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?OYER PILF DIVISION 

QUARTERLY REPORT 

Y 

June,, July,. August, 1918 

I. SUNIMARY 

A. Design Study o f  Navy Pi le  Application 

During t h i s  quarter the  Navy P i l e  design study was continued as t h e  
major  a c t i v i t y  of  t h e  divisiono.. This subject i s  covered i n  d e t a i l  i n  t h e  f in-  
a l  report  on the  f e a s i b i l i t y  progran (ORNG133), and w i l l  not be duplicp-ted i n  
t h i s  roport.. 

Some addi t ional  work m s  done on Dynamic and S t a t i c  corrosion t e s t i n g  
aBer ORNL-133 was issued and i s  included i n  t h i s  report .  

B. Materials Devclomcnt and Exwrimental !:Jerk 

The materials development and cxpcrimental work of  the  division con- 
t inued on a more general basis than t h a t  dealing exclusively with the  design 
study of  t he  Navy Pi le  application. ,- Dovelopment and experimental w r k  was 
continued on: 

Thermal Conductivity of  Uranium Bearing Materials under I r rad i -  
a t ions a t  High Tcmperaturos 

Development of  New Pi le  Sample Container 

Thermal Conductivity Measurcrnents a t  Room Temperature 

Thermal Expansion Apparatus 

High Temperature Modules Tests 

Study of Sample Irradiat2on Techniques, 

Graphite Impregnation 
Simultaneous P i l e  I r rad ia t ion  and High Temperature Crcep 
Experiment 

Instrumentation f o r  Creep Tests 

Recovery of  Uranium fram Graphite Fuel Units 

Graphite Permeability Effect of Hi’gh Temperatures 

Metallurgy, Zirconium, BerylTim Alloys 

This document contains r e s t r i c t ed  data within the  meaning of tho 
Atomic Ener y Act of  1946 and/or in fomat ion  affect ing t h e  National 
dcfenso of  fho United S ta tes  within the meaning of t h o  Espionage 
Act,, 50 U.S.C., 31 and 32 as mcnded. I t s  transmission o r  the revee  
l a t ion  of  i t s  contents i n  any manner t o  an unauthorized person i s  
prohibited and may r e s u l t  i n  severe criminal penalty,. 
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Ceramics, Beryllium 

C, Miscellaneous 

The t r a n s f e r  of Power P i l e  Division Personnel from Oak 
Laboratory t o  Argonne National Laboratory i s  approximately half  

Ridge National 
completed; 

A l i s t i n g  of a l l  equipment t o  be t ransfer red  t o  Chicago, including a 
complete descr ipt ion of each item, as well as-, identifying property numbers, 
was prepared f o r  t r a n s f e r  of t h e  d iv is ion  t o  A.N.L. Lists were a l so  prepared 
fo r  drawings and documents. 

11. CORROSION TESTS (E, B. Ashcraft, Section Chief) 

A.  Dynamic Corrosion Tests (A. Amorosi, J, Perry, E i  L. Kelso) 

The only run not previously reported i s  i n  progress now. Zirconium, 
Beryllium, and Colmbium are exposed t o  puro degassed water a t  temperature 
250-2600 6 ,  and pressure of 1250 psi .  R u n  time i s  approximately 50 hours and 
it i s  hoped the  run vnll last  severa l  hundred hours before an equipment f a i l -  
ure forces  a shut-down. 

B. S t a t i c  Corrosion Tests (A*. Amorosi, J. Perry, E. L. Kalso) 

R u n  r e su l t s  not previously reported are shown on Fig.' 1. 
placed on super -cr i t i ca l  temperature t e s t s  . 
res i s tance  i n  a l l  cases and type 347 (Columbium stabol ized 18:8) showed no 
m i g h t  change, a t  all.. 
Zirconium gniped from 4-15 grams per Square meter surface a rea  and samples be- 

Emphasis was 
Sta in l e s s  s t e e l  showed remarkable 

Bcryllium (6-1 extrusion r a t i o )  decomposed completely. 

came mott led ::rith white oxide. 
Beryllium a t  S8Oo F. 

B e r y l l i h  Stainloss  S t c c l  couple decomposed 

I 
I11 MATERIALS DEVELOFMENT AND EXPZRIMENTAL VORK 

b I 

A?@ Thennal Conductivity of Uranium Bearing l\liaterj.als Under I r r ad ia t ion  
t High Tempcratures.l (Le Y .  ITunter, R. G. Bcrggren, H. E. Robert- 

son, J. Kincaid). 

The purpose of these mcasuremcnts i s  t o  determine t h e  simultaneous 
e f fec t  of  i r rndiekion danago and anncaling. 
ports  Mon N-4n2, OPdL-22, and OWL-66. 

a t o t a l  dose o f  61 K9H per C.C. s ince t h e  conductivity had not chr.nged sensi-  
bly i n  the l a s t  10 Ec*W of  dosage. 
t h i s  sample a t  the  end of i t s  run is about equzl t o  t h e  value of the thermal 
conductivity of a carbon body which had tccn molded f r o m  the  usual coke- 
p i tch  mixture and baked a t  tho  !operating temperature of  t h i s  s m p l e  (800' c )  
without graphitizing.,  Impregnated graphitc No..3 f a i l e d  a f t e r  31 ICITH per C I  

In K%g..2 i s  shown a comparison between the  r e s u l t s  obtained on im- 

Previous work i s  reported i n  re- 

The i r r ad ia t ion  of impregnated graphite No. 1 WES terminatod a f te r  

The value reached by the conduct ivi ty  of 

i GI t@Q& do3 b , ~ ,  i Lir i ---G s ~ 

pregnated graphite samples No.11 and 4. These samples were run a t  very near- 
ly  the  same temperature and r a t e  of damage. The discrepancy between t h e  
curves i s  not explained. The r e s u l t s  obtained with semplc No, 4 seem t o  be i n  
b e t t e r  agreement with other  samples, such as sample !\Io..3, so  t h a t  t h e  s t e p  i n  
tho  curve of ssmple No. 1 t h a t  occurs be tmen doses 4 and 7 UVTI per C.C. i s  
probably spurious. ~ 

I n  Fig. .3  i s  shown o. comparison between t h e  r e su l t s  obtained on im- 
pregnated graphite No. 3 2nd molded graphite No. 4. 
operated a t  630° C and 6500 C respect ively throughout t h e i r  Thvls. 
lower damage shown by t h e  molded sample is probably due t o  the  fac t  that  the 

should e f fec t  the  t o t a l  

These samples were 
The much 

UO2 p a r t i c l e  s i z e  i s  i n  the impregnated sample. This 
In t h e  f i r s t  place t h e  number o f  

I 



f i s s i o n  r eco i l s  reaching the  graphite s t ruc tu re  i s  much smaller s ince many are 
absorbed i n  the  U02 par t i c l e s  themselves. 
lower i n i t i a l  slope o f  the  r e s i s t i v i t y v s .  dosage curve. 
the larger  s i ze  of t h e  U02 par t i c l e s  i n  the molded sample allows a larger  vol- 
ume of graphite s t ruc tu re  whichlis more than the  range ( 5 ~  ) of f i s s i o n  r e c o i l  
fragment from the  nearest  UO2 par t ic le .  This should be re f lec ted  in  the  lower 
f i n a l  value of  thermal r e s i s t i v i t y ,  

4 i s  shown a c b p a r i s o n  between the  r e s u l t s  obtained on im- 
prognatedliegi& and hot pressed BeO,#k31. Here it is  t h e  impregnated sample 
which shows the  lower damage, This can possibl  be explained b rcfercnce t o  
t h e  radiographs of Fig. 5, 
cat ion of t he  s t ruc ture  o f  t he  hot pressed Be0 - U02 mixture, the  upper radio- 
graph i s  a t e n  diameter magnification o f  t h e  s t ruc tu re  of t he  U02 impregnated 
Be0 specimen. A comparison of these two structi ires shows t h a t  the  individual  
UO A comparison of these  two s t ruc tures  shows t h a t  
th6 individutzl U02 aggregates a re  larger  i n  the molded specimen but t h a t  there  
a re  more extensive r e  ions i n  t h e  im regnated s ccimen vhich ap ear t o  con- 
t a i n  no U02 a t  a l l .  !his l a t t e r  fac! is probabyy due t o  t h e  method of fabr i -  
cat ion of t he  low densi ty  h p r c  nated Be0 specimen, (See O ~ b 2 2 , ' q m g o  72 2nd 

stoppcd i n  t h e  U02 aggregates o f  t he  hot pressed specimen (Be0 $1) t h e  i n i -  
t i a l  slope of t h e  ro l a t ive  thenpal r e s i s t i v i t y  VS, dosage i s  considerably less 
than t h a t  f o r  the impregnated Be0 -,@. 
of the body xhich i s  untouched by f i s s i o n  recoi l s  i n  the  impregnated Be0 # 
the f i n a l  valuc of t h e  r e l a t i v e / r e s i s t i v i t y  i s  considerably l e s s  than t h a t  of 
the  hot pressed Be0 ;#la h o t h y r  contributing f ac to r  may be t h a t  the pressed 
specimen i s  a monolithic s t ruc ture ,  with t h e  U02 aggregates an in t eg ra l  pa r t  of 
the  body, so t h a t  any damage to1 than might leave an e f f e c t  on thc thermal con- 
duc t iv i ty  of t h o  whole body; while damage t o  the UO2 aggregates i n  the  impreg- 
nated specimen m u l d  presumably/ not a f f ec t  the  conductivity of t he  & o l e  body 
s ince they  a re  not an in t eg ra l  par t  of  i t s  s t ructure .  This would not account 
f o r  a differcnce i n  i n i t i d  slope but might help explain the differcnce i n  the 
f i n a l  values . 

