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OAK RIDGE NA!I'IONAL WO-RY 

STATUS m PROCRESS mom 

This s ta tus  and progress report represents material on 
approximately one-haLf of the Laboratory's program, which 
is  covered, with some exceptions, on a bimonthly schedule. 

PROGRAM 2000 - SPECIAL IQlTCLEAR MATERIALS 

Metallex Process - Countercurrent packed-column washing of thorium quasi 
amalgam, formed by sodium amalgam reduction of ThCl4, was 5 times as fast as 
batch washing. The decontamination from sodium was a factor of >TO i n  an 
18-in .-high column. Thorium losses were 0.062$. The carbon decontamination 
factor was 16, but there was no decontamination f'rom zinc, aluminum, iron, 
copper, o r  nickel. 
and vacuum drying of thorium amalgs demonstrated a clear-cut advantage Over 
other methods i n  producing an oxide-free amalgam from which thorium metal con- 
taining less than 1% Tho2 could be recovered. The determination of the free 
void fraction i n  sintered thorium m e t a l  w a s  shown t o  correlate with washing, 
reduction, and sintering conditions. 

Washing with 1 N HC1, rinsing wlth argon-sparged water, 

(AEX Activity 2704) 

Power Reactor Fuel Reprocessing - The Zireex process fo r  removing cladding 
from fuel  elements w a s  demonstrated on a laboratory scale. 
of a section of Zircaloy-2--clad uranium-molybdenum alloy at  30O0C removed 
the Jacket completely i n  3.75 hr .  

i n  the dissolver solution and apparently did not materially decrease the dis- 
solving rate; it was removed by f i l t r a t i o n .  
99 .g$~ of the t o t a l  uranium e When imdiated uranium-zirconium alloy that had 
decayed 3 weeks was hydrochlorinated, 3% of the f3 and 45$ of the 7 ac t iv i ty  
followed the sublimed Z r C l 4 .  Corrosion tests indicated that Inconel, which 
corroded at a rate of 0.2 mil/month when hydrochlorinated at  b O 0 C ,  is  a 
suitable material of construction for  a hydrochlorination reactor. 
304L stainless steel, and Monel had favorable corrosion rates, i .e. , 0.5, 
0.7, and 1 .O mol/month, respectively. 

Hydrochlorination 

The core dissolved readily i n  10 M HIT0 . 
The insoluble molybdic acid that formed duping the dissolution was sikpen il ed 

The aqueous solution contained 

A-nickel, 

Sulfuric acid, which is  being considered as a reagent fo r  removing th in  
stainless steel or  zirconium Jackets, dissolved various core metals very 
slowly. In boiling 6 M %SO4 uranium m e t a l  dissolved at a rate of 0.032 w/ 
cm2-min; 0.5$ si--99.55 u at 0.043 mg/cmbin; I.+ si--98.8$1 U at 0.064 mg/ 
cm2-min; and 9 6  U--loqd Mo showed a weight gain of 0.007'7 mg/cm2-min. 
core alloys containing s i l icon and molybdenum dissolved readily i n  n i t r i c  
acid. 
58 mg/cm2-min; a I.+ Si-98.85 U alloy at  77 mg'-/cm2-min. 

The 

A 0.5$ Si--99.5$ U alloy dissolved i n  8 M HN03 at an i n i t i a l  rate of 
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PROGRAM 2000 - SPECIAL NUCLEAR MATERIALS (Continued) 

Chlorides i n  aqua regia solutions of metals were reduced t o  less than 
5 ppm by passing the l iquid down a stripping column which was fed with mpor 
from boiling 15.2 M wJO3. 
feed was kept below 0.6 - M t o  prevent oxidation of the HC1 by the Rm03. 

9.7 mils/min at  75OC; the heat of reaction wag 41.8 kcai/mole. The dissolu- 
t ion  could probably be carried out i n  a tantalum vessel, since tantalum 
gained weight only s l igh t ly  under t h e  same conditions. Titanium corroded at 
a rate of 1.5-3 mils/month. Hastelloy and Durochlor corroded too rapidly t o  
be of interest .  

The concentration of the chlorides i n  the column 

Type-347 stainless steel dissolved i n  6 M HmO --4 M HC1 at a rate of 

In  studies on the Hermex process f o r  recovering uranium by dissolving 

Cesium, Sr, and rare earth factors were 130, 16,000, and 4700, 

i n  mercury, uranium irradiated t o  5 x 1016 n/crnbec and decayed 10 b y s  was 
decontaminated from gross B and y ac t iv i t i e s  by factors of 70 and 20, respec- 
t ively.  
respectively, while those fo r  Ru, Z r ,  Mb, and Pu were 6, 5, 4, end 3 .  
the tests, the uranium w a s  dissolved i n  boiling mercury, and the  quasi fsmal- 
gam thus form8 was washed with 1 rJI HC1. 
t o  12OO0C t o  volat i l ize  the mercue and m e l t  the uranium. 
removal and subsequent uranium melting from cold-pressed uranium amalgam 
compacts was demonstrated. 

For 

The amalgam was heated under vacuum 
Continuous mercury 

Uranium chloride from Zircex-processed U-Zr al loy w a s  reduced t o  uranium 
amalgam by a sodium amalgam reduction with a yield of 8 6 .  (AEC Activity 
2924) 

PROGRAM 3000 - WEAPONS 

- RaLa - A RaLa run was made, and approximately 16,000 curies of product was 
shipped on May 12, 1956. (AEC Activity 3641) 



PROGRAM 4000 - PEACTOR DEVELOPMENT 

HOMOGENEOUS FEACTOR PROJECT 

Homogeneous Reactor Test - Engineering t e s t s  were begun on the HRT. 
ment tested included the high-pressure package boiler, deaerator, boi ler  feed 
pumps, steam condenser, charcoal beds, and the refrigeration$system. Hydro- 
s t a t i c  tests were completed on the fue l  and blanket steam system and on the 
reactor process piping. 
the system with trisodium phosphate and n i t r i c  acid. (AEC Activity 4103.1) 

Equip- 

Preparations are pa.17tially completed fo r  cleaning 

HHT Chemical P i lo t  Plant - All mechanical equipment for  the RKf Chemical 
Plant has been fabricated and is  scheduled t o  be instal led by June 30. 
instal la t ion of low-pressure piping is about 95s complete. 
valves for  the process c e l l  arrived May 1 5  and will be i n s t a l k d  immediately. 
The service piping and refrigeration ptping i n  C e l l  C are complete. The roof 
plugs, which are being fabricated by an outside contractor, are t o  be deliver- 
ed by June 15. Membrane sheets for making the top seal f o r  the process ce l l s  
are scheduled for  delivery by the end of May. 
delivered will be e lec t r ica l  equipment, such as starters and switch gear. 
It i s  expected, however, that all conduit and junction boxes w i l l  be in- 
s ta l led  by the encl of June. The control room i s  about 7046 complete; the 
control panel was received and checked. 

The 
Remote-control 

Probably the last items t o  be 

(AEC Activity 4103.1) 

Reactor Analysis - The power-time relation for  the HRT after shutdown was 
calculated for  several possible si tuations.  If the steam valve from the  core 
heat exchanger were closed, the reactor would become subcrit ical  i n  - 2 lrrin 
i f  the MOA pump continued t o  operate, but might remain c r i t i c a l  indefinitely 
i f  the 400A pump were stopped. In  the latter case the rate of energy release 
would be l e s s  than - 600 kw for  times greater than several seconds following 
stoppage of the pump. If the heat exchanger were operated i n  a normal fash- 
ion, natural convective flow would  keep the reactor power a t  -700 kw follow- 
ing stoppage of the pump. 

