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OAK RIDGE NATIONAL LABORATORY 

STATUS AND PROGRESS REPORT 

This Status and Progress Report smarizes that portion 
of the Laboratory's work which is unclassified. Some of 
the topics are included every month, but the majority are 
reported on a bimonthly schedule. 

PROGRAM 2000 - SPECIAL NUCEEAR MAT33RIAIS 

Dissolver Solution Analyses. - The anion exchange separation proce- 
dure for plutonium (om-2781) caused difficulty. Chemical degradation 
of the resin particles by nitric acid and subsequent leakage of the deg- 
radation products into the electrolyte solutfon caused the titration 
time to be lengthened and results to be low. Considerable effort was 
made to circumvent this difficulty, but without complete success. 

the triisooctylamine-extraction coulometric-titration procedure for 
uranium were investigated. The procedure was altered to include adding 
ascorbic acid to the final aqueous solution to be titrated and adjusting 
the pH to approximately 4.0. 
precision deviation is less than 1% when fission products and additives 
are present. 

which consists in adsorbing U(VI) from 6 M H C 1  onto 3 ml of Dowex 1-X8 
( 5 + l O O  mesh), washing the column with 5O-d of the acid, (drawing excess 
acid off the column by vacuum, and elxting the uranium with 15 ml of HzO. 
The solution which comes off the column is approximately 2 in chloride, 
a concentration which causes interference in the coulometric titration. 
The amount of chloride which can be tolerated and means of eliminating 
the interference will be studied. 

The effects of fission products and stainless steel additives on 

Preliminary data show that accuracy and 

An anion exchange separation procedure for uranium is being developed 

(AEC Activity 2724) 



PROGRAM 4000 - RECACTQR DEDLBPMENT 

GAS-COOUD REACT0R PROGRAM 

Experimezkal Gas-Cooied Reacts- (EGCR) Construction. - The Advisory 
Committee on Reactor Safeguards has concurred in the location of the EGCR 
at the Gallaher Bend site, and authorization to proceed with construction 
has been granted. 
for the site work and the road to the site. 
site is being installed, and the clearing of the roadway has been started. 
(AEC Activity 4141.1) 

Reactor Physics. - Calculations of the power distribution in EGCR 
fuel clusters in a plane perpendicular to the fuel axis are essentially 
complete for the case of fresh fuel in a symmetrical lattice. The effect 
of plutonium buildup remains to be checked, and the possibility of un- 
symmetrical distributions in the neighborhood of controi rods and loops 
requires flnrther study. 

able in BeO- and graphite-moderated gas-cooled reactor cores was completed. 
Optimum fuel concentrations, specific powers, and other parameters of 
ceramic cores were determined. The results indicate that, in general, 
average core power dezsities in the ra,rge 50 to 100 kw/liter can be 
achieved with Be0 if tubes or plates no thilzrler than 0.1 in. are used. 
With graphite tubes or plates 1/4 to 1/2 in. thick, power densities in 
the range 100 to 400 kw/liter can be achieved with moderate void fractions 
and modest pumping power. The complex relatlonships among the several 
variables describing tbe heat-transfer and heat-transport characteristics 
of these systems were empared in graphic form. (AEC Activity 4141.1) 

EGCR Hazards Evaluations. - The pressure specifications for the 
EGCR containment vessel and the experimental loop cell were examined, 
It was detemined that a pressrrre of i2 psig in tne experimental loop 
cell would permit reasonable flexibility for fcture experiments. Cal- 
culations of the coxtaiment vessel pressure, based on a helim outlet 
temperatxe of l@5C°F, yielded a vaitle of 7 psig. No credit was taken 
in these calculations for the cooling by the steam generator and the heat 
capacity of the vessel and its contects. 

The Roekik Constrection Company was awarded a contract 
The sanitary water line to the 

A study of heat transfer characteristics and power densities attain- 

(AEC Activi5y 4141.1) 
Heat Transfer Experiment. - Experimental heat transfer measurements 

were made on a system consisting of seven 0.80@-in.-o~ sinulated EGCR 
fuel tubes arranged on l . 3 7 2 - k ~  center-to-center spaci-rigs within a 
3.835-in0-1~ glass channel and constrained at, the mid-plane to design 
positions by a spacer. Circumferential temperature pmfile data were 
obtained for an axial position 1 in. upstream of the mid-cluster spacer. 
In these experiments the over-all mean heat flux was 6500 Btuehr”1*ft’2 
with a flow rate of 20601b/hr (giving,a.Reynolds number of 68,0001, an 
air inlet temperature of 108’F, and an average axial temperature rise of 
68.7”~. 
agreement with those reported for the earlier resistance-heated-tube experi- 
ments in which no mid-plane spacer was used, and the circumferential asp- 
metry noted previously was again evident, The minimxu tube surface tem- 
perature varied from 353 to 3 6 0 ’ ~ ,  and the mean tube surface temperature 

The tube surface temperature profiles obtained were in qualitative 



varied from 364 t a  375°F. 
ference w a s  34.3"F abcve the  minimum surface temperature of per ipheral  
tube No. 5. 

An a x i a l  t raverse  w a s  made of tube 30- 4 under the saplewhat d i f -  
f e r en t  conditions of a 3  txer-a;.l mean heat f2.m ~f 6700 EtU*4?r-1- f t , ' 2 ,  
an a i r  flow r a t e  of 2055 l b / h  (Reyxolds znmber 67,6ClO), an air  i n l e t  
temperature of 118'~, and an average axial. a i r  temperature r i s e  of 69°F. 
I f  the a x i a l  distance I, .fs expressed i n  terms of the  equivalegt diameter 
&, the  mean tkbe surface t,t?mperat.nre icereased from 248'F a t  the L/de = 0 
posi t ior ,  t o  446°F a t  L de = 38.;~:. A t  ",/de = 12.0 ( the  mid-plane spacer i s  
located a t  L/de = 17.9 i , the  tube temperature was 367"F, while a t  L/d, = 21.0 
it was 313°F. (AEC Activi%y 4141.1) 

Fuel Capsule I r r ad ia t ions  i n  the ORR. - Eight capsules have been 
i r r ad ia t ed  continuously i n  CPRR yeactor cycles X through XIV. 
X I V ,  when the reac tor  was operating s t ead i ly  at  16 W ,  subspecif icat ion 
temperatures were noted f o r  capsules 6, 7, aad 8. Invest igat ions were 
s t a r t e d  on capsule 7, which indicated two periods of musgal  temperature 
osc i l l a t ions ,  one of 1.40 mir- duratitm ard  the other  of 220 mi2 duration. 
Both temperature deviations s t a r t ed  arid stopped a b r q t l y e  Indicat ions 
a r e  t h a t  a s h i f t  of the inner  tube by as much as C.5 t o  1 mi .1  could cause 
such temperature changes, P x t h e r ,  the magrL-tude and duration of the tem- 
perature excursion could be a f fec ted  by the proximity of the thermocouples 
t o  *he inner txbe spacer wire. It i s  cul-reritly postulated t h a t  a mechan- 
i c a l  v ibra t ion  or a thermal dis t -ubance may have in i5 i a t ed  movement of the 
inner tube with respect t o  the outer  tube. This would a l t e r  the  width of 
the thermal. ba r r i e r  gap and thus upset the thermal equilibrium of the 
inner tube. 
thermal b a r r i e r  gas annulus widened and narrawed might have had an e f f e c t  
somewhat l i k e  t h a t  of a bimetal l ic  s t ~ i p ,  
perpetuating u n t i l  it was a f fec ted  by another mechanical o r  thermal e f f e c t  
( f o r  example, wedging). Efforts i,o izid-ace the phenomenon by thermal cycling 
have been f r u i t l e s s ,  A check f o r  a c t i v i t y  ir: the 3a.K blarket  gas ind ica tes  
t h a t  no leakage has occurred. 

Z'he l a rges t  circumfere2%ial temperature d i f -  

During cycle 

The a l t e rna te  beating and cooling cf opposi,ng s ides  as the 

Such an action might be s e l f -  

(AEC Act ivi ty  414L.l) 
Fuel Capsule Imad ia t i cxs  i n  5he E<TR. - Seven experimental f u e l  cap- 

sules  a r e  being i r r ad ia t ed  i n  the ETR. 
vary from 713 t u  1305°F. 

The i r r a d i a t i o s  surface temperatures 
(AEE Aetfvi.t,y 4141.1) 

Mechanical Propert jes  of Type 304 S ta in l e s s  S tee l .  - Creep t e s t s  a r e  
being conducted t o  determine the behavior of type 3@4 s t a in l e s s  s t e e l  i n  
carbon monoxide, carbon dioxide, oxyger, argm, hydrogen, and a i r  a t  1300, 
1500, and 1700°F. The da$a obtained thus f a r  indicate  t h a t  the  creep r a t e  
i s  decelerated i n  air  and accelerated i n  hydrogen a t  300 p s i  and 1500°F. 
Under these conditions, 60 and @02 appear t o  stre:igthen bhe specimens, with 
COz having the  g rea t e r  e f f ec t .  Argon and oxygen y i e ld  comparable, interme- 
d i a t e  creep r a t e s .  Helium would have the same e f f e c t  on the creep r a t e  as  
t h a t  observed with argon. (MC Activi ty  4141.1) 

Beryllium Tubing Evaluation. - Approximately 28 f t  of beryllium tubing 
obtained from England i s  being evaluated by nondes5ructive methods, which 
include resonance and pulse-echo u l t r a s m i c s  
penetrants.  The resonance u l t rasonic  technique has revealed w a l l  thickness 
var ia t ions  t h a t  f a l l  within a range of between O.Ojg and 0.045 i n . ,  with 
occasional v a r i a t i o m  i n  a short  length. i n  the  ra-Tg;e of 0.040 t o  Oo050 in. 

radiography, and fluzkescent 
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Pulse-echo u l t rasonic  inspection has revealed the  presence of severa l  
flaws, whfch have not yet  been thoroughly explored. Radiography has 
detected numerous high-density p a r t i c l e s  and severa l  p i t s ,  gouges, and 
longi tudinal  grooves. A few of +,he p i t s  92 the  inner  surface have 
diameters up t o  a;bo.l+, 3.325 5 . ~ ~  a d  they penetrate  the  w a E  as much 
as 75%. 
de f in i t i ve  f o r  determining the  qua l i t y  of the tubing. (AEC Activi ty  
4141.1) 

Thus far the  PadiGgraphic technique seems t o  be t h e  most 

Homogeneous Reactor Program 

w i  
at  

Homogeneous Reactor Test  (ERT). - During August the HRT operated 

temperatures of 245 and 260°C, and a t  power l eve l s  as high as 5 Mw. 
t h w t  i n t e r r q t f o n  at pressures of 3.150, -50, 1600, and 1750 psig,  

More than 700 Mwhr were accumulated duri:i$ the  mnth ,  bringing the t o t a l  
f o r  rm 20 t o  
5 Mtr, it appears thaf, a l a w  system pressure (<1400 ps ig)  i s  a so lu t ion  t o  
the  i n s t a b i l i t y  d i f f i c u l t i e s  heretofore exper iexed .  

The invest igat ions so  far have been i n  the  nature of scouting runs 
with the purpose of blocking out the areas  where power operation r e s u l t s  
i n  loss af  uranium. 
var iables  which a re  not completely m d e r  the  spera-bor ' s  con+rol. Never- 
the less ,  t he  following can be coocluded. There was a s t r i k i n g  difference 
between ce r t a in  of the  system pressllres se lec ted  f o r  exploration: a t  1150 
and 1250 psig there  were no indicat ions of f u e l  i n s t a b i l i t y  a t  power l eve l s  
up t o  5 Mw; at  pressures of 1600 and 3.750 psig,  however, there  were rap id  
losses  i n  r e a c t i v i t y  a t  the higher power leve ls .  There appeared t o  be 
l i t t l e  difference i n  the  power l eve l s  a t  which fuel. loss  occurred a t  the 
two temperatmes (240 and 26G"C) invest igated.  The threshold f o r  l o s s  a t  
the high pressures at  e i t h e r  temperatwe was abozt 1.5 Mw, There were a 
few power excursiorm but x.me were grea te r  than 13% of the operating power. 
(AEC Activi ty  4151.3) 

wl50Cr Mwhz. On the  basis of approximately 30 hr at  4 t o  

These invest igat ions a r e  complicated by severa l  

HRT Chemical P i l o t  Plant - - Equil ibr i .m removal r a t e s  _establ ished 
approximately 500 h r  a f t e r  the beginning i-,f ERT P J ~  20 were 60$ higher 
with the  13-unit  mzllticlnne system than with the s ing le  hydroclone. 
expected improvement by a f ac to r  of 3 was not achieved because of lower 
than expected hydroclozie e f f ic ienc ies .  These e f f i c i enc ie s  a r e  very 
sens i t ive  t o  p a r t i c l e  s ize ,  decreasing by a f a c t c r  of 2 i n  going from 
the 1-p-size p a r t i c l e  expected to the  0.8-11 p a r t i c l e s  obtained. Further 
improvement. i s  be i r e  sought i n  present operation by recycling 7% of the  
hydroclone overflow stream back t o  the  feed stream. (AEC Activi ty  4151.1) 

Fuel Processing. - Developent of procedures t o  remove n icke l  from 
solut ions simulating concentrated HRT f u e l  s o h t i o n s  (80 g of U per l i t e r ,  
1.5 g of Cu per l i t e r . ,  1 M SO4--) was completed by t e s t  runs with both H2Q 
and D20 solvent. 
s t a t e  concentration of uranium reduced t o  U(IV). 
t o  a maximum of 4.7 Wt % Cu + N i  a f t e r  the  f i n a l  rm w i t 3  H20. 
with DzO, the  current e f f ic iency  f o r  n icke l  removal w a s  1% and f o r  copper was 
i n i t i a l l y  57$, decreasing t o  a low value as t h e  removal of t h i s  metal was 
completed, (&C Activi ty  41-51*1! 

The 

R e d u c t h  of  the  platinum anode area increased the steady- 
The amalgam was Loaded 

I n  the  run 
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Thorium Oxide Slurry Development. - Review of radiolytic gas re- 
combination data showed (2.3 an apparent activation energy of about 11 
kcal for gas recornbination in-pile in a heavy-water slurry of 650"~- 
fired Th-U oxide as opposed to 16 kcal for the light-water system; 
( 2 )  a slightly greater dependence on temperature in the out-of-pile 
runs, indicating an apparent activation energy of 30 kcal for the heavy- 
water system; and ( 3 )  slightly higher gas recombination rates in heavy- 
than in light-water slurries. 