This should be re f lec ted  i n  t h e  
In  the  second place 

The( lowcr radiograp K i s  a t e n  d i m e  1 e r  magnifi- 

impregnated Be0 specimen. 

Fig* 53). Since a grcat  m a j o r i , y  f of the f i s s i o n  r e c o i l  fragments a re  probably 

However, since there  i s  a greater  volume 

B. ' Dcvelopmcnt of New Pi le  Sample Containers. (R.  G. Berggren) 
I It  has been decided th? t  the  va r i a t ion  i n  specimen tcmpora.ture a t t a in -  

able by varying the  atmosphere i n  the  container i s  not  su f f i c i en t .  
two new modifications o f  t h e  co$tainer a re  being developed, one f o r  higher 
temperatures and t h e  othcr  f o r  lower temperatures. To r a i s e  the temperature 
fur ther ,  the  sample was inclosed i n  a t i g h t  nickel  jacket,  ( l o w  emissivity).  
This did r a i se  the  temperature,,although not as f a r  as desired.  Calcukt ions  
indicated the  sample temperature could bc incrcascd about 150° C i f  a thermal 
rad ia t ion  shield of low emissivi ty  were t o  be placed between the  sample and 
the  container she l l .  

Therefore, 

Samples placed i n  containcrs with t h i s  modification (Fig.  6 )  have 

(1) Test sample, whici i s  hcatod by t h e  f i s s i o n  cnergy o f  

show the expected tempcrature incrcasc of 150' C. Fig. 6 shows: 

t he  uranium it contains 

( 2 )  0.005" nickel  jack& 

( 3 )  0.010'' nicke l  thermal rad ia t ion  shield,  ( the  new f e a t u r e  
of  t h i s  modification) 

(4 )  Lavite r ings f o r  tho thorim1 rad ia t ion  shield 



(5 )  Six Lavito cones f o r  locating the  sample i n  tho contor 
of-^thc container 

(6) Pins t o  eliminate end p1c.y o f  t he  rad ia t ion  sh ie ld  and 
Lavite r ings 

(7 )  Pins t o  prevent longitudinal t r a v e l  of  the  scamplo 

(8) Thermocouples 

( 9 )  Outer s h e l l  of container 

(10) Plug brazed i n t o  container, seal ing it. 

In  order t o  rcach a lovrer operating tenperaturc  without changing the  
Uranium loading of  the samples, it was dccided t h c t  t he re  must be good ther- 
mal contact bettmcn the  s m p l e  and outer shel l .  
expansion coef f ic ien ts  of  tho sample and the  outer s h e l l  d i f fered,  the smple  
and shell are taperod nnd the  samplc pushed in to  the tapered shell, establ ish-  
ing thermal contact betiwon the  sample and shell; 

To achieve t h i s ,  while t he  

The proposed apparatus i s  shown i n  Fig. 7; Numbered par t s  i n  the  
f igure  corresponds t o  i 

(1) Tqetod  sample cylinder, which i s  self heated 

(2 ) Thermocouples 

(3) Tapered shell of container 

(4) 

(5) 

Spring pushing sample in to  tapered s h e l l  

Lavite p l a t z s  t o  locate  spring end preyrent injury of the  
sample by the  spring 

(6)  Plug 

' (7 )  Proposed weld f o r  seal ing the  container 

Spring mater ia ls  t e s t ed  thus f a r  have been unsatisfactory i n  t h a t  they 
annealed a t  temperatures lower than t h a t  reached Then thc plug i s  brazed i n t o  
tho s h e l l  by methods used on previous containers. 
need f o r  SI spring t h n t  w i l l  withstand t h i s  temperature xithout annealing, a 
method is  being investigatcd by vrhich the  heat of  welding can be loca l ized  t o  
the immediate region o f  t he  weld. 

In order t o  elimina-ke'the 

As shom in Fig. 8, t h i s  welding appamtus consis ts  o f  a specimen h o l d e r  
ro t a t ing  a t  6 r,p.rn. and a pointed carbon rod i n  e l ec t r i c81  contact with t h e  
speoimon, a11 i n  a hydrogen atmosphereo 
through the  carbon rod t o  the specimen, t h e  t i p  o f  tho rod being heated t o  a 
high temperature because o f  i t s  r e l a t i v e l y  high resis tance;  The tcmperaturc 
reached by the  t i p  of  t h e  rod i s  high enough t o  m e l t  the  portion o f  the  two 
0.010" copper flanges i n  contact with -;he rod  and mld ing  t h e  flanges to- 
gother; 
i s  produced. 

An e l e c t r i c a l  current i s  passed 

As the  specimen ro t a t e s  under the hot cnrbon rod, a continuous weld 
Trial runs have been successful i n  producing tvelds o f  good 
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physical appearance i n  which the heat was local ized by v i r t u r e  of t he  high I 

thenrial res i s tance  o f  t h e  t h i n  flanges and the  large heat capacity of t he  
copper plug and container. But, vrhen vacuum te s t ed ,  ipprcciable leaks were 
found* 
physicai strength.  
will be eliminated. I 

Further work i s  i n  progress t o  produco a vacuum t igE t  wold of good 
If successful, the  nood f o r  a high temperature spring 

f. . i  

C I  Thermal Conductivity Measurements a t  Roam Temperature. (Re  GO 
3er g gren ) 

T r i a l  runs were made with the  improved-apparatus, as described i n  the  
l a s t  quar te r ly  report, (ORNE66), but r e s u l t s  were not reproducible Moasure- 
mcnts mode on a copper ca l ib ra t ion  samplo showed much too great  8 spread t o  be 
considered sat isfactory.  Causes of  this unsat isfactory behavior a re  now being 
investigated. . 

The apparatus f o r  measurement of  thermal conductivity by t h e  t ran-  
s i en t  method i s  on hand and samples are  now being ' fabr icated f o r  use i n  it. 

D. Thermal Expansion Measurements.. (H. ,E.' Robertson) 

The thermal expansion apparatus which was used t o  give t h e  r e s u l t s  
previously reported on Be0 has been adapted f o r  use with an i n e d  atmosphere 
f o r  t h e  measurement o f  specimens xhich would oxidize readi ly  i n  a i r  et 
elevatad tanperntures. 
s a t i s f ac to r i ly .  The problem o f  measuring t h e  s m p l e  temperature accura te ly  
has given some d i f f i cu l ty ,  s ince t h e  atmosphcro has, up' to tho prosent t h e ,  
causzd sane i r regulcr  cooling of t h e  sample. 
out a t  present.  

The atmospheric envelop? has been b u i l t  and t e s t o d  

This problem i s  being world 

E. High Temperature Modulus Tests (J. Giles Morgan) ' 
I 
I 

Using the apparatus described i n  P o  previous quar te r ly  report ,  
(ORNG66), prelimincry runs have been mado i n  order t o  determine the change 
of  resonance frequency with temperature f o r  the, individual components o f  t h e  
th ree  component o s c i l l a t i n g  systean. The procodure follovred was: 

(1) Moasuring the  resonmce frequency of a piezo-electric quart-z 
c rys t a l  and i t s  var ia t ion  with tmperature .  
drive t h e  th ree  oomponont sys tm.  By use o f  thermal rad ia t ion  sh ie lds  and 
careful  insu la t ion  t h e  quartz temperature i s  kept a.t 8 minimum. The resonmce 
froquency shows a s l i g h t  decrcaso with increase i n  temperature. 

This quartz c rys t a l  i s  used t o  

(2 )  Using DeKhotinsky.cement, tl 3116" diameter fused s i l i c a  rod 
twelve inches i n  length was suspended from the  quartz c rys ta l .  Resonance 
frequcncymeasurements were then mcrde on t h i s  two component system as a fun- 
c t ion  of t h e  furnace temperature. 
rod and crys ta l ,  the  frequency of t h e  rod  clone may be calculated. 

From t h i s  data 2nd knovsing the  mass ,of t h e  

.* 
Equation (1) m f  tan 1.1 tlfo ) - mg f2 t a n  / n f o  \, = 0 

t- !,T/ I '3 1 
whore ml - mass of the quartz c rys t a l  

mi - mnss of t h e  fused s i l i c a  rod  
f o  - resoranco frequency o f  the gompositc o sc i l l n to r  
fl -. resonmco frequency o f  t h e  quartz c r y s t a l  alono 
f 2  - resonmce frequenoy of t h e  fused s i l i c a  r o d  

-7- 



Solving f o r  f 2  involves t r i a l  and e r ro r  calculat ions.  
t h a t  the resoncnce frequency of fused s i l i c a  increases with temperature, 
i s  nccessary t o  how t he  number of  half-vmve lengths prosent i n  t h e  s i l i c a  
rod and it i s  also dosirable t o  have values o f  resonance frequency at di f fe ren t  
temperatures employing several  d i f fc ren t  numbers of half-vmves. The number 

It was found 
It 

of half-waves was 
solving f o r  n1 i n  

Equat ion 

found by determining t w o  
the following equations : 

adjacent resonance frequencies mc! 

f o l ,  - tho resonance frequency o f  n half,--rm.ves. 

fo2 .. the  next adjnccnt resonance frequency of  (nl -{ 1.) 
h d f  = W ~ V O S  

L1 - the  longth of t h e  s i l i c a  r o d  ,(mctors) 

V - t he  ve loc i ty  of propagation of t h e  e l a s t i c  wave 
(moters/sec ) 

( 3 )  The next s t ep  i s  t o  cement t h e  sample onto t h e  end o f  t he  fused 
s i l i c a  rod and determine the  resonance frequency o f  t he  th ree  component osc i l -  
l a tor .  
resonance f'requcncy of t he  sample may be calculated.  
data on the  smplo  i t s e l f  has been obtained. This has been pa r t ly  duo t o  
experimental d i f f i c u l t i e s  i n  obtaining a sg t i s f ac to ry  o s c i l l a t i n g  system,. 
was necessary t o  obtain a ccmcnt which w u l d  transmit vibrat ions a t  1000° C 
and not introduce su f f i c i en t  viscous f r i c t i o n  t o  supress t h e  dosired resonance. 

