .  S C H E D .  A C T U A L  

DESIGN 1 ,an I I 
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F I X E D  P R I C E  

PROJ. NO. 

A V E R A G E  I-- 
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T" 
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M A N D A  

TITLE I 
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I 
I I 

C O S T  P L U S  P I X E D  F E E  ! 
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PF 

CPFF 

FP 

100 
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SCOPE.  P U R P O S E ,  S T A T U S  b P R O G R E S S  

T h i s  projest wL2 provide f a c i l i t i e s  50 permit, del iberate  de2tx: t :e  r-.st:sg of 
irrai?fated zir=.or;:-lun tubing. This wil l  provide operating and r.Ab:bs 3:fc 3aza rx 
LOW available Seee.-ae of the l h i t e d  operating history of ZZr2aioy-i ~:O-FS-JZ 

t:A?hg In zcsctors.  

The grojcct p r o p s a l  was a d m i t t s d  t o  the Commission "March ITJ i961, ar3 2s being 
r e h r n e d  mapproved 

nl? - RZ ,,-,@;?r-S032 
M A N P O W E R  

F I X E D  P R I C E  

C O S T  P L U S  F I X E D  FEE 

P L A N T  F O R C E S  
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D E S I G N  E N G I N E E R I N G  O P E R A T I O N  

G E  F I E L D  E N G I N E E R I N G  

S C O P E ,  P U R P O S E .  S T A T U S  P R O G R E S S  

3 FP 
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GE-TiT.1 1 I 

AL- TIT. I I I 

CPFF 

FP , 
I I I I 

SCOPE. P U R P O S E .  S T A T U S  b PROGRESS 



UNCLASSIFIED 1-1 m-69062 

PROFESSIONAL PLACEMENT AND 
RELATIONS PRACTICES OPERATION 

COMWNIC ATIONS 

Prepared press release on D r .  D. W. Pearcels appointment t o  IAEA. 
part ic ipated w i t h  Relations Operation in the preparation of four additional 
releases: 
speaking tour, 3 )  River B n l t o r i n g  Station, an& 4) B. Brenden's technical paper. 

In addition, 

'' 1) Fuels Fabrication Development Addition, 2 )  D r .  Bennett's ACS 

EMPID- (Professional) 

Mvanced Degree 
ployment interviews. 
t ions were received. 
univers i t ies  occurred. 

BS/W - Eighty-eight applicants were considered, 51 offers  were extended, 8 
aaceptances and 16 reject ions were received. 

- Fourteen Ph.D. candidates v f s i t ed  HAP0 fo r  professional m- 
Three of fe rs  were extended; oce acceptance and two aejec- 
Current open of fers  t o t a l  three.  RecrultFr,g t r i p s  tc fcur 

Current open o f fe r s  t o t a l  38. 

Technical Graduate Program - 
a s s i w n t  during the month; four others terminated from HAP0 r c l l s .  

Six Technical Graduates were placed on pemmer_$ 
Currer.5 

program members t o t a l  51. 

Information meetings were held in each department a t  HAP0 concerning the "A" 
Course +a be held t h i s  f a l l .  

EMPWYMEXC (Ncn-professional) 

Nhe  requis i t iom were f i l l e d  durirrg the month wit.h a t o t a l  o f  ll a c 3 - x  :3quie!.- 
t ions r e m a h h g  t o  be f i l l e d .  

0. E. Bostm, Mmagzr 
Profess I m a l  Placemect 
ar,d Relations Pract ises  

UNCLASSIFIED 
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TABU I1 NONEI(EMpT EMPLODEN" 

Nonexempt Employment Status Feb. - -  Mar. Monexempt Transfer Request Feb. - -  MaL. 

R e  quisi t lons Transfers 

Active a t  end of month 11 23 Active cases a t  end of mo. 75 60 

Cancelled 1 2 Cancelled 2 21 

Received 9 23 New 4 9 

Fil led 5 9 Effected 6 4 

Hold 9 9 

1 2 3 0 0 9 1  UNCLASSIFIED 
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C - Technical Graduate Program 
Wnth ending Wrch 3 1 ,  1961 

- 

1-4 

Number Personnel on Assignment 
(HAP0 Tech Grad Program ................. 47 
(Engineering 80 Science Program .......... h 