Tho2 in a Pd(M03)2 solution (230 parts of palladium per million of thori- 
um), reducing with He, and firing the resulting solid at 800°C. 
some conditions this catalyst had more than 10 times the specific activity 
of the Westinghouse preparation. 

measured quantities of hydrogen and oxygen into a slwry bomb at temper- 
ature were very successful. 
and oxygen was removed at operating temperature, and an essentially 10% 
material balance was demonstyated after more than 100 recombination experi- 
ments. In further experiments on cooling of a simulated slurry irradiation 
bomb by pumping water through a capillary wound around the bomb, temper- 
ature excursions of 40°C at 250°C and of 2OoC at 300°C were controlled, 
but larger excursions were not. 

Flame denitration of Th(N03)4-AL(N03)3 in methanol solutions with 
reflector temperatures of 1500°C gave 95 w t  6 Th02-5 wt $ M203 particles 
with a high degree of sphericity. 
yield stress of 0.026 psf, and the mean particle diameter of 1.0 p for 
unclassified product are a very promising combination for a blanket slurry. 
(AEC Activity 4151.1) 

Om-2795). - Concentrating a synthetic HRE-2 fuel solution lowered the 
temperature of formation of two Liquid phases from 332°C for the uncon- 
centrated fuel to a minimum of 305°C in the concentration range of 6 to 
16 times that of the present fuel on a molal basis. Information obtained 
from recent HRE-2 operation suggests that with a fuel pressurizer temper- 
ature somewhat below 305°C it may have been impossible for concentration 
by boiling to have caused the separation of two liquid phases and the 
resulting aggravation of the fuel instability situation. 
tests the minimum temperature for formation of two liquid phases by con- 
centration was raised to above' 32hsc! when \the free acid concentration in 
the synthetic HRE-2 fie1 solution was raised to 0.03 M H2S04. 

The two-liquid-phase temperatures of radioactive fuel samples taken 
directly from the HIE-2 were determined and showed little difference from 
those of nonradioactive solutions of the same concentrations. 

light and heavy liquid phases of the system U03-S03-H20 was investigated. 
Preliminary evaluation of these data indicates adistribution of both Ni++ 
and Cu++ in approximately the same relative mole ratio as uranium between 
the light and heavy liquid phases. 

portions of the system 803-CuO-NiO-M~05-H~0 indicated that oxides rather 
than metal nitrates or basic nitrates are the stable solid phases. The 

A new palladium catalyst was prepared by refluxing 1600°C-fired 

Under 

Initial gas recombination experiments with an apparatus for injecting 

Water added by the recombination of hydrogen 

The surface area of 1.3 m2/g, the 

Heterogeneous Equilibria in Aqueous Systems (See AEC Activity 5330, 

In laboratory 

The distribution of Hiff and of Ni++ and Cu++ together between the 

Preliminary investigations from 200 to 3 0 0 " ~  of several separate 
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so lub i l i t y  data obtained permit a preliminary evaluation of t he  usefulness 
of the  n i t r a t e  system as a high-temperature aqueous homogeneous reac tor  
f i e l .  (AEC Activi ty  4151.1) 

a s  a homogeneous ca ta lys t  i n  the UQ3-HN03-H20 system w a s  invest igated i n  a 
br ie f  survey, 
mately the same as t h a t  observed i n  the  U03-H2S04-H~0 system. 
a c t i v i t y  of cupric ion i n  the  n i t r a t e  system i s  only 40% a s  grea t  a s  the  
a c t i v i t y  i n  the su l f a t e  system under similar conditions. Calculations show 
tha t  a n i t r a t e  system contair,ing 0.02 m Cu(N03)z, 0.04 m U02(NQ3)2, and 0.080 
m - HN03 can recombine the  rad io ly t ic  hyzrogen produced a: a power density of 
21.5 w/cc a t  a core nuclear average temperature of 280°C with a pressur izer  
pressure of 1430 ps i a  and 100 p s i  of oqgen  overpressure. This corresponds 
t o  approximately 10 Mw of power i n  Hm-2. 

Reactions i n  Aqueous Solutions. -The effect iveness  of t he  cupric ion 

The act ivat ion energy f o r  the  process was found t o  be approxi- 
The c a t a l y t i c  

(AEC Act ivi ty  4151.1) _ -  
Analyticai Chemistry, - I n  the development of methods f o r  the deter-  

mination of osmium, two improved spectrophotometric methods have been devised. 
I n  one method, su i tab le  f o r  milligram quant i t ies ,  t he  absorbancy of t h e  t e -  
troxide a f t e r  extract ion with chloroform i s  measured a t  any one of the f ive  
absorption m a x i m a  i n  the  u l t r av io l e t  region. I n  the  other method, f o r  con- 
centrat ions of a much lower order (0.5 t o  30 pg/ml;, the  absorbancy of an 
intensely colored osmium-diphenylcarbazide complex i s  measured a t  a wavelength 
of 560 w.  
i n  chloroform or i n  an aqueous solut ion from which the  complex can be subse- 
quently extracted and estimated. 
sens i t ive ,  but fewer interferences a re  encountered with the  te t roxide proce- 
dure. (AEC Act ivi ty  4151.1) 

Slurry Circulation Experiments. - Circulation of a tho r i a  slurry con- 
ta in ing  8% uranium i n  the  200B loop a t  280"c indicaf,ed the good p a r t i c l e  
s t a b i l i t y  found i n  previous t e s t s  with t h i s  type of slurry a t  150 t o  225°C. 
The i n i t i a l  mean p a r t i c l e  s ize  of 2 0 3  p w a s  v i r t u a l l y  unchanged a f t e r  600 
h r  of c i rcu la t ion  a t  a concentration near 500 g of Th per  l i t e r  of s lurry.  
The uranium dissolut ion from t h e  slurry was no grea te r  than t h a t  i n  the  
previous t e s t s :  approximately 2 ppm dissolved uranium w a s  contained i n  the 
slurry supernate and l e s s  than 40 ppm w a s  found i n  the  pressurizer  l iqu id .  
The heat t r a n s f e r  coef f ic ien ts  obtained with t h i s  slurry a t  280°c and con- 
centrat ions up t o  TOO g of Th per l i t e r  of slurry were very close t o  those 
measured with water. 

Slurry System Development. - A f t e r  completion of water t e s t s  with the 
new 3OO-SM low-pressure system, a dump t e s t  was car r ied  out t o  determine the 
system behavior. For t h i s  i n i t i a l  t e s t  t he  concentration i n  the high- 
pressure loop w a s  f irst  decreased t o  approximately l g of "h per  l i t e r  by 
l e t t i n g  down slurry t o  the low-.pressure system through a capi l la ry  choke 
while adding water with t h e  feed pumps. I n  general the  dump t e s t  w a s  
successful, with most of the  system components performing as designed. The 
primary dump l i n e ,  which drained from the  top  of the  loop pipe, permitted 
t r ans fe r  of t he  di lute  slurry without d i f f i cu l ty .  A secondary dump l i n e ,  
which drained from the  bottom of the  loop pipe, did not permit t r ans fe r  of 
the  d i l u t e  s lu r ry  because of set t led slurry i n  t he  l i n e  between the loop 
pipe and the  dump valve. 

s lur ry  which had s e t t l e d  f o r  one week i n  the  conical-bottom 3O-in.-dia 
storage tank could be resuspended by being boiled with jacket heating on 

I n  the  l a t t e r  method, the complex can be formed e i t h e r  d i r e c t l y  

The diphenylcarbazide method i s  the more 

( / U C  Activity 4151.1) 

Preliminary slurry t e s t s  with the  low-pressure system showed t h a t  
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the  bottom of the tank, 
per  hour and with a slurry scztainfng about 155  g of Th per  l i t e r  i n  the  
tank, the concentratior* within the  tank w a s  uniform except near the bottom 
of the  conical section. 
mately eqLal t o  t hose  obf,ained with water. 
w a s  concentrated t o  about 85C g of Tn pes  l i t e r  of slurry, t h e  concentration 
decreased l i n e a r l y  with height,  from 865 g / l i t e r  a t  the bottom of t h e  tank 
t o  800 g / l i t e r  a t  the  slumy lktrel. Transfer from t h e  low-pressure system . 
t o  t he  high-pressure system w a s  e f fec ted  wf+,hc)ut d i f f icu lxy  a f t e r  micor 
changes i n  the  fee3  pl;nap s u ~ t i m  l i w ,  

Slur- d i s t r ibu t ion  ir; t h e  30-in. s l u ~ ~ y  core vessel i s  now being 
studied a t  203 to 283°C arid slurry e m . x n t ~ a t i c m  t.p t o  1.0011 g of T'n per  
l i t e r  of s iurry.  (AEC Act ivi ty  4151.1\ 

With a boi l ing r a t e  of about lOC! lb of steam 

Surface heat t ransfey coef f ic ien ts  were approxi- 
m e n  the slurry i n  the  tank 

Core and Blanket 'Jesse1 &velopmenL, -Tes ts  with the  ERE-2 core 
vessel  model showed that. s o l i d s  which simulated those created by the  under- 
water 'Heliarc screen cu t t ing  operation & . o d d  be remxed by f lushing with 
water a t  100 gpm. 
e l e c t r o l y t i c  dissolut ioL method for removhg the  screens cauld not be 
f lushed through the  lQwer screens. 

803 to 120C g of ThQ2 per  kg of 320, uniform slurry zoncentrations were 
found at, flow r a t e s  as l ~ w  as 8C gpa a t  2 5 V 0  
on the  conical surface 2 f  t he  vessel were apprsximt,ely 22% lower than those 
measured with water a t  the same flow ,-ates. 

A spherical  sampler probe containing sever, r a d i a l  openings gave sample 
concentrations with less than 2% var ia t ion  f o r  a l l  c r ien ta t ions  of the  pr-obe 
t o  the  slurry flow d i rec t ion ,  A heated t'nermc iple  probe w a s  found usef i l  
f o r  d e t e c t k g  stagnant slerl-y regions withiri a vessel .  

Component Devel opment e - A floating-bu sh 
t i tanium wear surfaces,  w a s  inst,alle: is the 3 
suecessful.ly ir, high-tezpemture wa+er. Tie t sysi,em w a s  the:; loaded 
with ThO, s lu r ry  ce abou+, :3OC g * ~ f  ",'"n$t2 per kg 3f 
280Q C t o  test fu r the r  tke shafJ; seal 
and various impeller Tram shapes. 

Repair o f  the 29% p;mp stat0 
thrust tests w e r e  conducted. The 2 f ? i~e l l e= .  %as vaqes 33 the l o w e r  shroud 
t o  reduce the  pressure d r c ~  across  she lowr wear ~Lr-g, tAereb,y reducing 
e r o s i m  and the prokabfLty  of tumirLg is oqfger-. 
l e s s  d i f fusers  were alsc perfcmari<-e-fested 

l a t i n g  Tho2 slurries at; pressures up t o  1509 ps i ,  
excel lent  condition; the  o+,her diaphragm w a s  csve-t-ed Fsitn marzy 'QwOm 
t racksJ ' '  but appeared t o  be e'-Ell usable. 
valves had de ter iora ted  v f r tua l ly  t o  f a i l u e  fr, 3288 h r ,  
415l.1) 

Solids  which s;Lmula%ed %hose formed by the a l t e rna t ive  

I n  operation of %he 3 C - i ~ ~  slurry core vessel  with s lur ry  containing 

Surface heat4 t=.a.nsfer rat ,es 

(AEC Act ivi ty  4151.1) 

s?tbax-$3r pmp ar,d operated 

and w a s  operated a t  
me .rhaci  all#^ xumted aLmina bearings 

s compie$e.-,, a.ld pump performance and 

Effe;L,:ive vmed and vane- 

Two diaphragm slurL"y parnps were disassemble1 a f t e r  623c hr of c i rcu-  
Cke diaphragm w a s  i n  

The alumfnixn oxide p a p  check 
(AEC Act ivi ty  

Development of Remote Maint*enar,ce - Bve1oprnen-k of t oo l s  for mod- 
i fy ing  the  HRT core and f o r  pluggixg %he hole  w a s  concluded successfully,  
and the  too l s  have been placed i n  standby. An underwater Heliaro cu t t ing  
torch and manipulator was perfected for cut t ing  screens i n t o  s t r i p s  which 
could be removed through the  2-in. access t3 the  core. An a l t e rna t ive  
electrolytAc dissolut ion method was demoEstrated 1% a f u l l  -scale model 
t e s t .  A flange reamer w a s  Get-eloped far removicg an in t e r f e r lng  weld bead 



i n  the 2-in. access opening. A method of rep l ica t ing  a Dip Seal impression 
of the  hole i n  the  core, with rubber and epoxy castings,  w a s  developed but 
requires addi t ional  refinement t o  control scrface contamination. 
Activity 4151 1) 

l05O-h~ run a t  280 t o  300"@ which w a s  intended t,:, explore the  consistency 
of inventory measurements. The run included two 9pexcursions9g i n  which 
heavy-liquid-phase U02S04 w a s  produced i n  the  pressurizer  bo i le r .  
inventor jes  of b J  Cu, SO*, and exzess acid were steady through i n i t i a l  
operation and were completely recovered a f t e r  the  f i r s t  excursion. Complete 
ana ly t ica l  reports  of t he  l a s t  part of the  m n  have not ye t  been received, 
(AEC Act ivi ty  4151.1) 

(AEX 

Fuel b'ystems &ve13pn;ente -The BE2 Mockup compleeed run CS-25, a 

Loop 

Molten - Sal  t React or Program 

Chemistry. - Further study of quenched samples from the  NaF-ThF4-UF4 
system showed t h a t  t he  compounds 3KaF02ThF4 and 5NaF03UF4 form a s o l i d  
solut ion with an apparently contixucus primary-phase f i e l d  and t h a t  t he  
l iquidus along the  so l id  solutior, liEe exhib i t s  a point gf i n f l ec t ion  
i n  descen&irLg from the  melting point of 3NaF-2ThF4 at  712°C t o  648"~ f o r  
5NaF*3UF4. The compounds have lower limihs of s t a b i l i t y ,  and the  temper- 
a ture  below which the  so l id  solut ion i s  unstable decreases almost l i n e a r l y  
from 683V f o r  3MaF-2ThF4 t o  630°C f o r  5NaFe3L,'F4. 

was made i n  connection with the  re ten t ion  of f i s s i o n  products. Graphite 
(AGOT) having a surface area of c.8 m2/g adsorbed 0.036, O.GOl7, and 
0.0008 cc of xenonper square meter a t  -79, 0, and 30°C and pressures 
ranging from 1 4  to 62 mm Hg, 
sens i t i v i ty  of %he metshod. 

Samples of a r e l a t ive ly  impervious graphite were impregnated t o  an 
extent  of 2 vol '$ by a ThF4 (15  mole $) fuel unde.rP a pressure of 75 psia .  
Under approximately t h e  same conditiocs AGCE graphite i s  permeated t o  10 
vol %, arAd because of t he  rela%lvely high s o l u b i l i t r  cf  U& i n  the  fue l ,  
no difference i n  permeabili*,y i s  noted whether or not a pretreatment of 
the graphite witah hydroger, i s  employed t m  remove oxifie. 