From t h i s  data and using an equation s i l i l a r  t o  equation 1, the 
As yet no reproduciblo 

It 

After invcst igc king several methods n technique was developed using 
8 50-50 mixture of Alundum rnd Sauereison Ccment i n  Sodium Si l ica to .  Thc 
sample and the  rod ar6 clamped on a V-block and a t h i n  layer of  tho  cement 
applied t o  t h e  surfaces t o  be joined. 
t he  two rods pressed together, the cement i s  allowed t o  dry a t  room tern eraturo 
f o r  24 hoWSe 
over a pcriod of' two hours,* 

By use of n spring t o  kecp the  ends of  

g The ccmcnted jo in t  i s  thcn slowly brought up through 125 C 

Dif f i cu l ty  has also been encountered i n  the f a i l u r e  of t h e  quartz t o  
pyrex seal on the tube which enclosed the system. 
being fabric;atcd t o  eliminate t h i s  problem. 

An cl l  quartz tube i s  now 

F, Scmplc I r r ad ia t ion  Techniques. (J. Giles Morgan) 

In  p a r d l e l  tvith the high tcmperaturo modulus t e s t s ,  bench runs aro 

- 

being made on tb.e most e f fcc t ive  method of  i r r ad ia t ing  the modulus samples in  
the  p i l o .  The follordng conditions must bo met: 

I r r ad ia t ion  a t  an elevatod tempcraturo. 
Good heat t r ans fe r  from t h e  temperature sourco t o  t h e  sample. 
A small tcmpcrature gradient along t h e  longth o f  t h e  samplo 
A method o f  introducing and withdrawing the  samples from the  
face of t h e  pilo.  
Determining the temperature obtainable during i r rad ia t ion .  

-a- 



It i s  planned t o  i r r a d i a t e  these samples around a Uranium slug. Sub- 
s t i t u t i n g  a glo-bar d i ss ipa t ing  tho same mount of energy as t h a t  of t h e  s lug 
when i n  the  flux of t he  p i le ,  a bench model as shown i n  Fig. 9 was constructed. 
Using a t ape r  between the, Aluminum sample holder and tho  s t a i n l e s s  s t e e l  glo- 
bar case thoro was found t o  be 
t o  the sample, &en 250 watts were dissipRtod. 
t h e  length of  the  smple 'var ied  8' C. 
be devising a method of introducing and withdrawing the  sample holder, In  
order t o  insure good thermal contact,  the  surface of t h e  holder m u s t  press 
f i rmly against  the  surface of tho s lug can. 
m a l l  t aper  necessary because of spaco l imi ta t ions  causo the t tm surfaces t o  
bind and i n  order t o  separate the  surfaces, they must be driven apart. 
sample block has been designod, and fs 'befng  fabricated,  in'&$.& the 'b look  
is split down WQ sido BO that it maybe nQro easi ly  removed. 

10' C temperature drop from t h e  hczt source 
The temperature gradient along 

The most d i f f i c u l t  problem appears t o  

However, it was found t h a t  t he  

A 

G e  Graphite Impregnation. (Je C. Carpenter, H. Em Robertson and 
I. T, Humphreys) 

a. During t h i s  quarter  it has been found t h a t  successful p i t ch  im- 
pregnation of t h e  graphite'  i s  more r e l i a b l y  achieved with a s l i g h t  modificaticn 
of the procedure than t h a t  reported before, (ORNL-66). The best  procedure 
evolved t o  date is  as  follows: 
pre nation chamber fo r  15 minutes a f t e r  whioh the temperature i s  raised t o  
200 C a t  which poin t  the  heat i s  turned of f  and t h e  chmber i s  pressurized t o  
250 p s i  o f  nitrogen forcing the  p i t ch  in to  the submerged sample. \%en t h e  
temperature has dropped t o  150' C the pressure i s  rel ieved and the sample is 
removed from the impregnation chmber. 
a re  t h e  same as  before. 

.be 

Tho sample and p i t ch  a r e  evacuated i n  the im- 
8 

The baking and graphi t iz ing procedures 
(ORNL-66) 

Research was continued on the  intermediate percentage impreg- 
nations with t h e  emphasis on the determination of a r e a l  independent var iable  
of the  drying procedure such as t h e  r a t e  of  evaporation of water a t  each point 
of  t h e  drying schedule. For t h i s  invest igat ion a special  recording potentio- 
mater of 1 Mv range was s e t  up t o  monitor the temperature difference between 
an impregnation specimen and i t s  furnace surroundings during t h e  drying pro- 
cedure. Tw runs were made on a given specimen a t  a given tcmperature; a 
"dry" run and a "wet," run. The "dry" run consisted of placing a cold dry 
specimen i n  the  hot furnace vhich was s e t  a t  a given temperature and monitoring 
the  temperature of' t he  specimen vJith,time as w e l l  a s  t h o  furnace tcmperahreo 
The "wet" run WRS the  sane except t h a t  t he  specimen was impregnated with 
water before t h e  heating, 
may ca lcu la te  t h e  r a t e  of evaporation of t h e  water as a function o f  time. 

A ''dry" run and a lrwe%'' run were made on a sample a t  a furnace 
temperature of  300' C o  
temperature of t h e  "dry" sample versus time, Curve ",B" i s  tho furnace temper- 
a ture  (during t h e  "dry" run) versus time, Curve "C" is  t h e  temperature of the 
"wet" samplo versus time, and Curve "D" i s  t h e  temperature of t h e  furnace 
(during t h e  "wet" run) versus timec 
taneously by using a motor driven se l ec to r  switch t o  switch from one ther -  
mocouple t o  t he  other every t e n  seoonds. Curves "C" and I'D" were recorded 
i n  t h e  same manner. 

F rm t h e  difference i n  these two heating curves one 

These runs a re  shorn i n  Fig. 10 where Curve "A" i s  t h e  

Curves "A" and I'B" were recorded simul- 

The r a t e  of temperature r i s e  i n  t h e  dry sample, f o r  a given 
differonce in  temperature between the  sample and the furnace, was obtained 
from the slope o f  curve "A". From t h i s  r a t e  of  temperature r i se ,  heat t r a n s f e r  
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r a t e s  a t  each temperature diffe,rence, were calculated from t h e  following 
equation : 

.x.L ( cp%)  
Qd = 

where Qd Rate of  heat t r ans fe r  t o  t h e  dry sample (cal/min) 

T Temperature o f  sample ("C) 

t Time (min.) 

($:)-: Rate of temperature r i s e  i n  the "dry" run (OC/min) 
u 

Cpc 

Mc - Mass of graphite i n  sample (ps) 

Specif ic  heat  of t he  graphite sample (cal/'C p )  

- 
The r a t e  of heat t r a n s f e r  t o  t he  "wet" sample at a given 

difference i n  temperature between sample and furnace i s  assumed t o  be t h e  same 
as the  heat t r ans fe r  r a t e  t o  the  "dry" s m p l e  a t  the  same temperature d i f fe r -  
ence becausc! heat t r ans fe r  conditions a re  near ly  the  same i n  both instances. 
The r a t e  of heat t r ans fe r  t o  the  ''wet" sample is considered t h e  sum of three  
separate r a t e s  of heat t ransfer .  These r a t e s  o f  heat t r ans fe r  a r e  the  r a t e  
of heat t r ans fe r  required t o  produce the observed r a t e  of  temperature rise 
o f  t he  graphite, the r a t e  o f  heat t r ans fe r  required t o  produce the observed 
r a t e  of temperature r i s e  of the water present i n  the sample, and the r a t e  of 
heat t r ans fe r  required t o  produce tho  r a t e  of  empore.tion o f  water from the 
sample. 