Distribution of Assignments by Departmnts 

m 
HL4 
FPD 
CPD 
c u o  
CE&UO 

Distr ibut ion of Assignments by Function 

Research & Development o r  Engireering 
Other 

1 2 3 0 0 9 4  

m-69062 

51 

20 
21 
6 
1 
2 
1 

35 
16 

UNCXSSIFIEI: 
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FINANCIAL OPERATION MONTHLY REPORT 
MARCH 1961 

Per some1 

Effective W c h  1, 1961, the six exempt personnel doing technical administration 
in the research operations were transferred into the Financial Operation. 
number of financial positions were revised due to a re-alignment of responsibilities. 
Mr. E. 'B.  Hutchinq was transferred from Contract and Accounting Operation to Haford 
Laboratories Financial Operation as Specialist - Auditing and Economic Evaluations. 

A 

' 

Activities 

G W  ACCOUNTING 

Following is a schedule of approval letters in the hands of the Commission Gr &ich 
have been submitted to them and the current status of each letter: 

Title - Number 

AT-104 Fission Products Mspersal 
Handbook 

AT-105 Symposium on the Biology of 
the Transuranic Elements 

status 

Submitted to Connnissicn but 
not yet approved 

Submitted to Commission but 
not yet approved 

AT-140 National Academy of Sciences - Submitted to Ccmmission but 
National Research Council - Advisory not yet approved 
Committee on Civil Defense 

AT-149 Recruiting Practices In process 

'Itravel activity is now running slightly ahead of last fiscal year with 942 trips 
started compared with 887 last fiscal year. At the end of March last year, $11,200 
had been expecded for travel to professicinal and trade society meetixs. 
represented 25% of the $44,000 budget fcr the fiscal year (it should be remembered 
that $15,000 was added to t h i s  budget in March 1969, which accour-ts for the 
relatively low percentage expenditure). 
total $25,000, or 39$ of the yearly budget cf $61Lj500. 
balance of the year will probably increase substantially in keeping with seascnai 
trends. 

"his 

Fiscal year 1962 to date expezdltwes 
TPavel activity far the 

Project CAH-878 - Additional Facilities fer Iactope Study c 1 ~  Animals, 14i-C Buiildizg 
Addition valued at $63,767 was unitized and a unitizatior: report w i l l  be issued ir_ 
April. 

PrelimiIzary unitization work was perfmmed 03 the fcllo-&;lg przjecta: 
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CAE-864 Shielded AnhaL MGnitcring Stat ion - 100-F Area 
CGH-785 In-Reactcr Studies Equipment  - lo5  KW 
CGH-805 High Temperature Tensile Testing Cell  - 327 Building 
CGH-819 Increased Laboratory Waste F a c i l i t i e s  
~ ~ ~ - 8 6 4  Shielded Iln.rmnl Monitoring Stat ion 

The physical inventory of mvable cataloged equipment in  the  custody of Reactor 
and Fuels R&D Operation began March 13, 1961. 
on schedule, w i l l  be completed i n  June 1961. 

The f i e l d  count i n  connection - i t h  the  physical inventory of Cold Semi-Works - 
3U F a c i l i t i e s  i s  complete and reccnc i l ia t ion  by C&AO of the inventory r e s u l t s  i s  
in progress. 

Letters of ins t ruc t ion  were issued t o  the  f ield regarding the  gusrterly inventory 
of Other Special Materials at  March 31, 1961, and the  new ce r t i f i ca t ion  ty-pe 
inventory. Conmeats from t he  f i e l d  k v e  been very favorable t o  this type of 
inventory and C&AO Property Management i s  considering adopting our new method 
--wide. 

This inventory, which is proceeding 

Sixty-five new items valued at $24,807 w e r e  received a t  the Laboratory Equipment 
Pool during the  month. Seven items valued a t  $ll,OOl were withdrawn by custodians 
and 17 items valued at  $3,866 w e r e  disbursed in l i e u  of placement of r equ i s i t i o r s .  
Four items valued at  $2,575 were excessed. Bere a re  currently 598 items valued. 
at  $224,779 located in the Equipment Pool. 

Reactor and Other Special Materials on hand at month end consisted of the follcxi3g" 

Beryllium 
Gold 
Palladium 
Platinum 
Silver  
Zircopium: 

I c v e n t x y  Stock 
R&D Stock 
Scrap 

3 228 l b .  
607 lb. 

10 127 lb. 