A G E  graphite was about 2-1/2 tines more permeable t o  fuels than TSF 
graphite (2% permeation) when =ompared a t  pressures of the  order of 1 a t m .  

Samples of an jmpervioLs graphite which had been exposed t o  f ie1 i n  
a corrosion tes t  loop f o r  one year have been analyzed. Fuel const i tuents ,  
presumably transported by the  vapor phase and f ixed by react ion with surface 
oxides, were f o u d  i n  the  bulk graphite,  t yp ica l ly  to an extent of 100 ppm 
f o r  beryllium and 1 5  pprn f o r  uranium; the uranium concentration i n  the  
center portions,  more than 3/8  in .  deep, w a s  about s ixfo ld  higher. 

Continuing analyses of periodic samples from an Inconel corrosion 
t e s t  loop showed fur ther  evidecce of malf'unctioning and contamination. 
The chromium concentration i n  the m e l t  has riser, t o  0.54 w t  % and the  
uranium concentration has decreased from 2.8 t a  2.0 w t  5 ,  presumably 
because of prec ip i ta t ion  a s  oxide. Other sampled loops, of INOR-8, have 
maintained low steady-state chromium concentrations of 300 t o  508 ppm i n  
the circulat iEg fuel .  

A check on the  adsorption of xenon by bulk reactor-grade graphite 

A t  8 G Q C  the  mount adsorbed was below the  

(AEC Activiky 4152 .l) 
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Metallurgy. - The e f f e c t  of grain s ize  on t e n s i l e  propert ies  of 
IN OR-^ w a s  determined a t  room temperature, lC00, 1206, and 1500°F f o r  
specimens of two d i f fe ren t  grain sizes, coarse (ASTM 2 )  and f i n e  (ASTM 5 ) .  
The following conclusions are based on the  t e n s i l e  data  obtained: 
grained mater ia l  has a higher t e n s i l e  s t rength than coarse-grained material 
up t o  1200°F. 
coarse-grained mater ia l  up t o  l5OO"P. (39 Fine-grained mater ia l  has poorer 
duc t i l i t y ,  especial ly  a t  12930 and 1500QF, (4)  Aging a t  1 6 5 0 ' ~  f o r  40 h r  
improves the duzt i l i t ,y  a t  150C"F but does not seem t o  a f f e c t  the  t e n s i l e  
p r  ope r t i  e s a t  lower temperature s e 

Thyough metallographiz examination it w a s  found that; an aging t s ea t -  
ment a t  1 6 5 0 " ~  f o r  40 h r  produces earbide prec ip i ta t ion  and coarsening, 
espec ia l ly  along the  gra in  boundaries. A t  1200°F and above, intergranular  
cracks begin t o  appear, and a t  1500°F the  f racture  i s  en t i r e ly  intergranular.  
Metallography reveals t h a t  t he  mater ia l  t e a r s  i n  the v j c in i ty  of the carbides 
before f raeture  e 

permeability grade with 1.86 g / c  balk des,sity) by a salt having the  eom- 
posi t ion 62 Lip-37 BeF2-l ZTF4 (mole $1 at, 1330'F and a pressure of 150 
psig. The TSF grade w a s  found t o  have a permeability s imi la r  t o  t h a t  of 
AGW graphite and showed a weight increase of l5$, which ind ica tes  the  f i l l i n g  
of approximately 50% of the  accessible void space. The low-permeability grade 
showed a weight gain of only 4.8% and the f i l l i n g  of 26% of the accessible 
void space. 

GT-123 graphite which were exposed f o r  one year -50 a salt mixture (52 LiF-37 
BeF2-l UP4, mole $ 1 -  IT0 signs of deteriorateon o r  corrosion of t he  graphite 
were observed; however, r ad ia l  cracks were found i n  both as-received and as- 
t e s t ed  specimens, No f i e 1  penetration occurred i n t o  e i t h e r  the  cracks o r  
ex is t ing  voids 

operated f o r  more than m e  year, Five of t he  b ~ o R - 8  loops a re  s t i l l  op- 
erating; the  oldest  one has operated for 14,300 hr. 

Chemical and metallographic examinations have been completed on an 
Inconel pumped loop which operated f o r  one year  while c i rcu la t ing  a salt  
mixture of 53 ~ a & 6  BeF2-l UF, (mole $1 at a maximum hot-leg temperature 
of 13008F and a cold-leg temperature of I l O C O F .  
heated sect ion of the  loop i n  the  form of void formation ranging i n  depth 
f r o m  18 t o  38 m i l s .  
showed only s l igh t  p i t t i n g  and no metal l ic  deposits.  
revealed a la rge  increase i n  the chromium concentration, t o  4610 ppm, and 
a s l i g h t  reduction i n  the  uranium concentration. 
t o  an extent that  indicated extensive extraneous oxidation of the  salt ,  
(AEC Act ivi ty  4152.1) 

Pmp Development. - A he l i ca l ly  grooved bearing containing smaller 
grooves than those used in previous t e s t s  w a s  operated i n  molten s a l t  a t  
1200°F, 1200 r p m ,  and loads up t o  360 lb. 
operating time of 136 hr ,  the  l as t  14 h r  of which w a s  a t  a 3OO-lb load. 
Another s i m i l a r  bearing i s  undergoing t e s t  at  1200'7; t h i s  bearing contains 
flow r e s t r i c t i o n s  a t  the  discharge (upper) end of the  he l i ca l  grooves. 
has been t e s t e d  a t  loads kp t o  500 l b  a t  1200 rpm. 

(1) Fine- 

( 2 )  FiEee-graiLed materfal  has a higher y i e l d  strength than 

Permeability w a s  determined f o r  two grades of graphite (TSF and a low- 

Metallographic examinatior, has been completed on rod specimens of grade 

(AEC Activity 415.2 .l) 
Corrosion Tests. - Six IN OR-^ arid four  1 ~ ~ 0 x 1  pumped loops have 

Attack w a s  observed i n  the  

The unheated port ion of the  hot; l e g  and the cold area 
Analysis of the salt 

Uranium dioxide w a s  found 

Failure occurred a f t e r  a t o t a l  

It 
(AEC Activity 4152-1) 
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Remote Maintenance Bmonstration. - The szress  re l ieving of t he  
pipirig i n  the remote maintenance demonstration system w a s  accomplished 
by e l e c t r i c a l l y  heating a l l  the  loop piping and holding a t  l 5 O O " F  f o r  
2 hr, then slowljr cooling t o  room temperature. 

In s t aUa t ion  of remg+,ely Dpe-ated s tereofelevi  s ion  eqipment  i s  
i n  progress. (AEC A a i v i t y  kl52.l) 

Heat Transfer and Fhysical Properties.  -Measurements have been 
completed on t h e  enthalpy, heat  capacity, and heat  of fusion of the  
BeLT-15 mixtupe (LiP-3eF2-TnF4 67-18-15 mole $11 over t h e  temperature 
range 100 t o  8OO"C,  For the s c l i d  (1OC t o  4930"6), the  ecthalpy ( i n  
ca lor ies  pey gram) e m  'ce expressed a s  

and f o r  the  l i q u i d  (550 to 820"~) as 

Ht - H30 = -38.5 + 0.418t - (7.0 x 13'5)t2. 

The heat of fbsion a t  500°C was 48 ca1,'g. 

f luoride a re  being invest igated f o r  molten-salt seae tc r  fue l  processing 
by the HF dissolutAon method, Xitrogen dioxfde a f f ec t s  s o l u b i l i t i e s  i n  
somewhat the same manner as water when added t o  anhydrous hydrogen f luoride,  
i n  t h a t  it increases the so lub i l i t y  of beryllimn fluoride.  In  a solution 
containing approximately 50% flop, the  BeF2 solub-llity w a s  about 50 mg/ml, 
but the  LiF solubi l i t ,y  w a s  only 4 t o  5 mg/ml. I n  HF containing about 20% 
NO2, t he  LiF and BeP2 s o l u b i l i t i e s  were 26 ar,d 44 m g / m l ,  respectively.  
Uranium t e t r a f luo r i6e  had suf f ic ien t  so lub i l i t y  i n  these solut ions t o  
permit complete dissolut ion of salt corltaining 3% uranium. 
produet analyses indicated tha t  r a re  ear ths  were relat , ively insoluble,  
0.002 mg per  m f l l l l i t e ~  of solvent, as they are i n  90% 9F. 
4152-1) 

(AEC Activi ty  4152.1) 
Fuel Processing. - SolGtioLs of nitrogen dioxide i n  l i q u i d  hydrogen 

Fission 

(AEC Act ivi ty  

Thermal-Breeder E-valua+,im 

Thermal-Breeder Evaluation Studles. - The GNU program f o r  the IB4-704 
has been selected for performing the  primary nuclear caleulations.  
es tabl ished t h a t  the  cost  of t he  calculat ion with t h i s  code i s  approxi- 
mately one-third of t he  cost  of using the  Oracle program Cornpone, and it 
was ver i f ied,  by a s e r i e s  of calculat ions i n  which iden t i ca l  34-group cross  
sections were used, that. the  r e s u l t s  oljtaiced from -the t w o  codes are sub- 
s t a n t i a l l y  i n  agreement. Reactors moderated with graphite,  D20, and H20 
and having 50% leakage i n t o  t h e  blanket were included i n  t h e  comparison. 

Wanda (IEM-704) w i l l  be used with few-group constants prepared from the  
multigroup r e su l t s .  

l a t i n g  the equivalent "homogenizect" reactor  with the  use of group disadvan- 
tage f ac to r s  f o r  f u e l  and moderat.or was  developed. 
the group disadvantage f a c t o m  a r e  evaluated. from a multigroup diffusion-  
theory calculat ion (GNU) of a s ingle  heterogeneous uit c e l l  (having zero 

It w a s  

For those reac tors  i n  which parametric s tudies  are needed, the  program 

I n  order t o  t r e a t  heterogeneous reactors ,  a multigroup method of calcu- 

I n  the  epithermal region 

, 
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leakage at  the boundary] and are defined i n  such a way tha t ,  when used 
t o  multiply the  cross sect ions of f ie1  and moderator, respectively,  t he  
sqhmogenized*q reactor  calculat ion subs tan t ia l ly  reproduces the neutron 
spectrum and balance obtained from the heterogeneous-cell calculat ion.  
For the thermal group the disadvantage f ac to r  i s  evaluated by means of a 
t ransport  calculat ion i n  whizh the  slowing-down density from the  l as t  
epithermal group i s  used as the  source. (AEC Act<ivit;y 4160) 

Small-Size Nuclear Power Plants.  - It was determined by the  AEC 
t h a t  the f i r s t  power plant  t o  be constructed i n  the  small-size nuclear 
power p lan t  program would uWLiae a pressurized-water reactor  and have 
a gross e l e c t r i c a l  output o f  16,500 kw, The par t ic ipa t ing  cooperative, 
when selected,  w i l l .  have the option of adding a superheater, f i r e d  w i t h  
fossil fue l ,  a t  i t s  expense t o  improve steam conditions and to increase 
the  e l e c t r i c a l  output t o  about 22,000 kw. The select ion of  the firm of 
Gibbs and Hill, InceJ of New P o ~ k  t o  a c t  as architect-engineer for  t h i s  
p lan t  w a s  announced on August 27- 
Operations Office (AEC] 2s  being negotiated. 

t o  OR08 on t h i s  program, 
and submitted t o  QROO f o r  inclusion i n  an information package t o  be fir- 
n i  shed t o  the architect-engineer. 

A c3st-type coritraet with the Oak Ridge 

Tne ORNL Advisory Grmp continued t o  fumi sh te,:hnical ass is tance 
Addlf-ional reaz ta r  design c r i t e r i a  were prepared 

(AEG Ae+,ivity 4160) 

Maritime Reactors. - AE environmental study of the e f f e c t s  of 
operation of t he  NS %a$armah'* reactor  and the  maximum credible  accident 
(MCA) a t  t he  New York Shipbuilding Corporation dockyard a t  Camden, New 
Jersey, w a s  completed, The conclusions o f  t h i s  sti:dy fndicate  the  
f ollowirig ." 

1. The MCA with adverse weather conditions could resklt i n  a maximum 
t o t a l  body dose of 200milLirems t o  individuals at the Location of maximum 
concentration 0x1 the ground, The population exposure due t o  atmospheric 
disperslon f o r  the MCA could be as high as 6000 man-rems. 

i n t o  the Eelaware River, t he  maxinun concentration In the  r i v e r  water w i l l  
be less than two times the ol;.zhpat"ional. maximum permissible concentration. 
For t h i s  s m e  case the  maximum submersion exposure w i 1 1  be l e s s  than 1 
mr/hr 

3. The low exposure r a t e s  resu l t ing  from the MCA (which assume long- 
term operation of the  reactor)  indicate  tha t  it w i l l  not be necessary t o  
place l imi ta t ions  on the normal powe~ l e v e l  and operation time at, the  
i n i t i a l  s ta r tup ,  (AEC Activity k510) 

2, If the  MCA result.s i n  t h e  int;r&lductior~ nf the a-zivi ty  d i r ec t ly  

GENERAL REACTOR FESEMKX 

Radiation Damage: Aavanced m i n e e r i n g  arid Development e - Basic beryl-  
lium acetate  complex, 3e~O(OCO~s)6, completely subst i tuted with deuterium, 
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has been suggested as a moderator mater ia l  f o r  nviclear reactors.  
s t a b i l i t y  of t h i s  canpound i n  the  mixed rad ia t ion  f i e l d  of a reactor  has 
been measured a t  room temperature. The i r r ad ia t ions  were car r ied  out a t  
a f lux  of 6 x loB" t h e m 1  neutrons*m-20sec-I  i n  a water-cooled hole of 
t he  Graphite React3r. 
corresponding t o  3. t o t a l  energy cieposition of 2.9 x le2 ev/g (4.6 x lo8 
rads) from fast neutrons and gama radiat ion.  

Measurements of t he  evolwd gas provided an index of t h e  radiation- 
induced decomposition. 
gas co t  condensed a t  liquid-nitrogen temperature, an%. t he  t o t a l  gas y i e l d  
w a s  0.52. The x-ray d i f f r ac t iox  pa t te rn  d id  not change upon i r r ad ia t ion .  
The melting point decreased from the  i n i t i a l  value of 287Oc t o  251°C at  t h e  
longest exposure, 2.9 x le2 ev/g, 
with t h e  exposure over t he  range covered. The gas evolution r a t e  i s  l e s s  than 
half  t h a t  of such organic polymers a s  polyethylene and polymethyl methacrylate 
but i s  an order of magr5tude grea te r  than the  evolution r a t e  of polystyrene. 
( A E C  Activity L2021) 

Power Beactor Fuel Reprocessing: Darex Process. - Twenty-five uni r ra -  
diated simulated Consolidated Edison f u e l  pins  were dissolved i n  succession 
i n  a t i tanium dissolver  according t o  the  Darex-Thorex flowsheef,. 
losses  to the 5 M HN03-2 M H a l  decladdlng solution var ied i n  a random manner 
from C.1 t o  8.5$-over the-25 cycles. Dissolution of t he  95.5% Th02-U308 core 
pel le5s  (-8% of theore t ica l  density) i n  13 M H N ~ ~ - - O , O ~  M N a F 4 . 1  M Al(N03)~ 
w a s  complete a t  t h e  end of each cycle. Diss&%ioc of hycirogen-fired Con- 
sol idated Edison p e l l e t s  i n  1.3 M HN03-G.0k F XaF was complete i n  2.5 hr.  
Dissolution times fo r  the  same xissolvent  cZntair,ing 1.0, 0.7, 0.4, or 0.1 
- M ?$ef++ ox- 0.1 M Al* were 3.0, 3.5, 4.3p 5.7, and 7.9 hr, respectively.  