- 
Qd QW = Q1+ Q2 t &T 

where Qw 3 Rate o f  heat t r ans fe r  t o  the  "wet" sample (cal/min) 

Q1 = Rate of heat t r ans fe r  f o r  producing the  observed 
r a t e  of temperature r i s e  of t h e  graphite (cal/min) 

Qz Rate of heat t r ans fe r  f o r  producing the  observed 
r a t e  o f  temperature rise of water present i n  the  
sample (cal/min) 

Rate of  heat t ransfer  f o r  prociucing the r a t e  o f  
evaporation of water from the  sample (cal/min) 

&v 

The r a t e  of hczt t r ans fe r  f o r  producing the observed r a t e  of tem- 
perature r i s e  of graphite and the r a t e  of heat t r ans fe r  f o r  producing the 
observed r a t e  of temperature r i s e  of t h e  water present can be calculated 
using the  ra te  of temperature r i s e  of  t h e  %et" sample (s lope of curve "C") 
i n  the  following equation: 

o Rate of temperature r i s e  of "wct" sGmple (OC/min) 

Cprr 

M, 

o Specif ic  heat o f  water (cal/OC gn) 

:Mass of water present i n  sample a t  t h i s  t5me (gms) 
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The r a t e  of  heat t r ans fe r  producing t h e  r a t e  of evaporation of water 
f r o m  t h e  sample i s  then  the'dif 'ference betweon the  t o t a l  r a t e  o f  heat t r a n s f e r  
t o  the  sample and t h e  r a t e s  o f  heat t r a n s f e r  f o r  producing the  observed r a t e s  
of temperature r i s e  o f  t he  graphite and water present. 
following equation: 

This i s  shown by the  

= 0 Q2) 

The rate of evaporation of water from t h e  sample a t  any given time 
can then be calculated from the  r a t e  of heat t r ans fe r  producing the  r a t e  of 
evaporation of water a t  t h a t  time by t h e  following equation: 

where &Mw z Rate o f  evaporation of water (gms/min) 
a . t ; r  

% 2: Latent heat of vaporizing o f  water ( c a l / p )  

Combining the  above expressions we have the  following: 
( - )  <- 
y v*' - I> .<' 1- Q r (4 ,, I 

'? 
where (g)r, aud (j-r),,,nrc f o r  the  sane differences of sample e.nd furnace 

temperztures i n  both "wet" and "dry" runs. 

Thus :, 

obtained. 
In  t h e  ac tua l  calculations,  values f o r  t h e  various q u a n t i t i e s  were 
from the following sources: 
f '. r\i 

f r o m  slope of curve "A" -2. 
, d t  , 

( 7  4 .  f .. - from slope of curve "c" 

from published t ab le s  

from published t ab le s  

t f -f 1, ~, 

c P C  

cPw 

HW 

MW 

from published t ab le s  

by weighing t h e  dry sample 

Only t h e  i n i t i a l  mass o f  vmter  was^ known from weighing the  
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trwetii sample. ., The mass of vrater present a t  any given time was 
calculated as described below: 

The %eti’ run was divided i n t o  a f i n i t e  number of time in te rva ls  
(one minute in te rva ls  i n  the  300’ C run) and t h e  vmter evaporated i n  t h e  f i r s t  

minute calculcted.  
giving a new Mw. 
t he  second minute and the  ca lcu la t ion  repeated un t i l  1% became zeroI 

record of “dry” and “wet“’ runs a t  a furnace temperature o f  3000 C a 

come from t h e  runs shown i n  t h e  Fig. 10. 
i n  the  ttivettt run tabula t ion  one may f ind  the  r a t e  of evaporation of water a t  
any time during t h e  drying procedure, 
analysis  and cons t i tu tes  t he  t r u e  independent var iable  o f  tho  drying procedure 
which i a s  sought. 

This was subtracted from t h e  i n i t i a l  mass of water present, 
The new Mw was used i n  calculat ing t h e  water evaporated i n  

In  t h i s  manner the  data  Fig. 11 was obtained from t h e  po ten t ime te r  
These data 

From t h e  l a s t  column on t h e  r i g h t  

This i s  the  end r e s u l t  of such an 

This procedure of analysis has j u s t  been perfected and it ye t  
remains t o  extend the procedure t o  samples impregnated with UNH ra ther  than 
water and t o  cor re la te  f i n a l  uranium dis t r ibu t ions  with the  r a t e  of evapo- 
r a t ion  o f  w a t o r o  

He Simultaneous P i le  I r r ad ia t ion  and High Temperature Creep Experiment 

(Seagaser and Hunter) 

(1) General. Work continues on t h e  design and experimentation 
necessary t o  development an apparatus su i tab le  f o r  t h e  determination of t he  
creep-rate and l imit ing creep-stress o f  mator is ls  of construction proposed 
fo r  power-pile appl icat ion while exposed t o  simultaneous fas t  neutron i r rad-  
i a t i o n  and high temperatures, Based on experiments and f i e l d  t e s t s  o f  t h e  
various components necessary f o r  t he  successful operation of such a device, 
t he  design shown by Fig. 12 i s  submitted. This device incorporates a l l  of t he  
e s sen t i a l  functions necessary f o r  t he  determination o f  the creep of mater ia ls ,  
although the  apparatus necessar i ly  d i f f e r s  from the  construct ion of a con- 
vent ional  creep-rate apparatus as described i n  t h e  A4.T.M. 
of Test f o r  Long-Time (Creep) High Temperature Tension Tests of MetalliG 
Materials (E22-34T). This diversion from t h e  standard i s  necessary f o r  t h e  
p i le - i r rad ia t ion  t e s t s  because of t h e  very rigorous and unusual conditions 
under which the  apparatus must function. ’ 

Tentative Method 

The requirements f o r  t h e  successful operation o f  a creep-determination 
device f o r  inser t ion  i n  a fuel-channel hole i n  the  O.R.N.L. P i l e  are:  

The over-all  dimensions of the  apparatus m u s t  be confined t o  a 
maximum diameter of 1.200 in.  and a iength o f  not more than 
12 in.  , 

The apparatus must be assembled from components which are  them- 
selves unaffected by i r rad ia t ion .  
conccrnod) . (As  far as the  t e s t s  are 

h l l  measurements o f  s t r e s s ,  temperature, and elongation must be 
made by remotely located instruments. 

-12- - 
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That 

The creep-apparatus must be capable of b6ing9discannected by 
remote control  f e r  discharge in to  t h e ’  8torage ‘canal. 

A l l  connections t R  the  device which a re  t o  be withdrawn from 
the  loading face of the  p i l e  must be made of mater ia l  which 
w i l l  not become excessively radioaet ive o r  which can be con- 
veniently withdrawn in to  a lead container. 

A means of  a t ta in ing  the  fast-neutron f lux  as well as simul- 
taneous high temperature must be provided. 

therapparatus meets these requirements as , w e l l  as t he  require- 
m e n t s  o rd inar i ly  imposed by a conventional creep-apparatus may .be seen by 
analysis of the  proposed designc 

( 2 )  Stress Measurement. The required s t r e s s  w i l l  be induced i n  the  
creepspecimen by means o f  gas pressure supplied from a high-pressure cylinder 
of Helium. 
w a l l  thickness as shown by t h e  curves of Fig. 13. 
a force on the piston head which wi l l ,  therefore,  be r e s i s t ed  by’an essent ia l=  
l y  equal load on t h e  specimen. Since the  gas i s  retained by a f l ex ib l e  s ta in-  
lQss-s teel  bellows, an apparatus has been designed and is. cur ren t ly  being 
fabricated f o r  the determination of  t h e  mean-effective-area&ef t h e  bellows 
and i t s  spring r a t e o  This auxi l ia ry  equipment i s  necessary for  the c a l i -  
brat ion of each of t h e  bellows i n  order t o  determine the e f f ec t  o f  t he  vari- 
a t ion  i n  mean-effective-area and spring-rate of the  bellows on the  induced 
s t r e s s  i n  the  specimen. Holes are  d r i l l e d  r a d i a l l y  i n  the  enlarged shoulder 
of t he  specimen i n  order t o  equalize pressure on the  insfde and outside of t h e  
specimen wall, such t h a t  component s t resses  due t o  unequalized pressures a re  
eliminated. 
means of a lOOOpsi capacity Heise bourdon-tube pressure gauge. 
diameter gauge with 500 graduation3has been ordered. 
guaranteed accuracy of one-half of one per cent  a t  points of reading above 20 
per cent o f  scale. The accuracy f o r  t h e  remainder of the  sca l e  i s  one- f i f t h  
o f  one per cent o f  t o t a l .  
points on the  d i a l  i s  given k t t h  each gauge. 
connected t o  the P i le  Creep-apparatus by means of  a Hansen quick disconnect 
coupling or equivalent f o r  remotely discharging tho device from the p i l e  as 
shown by Fig. 14. 

The pressure w i l l  be regulated t o  t he  necessary value f o r  a given 
This pressure w i l l  c rea te  

Pressure measurements w i l l  be made e x t e r n a l l y t e  t he  P i l e  by 
An 8* in. 

These gauges have a 

A c e r t i f i c a t e  of accuracy covering a t  l ea s t ’20  
The pressure system v d l l  be 

( 3 )  Specimen Wall-Temperature and Fast  Neutron Flux Determination, The 
temperature of the  speoimen wall and t h e  required fast-neutron flux f o r  born. 
bardment damage wil l -be a t ta ined  by inser t ing  a U-235 impregnated cylinder of 
graphite within the  specimen bore. 
d i s t r ibu t ion  of uranium i n  the heater-element and knowing t h e  value of the  
thermal neutron f lux  i n  which the  apparatus is  placed, t h e - g i e s i o n  r a t e  of t he  
uranium i n  the  heater element can be calculated,  and, hence, t h e  number of 
f a s t  neutrons per square oentimeter per second determined. 
i s  within the  specimen, p rac t i ca l ly  a l l  o f  t h e  f a s t  neutrons generated (with 
the  exception of  those leaking from the  ends) must pass through the  specimen 
w a l l .  The heater-element i s  show i n  three sections i n  order t h a t  both a 
subs tan t ia l ly  constant wall temperature and flux can be maintained. 
quest has been s u b d t t e d  t o  the  A.E.C. f o r  100 grams of U-235 which is e s t i -  
mated t o  be su f ’ i c i en t  f o r  2 0  specimens. 