The insertion of corrosion specimens in to  the HRI core region w i l l  effec- 
t ive ly  add poisons t o  the reactor and thus %ncrease the f i e 1  concentration 
requfred f o r  c r i t i c a l i t y .  The maximum poisoning associated with these speci- 
mens was calculated t o  be less than 11%. 
the core c r i t i c d  concentration from - 7.1 t o  - 8.7 g $35/kg D20 a t  28OoC. 

T h i s  maxfmum oisoning would increase 

If two-phase operation Ofmarred i n  the HRT core with the 400A pump off ,  
large amounts of react ivi ty  could be injected into the reactor upon pump 
startup. 
before pw~p startup, followfng reactor operation. 

This si tuation can be eliminated by requiring c r i t i c a l  conditions 

Nuclear and economic calculations were made for  some cylindrical two- 
region thorium breeder reactors. 
density at the core w a l l  can be appreciably decreased only by making a sub- 
s tan t ia l  increase i n  reactor length. 
be associated with high core power densities, since increasing the reactor 
length increased the inventory charge untfl  that charge controlled the fuel  
cost; the associated Increase i n  breeding ra t fo  was s l igh t .  

The results indicate that the maximum power 

Minimum fuel costs appear, however, t o  
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PROGRAM 4000 - REACTOR DEVELOPMENT (Continued) 

Preliminary nucleas calculations were made f o r  a single-regiQn, high-flux, 
homogeneous research reactor. To obtain a maximum t h e d ' f l u x  of - 6.5 x 
1015 neutrons/cm2-sec, a t o t a l  the& power of 500 Mw would be required; 
the power density would be - 2 &/ l i te r  a t  the w a l l ,  - 110 kw/liter maximum, 

of U23 , corresponding t o  a U235 concentration of about 0.7 
temperature coefficient of react ivi t  would be near -9 x lo'$ A ke$"C a t  2OoC 

5 kw/liter average. A t  25OoC the core c r i t i c a l  mass would be - 9 kg 
/kg D 0. The 

and about -2.5 x 10-3 A ke/'C at 250 ix C .  (AFE Activity 4103.1) 

Reactor Ins tmen ta t ion  - The metering stations for the oxygen valve and the 
capillary pressure drop were calibrated and found suitable for use i n  the K#r 
low-pressure system. Before being instal led i n  the RHP instrunen% cubicles, 
they w i l l  be tested on the HKC mockup high-pressure oxygen generator system. 
It is  hoped that the units wt l lbe  suitable for  injecting oxygen i n  both 
high and low pressure systems. 

An operating prototype of the HRT remote-area radiation-monitoring sys- 
t e m  was inspected a t  the plant of the Vistoreen Instrument Company i n  mid- 
Apr i l .  
first week i n  June. 

It i s  believed t h a t  the final system will be ready for  inspection the 

A valve identicap t o  the modified dump valve of the reactor blanket was 
cycles 400 times on the valve test loop, and leakage a f t e r  cycling was not 
appreciably greater than before. The nominal 12-gal volume of the loop pres- 
sure vessel and the consequent rapid decrease i n  upstream pressure at  the 
valve result  i n  a much less  severe t e s t  than w i l l  be obtained i n  the reactor. 
However, t h i s  dzurrp cycle test i s  severe enough t o  reveal inherent mechanica3 
faults i n  the valve design, such as those found i n  the blanket dump valve 
before the plug angle was changed from 25 t o  65 deg. The core dump valve 
was cycled 430 times but has not yet been leak checked o r  disassembled for  
inspection. ( A X  Activity 4103 .I) 

ER Design - The following items i n  the design of the HRT were completed: 
assembly and mounting detai ls  f o r  fuel and blanket space cooler, instrument 
tube fission-chamber positioning equipment , fuel  and blanket pressurizer 
layout and supporting detai ls ,  pressurizer liquid-leve-indicator support 
drawings, redesign of injection pump check valves, rupture-disc assembly and 
details ,  rev%sed designs fo r  temporary and permanent freezer units and deter- 
mination of locations of the various types of these units i n  the process pip- 
ing, Monftron instal la t ion for the pumps and stack, c e l l  microphone housing 
and mounting details, and revfsion of the HRT sampler drawings t o  incorporate 
changes required on the basis of experimental work on the prototype sampler. 

Approxfmately 9 9  of the working drawings needed for the design of the 
reactor are completed. 

Recommendations were for the copper-catalyst concentrat ions required 
for  the HKT -1 solution at all power levels up Lo LO Elw and as a function 
of gas letdown and overpressure. 



PROGRAM 4000 - BACTOR DEVELOPMENT (Continued) 

Extensive maintenance and tooling programs have been adopted. Job- 
analysis sheets were prepared fo r  the inspection and/or replacement proced- 
ures for  92 specific cases. 
operations was compiled, and actual trials will be completed. 

A detailed outline of 24 reactor maintenance 

A procedure w a s  written and drawings were prepared for  the removal of 
shielding plugs and the insertion of a periscope and a remote l ighting fac i l -  
i t y  i n  any of s ix  openings i n  the control-mom area. (AEC Activity 4103 .I) 

Metallurgy - Although x-ray studies of quenched 15 and 2 6  Nb-Zr alloys in-  
dicated the presence of only a sing-phase cubic structure, a metallographic 
expination revealed the presence of a very fine second phase as a Widman- 
s ta t ten precipitate.  T h i s  second phase i s  thought t o  be a-zirconium. Both 
x-ray and metallographic examination of quenched 5 and 10$ Pd-Zr alloys re- 
vealed a completely cubic structure at room temperature. 

Procedures were developed by which high-purity nitrogen may be substi- 

(AEC 
tuted for  expensive helium or argon as a backup gas in the inert-gas arc 
welding of type-347 stainless s tee l .  Welds of HRP quality w e r e  made. 
Activity 4103.1) 

In-Pile Autoclave Tests - An experiment was performed t o  determine the radia- 
t ion corrosion of Zircaloy-2 by a UO2SO4 solution containing no copper. 
(Previous Zircaloy-2 experiments have, i n  every case, been with solutions 
which contained added CuS04.) 
the f iss ion power density i n  solution was about 1 w/ml during exposure i n  the 
LITR HB-5 f a c i l i t y .  A t  t h i s  low power density the gamma-ray intensity i n  the 
f a c i l i t y  proved sufficient t o  effect  recombinatfon of most of the radiolytic 
gas produced by f iss ion recoils.  The pressure of radiolytic gas during expo- 
sure both at  250 and 28ooc reached a steady s ta te  of' about 100 p s i .  
approxfmately 100 h r  at  the start of irradiation, which was at a temperature 
of 25OoC, the corrosion rate remained quite low. It then increased t o  about 
1.9 mil/yr and remained f a i r l y  constant at a given temperature. The rate at 
280Oc was approximately double tha t  at 250°C. The 250°C rate is  essentially 
the same as tha t  determined f o r  loop specimens exposed at the same power 
density but i n  solutions which Contained 0.03 m CuS04. Hence, there i s  l i t t l e  
indication that the presence or absence of cup';;ic ion influences the radiation- 
induced corrosion. 