Three metgods were invest igated f o r  coagulating the  s i l i c a  contained 
i n  APPR-Darex dissolver  solution; more 5han 96% of the  s i l i c a  i n  the solut ion 
w a s  p rec ip i ta ted  i n  a l l  cases as a rapidly s e t t l i n g  mater ia l  containing over 
50% 
with 12 g of Cel i te  545 per  l i t e l -  f o r  2 t o  3 hr  a t  boiling; (2)  use of the  
same coagulant during the  Darex standard chloride removal step; and (3) diges- 
t ior:  a t  boi l ing wit<h 0,004 M HF f o r  1 5  t o  30 min, followed by cooling t o  60°c 
and addi t ion of 0.15 g of gFlat in  per l i t e r  or 2 g of albumin per  l i t e r .  
a l l  cases f i l t r a t i o n  of the  s i l i c a  w a s  slow; howevep, centr i fugat ion w a s  
sa t i s fac tory  . 
dissolved by t h e  Darex process, f ive  &rex dissolut ions i n  2 M BCl-5 M HN03 
were made with simulated SIPE fuel,  a s ingle  s t a in l e s s  s t e e l  tcbe contgining 
5 cc of NaK (78% K, 22% N a )  being used i n  each dissolut ion.  
NaK with the  ac id  daring the  f i rs t  four d i s s o k t i o n s  w a s  accompanied by 
f lashes  of l i g h t  and pressure surges. 
t o  blow apart  the Pyrex pipe dissolver  occurred during the  f i f t h  dissolut ion,  
probably from a rapid gas-phase react ion between hydrogen and oxidizing gases 
such a s  NO2, 

Titanium corrosion t e s t s  for t h e  Darex-Thorex system were continued f o r  
Consolidated Edison process conditions. The average corrosion r a t e  over 
e ight  cycles i n  which the  core axides were dissolved i n  chloride-containing 
Darex decladding solut ion was 0.33 mil/month. 

Welded titsanium i n  s t a r t i ng ,  middle, and f i n a l  Thorex dissolver  solu- 
t i ons  containing 100 ppm Cl- and no AL+++ gave over-al l  maximum corrosion 

The 

2 T c t a l  exposures ranged up t o  1.6 x lox8 neutrons/cm 7 

The yield,  i n  molecules per 100 ev, was 0.41 f o r  

The decrease i n  melting point w a s  l i n e a r  

Uranium 

The methods included (1) d i g e s t i m  of the raw dissolver  solut ion 

I n  

I n  order t o  determine whe-hher NaK-bonded SRE-type fie1 can safe ly  be 

The reac t ion  of 

An explosion of su f f i c i en t  violence 

. 



. 
r a t e s  of 6,52, 0,49, a r d  ~ 1 ~ l . 8  mils/month, respe-trvely, ovey 336 h r ,  
p i t t i n g  w a s  observed tc %he i n i t i a l  and f ina i l  solutions.  I r  t he  absence 
of chloride,  maximum over-all  rates were 0,21 mil/moBth ir, the  middle 
solutfon (1005 hr) and 0021 mil/mont<h i n  the f i n a l  sslkLLtior, (840 h r ) .  
Acti.%.ity 4340) 

Some 

(AEC 

Power Reactor f i e 1  Reprwcessbg B Zircex fiocess - Separation of 
uranium chlorides f~om Z r C l m r a c t i o n a l  desublima+xn a t  300" C was 
demonstrated. 
fram the hydsozhlo~iaacion residue -En the  reaetxw t? the 300°C 4esublimer. 
(AEC Activity 43bcO) 

i r rad ia ted  simulated C'onsolrLa?eed Edison fuel pins  w e r e  dissolved i n  sequence 
according m the  Sdfex-Thorex flowsheet in a E-o-ne1 dissolver ,  Uranium 
losses  t o  the  6 M E2S04 dezladding solutiort varied randomly from G e l  t o  
0.9%. The 95.5%-Th02-U3u8 (80% theore t i ca l  ilensity) core p e l l e t s  were not 
completely dissolved i n  any cycle; t h i s  e f f ec t  i s  presumably due t o  contan- 
ina t ion  of the  core dissolvex:t with sa l f a t e .  The average amount of undis- 
solved oxide a f t e r  two digestZons w a s  a b m t  ?go 
p e l l e t s  was dissolved i n  1 h s  i n  a 20@ excess of bedlrfng 15 M HNO+2.04 
M - NaF-0.I M A. l (6aO~)so  
when the  s z i f a t e  ccmcentratjoz i n  the dissollrer,t, was C.P5 and 0.1 M, respec- 
tiively. 

A small-engineering-scale t f ia l  Sulfex run. w a s  successfully made i n  
which nearly a l l  of a d m y  11-plate s t a in l e s s  s t e e l  fuel assembly weighing 
7.75 kg was dissolved i n  boi l ing 6 M &SO, at  an approximate ra fe  of 83 g 
of s t a in l e s s  s t e e l  per  mtr iu te ,  
blanketing the  system a? a b u t  1.28 cfm (STP), 
reached a height of 15 ft, AcLfvi$y b3"co) 

Zi r f l ex  process i s  being skudied as a me5bDd f o r  dissolution of U-ZP a l loy 
fue l s  i n  stairfLess s t ee l  equipment. By addfng ammonium n1trat.e o r  hydrogen 
peroxide gradually t o  oxidize uranlum arid t i c  as rapidly a s  the zisconium 
was dissolved i n  refluxing ammonium f luoride solmC,ions, up t o  7% U-Zr and 
7% U-Zr-Sri a l loys  were dissolved complel;ely. uranium concentrations four 
times higher than those produced i n  hyd.rofluoric acid dissolutior. were 
obtained in 1 t o  2 hr. 

3 ; a t  2 M HR03 and O,g M a t  6 M EN03 and. 

of type 309 SCb s t a i n l e s s  &eel  corroded at, maximum r a t e s  of l e s s  than 2 
mils./mon-t8h over e ight  and ten  cycles. AfLer three successive exposures 
of 18 to 24 h r  each t o  bo i l ing  Pesflex dissolvent (1 M HF+.O~ M H2S2>, 
Hastelloy C showed re l a t ive ly  constant r a t e s  between 7.9 and L.7 mils/month. 
The corrosion rate of Ni-o-nel i n  yefluxing 6 M NH4F-l M NH4N03 w a s  4 to 6 
mils/month. (AEC Activi ty  4340) 

A mixture of C C I B  ark% Eel w a s  used t=r remove all. uranium 

Power Reactmr Fuel Reprocessing: Sulfex Pro2esso - Twenky-five un- 

Abmt 50% of high-density (-J$$I of" theo?et izal)  95.8% Th02-lJ02.3 

The amoat dissolved i n  1 h- Jebeased-tc 14 and 8% 
I 

Qd%gen w a s  evcil.ired. i n t s  t he  nitrogen gas 
Foam i l r  %he 10-in. dissolver  

Power Reactor Fuel Eeprocessirlgr Zf r f lex  P r x e s s .  - The modified 

pre5pELakioj occurred a t  any time. 
The so lub i l i t y  of zirc6xdim i n  the  ?ore disss lvent  n i f , r i c  ac id  w a s  

I n  Z i r f l ex  cycl ic  <~rrr~~i?ki t e s r s ,  welaed specimens of M i  -0-ne1 and 
abcve. 

- - 
Power Reactor Fuel Reprocessing: Mechanical Pracessing of Fuels. - 

Materials-handling flowsheets were completed f o r  decladding, washing, re-  
canning, and stortrig spent SRE uranium fuel slugs and f o r  shearing and 
leaching s ta inless-s teel-clad U& and Uh-rlPhO2 f u e l s .  

f u e l  with eight  d i f f e ren t  blades i n  combination x t t h  three d i f f e ren t  
Shearing t e s t s  on s ta inless-s teel-clad,  porzelain-f i l led prototype 



- 14 - 
ar-vjls were completed both loca l ly  and under %wo subcontracts. 
sions from these t e s t s  were tha t  (1) optimum i n i t i a l  clearance between 
blades i s  l t o  3 m i l s ,  ( 2 )  r.xnd.irrg of t he  cu t t ing  edge of the  shear blade 
t o  a C,O3- to O.05-in. radius does n o t  impair e u t t i r g  eff ic iency and min- 
imizes chippir;g of the rsutt,lng edge, ( 3 )  the  combination of a stepped 
cu t t ing  blade an5 a concave anv i l  pmduces the  bes t  ca t s  and break-out of 
f e r ru l e s  f o r  minimum tonnage, and (4 )  a blade hardness between Rockwell C54  
and ~ 5 6  appears opt,imum; hardness above ~ 5 6  r e s u l t s  i n  z rack i r i  of t h e  
blades; hardness below C5h r e s u l t s  i n  excessive wear, ga l l ing  between blades, 
and breakage of  $he m t t i n g  edges when shearlng thrmgh NicrQbraz 50, which 
has a Rockwell hardness of C51. (AEC Activi ty  4343) 

Leaching of high-density 4% u r a n i w r a p h i t e  f i e 1  with two p o r t i m s  of bo i l -  
ing 15.8 M - HN03 resul ted i n  99.6% recovery of the  uranium from -16 +3O mesh 
samples. Metal recoveries of about 92% were obtained when -200-mesh samples 
of Geceral Atomic 
with e i t h e r  15.8 M X!?03 o r  15.8 M - HNO3-0.04 M Nal?+.04 M Al.(N03)3. 
were s l i g h t l y  lowgr with standard Thorex dissolver  solu?kon containing l.5 M - 
HN03-0.04 M NaF-0,04 M AL(N03)3. 

immersed I n  l i q u i d  bromine a t  25OC f o r  3 t o  5 hr ,  but specimens containing 
0.7% uranium did co t  d i s in tegra te  a f t e r  23 h r ,  
Atomic fuel a l so  did not disis,t,egrate, 
soaking t h e  9% uranium-raphite f i e 1  i n  bromine with two portions of bo i l ing  
15.8 M HN03 resu l ted  i n  abou-t 99.8% recovery of t+he uranium; the same re-  
covery w a s  obtained by mechanically grinding t o  -4 +8 mesh. 

The conclu- 

Power Reactor Fuel Repracessing: Processing of Graphite Fuels. - 

1,5’c% ~zanium--~.l8$ thorium-raphi t e  f u e l  were leached 
Recoveries 

Fuel-specimens containing 9% uranium i n  graphite d i s in tegra ted  when 

A specimen of t h e  General 
Leaching the  powder produced by 

(AEC Activi ty  
4340 1 ~. 

Power Reactor Fuel Repracessing : Solvent Extract.ion St,udies. - 
Scrubbing i r r ad ia t ed  solutioris of +,ributyl phosphate (!PEP) i n  Msco with 

~ 

aqueous sodium chloride shows promise a s  an ana ly t ica l  method f o r  deter-  
mining the  amount,s of n i t r i c  azid,  dibutylphosphoric a c i a  (DRYA), and 
monobutylphosphcric a n i d  (N3PAj ir, i r rad ia ted   solver^ Ey t he  contacting 
of TBP-Amsco solut ions containing E i t r i c  acid,  DBFA, an3 m7pA wLth three 
successive equal volumes of 25% a q u e a s  s06ium chloride solut8ioo, 99+% 
of the n i t r i c  ac id  w a s  recovered i n  the aqEeous phase and 95$ of the  DBPA 
i n  the  organic phase; ab9u-L 2% of the  M8PA w a s  t ransfer red  i p t o  the  aqueous 
phase. (AEC Act lvi ty  4340) 

f o r  the  ORR, cQnt,air,ing 1 W d  g of U30, (20% enriched i n  the U235 isotope) ,  
was examined v isua l ly  i n  the CER hot c e l l .  
t o  52% burnup of t h e  15235 atoms, exhibited :LO observable defects.  
factur ing of t h i s  type of fuel  elemeLt f o r  e,qeriEental  loadings i n  the 
FuerC,o Rico Nuclear Center Research RearAor has been i n i t i a t e d .  
Act ivi ty  4420) 

sorption of cesium from 6 M NaN& solut ions by Wyoming bentonite was increased 
by heating t h e  bentonite to approximately 600’~. 
showed t h a t  t he  exchange capacity renained constant up t o  500°C f o r  calcium- 
saturated samples and up t o  600”~ f o r  sodium- and potassium-saturated samples; 
cesium sorption up t o  these temperatures also remained r e l a t ive ly  constant. 
A t  6 0 0 ~ ~  f o r  t h e  calcium bentonite and 700°C f o r  sodium and potassium 

Fuel Element. Development,. - Tine experimeritaX aluminum f u e l  element 

This element, which was subjected 
Manu- 

(AEC 

Waste Disposal Research and Ehgineering: Geochemical Studies.  - The 

Ian exchange determinations 
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. 
bentonites, t he  exchange capacity of the  clays decreased t o  about. 50s 
of the  or ig ina l  valuesj it w a s  a t  these temperatures t h a t  cesium sorption 
increased. 
and cesium sorption was found t o  be reduced from the  maxima. 
emphasize the importance o r  t he  s t ruc tu ra l  f ac to r  and the  r e l a t fve  unimpor- 
tance of the total capacity of the  clay f o r  the se lec t ive  sorption of cesium 
f rog  waste solutions.  On the  concept t h a t  cesium sorption i s  favored by the  
10-A (001) spacing, potassium bent,onite appears t o  be the most s tab le  of the  
three forms of bentonite and calcium bentonite t he  l e a s t  s table .  
Activity 4452 1 
Formations. -The synthetic wastes and test  equipment f o r  the  7.5-ft and 18- 
i n .  cav i t i e s  have been delivered t o  the  mine i n  Rutchinson, Kansas, fo r  i n -  
s t a l l a t ion .  A chemical laboratory has been i n s t a l l e d  i n  the mine, and per- 
sonnel have been assigned t o  Hutchinson f o r  the  duration of the experiments. 

Tests t o  determine the  r a t e  of flow through the  salt a re  being rcade. The 
flow i s  believed t o  be due to the  up l i f t i ng  of the  f loor .  
caused by the  increased s t r e s s  on the p i l l a r s  resu l t ing  from the room ex- 
cavation and w i l l ,  therefore,  tend t o  occur i n  most mir,es. 