By carefu l ly  cont ro l l ing  the amount and 

Since  t h e  element 

A re- 
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'The specimen wall-temperature w i l l  be measured by means of th ree  iron- 
constantan $herqocouplos of No. 30 Ga. w i r e  at tached t o  the  spe-cimen wall a t  
points 1 in. along 
consisting e s s e n t i a l l y  of a globar unit and short  length of alun&num tubing 
has been constructed f o r  t h e  purpose of  determining t h e  best  methods of attach- 
ment of t h e  thermocouple junctions t o  measure t h e  t rue  wall tunperat'urer 
leads from t h e  thermocouples w i l l  be brought out of t h e  high pressure s h e l l  as 
shown by means of three double eyelet  Stupacoff hemat i c  sea ls  re ta ined against  
gas pressure by r ing nuts and sealed with lead gaskets and soldere  The output 
from those thermocouples w i l l  be measured by a su i tab le  potentiometer placed 
adjacent t o  t h e  loading face of t he  pi le .  The leads frm t h e  thannocouples 
will be disconnected by placement of de l ibera te ly  weak l inks of small gauge 
wire a t  t he  lead-outs fram the creep apparatus. 

i t s  length and displac@ r a d i a l l y  by. 1 2 0  degreee. A device 

Th6 

(4) St ra in  Measurement. Experiments have been conducted on two types of 
strain-measurement devices which appear t o  be su i tab le  f o r  use i n  the P i le  
creep apparatus. The first of these types i s  based on the pneumatic-gauge 
pr inciple  i n  which a var ia t ion  i n  o r i f i c e  size i s  made t o  vary t h e  f l o w  o r  
pressure of a f l u id .  In appl icat ion t o  creep-strain measurement', t he  var iable  
o r i f i c e  consis ts  of a small nozzle through which i s  discharged a gas impinging 
against  a plate movin$ perpendicularlly t o  t h e  o r i f i c e  diameter. 
has proven very sens i t i ve  t o  l inear  motion and i s  expected t o  be very s tab le  
under p i l e  irr.adiation. However, t h e  problems involved i n  connecting the  
gauge t o  the  apparatus and the  necessi ty  of thcreby.running two gas pressure 
leads from t h e  p i lo  make t h e  second type appear t o  be tho more f eas ib l e*  

This device 

This second type of measuring device investigated i s  based, on t h e  
d i f f e r e n t i a l  inductance-gage principle,  and i s  e s sen t i a l ly  a l inear  var iable  
poten t ia l  transfokmer. The device of  a s i ze  su i tab le  f o r  mounting i n  t h e  
creep apparatus i s  commercially available and irlay be purchased from e i the r  
the  Schaovitz Mfg.' Co., o r  t h e  Baldwin M f g .  Co. under the  t r ade  name of 
Microformer. A Microformer uni t  from the  ualdwin Co. has been t e s t ed  i n  t h e  
0.R.PJ.L. P i le  and the  r e su l t s  are  presented i n  the  memorandum from C o  E. 
S t i l l s o n  t o  L. P. Hunter, under the  stibject, The Effect of Radiation on A 
Differen t ia l  Transformer. In  t h i s  t e s t ,  t he  Microf.ormer uni t  was mounted i n  
such a manner t h a t  t he  Microformer core could bo a l te rna ted  between two fixed 
posit ions approximately 0.020 in. apar t  by remote control. 
output and rcsis tance were made poriodically during an i r r ad ia t ion  period of 
18 days with t h e  Microformer placed within the maximum f lux  f i e l d  of  the 
pi le .  The input t o  t h e  Microformer was 10 vol t s ,  2000 cps, a l t e rna t ing  cur- 
rent. The output was measured with a Hewlott-Packard Model 400-A vacum tube 
voltmeter. 
reveals no f a i l u r e  o r  abnormal oporation of t he  d i f f e r e n t i a l  transformer 
during irradiation." The s e n s i t i v i t y  of  t h e  Microformer was moasured a s  18.8 
mi l l i vo l t s  'per 0.001 inch core displacement, or 0.0000532 inch per m i l l i v o l t  
a t  10 v o l t ,  2000 cps. input. ' Similar t e s t s  a r e  being planned f o r  t h e  Schae- 
v i t z  type o f  Microformerr Therefore, considering i ts  l i nea r i ty  of output  
voltagc with core position, i t s  accuracy of within one per cent under adverse 
conditions, t he  f a c t  t h a t  it can operate a t  f a i r l y  high temporatures, t h e  
mechanical ruggodness and s implici ty  o f  construction, the  s impl ic i ty  of  
mounting and running tho e l e c t r i c a l  connoctions from the  p i l e  and the  eliJni- 
nation of  f r i c t i o n  between core and transformer, the l incar  variable d i f f s r -  
e n t i a 1  transformer i s  recommended as  o su i tab le  device f o r  measuring creep 
s t r a i n s  under i r r ad ia t ion*  

Observations of  

As quoted f r o m  tho memorandum, "Careful examination o f  the  data  
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(5)  'Fab r i t a t ion  Technique. Test6 are planned and have been conducted 
on t h e  Cechique of assembly o f , t h e  various components of t he  p i l e  creep de- 
vice i n  order t o  insure success i n  tho assembly of f i n a l  apparatus. The 
most c r i t i c a l  o f  t h e  problems involved i n  assembly are-those of high-tanper- 
a turo silver-soldering techniques i n  joining the various s ta in less -s tee l  
she l l s .  .This problcm i s  complicated by t h e  l imited space avai lable  f o r  f i l l e t -  
welds, and the  necossity of joining the she l l s  with the creep specimen i n  
place. Obviously, i f  t he  spechen  i s  of low molting point a l loy,  such as 
28-Aluminum, there  i s  danger of melting the specimen. Thereforc, a technique 
of joinery based on induction heating i s  being investigated. 
t h a t  very closc heat control can be obtained by t h i s  method,'thereby offering 
t h e  poss ib i l i t y  of confining the  heat t o  tho outer shells.without excessivo 
penetration 02 hoat t o  t he  specimen. 
t i o n  of wires l a i d  i n  grooves between the shells before assembly. 
solder  f l o w s  by cap i l l a ry  ac t ion  t o  a l l  pointsof t h e  jo in t  and,by carefu l  con- 
t r o l  o f  cloarances p rac t i ca l ly  the f u l l  s t rength  of t he  parent metal may be. 
obtained i n  tho jo in t .  Several t e s t  specimens t o  perfect  t h i s  technique a re  
being f abr icatgd. 

It i s  ant ic ipated 

The s i l v e r  solder i s  applied by inser- 
The s i l v e r  

( 6 )  Bench Model Tost Apparatus. The bonch model of  t h e  creep-test  
apparatus as describod i n  the  provious Quarterly Report (ORNL-66) has been 
fabr ica ted  and assembled. 
were oncountered and s ince the  p i l e  model creep apparatus i s  s imilar  i n  prin- 
c iple ,  no d i f f i c u l t i e s  i n  t h i s  assembly are,  therefore,  anticipated.  Tho 
necessary instrunentation, gas cylinders, powor source, etc., a re  being 
assembled and it i s  expected t h a t  a preliminary creep-test on a 2s-Aluminum 
sample may very sho r t ly  be s ta r ted .  

No major d i f f i c u l t i e s  o f  fabr ica t ion  or  assembly 

I. Instrumentation f o r  Creop Test. (C. St i l son )  

In  the  croep t e s t  described i n  t h e  previous section of t h i s  report, 
one end o f  t ho  specimen v s i l l  be fixod, another end f r e e  t o  move. Tho dis- 
plaoement o f  the  f r ee  end will be mcasured t o  determine the specimen elo& 
gat ion during tho  t o s t ,  ldethods suggested as  feas ib le  f o r  t h i s  appl icat ion 
includo t h e  uso o f  t h e  Pnoumatic Micrometer and t h e  Lincar D i f f e ren t i a l  Trans- 
former. 
feasible .  The f i n a l  se lec t ion  of the instrumentation used w i l l  be based on 
considcration of accuracy, r e l i a b i l i t y  and spaco l imitations.  

Experiments with each method have indicated t h a t  both methods are, 

The important specif icat ions of  the  instrumentation required f o r  the 
creep measurumnt appl icat ion follow, 

7 1. 

. 2. 

3. 

, 4, 

5. 

Displacements up t o  a maximum of 00040 inch a re  t o  be 
measured . 
A minimum accuracy o f  1% i s  desired. 

The instrument must have long-time s t a b i l i t y .  

The indicat ing means must bc located a minimum of  25 f e e t  
from tho  sensory means. 

Tho sonsory means must be unaffected by s t rong f i s s i o n  
rad ia t ion  f i e lds .  
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6, No access t o  t h e  sensorymeans i s  possible a f t e r  rad ia t ion  
i s  s tar ted.  

A fu r the r  requirement i s  t h a t  the  sensory instrument and connecting 
m e a n s  should be of a minimum size and complexity because of t h e  r e s t r i c t e d  s izo  
of the  space avai lable  f o r  t he  creep t e s t  dcvice of  which t h e  sensory mean6 is 
a part .  

1. Pneumatio Micromotor. It was suggcsted tha t  EA gas i n e r t  t o  p i l e  
radiat ion could bo uscd i n  connection with a f ixed nozzle and the f r e e  end of 
t h c  creep specimen (actuator)  as a pnoumztic micrometer. 
pcrimonts a flow-limiting o r i f i ce  was used between the  a i r  supply and t h e  
nozzle, thus tho nozzle pressure is  a function of nozzle res is tance,  likewise, 
of creep specimen clongation. 