The uranium enrichment employed w a s  low, and 

For 

A n  examination of the data from the various LITR experiments with Zirca- 
loy-2 autoclaves revealed that the corrosion rate  determined i n  a given ex- 
periment was approximately proportional t o  the square root of the f iss ion 
power density which prevailed i n  the experiment. 
were those fo r  which the solutions were about 0.17 m i n  U02S04. 
these solutions contained added %SO4 at a concentstion of 0.04 xn; others 
contained no added acid. 
the f iss ion power density, it appears, i n  general, t W T a  straight l ine  
passing through the origin can be drawn approximately through experimental 
points obtained with solution which contained acid and was exposed at  25OoC. 

The experiments considered 
Some of 

On a p lo t  of corrosion rate  vs the square root of 
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PROGRAM 4000 - REACTOR DEvELxIPMEmT (Continued) 

Another l ine  can be drawn through the points fo r  solution which contained 
acid and was exposed at  280Oc. Other straight l ines  can be drawn for  the 
system which contained no acid.  
i n  the preceding paragraph, the corrosion rate  under irradiation appeared 
t o  be unaffected by the presence or  absence of copper. 

In  agreement with the conclusion mentioned 

(AEC Activity 4103.1) 

In-Pile Loop Tests - Examination of the dismantled parts of loop L-4-11 w a s  
essentially completed. The aluminum oxide pwnp bearings showed no appearance 
of wear or  change i n  dimensions. Irradiation of low L-4-12 was completed. 
The to t a l  circulation t i m e  w a s  2020 h r  and the accumulated LITR energy during 
th i s  run was 4375 Mwhr. 
specimens are now i n  progress. 

Msmantling of the loop and examination of the 
(AEC Activity 4103.1) 

Laboratory Service Corrosion - Stress-corrosion cracking was observed on six 
U-bends of type-347 stainless steel pipe after 11,000 hr  of service with 60- 
p s i  steam (165OC) passing through the U-beads, wb;ich were externally cooled 
by a tap-water spray. The cracks were located randoInly over the ent i re  outer 
surface of the pipes and, i n  a f e w  cases, had almost completely penetrated 
the w a l l  thickness. Presumably the low concentration of chloride ions i n  the 
tap water was responsible for  the cracking. 
t ra ted i n  the deposit which formed on the  water-cooled surfaces of the pipes; 
the deposit contained 760 ppm chloride. 
moved from the t e s t  system after 3000 hr  of operation, and numerous small 
cracks had already formed. 

The chloride ions were concen- 

One of the original U-bends w a s  re- 

The effect  of chloride concentrations of 5, 10, 25, 50, and 100 ppm and 
of bromide and iodide concentrations of 100 ppm on the promotion of stress- 
corrosion cracking of type-347 stainless steel w a s  examined i n  boiling and 
aerated solutions of 0.04 m UO SO4 containing 0 -02 m %SO and 0.005 m CuSO4. 
Specimens were stressed at-15,800 and 30,000 ps i .  &er h 00 hr of expbsure, 
stress-corrosion eraeks were found on the specimens stressed at 30,000 ps i  
i n  the solutions containing 25, 50, and 100 ppm of chloride. No cracking 
occurred on any of the other specimens during this  period. 
4103 -1) 

(AEC Activity 

Dynamic Loop Tests - The corrosion of stainless steel at 25OoC i n  1.3 m uranyl 
fluoride w a s  about half as severe as i n  1.3 m uranyl sulfate at  the sGe temp- 
erature. 
the uranyl fluoride further decreased the  corrosion rates (by a factor of 10) 
t o  about 10 m i l / y r  a t  flow rates below 20 t o  25 ft /sec.  
rates could be expected i n  long-term tests because protective films had formed 
on the specimens. 
crevices by the solution containing the added sodium fluoride. 
specimens were exposed t o  solution, but even i n  the vapor phase Zircaloy-2 
sheet specimens were t o t a l ly  dissolved i n  tests at 250 and 300°@. Titanium 
specimens i n  the vapor were unattacked, and type-347 stainless s tee l  showed 
only s l igh t  attack. 

The addition of an ahorst equimola;: amount of sodium fluoride t o  

Lower corrosion 

Titanium and several titanium alloys were attacked i n  
go zirconium 
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A 3200-hr test a t  300OC with 0.04 m UO SO4 containing 0.005 m CuSO4 and 
0.015 m Y O 4  was terminated. The austznit f c stainless s tee ls  eGosed t o  
this sclution were filmed over at velocit ies up t o  34 ft /sec and showed corro- 
sion rates l e s s  than 1 mil/yr.  
measurable, corrosion rates  of 0.2 t o  0.5 mil/yr, but commercially pure ti- 
tanium, zirconium, and Zirca.loy-2 showed no measurable corrosion rates .  
Several stainless s tee ls  and titanium alloys stressed t o  80$ of the i r  room- 
temperature yield strengths were exposed i n  the liquid, spray, and vapor 
regions; no increased attack o r  cracking was observed. (MC Activity 4103.1) 

Several titanium alloys showed low,  though 

c Slurry Tests - A dynamic corrosion test i n  100A-pump loop CS using FT charge of 1000 g !Ph/kg was terminated after 49 h r  of operation 
loop pressurizer. A t  an average circu- at  300 C because of plugging i n  

la t ing concentration of 547 g Th/kg %O fo r  the 49-hr period and with a velo- 
c i ty  of 10 ft /sec,  the following corrosion rates ( in  m i l s  per year) were ob- 
tained for  pin-type specimens : types-347, 316, and 309-SCb stainless s tee l ,  
3; gold, 0.4; and SM-type 212 s tee l ,  150. 
occurred with type-75A or  type-RC-55 titanium or  with a titanium alloy con- 
taining 3% Al Euad 5$ O r .  
316, and 309-SCb stainless s teel ,  8; gold, 0.4; SAE-type 212 steel, 165; 
ty-pes 75A and RC-70 titanium, 4; and titanium al loy containing 376 Al and 576 
C r ,  5 .  

No detectable weight losses 

Average attack rates  at  20 ft /sec were: types-347, 

0 Om-produced Tho2 was recalcined at a temperature of 1400 C for  respec- 
t i ve  periods of 2, 4, 24, and 96 hr. 
material, as determined by gravitational sedimentation i n  Na4P207, was not 
detectably different from that of the charge material. However, even 2 hr 
a t  14OO0C produced marked changes i n  the average c rys t a l l i t e  s i z e  from that 
shown by the charge material (from lo7 t o  2500 8) and i n  the specific surface 
area (from 30.3 t o  1 .4  m2/g) . 
only re la t ive ly  s l igh t  f'urther changes i n  c rys t a l l i t e  s i z e  (75000 R) and 
specific surface are (0.9 m2/g). 
of 1000 g Th/kg %O were circulated i n  toroids under 90 psi  oxygen at  25OoC 
for  263 hr a t  26 ft /sec relative velocity. 
pin specimens of type-347 stainless s tee l  varied between 2 and 7 m i l / y r  and 
of Zircaloy-2 between 2 and 3 mil/yr. 
from the attack by Tho2 f i red  at lower temperatures. 