24-in, s a l t  block. 
117, a low-melting a l loy  f o r  power connections, and a so l id  gas sea l  con- 
s i s t i n g  of sand, s i l i c a  gel ,  and charcoal. 

An equation w a s  derived which gives t h e  v e r t i c a l  power d i s t r ibn t ion  i n  
the l i q u i d  i n  the  salt cavi t ies .  The electrode resis tance should not a f f e c t  
the temperature d i s t r ibu t ion  i n  the  7.5-ft experiment with neutral ized wastes 
but may produce 10 t o  20° top-to-bottom d i f f e r e n t i a l  i n  the acid-waste experi- 
ment e (AEC Act ivi ty  4452) 

Wastes. -To define t h e  character of the overburden, the dep+,h t o  gmund 
water, the configuration of t he  water tab le ,  and the  movement of radionuclides 
i n  the  ex is t ing  b u r i a l  ground, 20 auger wells rangiEg i n  dep+,h f m m  5 to 20 
f t  were completed. 
i n  pa r t  upon the volume of so l id  waste ant ic ipated,  
of bur ia l  ground operations a t  ORNL since 1955, an addi t ional  2.2 x 10" f t 3  
of so l id  waste i s  expected through 1964. 
sists of 1.2 x 10" f t3  of alpha-contaminated mater ia l  and 1.0 x 19" f t3  of 
beta- and gamma-contaminated material .  

I n  Bear Creek valley,  four core holes 200 f t  deep and ten  churn-drilled 
wells ranging i n  depth from 53 t o  153 f t  were completed. 

The projected operations of the Fissior, Product Pilot Plant (FPPP) w i l l  
require the storage of wastes derived from the processing of young fue l  e le -  
ments., These wastes a re  expected t o  be high i n  ZrS5 and NbS5 and maypro- 
duce elevated temperatares i n t h e  tanks. Therefore emission of radioactive 
aerosols from the  tank l i qu ids  may r e su l t .  

I n  a preliminary study, t he  wastes were characterized by ionic  and 
radiochemical analysis  of a tank  sample, a study of PPPP un i t  processes, 
and a scanning of PPPP operational logs f o r  per%iner;t ana ly t ica l  data. An 
exploratory s e r i e s  of laboratory batch runs of neutral ized simulated Purex 
waste a t  varying temperatures and a i s  sweep r a t e s  w a s  completed. By u t i l i z i n g  

Further heating deereased t h e  exchange capacity eveK more, 
These data 

(AEX 

Waste Disposal Research and Engineering: Disposal i n  Natural Sa l t  

The 7.5-ft cav i t i e s  have been found t o  be hydraulicall j j  interconnected. 

The u p l i f t  i s  

Final t e s t s  of components were car r ied  out. i n  a 1C-in. cavity in a 
Coraponents t e s t e d  and fomd t o  be e f fec t ive  a re  Cerrolow 

Waste Disposal Research and Engineering: Disposal of ORNL Radioactive 

Future requirements of the new bur ia l  ground are  based 
From analyses of records 

The estfmated volume of  waste con- 
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i ron  and n i t r a t e s  a s  macrochemical indicators ,  it w a s  found t h a t  enmainment 
did occur with a threshold a t  temperatxres of aboLt 90°C 
with a i r  a t  less than 1 l i te r /min  per  square foot  of liquid surface increased 
the car,ry-over several  fold.  
and Fe5') during three  m.s  p r n r d e d  useful c lues  m i  the s t r a t i f i c a t i o n  of 
supernatant and so l id  zones. 

and t h a t  sweeping 

Use of a radioactive t r a c e r  ( a  mixture of Fe55 

( M C  ActivTty hb52) 
Waste Disposal Research and Engineering: Process Waste Water Treat- 

ment Plant Studies. - Weekly composite samples from the  process waste water 
treatment p lan t  were analyzed f o r  2alc-Fum hardness and t o t a l  hardness as wel l  
a s  radiochemically f o r  strontium and t a t a l  r a r e  ear ths .  The percentage removal 
of strontium and of t o t a l  r a r e  ear ths  w a s  graphed as a flmction of the res idua l  
calcium i n  the  p lan t  effluent., A s  the residual  calcium increases,  t he  percent- 
age removal of strontium decpeases, and the  apparent re la t ionship  i s  expressed 
a s  a coef f ic ien t  of correlat ion of -0.74; t he  95% confidence l i m i t s  a re  -0.57 
and -0.86. 
cium and t o t a l  raTe ear ths  i s  -0~66, with 95% coofidence l i m i t s  of -0.45 and 
-9.79. The r e a l  meaning of these relat ionships  can be Cetermined olzly a f t e r  
the mechanism of strontium and to ta l - ra re-ear th  removal has been establ ished.  
Since a calcium defeminat ion  can 3e na&e rapidly,  it may cmt inue  t o  serve 
a s  a simple t es t  t o  control the %reatmerit process, 

of r i v e r  observations a re  belng made i n  order t o  obtain fu r the r  data  on the  
dispemion of contaminants i n  the  Clinch River and t o  define the  f ac to r s  t h a t  
i n  f lue  ne e the  d i  s%ribut  i on and c oncent rat i on of radi onuc 1 i de s downstream. 
With the  services  of the  AEC Radiological Physics Fellows and the  cooperation 
of the  U,S. Seological Survey, background radiatPon, temperature, and ve loc i ty  
measurements were made above and below t h e  zorifluence cf White Oak Creek and 
the  Clinch River i n  preparation f o r  t he  exparded r i v e r  study program. Further 
analysis  of the data  from the e a r l i e r  t r a c e r  t e s t s  has shown t h a t  under the  
r i v e r  cor,ditions a t  the t.ime of the t e s t s  cmple t e  d i lu t ion  w a s  obtained a t  
Clinch River Mile (CRM) 15.5, 5.3 miles below the  mouth of White Oak Creek 
(CRM 20.8). 
f l o w  from Norris Dam arid the  water elevatinr. a t  Watts 3ar Dam. 

Similarly,  t he  coeff ic ient  of correlat ion between res idua l  cal-  

(mC Act5vity 4452) 
Waste Disposal Research and Engineeriag: Clinch Ri-rep Studies.  - A se r i e s  

A water l e v e l  recorder w a s  i n s t a l l e d  a t  CRM 20.7 to corre la te  t h e  
(AEC Activi ty  

4452) 
Waste Dispsal Research and Engineering: Long-Range Evaluation of Over- 

All Waste Complex. - Contamination of the  Unit, Rive=. following an assumed 
f a i l u r e  of a hypoxhetical high-level wast.e storage tank w a s  invest igated under 
several  assumptions regarding the  a c t i v i t y  d i s t r ibu t ion  within the  ground- 
water reservoir .  With the  leakage r a t e  from the ground-water reservoi r  as- 
sumed t o  be constant, t he  concentration and pers is tence of the contamination 
i n  the  r i v e r  were found t o  depend OE the  mixing cha rac t e r i s t i c s  of the  waste 
within the  ground water. Concentrations of t he  order of le4 times the  maxi- 
mum permissible concentration were fmnd  t o  r e s u l t  from leakage r a t e s  of  1% 
per  day, a value which i s  high but not unreasonable. 
ground water would tend t o  reduce the  r i v e r  coccenfrations huC increase the  
persistence.  

One of the more severe hazards thought t o  be associated with a major 
tank f a i l u r e  within the  first few hundred years  following the  f i l l i n g  period 
would r e s u l t  from l o c a l  heating. The sorptive cha rac t e r i s t i c s  of the  s o i l  
would tend t o  r e t a i n  a major portion of t he  waste within the  area adjacent 
t o  the  tank. 
the temperature of the geologic s t ruc tures  coatalrdng the  waste. Preliminary 

Diffusion wit,hin the  

The lack  of a r t i f i c i a l  cooling would permit la rge  r i s e s  i n  



calculat ions indicate  t h a t  l o c a l  melting and possibly f i s s ion  product 
vaporization would occur, (AEC Activity 4452) 

PROGBN 500C - WYSPCAL R E S W G H  

ISOTOPE PRODUCT1 ON 

Radioisotope and Stable  Isotope Pro&cC,ion, -The cc l lec t ions  of the  
isotopes of nesdymium, nickel,  and Zopper were completed. Radiogenic lead 
enriched i n  Pb2"" i s  being processed i n  the  XAX r;hannels, The isotopes of 
germanium are  being collected i n  the XSX calutrons.  

I n  addition t o  the calutron feeds for t he  isotope co l lec t ions  of 
neodymium, nickel,  and copper, 8.5 kg of radiogenic lead  enriched i n  Pb2'" 
was separated from 20 kg of ore coneentrafe, This ref ined lead was converted 
t o  the  chloride, which i s  the  charge niaterial being used fo r  the co l lec t ion  
of high-purity Pb206. 

New i n v e n t o q  l o t s  of I C I U ~ ~ ' ~  RbsT, Srs4, Sre6? and Sr8" 
and returned l o t s  of B135J ,7u659 ITdX45, Pb2c189 Sbp2's Si2', Sm144, and 
were prepared f o r  inventory following chemical refinement and spectrochemical 
and mass analyses, 

t o  bo3 ,  preparation of LigCQ3 from l i thium metal, and preparation of solu- 
t i ons  of D3BpQ03 by dissolving known amounts of 
included 14  conversions and the  preparation af 11 t a r g e t s  

d i  (2-ethylhexyl )phosphoric acid (MEIIPA) system i n  the  F-ission Product P i l o t  
Plant was revised t o  include an exLraction anh s t r ipping operatior, on the  
t r i v a l e n t  r a re  ear ths ,  which eliminates the  major quant i t ies  of s i l i c a  and 
manganese p r i o r  t o  the oxalat>e precipitatior,  ard theyeby increases the  
f i l t r a t i o n  r a t e  of t h i s  p rec ip i t a t e -  

determined t o  be 2.125 min-" i n  1 M BeEEPA and 0.536 min-" i n  0.5 M IPEXPA. 
The rate of oxidation i s  tbas direT%ly proportiozal t o  the  square Ef the  
EEKPA concentration. A clue t o  the mechariism of the reaction i s  indicated 
by the formation of a yellowish-white s s l i d  ir, the  aqceous phase during the 
extract5on of Ce(IV), whizh i s  extracted slowly ink@ the CREHPA, 
invest igat ion of the  s t n c t u r e  of this int>ermediate compound with Ce144 t r a c e r  
indicated a r a t i o  of one cerium atom t o  one IMEHPA molezule. 

Temporary equipment was i n s t a l l e d  i n  Room 10 of Building 3026 t o  t e s t  
the  pyridine ex t rac t ion  procedure f o r  pur i f ica t ion  of a technetium f r ac t ion  
from the Fission Product P i l o t  PlaEt. 

duction runs produced mater ia l  t h a t  met product specif icat ions w 

425 standard cc of 59.0% Me2'. 

of both t a rge t  and incoming ion species a re  being measured a t  various ion 
energies as pa r t  of an isotope retent ion program. Past separation data a re  
being analyzed i n  an attempt t o  cor re la te  f i r t h e r  t he  propert ies  of the 
elements with the  isotope retent ion ar,d pur i ty  real ized.  

Special service pro jec ts  conducted include the  conversion of H3BX0O3 

i n  D20. Target work 

Radioisotope Research and Develapxexf. - The processing scheme i n  the  

The f i r s t -o rde r  r a t e  constant f o r  cerium oxfdation-extract5on w a s  

Preliminary 

The production of was t ransfer red  t o  the ORR a f t e r  three t e s t  pro- 

The new thermal diffusion columns for neon isotope separation produced 

Stable Isotope Development. - The sput ter ing r a t i o  and sput ter ing angle 
(AEC Act ivi ty  5100) 
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Receiving p l a t e s  have been designed and fabricated 

calutron t o  deposit CL3 d i rec t ly  upon a copper backing. 
i f  successfu1, w i l l  el iminate the  need for refinement of 
i t s  subsequent deposition upm the  coppel. t a rge t  

A s  a preparatary s tep  toward the  fu ture  sepa ra t im  

for use i n  the  
This procedure, 
the  isotope and 

of osmium, a 
program has been establ ished t o  study the  propert ies  of osmium tetroxide - 
the  formation, t ransport ,  s t a b i l i t y ,  so lub i l i t y ,  e t c .  - i n  conditions s i m -  
u la t ing  a s  nearly as possible those present i n  calutron operations. 
so f a r  ind ica te  t h a t  t h i s  compound may be u s e f i l  as a charge feed i f  con- 
centrat ions i n  work a reas  can be held below toxic  leve ls .  

Results 

(AEC Activi ty  
5100) 

PHYSICS 

Heavy-Particle Physics, - The e l a s t i c  sca t te r ing  cross sect ion of 
nitrogen from aluminum i s  being measured by a coincidence method. 
ments a t  2' i n t e rva l s  have been made from 50 t o  136" i n  the  center-of-mass 
system. The d i f f e r e n t i a l  cross sect ion exhib i t s  a smooth drop-off with 
angle. 

New measurements were made on the moss sention f o r  t h e  rad ia t ive  
capture of nitrogen by phosphorus. I n  the  course of these experiments an 
a c t i v i t y  with an 8-min half  l i f e  w a s  observed and has been t en ta t ive ly  
assigned t o  a new isotope of titanium, Ti42, produced by the react ion 

Measure- 

( NX4 3n 1 Ti42 
Germanium b a r r i e r  counters f o r  heavy-ion detect ion are being developed. 

Energy resolut ion b e t t e r  than 3% f o r  5.3-Mev alpha p a r t i c l e s  has been ob- 
tatned. A s ign i f icant  portiofi & t h i s  % i s  fiue t o  preanpl i f ie r  noise, indicat ing 
t h a t  b e t t e r  resolut ion i s  a t ta inable ,  

i n s t a l l e d  f o r  measuring neutron spectra frm (p,n)  yeactions. The na tura l  
r-f bunching of the  cyelotrox beam i s  used t c  obtain short  proton bursts .  
To increase the  time available f o r  measurements, seven out of e ight  bu r s t s  
are  eliminated by r-f sweeping of +,he beam. Neutrons a re  detected with a 
p l a s t i c  s c i n t i l l a t o r ,  and zero-%ime pulses a re  obtained from protons s t r ik ing  
another p l a s t i c  s c i n t i l l a t o r .  The peak due t o  t a rge t  gamma rays t r igger ing  
the  neutron counter has a fGL1 width a t  half  maximum of 3 9 5  x lo-' sec. 
Much of t h i s  width i s  believed te be due t o  the  width of the  proton bursts .  
With t h i s  system arrd a 7-m f l i g h t  path, neutror, peaks due t o  the  ground 
s t a t e  and known exci ted s t a t e s  a t  4.58 and 7.18 Mev were observed from the  
react ion Li7(p,n)Be7. 
i s  adequate f o r  finding l eve l s  i n  some l i g h t  nuclei ,  

and 20-Mev protons i s  being studied by catching the  f i s s ion  fragments on 
f o i l  stacks and chemically separating and counting cer ta in  f i s s i o n  products. 
Preliminary r e s u l t s  show the  following; (1) The y ie ld  r a t i o  Pd/Sr a t  20 
Mev i s  about twice t h a t  a t  11 Mev, indicat ing t h a t  symmetric f i s s i o n  pre- 
dominates a t  the higher energy, as expected. 
fragment seems t o  be s l i g h t l y  lower a t  20 Mev than a t  11 Mev, while t h e  
palladium fragment energy i s  s l igh t ly  higher at. 20 Mev than a t  11 Mev; t h i s  
may indicate  an increase i n  the r e l a t ive  number of highly exci ted f i ss ioning  
nuclei  leading t o  palladium (symmetric f issim) as  the proton energy i s  

(AEC Act ivi ty  5220) 
The 86-1nch Cyclotron: Niizlear Physics. - A time-of-fl ight system was 

It appears t h a t  the resolut ion of t he  present system 
(AEC Activi ty  5220) 

The 86-Inch Cyclotron: Nuzlear Chemistry. - The f i s s ion  of Ra226 by 11- 

( 2 )  The energy of the  strontium 
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increased. 
a s  large a t  20 MeV a s  a t  11 MeV. 
with the  present experimental setup. 