In  t h e  ea r ly  cx- 

The f i r s t  experimental work was done using p la in  flat-ended nozzles 
(torch t i p s )  with the nozzle ou t l e t  stream impinging on a f l a t  plate .  
work showed only a maximum indicat ion of tho  order of 0.010 or 0.015 inch if  
possible i n  the range of p la in  nozzle sizes feas ib le  fo r  the  intended i n s t r w  
mcnt application. 
means of improving tho  rango of indicat ion was required. 
t h e  rango of operation various types of variable area nozzles were conceived. 
The m o s t  promising of  thcse  was a ball-type nozzle considsrcd from t h e  stand- 
point of casc of construction v i t h  available mater ia ls ,  Tho f i r s t  bench model 
of a pneumatic micrometer (designated "preliminary modol" ) was constructed end 
t e s t e d r  
sec t iona l  d e t a i l  of tho nozzle. 

This 

Since a mcasuromcnt rango of 0.040 inch i s  specified,  a 
I n  order t o  increase 

Fig. 15 shows a schematic of  t h c  general arrangemcnt and a f u l l  s ize  

Calibrations of t h e  "preliminary model" are shown i n  Figs. 16 and 
17. Fig. 16 shows a ca l ibra t ion  fo r  two d i f fe ren t  nozzle o u t l e t  areaac 
addition of t h e  second hole i s  an improvement over t he  s inglo hole. 
Fig. 17 shows tho offoot-of' two d i f f e ren t  operating pressuresp 30 and 60 p s i .  
Thesc ca l ibra t ions  show tha t  tho indicat ion i s  c losely doubled f o r  a corres- 
ponding incroase i n  pressure indicat ing t h a t  the  device i s  usable over a wide 
rango of prc3ssures. Adcquato indicat ion of displacemont is  observed over the  
desired 0.040 inch operating rango fo r  cnch curve shown. 

The 
The curve 

Two disadvantages of pncmRtic micrometer i n  t h i s  form and fo r  t h i s  
appl icat ion a r i s e  from t h e  f a c t  t h a t  tho nozzle pressure changos considcrablv 
i n  magnitude. 
actuator and tho applied nozzle prossure has less force avai lable  t o  OvercomQ 
possible r c s t r a in t s ,  f o r  examplo during ca l ibra t ion  suff'icicnt force was no* 
avai lable  a t  t he  lowest nozzle prcssuros t o  overcomo the d i a l  indicator  
mechanism spring load. 
the p i l e  appl icat ion it i s  dosirablo t o  discharge the  nozzle in to  atmosphi2rio 
prcssure. 
dischargo would bo subject t o  s t a t i c  and dynamic pressure c r ro r s r  
e r rors  would bo espec ia l ly  large f o r  the lcss r e s t r i c t ed ,  low nozzlc-prcssuro- 
drop condition. 

A t  l ow pressuros t h o  b a l l  which is f loa t ing  between t h c  

To r e t a i n  a simple form of pneumatic micrometer f o r  

Bocause of the forced a i r  cooling i n  the f u e l  channels t he  nozz2e 
These 

An analysis of t h e  basic design factors  showed the  poss ib i l i t y  of  
modifying the  o r i f i c e  and nozzle pressure r a t io s  r ad ica l ly  with considerably 
improved resu l t s .  In  t h e  "preliminary modol" it was necessary t o  have the  
o r i f i c e  pressure drop and nozz le  prossuro drop of t hc  s m o  order of magni- 
tude a t  some intermodiate displacement condition. The improved a r r angqen t  
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t h a t  was suggested by the  analysis indicated the d e s i r a b i l i t y  of maintaining 
a low o r i f i c e  pressure drop and a high nozzle pressure drop. This arrangement 
r e su l t s  i n  a large chango i n  flow as tho nozzle res i s tance  i s  var ied by t h o  
change i n  displacement of t he  f r e e  end of t h e  creep spccimen. ' These desirable 
prcssuie. charac te r i s t ics  are  e a s i l y  obtained and a su i tab le  indicat ing means 
a re  provided simultaneously by t h e  replacement of tho o r i f i c e  uscd on Pneu- 
matic Micrometer Modo1 1 by a flow meter consis t ing of a ventur i  t h roa t  and 
low range d i f f c ron t i a l  pressure mcasuring dovice. 
1, d s  constructed using a crude ventur i  made of two  sizes of copper tubing 
and a U-tube manomcter as  t he  d i f f c ron t i a l  prossure gage. A sketch showing 
tho  construction of Flomoter  Model 1 i s  showh i n  Fig. 18, 
Flowmeter Model 1 and tho b a l l  nozzle previously usod' ( i n  the  pneumatio 
micrometer "preliminary model") was designated as Pneumatic Micrometer Model 
1. 

range required by the  specif icat ions statcd.  
Micrometer Modo1 1 was su f f i c i en t ly  grat i fying t h a t  consideration of a refined, 
small design Pneumatic micrometer was s t a r t ed ,  
have indicated t h a t  a pncumatic micrometer su i tab le  f o r  t h i s  appl icat ion can 
be b u i l t  having sensory element of approximately 3/8 inoh diameter by one inch 
long. 
be as  small as e065 inch i.d. and as long as  25  foc t  without severe dosign 
rcquiremcnts. If nocessary, it appears p rac t i ca l  t o  reduce these dimensions 
sinco tho lowor l imi t  has not yet been approached. 

A SUitAble Flowmeter Model . 

The combination of 

Calibrations of t h i s  model f o r  three different  pressures are  shown i n  
"Fig.  19. Sa t i s fac tory  operation i s  indicated over tho 0,040 inch operating 

The performance of  t h e  Pneumatic 

Treliminary design studios 

The connocting tube betwoen the  sensory clement and tho f l o w  meter can 

* 2, Dif fe ren t i a l  Transformer. Difforcnt ia l  transformers a re  avail-  
able cammcrcially tvhich showed promise f o r  appl icat ion t o  creep measurement 
i n  t h e  p i lc ;  therefore ,  t e s t i n g  of an avai lable  transformer i n  an operating 
p i l e  was indicated. 
Washington; D. C. ms proourred and tes ted.  
general, involved s imilar  tochniquos t o  thosc planned o r  usod f o r  other  
experiments inser ted  in to  the  f u e l  channels of the ORNL p i b .  
posi t ion of the  d i f f e r e n t i a l  transformer during t e s t  i s  approximately 2 5  f e e t  

.from tho p i l e  face and no access t o  the devices i s  possible during or  a f t e r  
i r rad ia t ion ,  a necessary and suf'fioien.t rad ia t ion  t e s t  o f + t h e  d i f f e r e n t i a l  
transformer was considcred t o  be the  observation of tho d i f f e r e n t i a l  trans- 
former output voltage f o r  t w o  def in i te  core posit ions during an i r r ad ia t ion  
period exceeding the  probable i r r ad ia t ion  period of t he  creep t e s t  experf- 

Aocordingly a device t o  move t h e  core of t h e  d i f f e r e n t i a l  transformer 
between two fixed locations vms dcsignod, b u i l t  and tes ted.  Resistance 
mcasuremcnts vmrc made per iodical ly  during i r r ad ia t ton  t o  a i d  i n  diagnosis i n  
case of malfunctioning. 

A d i f f e r e n t i a l  transformor made by the 0. Sm Peters Co., 
Tho arrangoment of t h e  test, in  

Since the 

'ments. 

The t e s t  device mechanism shown on assembly drawing Fig, 20 consis ts  
bas i ca l ly  of a two-ended cable wrapped on t w o  assembled grooved sheaves vrith 
an interposed eccentr ic  cy l indr ica l  cam and an enclosing cam-follower having 
a linkage rod carrying the d i f f e ren t i a l  transformer core. 
assembly i s  r e s t r i c t e d  t o  1800 ro t a t ion  by stops t o  give a displacement of 
tho Core equal t o  twice t h e  cam+cccontrioity, o r  a t o t a l  displacement of a 
nominal 0.020 inch, 
of t ho  d i f f e r e n t i a l  transformer i n  oi ther  o f  tlnio f ixcd posit ions a t  w i l l  from 
t h e  face of t he  p i l e  by operating t h e  pu l l  wires connected t o  the  cable  on 
tho' sheave. 

The sheave and cam 

This' mechanism provides a mcana of posit ioning the  corc 

Bench t e s t i n g  consisted of making a precise mcasuromcnt o f  a c t u a l  



core motion, determining'suitable e l e c t r i c a l  operating conditions, checking 
l i n e a r i t y  of output voltage with posi t ion of the  core, and makin 
simulated test-run. Measurements indicated t h a t  the  "best value' of d i s -  
placement was 0.0219 inch. 
vms much b e t t e r  than expected considering machinery tolerances.  Tests showed 
advantageous e l e c t r i c a l  operating conditions when. an exci t ing voltage and 
frequency of t e n  vol t s  and 2,000 o r  2500 cps; were used. The output volt5ge 
was l inear  with respect t o  the  core posi t ion within t h e  accuracy of measure- 
ment * 

a pre-pile 

The reproducib i l i ty  o f  the net  core displacement 

The p i l e  t e s t  consisted o f  i r r ad ia t ion  of t h e  t e s %  device cant@* 
uously, according t o  t h e  p i l e  operating sched.uk, f o r  a period of over t w o  
weeks. Readings were made per iodical ly  o f  t h e  output voltage f o r  t he  t w o  
posit ions of the  core and o f  the  c o i l  resistance.  
during t h e  i r r ed ia t ion  period a r e  p lo t ted  on the  graph Fig.'21.' The ne t  out- 
put voltages and differences i n  output voltages f o r  tho two core posi t ions 
a r e  plot ted on the graph Fig. 22.. The net output voltage corresponds t o  the 
ne t  displacanent o f  t h e  core. 