$' 696 
2 987 
2 710 

i 5  221 
97 

'70 703 
9 ll4 

$-I& 

one purchase requis i t ion  f?r 551 g r e  of platinum valued a t  $1,603 %ms car,celieci z ~ d  
the  material  was f k a i s h e d  frcm exis t ing stock a t  r,ke Equipment Pxl. 

O f  the  4,240 gr .  of platinum scrap made avai lable  ts the A E C  f?r skipmest cff-sit,e 
2,312 g r s .  of uncontaminated platinum valued a t  $6,681.68 was t ransferred T: the 
AEC New York Operations Office. The balasce cf ma?;erid, which i s  contaminated, 
k i l l  be held u n t i l  jTe receive addi t ional  shipping izs tmcTicns.  
Commission advised t h i s  material  will not be skipped u n t i l  zFprcximately 
September 1961. 

The lccal  

Action as i-cated cccurred on tke fol lmil lg  pr.3jects d w i x  che montk: 
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New Funds Authorized to RLO 

CGH-858 High Level Utility Cell $330 000 
CAB-896 Stress-Rupture Testing Facility 500 

CGH-923 Spectroscopy Laboratory 95 000 
C A H - g ~  Geological and Hydrological We1ls-m 1961 9 500 

Physical Completion ITotices Issued 

CAS-747 Plutonium Fabrication Pilot Plant 

Construction Completion and Cost Closing Statements Issued 
b 

CA-744 Metallurgical Development ’EBcility - 306 Building 
Section Managers have been requested to project their expenditures of f’unds from 
Equipment Not Included in Construction Projects Budget for the balance of FY 1961. 
Information gained w i l l  be used to effect a reallocation of available funds where 
possible in order that HLO may realize maximum utilization of these funds for 
requlred equipment. 

COST ACCc)lJWlZNG 

The Hanford Laboratories operating cost control budget was adjusted in March t o  
include additional flmds authorized in the recent revision of the AEC Financial 
Plan dated March 6, 1961, and the revised allocation of funds by the General 
Manager - W O ,  dated March 28, 1961, as follows: 

04 Program Research and Developent 
Plutonium Recycle Program 
Swelling Studies 
U02 Fuels Research 

Radiological Physics and Dosimetry 

Fabrication of DMA Elements 
Safeguards Design Review 
Strontium-90 Purification (from CPD) 

Fabrication of Birch Elements 
Atmospheric Diffusion Studies ( U W )  
Other Requests (budget reconciliation) 

06 Program Research and Development 

02 Program Production 

Off-Site Customer Requests 

Increase 
(Decrease ) 

$140 000 
40 000 
(40 000) 

30 ooo 

10 000 

100 000 
(35 900) 

60 ooo 
27 000 
(4 000) 

w o r d  Laboratories also received an additional $100,000 in 04 Program Equipment 
P a s  for FY 1961, thus bringing total 04 Program EQifipment authorization to 
$985,000, including $l.70,000 for Strontium-90 Program and $7,000 reallocat.io9 to 
the Chemical Processing Department. 

Preparation of the Widget for FY 1963 and Revision of Budget for Fy 196̂  c is near- 
ing completion. 
04 Program R&D Eropcsals wlth WashingtDn-AEC and the subsequent revisioc of the 
proposals. Reproduction and assembly of the p r o p a a l s  remains to be ccmpleted. 

The most noteworthy accomplishment in March was the review cf 
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Considerable effort this month was devoted to the recasting of budgets and convt 
sion of codes on outstaxding cost documents to reflect organizational changes 
effective 3/1/61 in the Radiation Protection, Laboratory Auxiliaries, Physics and 
Instruments R&D and Financial Operations. 

Special requests received during the month were as follow: 

1. 

2. 

3. 

4. 

Authorization in the amount of $190,000 *om the U.S. Air Force to perform 
atmospheric diff'usion studies at Cape Csnaveral, Florida, and Vandenberg AFB, 
mifornia. 

Authorization in the amount of $55,000 *om the U.S. Air Force to perform 
atmospheric diff'usion studies at Fdwards AFB, California. 

Rovlde consulting assistance to GE-APED concerning inert welding problems. 
Estimated costs are $1,000. 

Authorization in the amount of $3,600 from GE-ANPD to provide for the x-ray 
diffraction of irradiated materials in the Radiometallurgy Laboratory. 
authorization was subsequently cancelled by ANPD. Work had not started on 
this job nor were any costs  incurred. 