1124, and Bi2!”” were produced i n  service i r r ad ia t ions  f o r  outside customers, 
and TcSm was produced f o r  the  Isotopes Division. 
a t a rge t  consisting of 1.3 g of Cr5*. 
current of  1735 pa. 

Spectroscopy Research Laboratory. - The spectra  of rare-ear th  compounds 
burned i n  an oxyhydrogen flame have been photographed t o  furnish wavelengths 
f o r  ca l ibra t ion  of the ORNL flame photometer. Rough preliminary measurements 
have been made on these spectrograms, and tent,ative iden t i f i ca t ion  has been 
made of band systems i n  LuO, Pro, and GdO. I n  Lu6, the  system published by 
Watson andMeggers [J. Res. N a t l .  Bur. Standards 20, 125 (1938)l has been 
ve r i f i ed  and s l igh t ly  extended by the iden t i f i ca t ion  of the  bands 1-0, 10-9, 
and 0-1. I n  addition, t en t a t ive  iden t i f i ca t ion  of two new systems having 
0-0 bands a t  u = 24406 cm-’ and a t  19162 ern-= has been made. I n  Pro, the  
system published by Watson LFhys. Rev. 53, 140 (1938)l has been ver i f ied  and 
s l igh t ly  extended by iden t i f i ca t ion  of =e band 3-2, and a new system with 
0-0 band a t  u = 11794 em-‘ has been t en ta t ive ly  ident i f ied .  
I and I1 of Piccardi [Gazz. chim. i t a l .  63, 887 (1933)l have been ve r i f i ed  and 
s l igh t ly  extended. 
system with 0-0 band a t  c = 18996 cmip and of unknown origin.  

(3) The t o t a l  f i s s ion  cross sect ion i s  approximately three times 
(4) Neutron-induced f i s s ion  i s  negl igible  

(AEC Activity 5220) 
The 86-Inch Cyclotron: Applied Physics. - The isotopes Mn5*, GeSBJ 

The Mn54 was produced on 
It was run  f o r  20 h r  a t  an average 

(AEC Act ivi ty  5228) 

I n  GdO, the  systems 

I n  the  dysprosium spztmun, there  appears t o  be a band 
(AEC Act ivi ty  

52301 
Electronuclear Machines. - The magnetic f i e l d  design f o r  t he  eight-  

sector  spiral-pole e lectron cyclotron (Cyclotron Analogue 11) i s  nearly 
completed, Conversion of the  shape specif icat ion of the sector  c o i l s  from 
a se r i e s  of s t r a igh t - l i ne  segments t o  c i r cu la r  a r c s  i s  being accomplished 
with only minor deviations from the  desired f lu t t e r  and s p i r a l  angle. 
liminary examination ind ica tes  t ha t  the average f i e l d  can be f i t t e d  t o  within 
2% by a simple array of c i r cu la r  co i l s .  
c o i l s  near the median plane w i l l  reduce the e r r o r  t o  about 5 p a r t s  i n  lo5. 
Mechanical design of t he  vacuum tank and pumping system i s  about, 15% complete. 
(AEX Act ivi ty  5240) 

Re la t iv i s t i c  Isochronous Cyclotron ( O R I C ) .  - The preparation of t i t l e .  I1 
drawings and specif icat ions f o r  the ORIC building and f a c i l i t i e s  i s  proceeding 
on schedule; Catalytic Construction Company i s  the architect-engineer. The 
work should be ready f o r  bidding before November 1. Specifications f o r  
shielding doors were completed and inv i t a t ions  were issued f o r  bids.  

The vacuum and water systems are  e s sen t i a l ly  complete. Specifications f o r  
the power supplies f o r  t he  sector  co i l s ,  harmonic co i l s ,  and trimming c o i l s  
were completed and a re  out f o r  bid. Detailed preliminary instrument and 
control systems and the  console design have been worked out. The ion source 
probe and vacuum lock a re  being detai led.  The basic features  of the yesonator 
have been established, and the  features  of t he  movable shorting bar  a re  being 
detai led.  Design of the  magnetic f i e l d  w i l l  be implemented with the quarter- 
scale and fu l l - sca le  magnet measurements. 

9204-3. 
and have been attached t o  the 200-ton yoke. 

Pre- 

The close-spaced s e t  of c i r cu la r  

Design of t he  components f o r  t he  cyclotron i t s e l f  i s  also on schedule. 

The ORIC magnet i s  i n s t a l l e d  i n  a temporary s t ruc ture  adjoining Building 
The two main c o i l s  (9  tons of aluminum) were wound i n  the  Y - 1 2  shops 

The design f o r  t he  pole-base 
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disks w a s  completed and a contract  placed f o r  t h e i r  fabr icat ion.  
posit ioning system with an 80-in. disk i s  being fabricated fo r  f u l l -  
scale precision measurements of the  magnetic f i e l d .  

gear f o r  precis ion measurements w a s  received, and preliminary f i e l d  
measurements were begun. 

has been completed i n  response t o  a recent AEC request. 
equivalent t o  0.667 g were collected.  
and 97.81% U234, respectively; a t h i r d  sample i s  awaiting assay. 

20 ppm U235 has been completed. 
feed i s  being recovered, 

Pu241 produced ion currents equivalent to 0,0649 g of Pu2*' and 0,479 g 
of 
pared from the  recovered mater ia l  of a previous plutonium run. 

and equipment are  ready f o r  the separat'ion of feed f o r  high-purity samples 
of Pb2"* and Pb208. 

Mass Spectrometry and Related Techniques. - Ion-molecule react ions 
involving low-energy ( M . 1 5  ev) CHPJ-t and C2H3N+ were shown conclusively 
t o  follow a hydrogen atom abstract ion mechanism of the  type 

A 

I n s t a l l a t i o n  of the quarter-scale magnet i s  coInplete, t he  30-in. 

Special Separations. - The separation of 500 mg of high-purity U234 
Ion currents  

Two of t he  samples assayed 97.53% 

The separation of approximately 2 kg of U235 containing only 5 t o  
The product i s  being ref ined and charge 

The t h i r d  plutonium run of a s e r i e s  i n i t i a t e d  t o  provide 300 mg of 

Feed f o r  t h i s  separation w a s  50 g of PuC13 (3% Pu240) pre- 

Eight shipments of uranium and three  of neptunium were made. Plans 

(AF,C Activity 5250) 

+ + C2H3N + H 2  + C2H4N + H 

These react ions are independent of temperature and have bimolecular r a t e  
constants lo3 t o  lo5  times l a r g e r  than a re  observed i n  the  hydrogen atom 
abstract ion react ions of f r ee  radicals .  On the  bas i s  of t h i s  study, a 
de f in i t e  cor re la t ion  w a s  made between the  chemical r eac t iv i ty  of ions 
having unpaired electrons ( ion  rad ica ls )  and the  behavior of f r ee  rad ica ls .  
(AEC Act ivi ty  5250) 

CHEMISTFX 

Chemical Engineering Research: Aqueous-Organic Interface Resistance. - 
To study the k ine t i c s  and mechanisms of solvent extract ion processes, the  
resis tance of an aqueous-organic in te r face  t o  molecular d i f fus ion  i s  being 
studied. 
graphically recording the transmittance of monochromatic (436 mp) l i g h t  
through the  t e s t  solut ion a t  an angle normal t o  the assumed d i rec t ion  of 
the  concentration gradient i n  a g l a s s  diffusion c e l l .  Owing t o  the  comple- 
mentary nature of Beer's law and photographic sensitometer re la t ions ,  the  
concentration of uranium a t  any point i n  the diffusion c e l l  i s  a l i n e a r  
function of the  logarithm of the density of s i l v e r  on the exposed photo- 
graphic p la te .  (AEC Activi ty  5310) 

Chemical Engineering Research: High-speed Liquid-Liquid Contactor. - 
A high-speed l iqu id- l iqu id  contactor w a s  assembled which consis ts  of a series 
of hydroclones stacked one above the  other, with a pump f o r  each hydroclone 
stage t o  provide recirculat ion.  An induced flow of l i g h t  organic phase has 
been made t o  move i n  a direct ion opposite t o  the  f l o w  of heavy aqueous phase 

The concentration gradients of uranyl ion a re  determined by photo- 



down the w a l l s ,  u t i l i z i n g  t h e  induced underflow effect, observed during 
the  development of hydrocloces f o r  the aqueous homogeneous reactor .  A 
v e r t i c a l l y  stacked three-hydroclone system w a s  operated s a t i s f a c t o r i l y  
w i t h  kerosene and water, w i t h  the  water phase cmtinuous.  With kerosene 
and benzoic ac id  solut ions the  systems operated with 10% stage e f f i -  
ciency. (AEC Act ivl ty  5310) 

Chemical Engineering Research: Transpiration Corrosion Protection. - 
A porous w a l l  may be protected from t h e  a t t ack  of a corrosive medium by a 
film of noncorrosive mater ia l  t ranspi red  through the  porous w a l l .  
control led film the  concer&tration of t he  corrcdent w i l l  be l e s s  than i n  the 
bulk. To measure the e f f e c t s  cf t ranspi ra t ion  flow veloci ty  ( a t  various 
bulk solut ion v e l o c i t i e s ) .  on the  concentration of a corroding ion i n  the 
f i l m  a t  the  porous surface,  a s m a l l  s i lver -s i lver  chloride electrode w a s  
placed exactly a t  the surface of a f r i t t e d  g l a s s  disk through which pure 
water could be forced i n t o  a surrounding solut ion containing chloride ion 
(0.1 M K C l  solut ion);  t he  bulk KC1 solut ion could be agi ta ted by a var iable  
speed-agitator . 
of t ranspi ra t iona l  flow and bulk solut ion veloci ty ,  the  var ia t ion  of the  con- 
centrat ion of chloride i n  the  film adjacent t o  the  porous surface w a s  de te r -  
mined. Good cor re la t ion  of var iables  has been obtained which ind ica tes  that 
(1) a t  any given s t i r r e r  speed ( i * e . >  bulk solut ion tuybulence) the  con- 
centrat ion of chloride a t  the w a l l  f a l l s  rapidly t o  an almost constant value 
a s  the  t ranspi ra t iona l  veloci ty  increases  t o  5 t o  10 cm/min; and (2)  the  
chloride concentration can be reduced a t  the w a l l  by a fac tor  of 60 t.0 100 
by a t ranspi ra t iona l  veloci ty  of 5 to 19 cm/min. 

Thorium Oxide. - Removal of the ex is t ing  t h o r i m  oxide production 
equipment from Building 3019 and r e ins t a l l a t ion  of t h i s  equipment i n  Building 
2528 were completed. 
experimental batches of ThQ2 (1000 l b  of Tho, per month), went on stream 
July  26> and seven production runs have been made., 
(1.2% uranium) w i t h  a p a r t i c l e  s ize  of 2.5 p, f i r e d  a t  1050"Cy w i l l  keep the 
p lan t  operating around the  clock f o r  f ive  days a week. Four of the  i n i t i a l  
seven runs were t o  f i l l  reqnests f o r  pure thorium oxide. (AEC Act ivi ty  5310) 

Feed Materials,  - Studies of the adsorptive capacity of TJQ, powders f o r  
methylene blue from 0.2-g l l i t e r  chloride solutions i n  r e l a t ion  t o  +,he surface 
area and s i n t e r a b i l i t y  of the  powders w e r e  continued. The presence of anions 
of weak acids  i n  the  solut ion inh ib i ted  the  adsorption of the dye by U02. 
When 17 VQ, powder samples were t r ea t ed  w i t h  Q,OCJ1 M Ma4P20pC.QOl M NaOH a t  
1 0 0 ° C  f o r  1 min and then washed f r e e  of phosphate wTth d i s t i l l e d  waTer, t h e i r  
capac i t ies  f o r  adsorption of methylene blue var ied l i n e a r l y  with surface 
area, as measured by the Brunauer-Emmett-Teller nitrogen adsorption method, 
w i t h  a deviation of l e s s  than 10% from the  mean. 
blue adsorption with s in te red  density of the  powders w a s  l i n e a r ,  but not so 
good as f o r  surface area. 

Dmhm Process. -Experimental data  from seven runs showed that graphite 
l i n e r s  l/8 t o  1 in .  t h i ck  a re  usable f o r  reactor  temperatures above the  boi l -  
ing point of sodium. A copper nozzle, cooled with ch i l l ed  helium, t o  in t ro -  
duce the UF6 w a s  not ser iously damaged when the  e x i t  helium temperatures were 
kept below 100°C by adequate flow. More than 5% excess sodium i s  necessary 
t o  produce s igni f icant  amounts of uranium metal r a the r  than UF4. I n  one run 
the recovery of uranium as consolidated uranium metal w a s  56;8$. I n  a study 

I n  t h i s  

By measuring the  A g - A g C 1  c e l l  po ten t i a l  a t  various conditions 

(AEC Activi ty  5310) 

The plant ,  which has a capacity f o r  producing la rge  

Orders f o r  mixed oxide 

The cor re la t ion  of methylene 

(AEC Activi ty  5310) 
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of l i n e r  mater ia ls  and consolidation parameters it was found t h a t  some 
product penetrat ion of both 1/8-in9 high-fired MgO and 1/8-ina commercial- 
grade graphite occurs a t  1200°C. 
be slow below 1 1 8 0 ~ ~ .  

The standard entropy @So and enthalpy LE" of solut ion and the  standard 

p a r t i a l  molal entropy SO' of Ag2S04 have been determined a s  a fun2tion of 
temperature t o  200°C: 

Uranium metal consolidation appeared t o  
(BE@ Activi ty  5310) 

Inorganic and Physical Chemistry: Inorganic Solution Chemistry. - 
- 

- - t LiHd"( kcal/mole) AP ( e .u . ) SO' (e.u.)  