The output voltages measured 

For comparison purposes several  observations were made priod.'to 
loading the  t e s t  device i n  the p i l e  -- one observation a f t e r  loading but 
before t h e  p i l e  was on, and t h e  balance of  readings made during the  irra- 
d ia t ion  period. Several readings were made soon a f t e r  the p i l e  was brought 
up t o  power, i n  case f a i l u r e  occurred early;  then, .readings were made l e s s  
f requent ly  a s  the  i r r a d i a t i o n  time increased. observations were made over 
a period of 18 days -- longer than planned for  creep experhents .  Careful 
examination of t he  data reveals no f a i l u r e  o r  abnormal operation of the  
d i f f e r e n t i a l  transformer during i r rad ia t ion .  A t  t he  conclusion of the  t e s t ,  
t he  d i f f e r e n t i a l  transformcr t e s t  assembly was discharged from the p i l e  i n t o  
the  canal. 

I t  w i l l  be observed that Fig.  21 shows a consis tent  decrease i n  
output voltages f o r  both posit ions betweoil pre-pile and in-pi le  readings. 
This consis tent  difference i s  a t t r i bu ted  t o  t h e  mechanism s e t t l i n g  i n  a 
d i f f e ren t  sheave-shaft and bearing posi t ion since there  was freedom from 
f r i c t i o n  on the  control  wires i n  the pre-pile t e s t ;  howcver, f r i c t i o n  was 
present i n  the  p i l e  t e s t  s ince t h e  control d r e s  and e l e c t r i c a l  wires were 
drawn through a s p i r a l  hole i n  the  channel s h i & i  plug. 
minated i n  the  ne t  output voltage curve since the e f foc t  i s  Consistent f o r  
each a r e  position. . 

This e f f e c t  i s  e l i -  

The res i s tance  measurements o f  t h e  d i f f e r e n t i a l  transformer showed 
no changes la rger  than those corresponding t o  the  expected temperature change 
i n  the  res i s tance  of  copper wire i n  t h e  ambient temperature o f  t he  f u e l  
channel cooling a i r  of t h e  p i l e .  The conclusions of these t e s t s  a re  t h a t  the 
d i f f e r e n t i s l  transformer would be su i tab le  f o r  measurement use i n  an o p s r a t -  
ing p i l e  f o r  maximwn periods and f lux conditions equivalent t o  condi t ions 
.during t e s t s .  A more complete descr ipt ion of conditions o f  t e s t  and t e s t  
r e s u l t s  a r e  given i n  a confident ia l  memorandum subject "The Effect rof 
Radiation on a Dif fe ren t ia l  Transfom,er" dated 8-16-48,, addressed t o  Dr. L. 
Pa Hunter from C. E. S.t;ilson. 
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J. Recovery of Uranium from Graphite Fuel Units (L: Wert Frormn and He' E. 
?le bb ) 

Xork t h i s  quartcr  was devoted mainly t o  the  conversation of t h e  pro- 
cess t o  the  use of a l t e rna t ing  current  and t o  the  adaption of  t h e  process for  
mass treatment o f  samples. 

I t  had previously been shown t h a t  r e l a t ivo ly  high current dens i t ies  
would be required f o r  t h e  e l e c t r o l y t i c  process; and sinco high a l t e rna t ing  
currents  (from large transformers) a r e  more e a s i l y  obtained than a re  high 
d i r ec t  currents  (from high capaci ty  rec t f ie rs ) , "  it was deemed des i rab le  t o  
f ind a way of using a l te rna t ing  current. The l i t e r a t u r o  showed t h a t  t h e  
surface oxide of tantalum has the property of  greater  e l e c t r i c a l  res is tance 
i n  one d i rec t ion  than  i n  t h e  o.t;her, and t h a t  both tantalum and i t s  oxide e re  
r e s i s t a n t  t o  n i t r i c  acid corrosion. Experiments proved t h c t  by using a tan- 
talum electrode with t h e  graphite sample R S  t he  other  electrode, t he  a l t e r -  
nat ing current i s  r e c t i f i o d  within t h e  bath so thetantalum becomes the cathode 
and the graphite t he  anode. Also, by v i r tue  of the  samo property of t h e  t an -  
talum, i f  t he  lead wire t o  the graphite i s  made of tantalum, no leakage of 
current d i r e c t l y  t o  the  bath occurs. I t  i s  necessary, however,' t o  place a b i t  
o f  platinum f o i l  between tho tantalum and t h e  graphite t o  conduct t h e  current 
i n to  the  graphite. 

I t  was a lso  found t h a t  e f f ic iency  could be mult ipl ied by use of t w o  
tantalum cathodes i n  a full-wave c i r c u i t .  I n  t h i s  c i r c u i t  one cathode i s  
connected t o  each end o f  t h e  secondary of a transformer and t h e  graphite 
sample anode is  connected t o  t h e  secondary ceiiter-tap. 
subjected t o  t h e  same conditions as  when fod mith pulsating d i r ec t  current  
supplied by a full-wave r e c t f i e r .  Fm methods f o r  mass treatment of sampbs  
were t r i e d ,  The f i r s t  was t h a t  o f  random placement of  samples i n  a tantalum 
basket vdth n piece o f  platinum f o i l  a t  the  bottom. The expcriment was un- 
sa t i s f ac to ry  I since a currcnt densi ty  of  3 t o  5 amps./cm.2 i s  required f o r  
e f f i c i e n t  operation of the  process md since the e n t i r e  s ide  surfaces of two 
samples were exposed t o  t h e  action. 
o f  0.5 amps,/cm.2 was the  maximum t h a t  could be a t ta incd  i n  t h i s  apparatus." 

The anode i s  thereby 

'VTith cx is t ing  equipment a current  dens i ty  

I n  order t o  confine tho required current f o r  t h e  desired current  
donsity t o  10 t o  15 amps., a second method was t r i c d  wherein the  samples xere 
stacked end to  end and t h e  ac t ion  confined t o  one end of the s tack .  Several  
apparatus were designed and constructed t o  accomplish t h i s ,  
proved apparatus consisted of a v e r t i c a l  tank 2 inches i n  diameter and ,eboUt 
30 inches long attached t o  an ex terna l  convection cooling system; i n  t h o  top  
o f  t he  tank a re  mounted i n  a c i r c l e b  50° apart ,  th ree  p a r a l l e l  1/4-inch tan-  
talum rods insulated f r o m  each other e l e c t r i c a l l y  by a "Lave" f i t t i n g ;  
of t h e  rods extend h a l f w a y  down t h e  tank and a c t  as cathodes i n  the  f u l l e m v e  
c i r c u i t ,  and the t h i r d  rod runs t o  the  tank bottom; makes a 180' bend; and 
extends back up along the  center l i ne  o f  t h c  tank, ending i n  h. pedesthl 1/8 
inch t h i c k  and 0.787 inch (Zcm.) i n  diameter about 2 inches below t h e  cathode 
ends. Upon t h i s  pedestal ,  tho t o p  of  which i s  covered by a d isk  of platinum 
f o i l ,  are stacked three o r  four 2 cm. dimmter by 5 cm; long graphite samplcs; 
A glass  tube equal i n  length t o  the  height o f  t h e  s m p l e  s tack  i s  placed 
surrounding t h e  samples, supported by a glass  bar hung across the  top  of the  
stack. This glass  tube confines the  d i s in t egmt ing  act ion t o  the t o p  of t h e  
stack,' and as act ion continues t h e  tube moves dovmvmrd so  tha t  t h e  dis tance 
re la t ionship  between ac t ion  surfcce; glass insu la t ing  tube; and cathodes re- 
main constant. Tests on th ree  stackcd samples i n  t h i s  Apparatus indicated 

The f i n a l  im- 

Two 
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t h a t  a t  10 amps. (3.2 amps./cm. 2 ) coFplote d is in tegrz t ion  occurred i n  47 mink 
Utes, and a t  15 amps. (4.8 amps./cm. ) complete d is in tegra t ion  occurred i n  
20 minutes. The underlying pr inciple  of t h i s  apparatus i s  e a s i l y  adaptable 
t o  large sca le  application. 
ment of hollow cy l ind r i ca l  samples vms begun with a v i e w  toward t h e  comparative 
t e s t i n g  of samples which have been impregnated and/or coated Tvith pi tch m d  
t a r ,  metal-plated, metal-sprayed, and othcrwise t r ea t ed  i n  the  course of  t h e  
pore-sealing invest igat ion of  J. R. Hwnphreys, Jr. Very preliminary rGsults 
ind ica te  t h a t  t h e  best  method i s  t h e  gradual lowering o f  t h e  sample in to  the 
d is in tegra t ion  bath a t  a r a t e  approxhirtely equal t o  t h e  re.te of dis into-  
gration. An apparatus t o  perform t h i s  opcration semi-automatically has been 
designed and i s  now under construction. 

An invest igat ion as t o  t h e  best  method of  treat- 

Des c r  i p t  ion 

-1__---_ -- 
Disintegration i n  Boiling Ba.th- 
1 hr.  

Disintegration a t  room temp.-26 
min. Then Boiled S lur ry  2 1/2 hrs.  

Same as EU-223. Another picce o f  
same sample. 