This 

Instructions were prepared and submitted to the other HAW components requesting 
information on professional recruiting activities and related costs. 
w i l l  be prepared on a quarterly basis by Hanford Laboratories, covering sll HAP0 
activity. 

Infomtion 

A new procedure has been established for reproduction and distribution of purckase 
orders originated by Banford Laboratories. 
Purchasing Operation directly to FPD Duplicating who w i l l  reproduce copies and 
distribute them according to instructions. 
order copies will be realized by this method. 

Arrangements were finalized with Contract and Accounting Operation to issue 
reports by data processing techniques concerning the work activity of all W f o r c i  
Lsboratories personnel. 

Vellum masters will be mailed by 

More prompt distribution of purchase 

GENERAL 

Pavroll Statistics 

Number of HLO Ehrployees 
C W e s  During Month 

Ycn- 
Tatal Ekempt Ekempt 

Ehployees on Payroll at Beginning of Morith 13n 
Additions and Transfers I n  12 
Removals and Transfers Out 22 

Ehplcyees on Payroll  at End of Mcntfi 1 361 729 - - 
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March February Overtime Payments During Month 

Bempt 
Nonexempt 

Total 
i 

Gross Payroll Paid During Month 

Exempt 
Nonexempt 

Total 

$ 4 622 $ 7108 

$ 26 626 $ 21 856 

22 004 14 748 

- 
,576 812 $567 105 
466 797 367 505 

$1 043 609 $934 610 

Participation in Ehployee Benefit 
Plans at Month End Pilarch February 

Number Percent Number Percent 

Pension Plan 1 215 99.3 1 a 7  99.3 
Insurance Plan 
Personal Coverage 
Dependent Coverage 

3n 9999 
982 

383 99.8 
981 

68 34.5 
6.2 83 6.1 

U.S. savings Bonds 
32.7 Stock Bonus Plan 65 

Savings Plan 84 
Savings and Security Plan 1 049 90.3 1 051 89.5 

March February 
Insurance Claims Number Amount Number Amount 

0 0 $.  0 
21 1 974 

7 282 6 256 

kployee aenefits 
Life Insurance 0 $ 

Comprehensive Medical 95 7 089 91 
Weekly Sickness and Accident 

Dependent Benefits 
Comprehensive Medical 

Total 

Good Neighbor Fund 

Number Participating 
Percent Participating 

lgo 9 958 

342 $22 580 302 $18 188 

March Februaxy 

933 
68.1$ 

929 
68.3% 

ci Sale 
Manager - Finance 
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INVENTIONS OR DISCOVERIES 

A l l  persons engaged i n  work that might reasonably be e::pectel.. t o  

resu l t  in inventions o r  d i scover ies  auvise  that, t o  the best  of t he i r  Iinowleage 

and belief, no inventions o r  discoveries  were made in  the cour se  of theil- 
work during the period covered by this  repor t  except as l isted below. 

persons  fu r the r  advise  that, fo r  the period therein covered by this  repor t ,  

notebook r eco rds ,  if any, kept in the course  of t he i r  work have been 

examined for  possible inventions o r  d i scover ies ,  

Such 

INVENTOR 

E. A. Smith 

T .  D. Chikalla 

H. L. Libby 
J. T .  Russel l  

L. K. Mudge 

F. A. Scott 

V. P. Kelly 

C.  A. Rohrmann 

TITLE OF INVENTION OR DISCOVERY 

A Detector  fo r  Flaws and Non-Bonds 
in Zircaloy Fue l  Element C l o s x e s  

A MethoC for  Evaluating In-Reactor 
M;.ss T r a n s f e r  and Demificat ion of 
Ceramic  Fuels Materials - HW- 62': C ' I ,  
March 3, 1 S 6 1  

Segmental  T i m e  Rever sa l  Device 

Electrolyt ic  P repa ra t ion  of Le rge  UOz 
Crys t a l s  

Electrolyt ic  P repa ra t ion  of U 0 2  
Ceramics  

A Variable-Stroke Reciprocating 
Drive Mechanism with Rotary to  Linear- 
Mot ion C onve r s ion 

An Electrolyt ic  P r o c e s s  for  P r e p a r i n g  
Uranium Hexafluoride 
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