25 4.5 -7.1 40.8 
100 -0.8 -22.8 32.4 

200 -9.6 -43 07 19-7 

The negative value of @So and the decrease of both AS" a n d z o  with temper- 
a ture  indicate  t h a t  the presence of Ag2S04 causes an increase i n  t h e  amount 
of "structure" i n  the  solvent water and t h a t  the  increase (over the amount 
i n  pure water) i s  enhanced a t  higher temperatures. 

Both a c t i v i t y  coef f ic ien ts  and osmotic coef f ic ien ts  may be expressed 
ag semiempirical two-, three-,  or  four-parameter equations containing a Debye- 
Hdckel term plus  one or more simple fbnctions of t he  ionic  strength.  
making use of the  Gibbs-Duhem re la t ion ,  it was found t h a t  osmotic coef f ic ien t  
data i n  the  range 1.0 t o  3.5 solute  molali ty can be used t o  evaluate a c t i v i t y  
coef f ic ien ts  i n  the range 0 . 1 t o  5.0 m - by the use of high-speed computing 
machines. (AEC Act ivi ty  5330) 

of  aqueous sodium n i t r a t e  solutions had been shown t o  be a Linear function 
of the  cube root of t he  sodium n i t r a t e  a c t i v i t y  f o r  solut ions l e s s  than 1.30 
m. - A rigorous t e s t  of t h i s  observation was obtained by a l t e r i n g  the  a c t i v i t y  
of the  scavenging solute  by the addition of the  e l ec t ro ly t e s  N a C l  (l.Cb5.O 
m_),  CaC12 (O.3W.02 m ) ,  - and A l C 1 3  (0.066-1.02 m) - t o  0.01 t o  1.07 m - NaN03 
solutions.  

n i t r a t e  f o r  scavenging hydrogen atoms, the assumed precursors of H2, i s  
reduced. This change i n  eff ic iency may be evidence t h a t  H2 i s  formed by two 
mechanisms. The molecular hydrogen y i e lds  observed i n  solut ions more than 
1.30 m a t  2 9 8 a ~  are  the  same as those observed i n  iden t i ca l  solut ions irra- 
d i a t e2  a t  77"K, and extrapolate t o  G(H2) = 0.10 i n  pure H20. 
observed i n  0 t o  1.30 m NaN03 solutions i r r ad ia t ed  a t  77°K are  concordant 
with t h i s  extrapolation. 
scavenged hydrogen atoms i s  given by G(H2) = 0.36 - 0.40 [y(NaN03)]1/3, and 
the  y i e l d  from the l e s s  eas i ly  scavenged hydrogen atoms by G(H2) = 0.10 - 
0.047 f1y(NaN03) (AEC Activity 5330) 

of fusion of the  a l k a l i  hal ides  was continued. The four cesium ha l ides  
were found t o  form two groups, the  entropy of ms ion  of CsF and C s C l  being 
5.3 e.u. and t h a t  of CsBr and C s I  being 6.2 e.u. 
are  cha rac t e r i s t i c  of the  melting of the  two c rys t a l  s t ruc ture  groups, 

By 

- The hydrogen y i e lds  i n  the  Co60 gamma i r r a d i a t i o n  

A t  concentrations of NaN03 from 1.30 t o  9.14 m the eff ic iency of the 

The G ( H 2 )  

The y i e ld  of H2 derived from the  more e a s i l y  

High-Temperature and St ruc tura l  Chemistry. - Measurement of t h e  hea ts  

These entropies  of fusion 



CsF arid CsCl having the  MaGl stmeXure, whereas CsYr arid C s I  have the 
CsS st ructure .  The new measurements replace e a r l i e r  data -ontaiEed i n  
the l i t e r a t u r e  and found to &e e r r o ~ e o u s .  

ktxxmination of %he radial. dhistrilrLit;f-;r, f u r  x i o n  hy meaas of x-ray 
d i f f rac t ion  i n  mol%en bi h($ -hloroalumPraaxe prod~,c ed strong evidence 
i n  favor cf t he  presen.-e of t h e  complex cation .Wi2++ postLla%ed, on the 
basis  of thermodynamic measurements, t o  be present i n  the BI-BiC13 sqy-stem. 
(AEC Aetivit.y 5330) 

Analytical Chemistry Research. - A spectal  high-tempera*,ue c e l l  
assembly has been designed and emstxw:ted f o r  use with the Caxy spectro- 
photometer model 1L M t o  recayd absorption spe: rtya of molten f luoride salts. 
The spectra of such compounds a s  NiFzJ 6"0F3, PrF3, C Y F S r  UF4, and IJG2F2, 
each dissolved i n  the  eu tec t ic  mixtuPe 46.5 LiF9 11 .5  NaF, 42.0 KF (mole ' $ I j  
have been recorded a t  temperatures i n  the  rar,ge 509 to 7 P O " 2 .  
of the s u i t a b i l i t y  o f  t h i s  - .el l  assembly, the s p e c t r m  of TTF4 i n  t h i s  mixture 
has been observed as being e s sen t i a l ly  Ident ica l  with tha t  reported for UC14 
i n  a molten eu tec t ic  mixzure nf LfC1 and KCle 
index of IJF4 a t  the  abscybanze peak of l E O C  rqr is estimated to be about 15, 
a value which i s  i n  good agreement w i t h  a reported irLdex of 13 for UC14 
a t  1090 mpe 

nondestructive analysis  of various mater-?als by meacs af the  induced gamma 
radiat ion from radionuclides which a re  produ2ed bf t he  neut ra l  i r rad iaf inn  
of a smple ,  By a cclmplement-subtrac*,I~n technique, complex mixtul-es of 
radionuclides, emitt ing gamma, radiat ion of various energies, have tleen 
ar,alyzed by t h i s  rapid and eas i ly  applied method. As  a res1d.t of khis 
invest igat ion,  t he  gamma-ray s c i n t i l l a t i o n  spectmme-ter i s  being used t o  
determine bokh s h a t -  and long-lived radionucltiies ir: a var ie ty  caf avt ivated 
mater ia ls  such as cement,, limestone, sand, ores, wat,eCR me:als and al loys,  
and tobacco. 

A s  a measure 

Srisnilarly, +he molar absorbance 

A study has been cGmpleted of a gamma-ray specwometrir method for the  

Microstrains in Crystals. - A new x-ray d i f f r ac t ion  Lenhnique fola 
measuring the  thickness of very thin vxiae ftlms on mekals has been developed 
and has been t e s t ed  f o r  dX$J films g r o w  on copper single cryst"als, The 
method consis ts  i n  a measurement, i n  absolute unifts gf t he  fntegrated in -  
t e n s i t i e s  of the Bragg maxima f o r  the film. 
s ingle  cryst,al, such a measurernect de temices  (.$ 

If tk,e film i s  subs tan t ia l ly  a 
VI, the product of the  hkR 

square of the  c rys t a l  s t ructure  f ac to r  and the volume of the  film i r rad ia ted .  
If the area of the film irradiat .ed,  A, i s  measured and F i s  e i t h e r  computed 
from theory o r  measured by a separate experfment, then the thickness of the 
f i l m  i s  determined: 

hkR 

Such measurements f o r  Cu20 f t l m s  grown on (110) faces of copper s ingle  c rys t a l s  
indicate  that,  the  method i s  promisingly accurate and consistent, (AEC Activity 
5420) 
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Fundamental Fhysicometallurgical Research. - The hypothesis t h a t  

metal l ic  zirconium i s  approximately divalent ,  deduced from the e f f e c t  of 
alloying on the  allot .ropie t r ans i t i on  temperature, has been examined by 
measurements of the  e f f e c t s  of indium and t i n  on the  e lec t ronic  and l a t t i c e  
spec i f ic  heat  of zirconium, 
dicated, the  e f f e c t s  af t i n  on the  magnitude of these quant i t ies  always 
being l a r g e r  than the  e f f e c t s  of indium. 

specimens of high-purity niobium deformed by impact. o r  slow compression 
a t  -196"~. 
(112) and (shear  d i rec t ion) ,  (UT). Cleavage f rac ture  a t  -196"~ was 
always found t o  occur on - f l O O l  planes. 

A valency of approximately 1 .5  t o  2.0 w a s  in -  

Deformation twins were found i n  s ingle  c rys t a l s  and coarse-grained 

The twixning elements were established t o  be KI (twin plane) ,  

(AEC Act ivi ty  5420) - -  
Fundamental Invest igat ions of Radiation Damage i n  Solids. - Poly- 

c rys ta l l ine  samples of na tura l  zircclcium dioxide containing known con- 
centrat ions of uranium and thorium impurit ies were exposed t o  thermal 
neutron dosages a t  approximately 8 5 " ~ ~  
monoclinic oxide transforms under the act ion of f i s s ion  fragments t o  form 
the  high-temperature faze-centered-cubic phase. E?y monitoring the  number 
of f i s s ion  events which took place i n  p a r t i a l l y  transformed samples, it 
was possible through x-ray d i f f rac t ion  techniques t o  estimate the  number 
of atoms af fec ted  by a p a i r  of f i s s ion  fragments. 
p a i r  of f i s s i o n  fragrnents a f f e c t s  4 x 1G6 a t m s  irL what i s  believed t o  
be a "f iss ion spikest mechanism i n  which a region about 140 
heated above 200C°C f o r  a time a s  short  a s  10'EE sec, I n  a complementary 
study with synthetic pm-e single c rys t a l s  of monoclinic zirconium dioxide 
it was observed t h a t  exposure t o  fas t -neut rm dosages i n  excess of 102' 
neutrons/cm' produced no measurable change i n  the s ingle-crystal  perfect ion 
of the  samples. This i s  believed t,o be further e?ridence supporting the  
"fissiGn spike *' phenomenon i n  zircoriium dicxide. (AEC Activi ty  5430) 

It was found t h a t  t he  normal 

It was found t h a t  each 

1 i n  radius i s  

THEfaMOII'UCLEAR PROTECT 

Carbon Arc and Vacuum, -An attempt has  teen made t o  achieve pressures  

i n  the  lom8 mm region i n  the presence of t he  carbon a rc  i n  the PIG P la t e  
Fac i l i ty .  After  several hours of (noncon5inuous) operation, a pressure of 
7.5 x mm w a s  observed i n  the  presence of a 30O-amp arc  and 5.5 x lom8 
mm i n  the  presence of a 25O-amp arc.  Evidence of w a l l  -leanup was observed, 
and it was t en ta t ive ly  in fe r r ed  t h a t  the  observed base pressure was estab- 
l i shed  primarily by repeated la rge  pressure pulses which resu l ted  from a rc  
i n s t a b i l i t i e s .  (AEC Act ivi ty  5540) 

BCX-1 Fac i l i t y .  -- The mair, a c t i v i t i e s  of DCX-1 during the  pas t  month 
were directed toward preventing the carbon arc  from s t r ik ing  the anode ba f f l e  
assembly and causing a water leak. It i s  not cer ta in ,  a s  t h i s  i s  wri t ten,  
t h a t  adequate control  measures have been taken. 

The reduced time for  good operatiori s t i l l  permitted more than 600 
oscillograms t o  be taken from detectors  which measure the p a r t i c l e s  emerging 
from the  cent ra l  storage region. The i n i t i a l  inspection of these oscillograms 
indica tes  t h a t  the  ion accountabili ty may be somewhat higher than reported 
l a s t  month. 

scanning of the  emerging pa r t i c l e s .  
A t rave l ing  detector  has been i n s t a l l e d  which should p e m i t  b e t t e r  a x i a l  

(AEC Act ivi ty  5540) 



DCX-2 and Magnetic Studies. - A  study was undertaken t o  invest igate  
the degree of f l e x i b i l i t y  i n  magnetic f i e l d  shapes a t ta inable  from simDle 

~ .. 
current r a t i o  manipulation i n  the f i e l d  co i l s .  

maximum homogeneity i n  t he  mid-plane region t o  f i e l d s  which were thought 
t o  more nearly preserve the  concept of over-all  p a r t i c l e  ad iaba t ic i ty ,  

very homogeneous over a r e l a t ive ly  l a rge  region t o  one t h a t  has a f a i r l y  
constant shape over a r e l a t ive ly  la rge  region. 

Various c r i t e r i a  f o r  f i e l d  shape were used, varying from f i e l d s  with 

Evidently it i s  possible t o  obtain a f i e l d  varying from one t h a t  i s  

(AEC Activity 5540) 

PROGRAM 6000 - BIOLOGY AND MEDICINE 

BIOPHYSICS 

In te rna l  Dosimetry, -When a radionuclide which emits gamma rays i s  
taken i n t o  the  body, t he  concentration of the  nuclide i n  the  bladder, i n  
the gas t ro in t e s t ina l  t r a c t ,  or i n  other organs may contribute s ign i f icant ly  
t o  the dose t h a t  the  gonads receive, 
the ovary from an assumed concentration of the  emit ter  i n  the  bladder or 
G I t r a c t  has been computed by use of a s ingle-hi t  theory a s  well as a s t r a igh t -  
ahead approximation f o r  gama rays of energy between 0.05 and 10 Meu. It w a s  
found t h a t  i n  most cases the  gas t ro in tes t ina l  contents de l iver  more dose t o  
the  gonads than the  contents of the bladder do. 
the concentrations of most of these nuclides i n  human gonads a re  scanty and 
perhaps not accurate, but they ind ica te  t h a t  f o r  many radionuclides a large,  
even a preponderant, f r ac t ion  of the  genetic dose i s  due t o  the  presence of 
the nuclide i n  the  bladder or  i n  the  GI tract.,  

Waste Disposal Research and Engineering: 
Fabrication of a new radiologging unit, t o  be used primarily for well mon- 
i to r ing ,  w a s  completed. 
features  a s  an overload clutch,  automatic log, r e t r a c t  and shutoff, rese t tab le  
level-wind index, optional two-speed hand operation, and a wide range of 
automatic logging speeds,, Power i s  supplied from a 12-v storage ba t te ry  
which should provide a t  l e a s t  16 h r  of operation without recharging. The 
e lec t ronic  un i t  u t i l i z e s  the  average current from four G-M tubes and employs 
only one vacuum tube and one corona-type voltage regulating tube. A 12-v 
storage ba t te ry  powers the e lec t ronic  u n i t  and should provide a t  least 35 
h r  of operation without recharging. The e n t i r e  assembly, inc lu l ing  the  
electronic  uni t ,  the  r e e l  assembly, the recorder, and the  ba t t e r i e s ,  w i l l  
be mounted on a frame f o r  operation from a Jeep s t a t ion  wagon,, 
Activity 6440) 

The dose t o  the  per ipheral  cortex of 

Available data concerning 

(AEC Activity 6440) 
Evaluation of S o i l  Disposal. - 

The cable r e e l  and feed mechanism incorporates such 

(AEC 



- 26 - 
OPEN LITERATURE PUE;LICATIONS 

Auerbach, S. I., and D. A. Crossley, "Strontium-90 and Cesium-137 Uptake 
by Vegetation Under Natural Conditions," Proc. U. M. Intern.  Conf. 
Peaceful Uses Atomic Energy, 2nd, Geneva, 1958 -1 18 494 (1959) 

I r r ad ia t ed  Copper, 

Induced Reaction of I ron( I I1)  with Tin( I I ) , ' t  J. Phys. Chem. - 63, 892 

Blewitt, T. H., R. R. Coltman, and C. E. Klabunde, "Stored Energy of 

Boyle, J. W., S. Weiner, and C. J. Hochanadel, "Kinetics of the  Radiation- 

Phys. Rev. Letters 2, 132 (1959). 