The particle-size distribution of t h i s  

Longer periods of heating (96 hr) produced 

Slurries of these oxides at  a concentration 

The attack rates  on corrosion 

These rates are indistinguishable 

Preliminary investigations into the effect  of a hydrogen bla.nket atmos- 
phere and the value of phosphates as dispersing agents fo r  Tho2 gave the 
following results. Titanium was severely attacked (100 t o  2000 mtl/yr) by 
circulating slurries of Tho2 (calcined at  800°C) at  1000 g Th/kg @O, a t  
25OoC, and a t  26 ft /sec relative velocity i n  the presence of 0 .I M Na4P2O 

or 
Type-347 stainless s t ee l  was much l e s s  affected than the titanium, although 
some attack rates  i n  the alkaline medium with O2 and $ atmospheres were 
higher than those generally found i n  the nearly neutral s lur r ies  under 02. 
(AEC Activity 4103.1) 

(PH 10.9) or  0.1 M NaH$O4-O.l M Na2BpO4 (pH 7.0) and i n  the presznce of a 2 
Zircaloy-5 appeared t o  ge essentially unaffected i n  d l  these systems. 
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HR Math and Computation - Fermi ages and diffusion constants f o r  two-group 
calculations were' evaluated fo r  thorium oxide s lurr ies ,  U02S04 solutions, 
and equimolar U02S04-Li2S0 
temperatures fo r  various dxtures of l i gh t  and heavy water. (AEC Activity 
4103 .I-) 

solutions over a range of concentrations and 

GENERAL H3ACTOR .RESEARCH 

Basic Reactor and Shielding Research - Crit ical  experiments with University 
of Michigan reactor elements i n  the BSR gr id  were performed fo r  three config- 
urations. A 5 by 5 element array was c r i t i c a l  with 3119 g of U235, and a 
6 by 4 array was c r i t i c a l  with 3259 g of U235. A 3 by 9 array was not c r i t i -  
ca l  with 3675 g of $35. The University of Michigan elements were also sub- 
s t i tu ted  individually i n  a subcrit ical  assembly of BSR elements t o  determine 
their  relative worth. 
best cold BSF elements and all the elements were remarkably consistent. 

The reactivity of each element was comparable t o  the  

An experiment for  the National Advisory Committee fo r  Aeronautics i s  
being performed t o  determine the effect  on the reactivity of: 
a i r  from specific locationg within the core; (2) removing plates from a.n 
element; and (3) inserting an experiment within the core. For the  th i rd  
tes t  containers of various lengths and compositions are inserted i n  the void 
of the central  control rod. 

(1) removing 

A preliminary experiment was performed t o  determine the diffusion co- 
The results showed that a strong back- efficient of neutrons i n  graphite. 

ground of neutrons (reflection of neutrons from the walls of the room) w i l l  
necessitate a shield around the sample t o  be investigated. 
experiment will be performed t o  determine whether a cadmium shield will be 
sufficient.  (AEZ Activity 4570) 

Reactor Theory - The homogeneous effective resonance integral  of U238 metal 
w a s  calculated from resonance data a t  T = 300°K reported i n  BNL-325. 
contrast t o  a previous calculation (L .  Dresner, Muc . Sei. and Engr.  2, 681, 
1956) allowance w a s  made for  the possibi l i ty  that  a neutron makes several 
collisions i n  the vicinity of one resonance rather than at  most one coll ision 
as i n  the Wigner theory (E .  P .  Wigner, e t  al., J. App. Phys. - 26, 260, 1955). 
Only the  6.7- and 21-ev resonances are appreciably affected. The calculated 
value is 10.1 barns, a 1.6-barn increase over the 8.5-barn value previously 
obtained. 
10.2 barns (R. Macklin and H. Pomerance 
Vol. I, 184, 1956). 

An additional 

In 

T h i s  value i s  i n  agreement with the best experimental value of 
Prog. NUC . Energy, Pergamon, London, 

(AEC Activity 4570j 

Radiation Detector Development - The scint i l la t ion response of L i I  (Eu) crys- 
tals t o  monoenergetic 5.3-Mev neutrons w a s  examined as a function of crystal  
temperature i n  the region between room temperature and -142OC. 
were noted with cooling t o  the lowest temperature: (1) the pulse height in- 
creased by a factor of 1.7; (2) the fast-neutron peak was sharpened consider- 
ably and assumed a semi-Gaussian shape with a full width at  half maximum of 
16. 
the energy resolution for therman and fast neutrons w a s  poor, however. 
Activity 4570) 

Two effects  

An unactivated L i I  crystal  was found t o  sc in t i l l a te  a t  l o w  temperatures; 
(AX 
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Instrunnent Development fo r  Reactors - mew controls for  the Bulk Shielding 
Reactor were designed and equipment is  expected very soon. 
f irst  "Automatic Start" reactor t o  be instal led permanently at  O m .  

This w i l l  be the 

Equipment for  the Oak Ridge Research Reactor i s  designed and is  on order. 
I n s t m n t a t i o n  and inter-connections are also under design. 
include automatic start. 
three of the reactors f r o m  one console; the X-LO Graphite Reactor, the LITR 
and the ORR. To t h i s  end, the LITR has been controlled f o r  the  past year 
from the graphite reactor control room f o r  the purpose of investigating the 
feas ib i l i ty  of such an operation. 
Company for  the control apparatus. 
started May 14.  

This  will also 
Further, the control room is  designed t o  operate 

Contracts were l e t  t o  Taylor Instrument 
Delivery of major equipment conrponents 

A l l  process instrumentation has been detailed. 

The shield mock-up reactor (SMR) control system is i n  the preliminary 
design stage; the cost estimate was prepared. 

Oak R i d g e  Sdhool of Reactor Technology - During April  and May, representatives 
of more than 50 companies vis i ted Oak Ridge fo r  the purpose of interviewing 
Category "A" students (those without employment contracts). 
same months, the ent i re  class w a s  given lectures on reactor projects by approx- 
imately 25 vis i tors  fromthe reactor sites. 

During these 

Formal classes end on June 1. Work on the  summer reactor design prob- 
lems will begin on June 11. ( I B C  Activity 4703) 

PROGRAM 5000 - PHYSICAL RESEARCH 

Reactor Operations - Operations of the reactors were normal and there are no 
unusual incidents t o  report. 

Much attention is now being given t o  the study of the reloading of the 
Graphite Reactor with enriched uranium fuel elements. 
of the proposed design was fabricated; it contains about 10 times the amount 
of enriched uranium expected t o  be used i n  the  final design, i n  order t o  ob- 
t a in  the higher temperatures expected wMn the reactor i s  reloaded. The t e s t  
element was equipped with themocouples and inserted i n  the reactor on May 
22. The element was placed i n  the front part of a channel and will be slowly 
advanced toward the central par t  of the  reactor, 
given t o  the temperature r l s e  i n  the fuel piece af'ter shutdown. 
also being collected t o  determine the heat transfer coefficient. 

A t e s t  fie1 element 

Principal attention i s  being 

Supplemental 
Data are 
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equipment consisting of a full length of‘ graphite channel was set up t o  deter- 
mine the a i r  flow characteristics with a full row of dummy fuel elements. 
k t e l  elements made from natural. uranium will be melted t o  determine the flow 
characteristics of the molten 
over it. 

A study was completed on 
with minor alterations of the 
the  fans w i l l  provide cooling 

A feas ib i l i ty  report was 

metal with streams of high velocity air  passed 

the fan and duct system. 
ducts and water-spray cooling of the exi t  air, 
at  a power level of 10 megawatts. 