Disintegration a t  room tcmp.-28 min. 
F i l t e r ed  irnw!&-tc l y  without rcflux- 

To da te  the  graphite powdcrs resu l t ing  from dis in tsgre t ion  runs on 
uranium-impregnated samples have bceii refluxed i n  concentretcd n i t r i c  ac id  f o r  
a t o t a l  of  183 hours. 
removed and accounted. for ,  t he  following r c s u l t s  heve been calculeted:  

Assuming thr?,t a l l  t h e  o r ig ina l  uranilpn has now been 

Re  cove 
During Disinte 
gra t ion  Run 

9Q. 76 

99.82 

99.81 

99.32 

R u h  No 

EU- 1 

EU-2 0. 

EU-2b 

E U S  

K. 

Percentaee 
During 183 
Hour Reflux 

0 e24 

0.18 

0.19 

0.68 

Graphite Technology. (J. R. Hwnphreys and C. C, Sc o t t )  

Tests are underway t o  determine the  e f f e c t  on permeabi l i ty  of h igh 
temperature ageing on previously prepwed bulk impermeable graphi te  samples. 
Ageing times of from 4 t o  6 hours a t  temperatures i n  t h c  rnnge of  1000- 
2000O C are  proposed, s t a r t i n g  with 1000° C and recycl ing at progressively 
higher temperatures u n t i l  de f in i t e  permeability o f  t h e  sample i s  observed. 

The samples t o  be used on t h i s  t e s t  were recycled, us ing  t h o  p i t c h  
impregnation and reduction method un t i l  they -mre impemeabld, 
permeabilit. measurement t e s t s  f o r  these samples consis ted o f  making t h e  
tubes (1 1 J 8" OD x lb x 4" L) an in t eg ra l  par t  of a 6 l i t e r  vacuum system and 
then measuring a leak ra te  over a one ha l f  horxr period. 
system w i l l  be used in  making permeability measuremcnts on $he t u b e s  f o r  t h e  
heat ageing t e s t s  i n  order t o  incrzase t h e  s e n s i t i v i t y  of t h o  mcasuraement. 

The o r i g i n a l  

A rcduccd volume 
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L. Metellurgy. . (H. Bo Fai rch i ld)  

A broad range report  on zirconium beginning with the h is tory  of the 
metal and covering a l l  known physical and chemical data, nuclear physics 
properties,  corrosion studies,  methods of production, methods of fabrication, 
of t h e  duc t i le  m e t a l ,  and the  f a c t s  of per t inent  i n t e r e s t  i s  being writ ten.  

Final  arrmgements were made i n  conference between members of our 
Division and representatives of t h e  Sylvania Elec t r ic  Products Co. proceding 
with t h a t  portion o f  the  contract  1 t h  the  AEC which i s  o f  d i r ec t  i n t e r e s t  
t o rus r  This contract  requests t h a t  Sylvania f o l l o w  a program of th ree  main 
objectives f o r  the  Navy p i l e  studies.  These are  (1) the  research in to  tho 
production of duc t i le  beryllium, (2  ) invest igat ion of t h e  beryllium-uranium 
metallurgy powdcr metallurgy techniques with the object ive o f  preparing 
"sandwich" fue l  elements with Be-U "meatst' and zirconium cladding, and ( 3 )  
the  execution of more or  l e s s  standard t e s t s  on t h e  creep strength, thermal 
expansion, and thermal conductivity of Zirconium. 

M. Ceramics. ,( W, Ti. Galbraith) 

The ccramic development program was continued a t  t h e  Electrotechnical 
Laboratory, N o r r i s ,  Tcnnessce, i n  cooperation with the  U. S. Bureau of Mines. 
During the  last quarter  three phases of t h e  program t o  improvc the  resis tance 
t o  thermal rupture of  be ry l l i a  bodies were studied. 

Beryll ia bodies containing a special  shipncnt o f  fused Be0 grain, 
crushed and screened into sclected ranges of  screen sizes,  showed s ign i f i -  
cant volume expansion a f t e r  f i r i n g  i n  gas f i r e d  ki lns  and small o r  no volume 
expansion a f t e r  f i r i n g  i n  t h e  rcduoing atmosphere o f  a graphite-rs$f'%stor 
k i  In. 

Beryll ia bodies were fabricated in to  t e s t  cylinders t o  evaluate t h e  
resis tance t o  thermal rupture. 
f i r i n g  conditions were studied. 

Variations i n  grain s ize  d i s t r ibu t ion  and 

Representative be ry l l i a  t e s t  cylinders were t e s t ed  f o r  ros i s tancc  t o  
thermal rupture i n  order t o  evaluate t h e  e f f e c t  of grain s i ze  d i s t r i b u t i o n  
and f i r i n g  conditions. 
47& per cent minus 10 plus 35 mesh, 19 per cent minus 35 plus 100 mesh, and 
28.5 per cent minus 100 mesh dense Be0 grain, bonded with 
calcined Be0 powder, and f i r e d  a t  165O C f o r  8 hours would havetgood r e s i -  
stculce t o  thermal rupture* 

The t e s t  r e su l t s  indicated t h a t  a body con-Laining 

5 per cen?t 1 0 W  

Complete data f o r  t h e  work are  found i n  the May, June, and JuJY, 
1948 Electrotcchnical Laboratory reports  (ETL 11, 12, and 13) t i t l e d  "R*.efrac- 
t o r i e s  f o r  Atomic Power Production" 
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BeO-UOZ MIXTURES 
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Tension Spring 
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Pointed Carbon Rod 

O.blOlf Flange on 
Plug and Specimen 

I 
Copper Specimen 

Specimen Guide 

t d  1 
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I I '  
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Motor 

c Variac 

AC Power 
Supply 

0.010" Thick Flangee, O.OO1ll Clearance 

Copper Plug 

,Copper Specimen 

WELDING APPARATUS 

HOT CARBON ROD METHOD 
USING 

FIG. 8 
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@ 2-S ALUMINUM TUBING. 

@ @) @ THERMOCOUPLE HOLES DRILLED I N  SAMPLE HOLDER BLOCK. 

2-S ALUMINUM SAMPLE HOLDER BLOCK. SAMPLES TO BE IRRADlATED WILL BE PLACED 
IN HOLES DRILLED PARALLEL TO THE LONGITUDINAL AXIS. 

STAINLESS STEEL TAPERED 
SPONDS TO THE SLUG CAN 

TWO THERMOCOUPLE HOLES 

HOLLOW CYLINDER TO ENCLOSE THE GLO-BAR. THIS CORRE- 
N THE FINAL SET-UP. 

DRILLED IN BOTH ENDS OF THE GLO-BAR CASE. 

ALUMINUM PUSH ROD TO I N S E R T  AND WITHDRAW THE SAMPLE HOLDER. 

SAMPLE IRRADIATION BENCH MODEL 
. .  .... 
._ . _I. 

T5 

P P 0-A- I4 6 5  
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"DRY" RUN AT 300: c FJRNACE~,T@PEMTURE 

Time 
(min) 

0 
1/3 
2/3 
1 
1 1/3 
1 2/3 
2 
.2 1/3 
2 2/3 
3 
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8 

3 1/2 

26.6828 @ S i  
6.4406 gmsi 
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I 1 

1 

2 

2 

l* 

2 x  
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8 .  
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2 16k 6 
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3 8c2 
2 9 i 6  
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'-0-L 

7000 
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57b4 
63<8 
477s 
4 2 i  6 
38;4 
34.6 
33 08 
28.4 
25 i 4  

13 ;8 
18.4 

1014 

"VET" RUN AT 3000 C FURNACE TEXPERATURE 

( i n i t i a l  value only) 

Qa . . 
(cal/min) 

' $ , a  , . I * >  

--"-I 

4 00 
404 
3 90 
3 70 
3 63 
334 
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1.9 
4 12 
5 64 

5 iB 
4 02 
7 64 

33.6 
31.0 
24.4 

23 .a 

6 a4406 
6,4406 
6 63466 
6.1756 
5 09436 
5.6816 
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12 2 408 

83 406 
57 402 
40 401 
27 401 
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3 3 82 

0 
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0 
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;464 
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e 600 
l645 
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8673 
6 705 
2669 
$.645 
b643 
i662 
of322 

* (Tf-T8.) i s  t h e  difference b e t k e n  sample and furnace temperathesi '  

FIG t i  
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7 QUICK DISCONNECT COUPLING LlNEAR VARIABLE POTENTIAL TRANSFORMER 

I PISTON HEAD THERMOCOUPLE HERMATIC SEAL 

~ 2 IN GAGE LENGTH ~ 

PRESSURE S H E L L 1  r 
BALL SUPPORTS r I 

i CREEP SPECIMEN-’  

ENRICHED U - 2 3 5  HEATING ELEMENT 

STAINLE SS STEEL BELLOWS 

PILE CREEP-TEST APPARATUS 

ADJUST1 NG SCREW 

cL.5. FIG. 12 
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i PRESSURE 
REGULATOR 

PNEUMATIC MICROMETER 
PRELIMINARY MODEL 

4 

SCHEMATIC : 

NOZZLE 

ORIFICE w 

\NOZZLE 
lNDICATER (SEE DETAIL BELOW 

' SUPFLY 
PRESSURE LABORATORY 

GAGE AIR LINE 

0 
TI a l i  

NOZZLE DETAIL : 

1/4" STEEL BALL \ 

-.. .- 

BRASS TUBING 

1/4 " LD, 

. 

1 FlG.15 
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MODEL-I 
'4:., 

FIG. I8 
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