(1959) 0 

11. Bredig, M. A., Dimeric Bismuth( I) Ion, ( i n  Molten Bismuth Trihalide- 

Collins, C. J., and N o  8 ,  Bowman, .Molecular Rearrangements. XVI. The 

Bismuth Systems," J, Phys. Chem. - 63, 978 (1959). 

Pinacol Rearrangement of t he  Diphenyl-m-tolylethylene - Glycols," 
J. Am. Chem. SOC. - 81, 3614 (1959). 

Volume, Low-Level Waste by the Lime-Soda Softening Process," Proc. 
U. N. Intern.  Conf. Peaceful Uses Atomic Energy, 2nd, Geneva, 1958 -J 18 

It 

Cowser, K. E., R. J. Morton, and E. J. Witkowski, ?*The Treatment of Large 

161 (1959). 
Crawford, J. H., Jr., and M. Co Wittels, "Radiation S t a b i l i t y  of Nonmetals 

and Ceramics,'' Proc. U. No Intern.  Conf. Peaceful Uses Atomic 
Energy, 2nd, Geneva, 1958 2: 300 (1959). 

Datz, S., and E. H. Taylor, '%Some Applications of Molecular Beam Techniques 
t o  Chemistry," p 157 i n  Recent Research i n  Molecular Beams, ed. by 
I. Estemann, Academic Press, New York, 1959. 

de Eaguna, W., K. E. Cowser, and I?. L. Parker, ''Disposal of High-Level 
Radioactive Liquid Wastes i n  T e r r e s t r i a l  Pi ts ;  a Sequel," Proc. TJ.. N.  
In tern.  Conf. Peaceful Uses A t o m i c  Energy, 2nd, Geneva, 1958 - .  18,,101 
(1959) 0 

Hurst, G. S., and T. E. Bortner, "Attachment of Low-Energy Electrons i n  

Kerr, J. M., "Preliminary Tests on Clay S in t e r s  t o  Retain Reactor Wastes," 

Kraus, K. A., D. C. Michelson, and F. Nelson, "Adsorption of Negatively 

Mixtures Containing Oxygen, '' Phys 

Am. Ceram. Soc, Bull. - 38, 374 (1959). 

Charged Complexes by Cation Exchangers," J. Am. Chem. Soc. - 81, 3204 

Rev. - 114, 116 (1959). 

(1959) 
Lietzke, M. H., and R. W. Stoughton, '??he Solubi l i ty  of S i lver  Sulfate  

i n  Electrolyte  Solutions. I. Solubi l i ty  i n  Potassium Ni t ra te  
Solutions," J. Phys. Chem. - 63, 1183 (1959). 

i n  Electrolyte  Solutions. 11. Solubi l i ty  i n  Potassium Sul fa te  
Solutions," J. Phys. &em. 63, 1186 (1959). 

i n  Electrolyte  Solutions. 111. Solubi l i ty  i n  Sul fur ic  Acid Solutions," 
J. phys. Chem. - 63, 1188 (1959). 

Lietzke, M. H. ,  and R. W. Stoughton, "The Solubi l i ty  of S i lver  Sulfate  

Lietzke, M. H., and R. W. Stoughton, "The Solubi l i ty  of S i lve r  Sulfate  



- 27 - 
Lietzke, M. H. ,  and R. W. Stoughton, "The Solubi l i ty  of S i lver  Sulfate  

i n  Electrolyte  Solutions.  I6T. Solubi l i ty  i n  N i t r i c  Acid Solutions," 
J. Phys. Chem, - 63, 1190 (19599. 

J. Chem. Educ. 36, 349 (1959). 

Chem. Soc. - 81, 3203 (1959). 

Dirac Electron Gas,nu Phys. Rev. _s 114, 644 (1959). 

Intermediates i n  the a -Par t ic le  Radiolysis of the C2 Hydrocarbons. 
I. Acetylene," 3. Phys. Chem. - 63, 916 (1959). 

Phys. Rev. I 114, 858 (1959). 

Disposal of Radioactive Wastes," Pmc. U. E%. Intern.  Conf. Peaceful 
Uses Atomic Energy, 2nd, Geneva, 1958 - 18, 43 (1959.). 

E d w .  36, 396 (1959). 

Livings ton, Ralph, "Physical Observation of Radiation-Induced In temedi  a t e  s , '' 

Mahlman, H. A., "Ceric Reduction and the  Radioly-tic Hydrogen Yield," J. Am. 

Ritchie,  R. He, "Interac-tion of Charged P a r t i c l e s  with a Degenerate Fermi- 

Rudolph, P. So, and C. E. Melton, %ass Spectrometric Studies of Ionic 

Sherwood, J. E., and S.  J. Ovenshine, ''Nuclear Spins of IE2' and 

Stmxness, E. G., and J. 0. BLomeke, %uBtipurpose Processing and Ultimate 

Taylor, E. He, *'Radiation Effects  on Solids,  Including Catalysts,  '' J. Chem. 

Taylor, E. H., "Samuel Colvi l le  Lind," J. Phys. Chem. - 63, 772 (1959). 
Wilson, 3. C., 'Qffects  of I r r ad ia t ion  on the S t ruc tu ra l  Materials i n  

Nuclear Power Reactors, '* Proc. U. w. Intern.  Conf. Peaceful Uses 
Atomic Energy, 2nd, Geneva, 1958 2, 432 (1959). 

of Barium," Anal. Chem. - 31, 1351 (1959). 
Z i t t e l ,  H. E., F. J. Miller ,  and P. F. !Emmason, 'hnperometric T i t r a t i o n  



Name - 
Baysal, B. M. 
Bromley, D. A. 
Christian, J. W. 
Erichsen, L. V. 
Forland, T. 
Gronlund, F. 
Halvorsen, K. 

Huber, K. 
Hudson, R .  P. 
Inoue, K. 
Kleijn, H, R .  
McPherson, No F. 
Matsuda, T. 
Miescher, E. 
Sato, H. 

Sawyer, W. A. 
Shiga, T, 
Takeuchi, T. 
Tiberghien, R .  
Tsukamoto, K, 

Ukai, T. 
Vanhecke, L. H. 

- 28 - 

FOFZCGM VISITORS 

Affiliation 

Ankara, University 
Atomic Energy of Canada Limited 
Oxford University 
University of Bonn 
Norwegian Institute of Technology 
University of Indiana 
Joint Establishment for Nuclear Energy 
Research and Argonne Natl. Laboratory 

Physikalisches Institut der Univ., Basel 
National Bureau of Standards 
Hokushin Electric Works 
Delft Technological University 
Canadian General Electric Co. 
Kurita Kogyo Co., Ltd. 
Physikalisches Institut der Univ., Basel 
National Institute of Radiological , 

Canadian General Electric Co. 
National Delegate from Japan 
Brown University 
Indatom, Paris 
National Institute of Radiological 

College of Shizuoka 
University of Louvain 

Sc ience s 

Sciences 

Citizen of 

Turkey 
Canada 
Great Britain 

Norway 
Denmark 
Norway 

Switzerland 
Great Britain 
Japan 
The Netherlands 
Canada 
Japan 
Switzerland 
Japan 

Canada 
Japan 
Japan 
France 
Japan 

Japan 
Belgium 

Reports issued in this series during the past year: 

August 19 58 
September 1958 
October 1958 
November 1958 
December 1958 
January 1959 
February 1959 
March 1959 
April 1959 
&Y 1959 
J u ~  1959 
July 1959 

ORNL- 2 59 5 
ORNL- 2623 
om-2636 

ORNL-2691 
OR&- 2706 

ORNL-2645 
ORNL- 2664 

ORNL- 2721 
ORNL- 2736 
ORNL- 2756 
ORNL- 2781 
ORNL-2795 



6Aze R I X E  NATIONAL LABORATORY 

STmUS A;ND PROGRESS REPORT 

D i  s tri but i  on 

U.S. Atomic Energy Commission 

Oak Ridge Operations Offi,ce 
1-52. Research and Developnent Division 

External 

33. 
34-36 0 

37-39. 
4S e 

41-42. 
43-45 9 

46 ., 

49-54. 
55-56. 

57- 
58-59. 
60-61. 
62-63. 
64-65 

66 ., 
67 
68 e 

69 
70- 
71 0 

72 0 

47-480 

Aeroprojects, Inc, 
Ames Laboratory: Iowa S ta t e  College 
Argonne National Laboratory 
Atomics In te rna t iona l  (N. Am. Aviation, Inc. ) 
Bat te l le  Memorial I n s t i t u t e  
Brookhaven National Laboratory 
Bureau of Mines, S a l t  W e  City 
Chicago Operations Of f i ce  
Hanford Atomic Products Operation 
Idaho Chemical Processing Plant 
Kaiser Engineers 
Knolls Atomic Power Laboratory 
Lawrence Radiation Laboratory 
Los Alamos S c i e n t i f i c  Laboratory 
National Bureau of Standards 
National Lead Company 
Nuclear Metals, Inc. 
Union Carbide Corporation 
Union Carbide Nuclear Company 
Union Carbide Nuclear Company 
Union Carbide Nuclear Company 
Union Carbide Nuclear Company 

W. Bo Tarpley 
F. He Spedding 
Ne S. Hilberry 
E. E. Motta 
He W. Russell  
L. J. Haworth 
J. B. Clemmer 

0.  H. Greagor 
R. L. Doan 

K. R. Van Tassel1 
D. Cooksey 
No E. Bradbury 
P. LI Mohler 

A. R. Kaufmann 
R. W. McNamee 
C. E. Center 
J. L. Gabbard 
D. M. Lang 
Jo P. Murray 

P e  D. Bush 

C o  K e  MCArthur 

In t e rna l  

73. K. A. Allen 
74. E. E, Anderson 
75. E, A- Bagley 
76. P. S.  Baker 
77. C,  R. Baldock 
78. L. H. Barker 
79. S .  E. Beall  
80, E. E, Beauchamp 
81. R. H. Beidel 

82. I?. R. Re11 
83. If. S .  Billington 
84. C. A. Blake 
85. R. E. Blanco 
86. F. F. Blankenship 
87. E. P. Blizard 
88. A. L. Boch 
89- E, G. Bohlmann 
90, C. J. Borkowski 



- 30 - 

91. G. E. Boyd 
92. M. A. Bredig 
93. J. Co  Bresee 
94. R. B. Briggs 
95. R. Eo Brooksbank 
96. K. B. Brown 
97. F. R. Bruce 
98. w. D. Burch 
99. T. H. Jo Burnett 

100. A. D. Callihan 
101. A. E. Cameron 
102. R. A. Charpie 
103. C. E. Clifford 
104. I’. E. Cole 
105. C. F. Coleman 
106. E. L. Compere 
107. De D. Cowen 
108. J. A. Cox 
109. F. L. Culler 
110. J. E. Cunningham 
111. J. S. Drury 
112. D. E. Ferguson 
113. Jo L. Fowler 
114. J. H. Frye 
115. W. F. Gauster 
116. M. We Gerrard 
117. J. H. Gi l le t te  
118. W. Y. Gissel 
119. H. E. Goeller 
120. C. D. Goodman 
121. A. T. Gresky 
122. J. C o  Griess 
123. W. R. G r i m e s  
124. P. A. Haas 
125. C. S. Harri l l  
126. Jo C. H a r t  
127. Me R. H i l l  
1-28. C. J. Hochanadel 
129. A. Hollaender 
130. R. W. Horton 
131. F. T. Howard 
132. 
133. 
134. 
135 = 
136. 
137 9 

138. 
139 
140. 

A. S. Householder 
H. H. Hubbell 

G. H. Jenks 
R. W e  Johnson 
R. J. Jones 
W. H. Jordan 
P. R. Kasten 
G. W. K e i l h o l t z  

Go Se H W S t  

ais tri but i  on ( continued) 
141. C. P. K e i m  
142. M. T. Kelley 
143. E. M. King 
144. K. A. Kraus 
145. Laboratory Sh i f t  Supervisor 

146. E. Lamb 
147. J. A. Lane 
148. R. E. Leuze 
149. W. H. Lewis 
150. T. A. Lincoln 
1.51. S. C. Lind 
152. R. B. Lindauer 
153. R. S. Livingston 
1-54. J. T. Long 
155. L. 0. Love 
156. R. N. Lyon 
157. R. J. Mackin 
158. H. G. MacPherson 
159. F. C. Maienschein 
160. W. De Manly 
161. M. B. Marshall 
162* J. A. Martin 
163. H. I?. McDuffie 
164. J. R. McNally 
165. A. J. Miller 
166. E. C. Miller 
167. K. Z. Morgan 
168. W. Lo Morgan 
169. E. J. Murphy 
170. M. L. Nelson 
171. C. E. Normand 
172. J. L. Need 
173. G. W. Parker 
174. M. E. Ramsey 
175. P. M. Reyling 
176. A. W. Riikola 
177. L. P. Riordan 
178. G. A. Ropp 

180. A. D. Ryon 

(Do Phi l l i p s )  

179. A. F. RUPP 

181. 
182. 
183 e 

185. 
186 . 
187. 
188. 
189 . 

184. 

H. C. Savage 
H. W. Savage 
A. W. Savolainen 
H. E. Seagren 
E. D. Shipley 
A. Simon 
0. Sisman 
J. R. Si tes  
Me J. Skinner 

. 

. 



- 31 - 
190. 
191. 
192. 
193 
194. 
195. 
196. 
197- 
198. 
199 
200. 
201. 
202 0 

A. H. Sne l l  
R. W. Stoughton 
H. S t r ing f i e ld  
E. G. Struxness 
W. H. Sullivan 
C. D. Susan0 
J. A. Swartout 
E. H. Taylor 
C. D. Watson 
B. S. Weaver 
A. M. Weinberg 
M. E. Whatley 
J. C. White 

203. C. E..Winters . 
204. ( R .  E..Worshm 
205. W. Zobel 
206. A. Zucker 

209. Health Physics Library 
210. 

211. Reactor Experimental 

207-208. Central Research Library 

O f w L  - Y-12 Technical Library 
Document Reference Section 

Engineering Library 
212-403. Laboratory Records Department 

404. Laboratory Records, ORNL RC 