It is  indicated that, 

completed on the conversion of the Graphite 
Reactor t o  enriched fuel; approxi&tely 80$ of the work has been done on the 
report t o  be submitted t o  the Reactor Safeguards Committee. 

The Oak Ridge Research Reactor - Cdnstruction is proceeding at a very slow 
rate, the current schedule fo r  completion of the building, reactor shielding 
and the cooling system indicates that the contractor should be 92$ complete; 
an estimate of the work actually completed is  48$. 

The foundations of the reactor structure were completed and f’urther work 
i n  t h i s  region i s  now being delayed by the lack of acceptable welding of 
aluminum pipe by the subcontractor. Progress is being made toward resolving 
th i s  difficulty;  however, the situation is  not ent i re ly  cleared up a t  th i s  
time. 

The cooling tower for  the reactor pool was delivered and erected. In- 
s ta l la t ion of the main reactor cooling loop radiators has been started; all 
pumps are on hand. The crane t ro l ley  was shipped and will be installed on 
arrival;  this w i l l  permit closing i n  the east end of the building. 
f loor level i s  progressing sat isfactor i ly  and instal la t ion of the movable- 
type parti t ions w i l l  very nearly complete work i n  t h i s  area. 

The th i rd  

Fabrication of the aluminum reactor tank is  also behind schedule; steps 
are being; taken t o  insure delivery prior t o  completion of the reactor build- 
ing. 
tested i n  the ORNL Shop. 

The reactor mechanical controls unit  is  being assembled and will be 

Design of several large experiments planned for  the ORR i s  approaching 
Information developed during this work and also during a the de ta i l  stage. 

recent survey of space and f a c i l i t y  requirements indicates an experimental 
program of considerably larger magnitude than anticipated. 
additional f’unds was sent t o  the AEC i n  order t o  allow construction of added 
laboratories, air conditioning, a hot ce l l  over the storage pool and other 
features which are now deemed necessary t o  properly accommodate t h i s  expanded 
program. If t h i s  request for  $515,000 is  approved it is  anticipated that the 
work can be completed during the period of time required for  ORWL instal la-  
t ion of the reactor and control system, and thus not delay the overall job. 

A request fo r  
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ISOTOPE PRODUCTION 

Radioisotope Production - Approval has been receivedto continue the coablt- 
60 production program at  Savannah River. 
Savannah will be discharged between May and August of t h i s  year. 
measurements indicate tha t  the specific act ivi ty  of the cobalt and the produc- 
t ion rate  substantially agree with the calculated values. 
t ion  f romthis  source w i l l  be between 125,000 and l50,OOO curies. 

The present loading of cobalt at  
Preliminary 

The annual produc- 

All organizations on the cobalt p r ior i ty  l i s t  have been notified that 
the l is t  has been discontinued and that cobalt shipments w i l l  be made upon 
receipt of their shipping containers. 

Alterations on the tank farm evaporator t o  convert it t o  a cesium-alum 
crystal l izer  are about 80$ completed. 

Additional equipment i s  now being instal led for  the production of' short- 
lived f iss ion products from the waste uranium solution from the 1131 plant.  
This plant will greatly increase i n  the avai labi l i ty  of miscellaneous short- 
lived f iss ion products. (AEC Activity 5lll) 

Radioisotope, Process Development - Tests were made on the chemical process 
t o  be used i n  the fission product plant; l i t e r  quantities of actual high 
level Purex waste were used. 
adequate f o r  cesium, ruthenium, and mixed alkaline and rare earths.  
the procedure for  fractionating rare earths w a s  found t o  be inadequate and 
w i l l  be studied *her. It was noted that the Purex waste was  contaminated 
with excessive quantities of uranium and thorium, which caused very great 
d i f f icu l t ies  i n  the separation of the f iss ion product groups. It i s  believed 
that the uranium and thorium were accidentally introduced in to  the waste dux- 
ing pilot plant  operations.  

The test indicated that  the procedures were 
However, 

Construction of the fission-product p i lo t  plant i s  proceeding a t  a fair- 
l y  slow ra te .  
completed. 
instruments required i n  the second phase of the construction program. 
Activity 5112) 

Cell l iners  are now being installed; the ventilation duct was 
Negotiations were made f o r  the purchase of all the equipment and 

(AEC 

PHYSICS 

Neutron Diffraction - Meutron diffraction data were obtained for  selected 
samples of the rare earth perovskites, and the rare earth sesquioxides at 
temperatures ranging from room terupemtwe t o  1.2'K. The results of some 
of these measurements are hr ie f ly  summarized. 

Rare earth orthoferri tes:  The neutron diffraction data fo r  LaF'e03 indi- 
cate a magnetic ordering o f  iron ions on a G-type l a t t i c e  (E .  0. Wollan and 
W .  C .  Koehler, Phys. Rev. - 100, 545, 1955) with a Ndel point of 75OoK. 
corresponding erbium compound, ErFe03, also undergoes an ordering t ransi t ion 

The 
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a t  55OoK i n  which the  iron atoms order on a G - t y p e  l a t t i c e  but, i n  addition, 
a t  very low temperatures there is  strong evidence that the erbium ions be- 
come ordered on a C-type sublattice. The ordering temperature fo r  the erbium 
ions i s  4.5%. 
properties which have been observed for  these compounds (Guiot-Guillain, 
Pauthenet, and Forestier, Comptes Rendus - 239, 155, 1954) and with the theo- 
r e t i ca l  predications of N&el (L. Ndel, Comptes Rendus - 239, 8, 1954). 

These resul ts  can be correlated with the complexLmagnetic 

The rare earth sesquioxides, particularly those of the heavier metals, 
crystall ize i n  a structure which c a g t o  a first approximation,be considered 
as face centered i n  the metal atoms. Neutron diffraction data fo r  Er203 at  
low temperatures (4.2 t o  1.2%) have demonstrated the existence of a new 
antiferromagnetic arrangement of magnetic ions on a face-centered cubic lat- 
t i c e .  In  the course of studying t h i s  structure it was observed that the so- 
called ordering of the first ki* (see, fo r  example, J. H. Van Vleck, J. de 
Physik e t  Rad.  12, 262, 1951) corresponds t o  a se t  of B-type 
improved ordering of the first kind, t o  a se t  of A-type sublattices; ordering 
of the second kind, t o  a se t  of G-type sublattices; and the new E r  0 

as one makes the reasonable assumption that a l l  atosns have the same first and 
second nearest neighbor relationship, the four general structure types de- 
scribed above constitute the t o t a l i t y  of antiferromagnetic structures based 
on a face-centered cubic l a t t i c e .  

stiblattices; 

struc- 
ture,  t o  a set of C-type l a t t i ce s .  It is  interesting t o  observe t L? as long 

(AEC Activity 5220) 

Neutron Velocity Selector - In  addition t o  the high resolution spectrometer 
being constructed for  the O M ,  a second spectrometer w a s  designed for  in- 
s ta l la t ion at the LITR. T h i s  second spec.t;rometer will be used t o  measure 
pa r t i a l  neutron cross sections (such as scattering, f ission, and capture) 
with a resolution of 0.08 p, sec/meter. 
16-in. Monel rotor, a 45-meter f l i g h t  path, banks of BF counters, and a 256- 
magnetic-core time analyzer. 
operating and is  being used fo r  t o t a l  cross section measurements of separated 
isotopes and long-lived f iss ion products e 

T h i s  spectrometer w i l l  consist of a 

The old time of f l i gh t  spsctrometer i s  now 

(AEC Activity 5220) 

High Voltage Program - The decay constant of the fundamental diffusion mode 
of subcrit ical  cylindriccL.1 U235 - %O solutions of various s izes  w a s  measured 
by the use of a variable frequency square-wave modulated fast neutron source 
together with a synchronized multi-channel analyzer. Thermal neutrons diff’u- 
sing out of the system i n  the interval between neutron bursts were detected 
by means of a small Li6I(Eu) sc in t i l l a t ion  counter a t  the boundary. 
range of buckling from 0.54 t o  0.08 cm-2, uranyl fluoride solution containing 
53 .O grams @35/liter exhibited half l ives  ranging from 17.9 t o  64.2 micro- 
seconds. Delayed neutrons constitute a small constant background. The method 
appears t o  be useful for  obtaining experimentally all of the nuclear parame- 
t e r s  needed t o  describe the system. Possible applications include routine 
testing of reactor sub-assemblies. 

For the 

A manganese sulphate bath was used t o  observe the VS1(p,n)Cr51 cross 
section from threshold t o  TOO kev above threshold. Protons from the 3-Mev 
Van de G r a a f f  bonibarded 20-kev vanadium targets,  and the bath was activated 
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at  s ix  neutron energies from 20 t o  TOO kev. The ac t iv i ty  was compared t o  
that produced by the 27-kev neutrons from a calibrated Sb-Be source. These 
s ix  points normalize the yield curve obtained with a set of BF3 counters i n  
paraffin surrounding the target. The cross section averaged over resonances 
r i ses  almost l inear ly  over this region. (AEC Activity 5220) 

Theoretical Physics - There have been under development here f o r  some time 
flexible and accurate numerical procedures for  calculating orbit properties 
and magnetic fields fo r  high-energy fixed-frequency cyclotrons. 
pal  theoretical problem seems t o  be the determination of the d i f f icu l ty  of 
passing through the various resonances which render the par t ic le  orb i t s  un- 
stable at  certain energies. Simple analytical formulae w e r e  obtained f o r  
the increase i n  amplitude of the focussing oscil lations at several of the 
simpler resonances. 
f ie ld  can hold the orb i t s  isochronous and essentially stable, except for  the 
radial integral  imperfection resonances which come at proton energies of 
about 900, 1800, 25OO,--&v i n  a 16-sector machine. The half-integral reso- 
nances were shown t o  be quite harmless; a 9OO-Mev machine of t h i s  type appears 
certainly feasible. 
rapid code for  calculating orbi t  properties, t o  determine the t rue degree of 
diff icul ty  at  these resonances. 
may actually be feasible. 
code t o  f ac i l i t a t e  the design and ad jus tEnt  of the electron analogue which, 
i n  i t s  second version, w i l l  attempt actual passage through the first of the 
integral resonances. (MC Activity 5220) 

The princi- 

From these it appears that  a properly shaped magnetic 

Numericid. work i s  i n  progress, using a flexible and 

It is  hoped that a higher energy machine 
I n  addition, work is being performed with the same 

Volati l i ty Studies - I n  
cess, uranium-zirconium 
mg/min-cm2 a t  6 0 0 ~ ~ ;  RF 
agitation w a s  achieved. 

studies on the fused salt--fluoride vo la t i l i t y  pro- 
fie1 elements dissolved i n  NaF-ZrF4 at  a rate of 3-6 
was passed into the m e l t  i n  such 8 way that good 
Increasing the tempemture t o  8 0 0 ~ ~  increased the 

rate only s l ight ly .  
dependent on the HF flow rate than is  the dissolution rate, being lower at 
the higher flow rates, there is  an advantage i n  using relat ively low flow 
rates. 

Since the efficiency of HF u t i l i za t ion  is  much more 

The phase diagram of the Na.F-ZrF4 system is such tha t  the rather limited 
region of 38 t o  57 mole 6 ZrF4 i n  the n r e l t  wt be used i f  dissolutions are 
t o  be made a t  600Oc. These limits correspond t o  melts with melting points 
of 55OoC, which allows a 50' margin of safety t o  ensure that no solid-salt  
pluts  form. Such narrow limits imply that the uranium content of the melts 
after element dissolution must he i n  the neighborhood of 0.5 g / l i t e r  of 
m e l t ,  which is  a very low figure. 

A t  high temperatures, NiF's, a corrosion product i n  the fluorination step 
of the fused-salt-fluoride vo la t i l i t y  process, formed dispersions i n  molten 
NaF-ZrF4 at concentrations greater than that required fo r  saturation. 
sedimentation of such dispersions was rapid; however, the se t t l ing  rate 

I n i t i a l  
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decreased with time as a resul t  of a viscosity effect ,  with sedimentation 
probably not complete a f t e r  72 hr when the i n i t i d  nickel concentration was 
2$ 

The decomposition of m6*3N@ was about 30$ i n  a closed system at kOO°C 
Less decomposition, 2$, occurred at 30O0C, or about lo$ when excess F2 w a s  
present. The decomposition reaction 'results i n  a NaF-UF5 complex. (AEC 
Activity 5310) 

Ion Exchange Studies - Several elution methods are being studied i n  connec- 
t ion with ore recovery processes. They include 1 M N a C l ,  1 M NH4NO , and 
conversion t o  the chloride with 5 M N a C l ,  followed-by e lu t ioz  with L t e r .  
A continuous conductivity monitor w&s shown t o  be effective i n  controlling 
elution conditions. 
regulated rate  and decreases the amouht of N a C l  required t o  the point that 
N a C l  reuse is  not required. 
the following: (1) the cost of eluting agent i s  The lowest yet demonstrated; 
N a C l  is consumed at  a rate of 2.5-3 l b  per pound of uranium; (2) neutral Wac1 
solution is  used rather than the acidic solutions used i n  other schemes, 
which results i n  relaxed corrosion specifications; (3) the product, which 
contains a high concentration of U02C12, 50-100 g of uranium per l i ter ,  can 
be fed direct ly  t o  the Excer process (see section on feed materials process- 
ing); this eliminates the alkali precipitation step; and (4) i f  the uranium 
is  recovered from t h i s  solution by precipitation, the a l k a l i  required is  
very small. (AEC Activity 5310) 

Th i s  makes it possible t o  use 5 M N a C l  at  a very slow, 

Advantages of the 5 M NaC1-water system include 

Chemical Engineering Research Studies - A hydroclone separator, e i ther  1/4 
o r  1/2 i n .  dia,  was shown t o  be suitable for separating 209& hexone--8@ 
water dispersions e The products contained only 0.146 of the other phase. 

A steam pulser w a s  demonstrated t o  produce pulsations varying from 1 t o  

Th i s  would eliminate the need fo r  pistons or  flex- 
LO in. ,  at about 60 cy@les/min. 
steam into a l iquid leg.  
ible  diaphragms for  pulsing solvent extraction contactors. 

The procedure used was direct injection of 

A 3-in.-dia f i l t e r  bed of type-431 stainless s tee l  powder and alumina 
f i l t e r  aid, held i n  place by a magnetic flux of 1.4 kgauss, removed precipi- 
tated barium sulfate from a water suspension. 
corroded by 6 N HN03 at a rate of O.O4$/day at room temperature 
Activity 53x0)- 

The stainless s t ee l  was 
(AEC 

Feed Materials Processing - In further t e s t s  on the Excer process for  con- 
verting U02(N03)2 t o  UF4 by ion exchaqe and electrolytic reduction, overall 
decontamination factors varied from *V 103 for calcium t o  3 x lo5 fo r  iron. 
Magnesium, Al, Cu, Mi, and Th were removed by large factors; V, B, Mo, Si,  
SO4, P04, C r ,  and Bi were not separated. For the t e s t s ,  synthetic sulfate 
ore leach solutions were converted t o  chloride by an anion exchange step, 
using the 5 M NaCl-water elution scheme; converted t o  W O g 2  on a cation- 
exchange c o l k n ;  separated from traces of sodium by a H-form cation exchange 
resin; and reduced i n  an electrolytic c e l l .  The UF4 .3/4H20 was dehydrated 
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i n  a magnesium tube f'umace. For a uranium loading of 50 g/L of resin, only 
2.5 lb  of N a C l  was required per pound of uranium fo r  satisfactory elution i n  
3 ft of anion exchange resin column (2 in .  dia) . 
stoichiometric. 

T h i s  i s  106 excess of 

Calcining of 
reduced the water 
the final UF4 content w a s  97.5$. 
from 120% at the  powder entrance t o  380Oc at  the powder ex i t .  

i n  a screw calciner (3 i n .  dia x 6 f t  long), 
t o  1.58 i n  35 min under a nitrogen atmosphere; 

The temperature along the calciner increased 

The conversion of UF4 t o  UF e and U O p  (a step i n  the Fluorox process 
foroconversion of uranium oxide 
900 C was successfldly demonstrated i n  a 4-in.-dia moving bed reactor l ined 
w i t h  u308 brick. 
of uF6 was produced. The ra te  of the oxidation of UF 
controlled by the uF4 surface area available. Sampleb of one type of UF4 
containing 
t i a l l y  constant specific surface areas over the temperature range 25-60OoC. 
Above 600°C, a decrease i n  specific surface area was accompanied by a sinter-  
ing of the sample. 

o uF6) y reaction with oxygen at 800 t o  

The feed rate t o  the reactor was 10 lb/hr, and about 10 lb  
t o  UF6 is par t ia l ly  

!2$ U02F? when heated 1 hr i n  dry helium apparently had essen- 

(JEC Activity 5310) 

Neptunium Studies - I n  continuous runs i n  3/bin.-dia pulsed columns, neptun- 
ium and uranium were separated from K-25 fluorination ash with losses of 
(0.01$. 
2.67 l i t e r s  of 3.6 M Al(OH) NO3, t o  which was added 4.5 Q Al(I?O 
l i t e r s  of 16 M HN03, and wager t o  13 liters and by digesting at ?hJ boiling 
point, under %ll reflux, for  2-4 hr t o  dehydrate colloidal, emulsion-forming 
impurities. The aqueous feed, 50 g U / l i t e r ,  1.8 M Al(N0 ) 1 M HNO w a s  
made 0.01 M i n  Fe(NEf2SO ) t o  reduce neptunium to-the IV3s&te,-the ziecies 
most stablg and most reidfly re-extracted by t r ibu ty l  phosphate. 

i n  Amsco, and scrubbed with 0.75 M Al(B0 ) --2M IINO --0.01 M Fe(NR2S0 )2. 
The organic extract was cascaded To the ?eJond-colu& where-the neptdium 
was preferentially stripped in to  0.5 M HNO . Any uranium that w a s  stripped 
into t h i s  aqueous stream was back-extFactea i n  the lower section of this 
column with 60 volumes of additional extractant. The organic solution from 
the second column was cascaded into a th i rd  column where the uranium w a s  
stripped into 0.01 E4 - HN03. The system reached equilibrium at between 6 and 
12 hr  operation. 

Aqueous feed for  the run was pFepared by slurrying 1 kg of ash i n  
, 1.47 

In the f irst  column, the Np237 and uranium were co-extracted by 15% TBP 

A simplified procedure that would f i t  the process t o  existing m e t a l  
recovery equipment and lower the cost of the process chemicals consists i n  
adding 1 kg of ash t o  13 liters of 1.8 M Al(N0 ) --1 M HN03 and mixing. The 
mixture is digested at the boiling poinz, tmdel kI.1 reflux, for  2-4 hr, and 
adjusted t o  feed concentrations. and HEIT03 
may also be used and the f i n a l  feed concentrations achieved by &dporation. 
( AEX Activity 5310) 

Lower concentrations of U(N0 ) 
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Hot-Laboratory Research - The i n i t i a l  step i n  the recovery of large quanti- 
t i e s  of neptunium-237 from Canadian tank-car uranium solution, undertaken i n  
cooperation with the ORWL Metal Recovery Operations, w a s  completed. During 
the program, several adverse experimental flow-sheet changes were encountered 
which reduced the yield t o  of the theoretical  or  about 22 grams. 

The most significant losses were closely correlated with a reduced acid 
strength i n  t h e  first extraction column, which occurred either i n  the feed 
or i n  the scrub. 
of neptunium w a s  found t o  be 1.5 N, as measured i n  the waste stream. The 
introduction of ferrous ion in thrs column was a lso accompanied by a serious 
neptunium loss; however, extensive studies of the distribution coefficients 
of EJI, (IV) and Eap (VI) seem t o  prove that this loss was actually incurred by 
a simltaneous reduction i n  acid strength rather than by a change i n  the 
distribution of the two valence states. 

The minimum value of acid concentration for  good recovery 

Valence distribution studies of Np(N) and EJI,(VI) i n  the first extraction 
cycle showed that essentially all the Mp is present as inextractable Np(V) 
and that on contact with TBP, this is rapidly reduced t o  Np(1V) .  
for  t h i s  process i s  about 10 minutes and the residence time i n  the column i s  
about one hour. 

A half time 

(AEC Activity 5330) 

Chemistry of Corrosion - I n  connection with further studies on the effect  of 
osmium(VII1) oxide on the electrode potential. of electrolytic iron, the nor- 
m a l  potential of the OS(OH)~-OSO~ couple m s  determined for comparison. 
corrosion of iron i s  so effectively stopped by even a l’$ solution of Os04 

.that the thermodynamic value of the electrode p o t e n t i d  may be realized on 
iron as w e l l  as on platinum. This was demonstrated over the  pH range 4 t o  
6.5. 
electrolytes, l ike that produced by the inhibitors previously studied. 

The 

The nobili ty induced by the osmium compound was sensitive t o  added 

The effect  of garma irradiation on the corrosion of stainless steel i n  
0.1 N sulfuric acid appears t o  be due ent i re ly  t o  the  radiolytic products i n  
the solution. On an ennobled sample the usual effect  is a debasement due t o  
radiolytic hydrogen; t h i s  i s  followed by a slow ennoblement as peroxide builds 
up i n  the solution. The experimental results are perhaps even more sensitive 
t o  the degree of aeration than is the case i n  the absence of radiation, so 
that a s l ight  change i n  the atmosphere of the test  c e l l  may cause a consider- 
able change i n  the effects  observed. 

The relationship between the potential  and rate of corrosion of type- 
347 stainless steel electrodes was studied i n  aerated 0.1 I? 9 5 0 4  at 84Oc; 
a potentiostat was used t o  maintain constant electrode pot&tial u n t i l  the 
establishaimti of a quasi-stationary state characterized by constancy of 
corrosion rate and applied current. 
sion rate indicated that a maxirmUn corrosion rate of - 1.5 ma/cm2 oFapparent 
surface area occurred at a potential  250 mv more negative than the reversible 
hydrogen electrode potential .  
nitrogen atmosphere, free from oxygen, had a rate of - 0.13 ma/cm2 and a steady 
potential of -100 mv - vs hydrogen. 

A plot  of electrode p0ten t ia l .w corro- 

The spontaneous corrosion of t h i s  steel i n  a 

Identical  potentials were observed i n  the 
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quasi-stationary state fo r  the spontaneous corrosion i n  nitrogen of all elec- 
trodes of the same batch of s teel ,  regardless of surface preparation. 
presence of oxygen i n  the solution exerted an effect on the electrode poten- 
tial-corrosion rate  diagram near the reversible hydrogen poCential. 
proximity of the spontaneous corrosion potential t o  the potential at which 
th i s  effect  becomes evident appears t o  determine the fa te  of the s tee l ,  that  
is, whether ultimate ennoblement and passivation or  continued corrosion of 
the hydrogen-evolution type will occur. 

The 

The 

(AEC Activity 5330) 

Ion-Exchange Studies - A knowledge of the partial molal volumes of ion-exchange 
resins i s  necessary for  the rigorous thermodynamic computations of ion-exchange 
select ivi t ies .  
chloride, bromide, and iodide salt forms as well as the mixed salt forms, F- 
Br, C1-Br, and 1-Br, were measured pycnometrically by using an iner t  l iquid.  
A considerable loss i n  t o t a l  volume was observed when the dry resin first ab- 
sorbed water, presumably as a consequence of electrostriction by the ions. 
The molar volume of water, 18.06 ml, was never reached i n  the systems studied, 
although t h i s  value must be approached i n  highly swollen, loosely cross-linked 
exchangers. 

Consequently the densities of par t ia l ly  hydrated fluoride, 

To further characterize the new phenolformaldehyde sulfonium anion- 
exchange resin, Stamex S-44, a scale of se lec t iv i t ies  w a s  determined by meas- 
uring the uptake of trace quantities of bromide ion by 12 anion selt forms 
of this exchanger. 

that  obseaed w i t h  Dowex-2 and Dowex-2. A comparison with the water isotherm 
data shows that the greater the water uptake by a given salt-form the greater 
the bromide ion a f f in i ty .  

The order of bromide ion a f f in i t i e s  were: F' > IO' >Ac' 
> C1' > BrO' > NO5 > Br' >C10' >NO; >I' > C l O G  > SCM' . This  order i s  appro a imately 

Recently cation-exchange resins of variable capacity prepared by the hy- 
drolysis  of p-sulfomddostyrene and styPene copolymers became available. 
Cross-linking i n  these exchangers is obtained by addition of bis-(p-vinyl- 
phenyl) sulfone t o  the reaction mixture; the capacity can be controlled by 
varying the styrene t o  p-sulfonamidostyrene ra t io .  T h i s  E thod  of synthesis 
appears t o  insure that only para-sulfonic wid exchange groups occur i n  the 
exchanger. 
different degress of cross-linking, each prepared with four different eapa- 
c i t y  values, were measured. The select ivi ty  coefficient, p, was found t o  
decrease with capacity for a given degress of cross-linking, i n  agreement 
with ea r l i e r  findings i n  this Laboratory on desulfonated Dowex-50. 
Activity 5330) 

Sodium-hydrogen ion se lec t iv i t ies  for preparations with three 

(AEC 

Characterization of Short-Lived Fission Products - Considerable e f for t  w a s  
put into instal la t ion and tes t ing of improved instrumentation f o r  the  charac- 
ter izat ion of short-lived radionuclides. The gas-handling system fo r  removal 
of f ission product gases from irradiated uranium was extensively modified so 
tkt it i s  now possible t o  isolate  rubidium ac t iv i t ies  from the i r  krypton 
parents more rapidly. 
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Same preliminary measurements were made with the new gas system on the 
decay of 2.7-minute Rbgo. With a 3 x 3-in. NaI(T1I) scint i l la t ion spectrom- 
eter, ganrms rays of 0.84 + 0.01 p9ev energy and high intensity and of 1.39 
piev energy were observed. Both gamm-ray p e a s  decayed with a half-l ife of 
2.5-3.0 minutes, demonstrating that  they occ i n  the decay of %go, and do 
not arise from s me contaminant such as Cs13y C a m f ' u l  searches were made 

and the gamma-ray spectrum characteristic of 
analysis of the beta-ray spectrurn of Rbw, as measured on a well-type anthra- 
cene scint i l la t ion spectrometer, yielded a preliminary value of 5.0 + 0.1 Mev 
for  the  m a x i m  energy of the most energetic beta-ray group. 

i n  samples of ~b 8 9 + ~1390, a f t e r  several half- l iv  s of 14.g-minute ~1389, 
was never seen. A Fermi 

(AEC Aztivity 
5330) 

Chemical Separation of Isotopes - A small f ac i l i t y  fo r  producing 1-2 grams 
per day of ,9546 NL2 was constructed and tested.  The system employs the 
Nitrox process (oxides of nitrogen vs HNO3).  Operation i s  automatic with 
occasional adjustments and sampling'-;iuring the working day. 
consists of a 2-in. and a 1/2-in. glass column, each 20 f t  high, packed with 
Podbielniak stainless s t ee l  ffHeli-Pa3r". 
valves and pumps t o  permit minor repairs t o  be made without disturbing opera- 
t ion of the colugsn. The product end refluxer produced about gM %SO&, con- 
taining negligible amounts of nitrogen. 
automatic interface controller actuated by a photocell. Upon carpletion of 
a calibration and test run of over a week's duration, the system was  shut 
down t o  make modifications i n  the product refluxer t o  insure smoother and 
more dependable operation. 

The cascade 

The system has a set of auxiliary 

The SO2 flow i s  regulgte by an 

(AEC Activity 5340) 
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BIOLOGY 

Genetic and Cytogenetic Effect of Radiations - An ideal situation fo r  exami- 
nation of the effect  of polyploidy on chromosomal radiosensitivity w a s  found 
i n  a single Tradescantia flower bud containing a mixed population of haploid 
and diploid microspores. The bud had been irradiated in interphase and the 
ce l l s  were stained and observed at the post-meiotic mitosis. Chromosomal 
frequency per - c e l l  i n  the diploid ce l l s  w a s  double that 6f the haploids. 
Hence, it can be concluded that, per chromosome, chromosomal radiosensitivity . .  i s  equal i n  no& and polyploid cells. { ' I  

One of the pronounced effects of radiation on the  l iving c e l l  i s  inhibi- 
t ion of division (mitosis). Division of the grasshopper neuroblast is 
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temporarily inhibited by as l i t t l e  as 1 r of X-rays; the ce l l s  are not ki l led 
un t i l  doses of about 5OO r are administered. A study was initiated t o  deter- 
mine whether radiation-induced mitotic inhibition i s  correlated with an inhi- 
bi t ion f deoxyribonucleic acid (D'€?A) synthesis. Uptake of thymidine labelled 
with 
i n  medium containing thymidine, fixed and made in to  autoradiographs. 
doses of radiation, DTIA synthesis is  not affected. 
uptake of thymidine is  reduced but not ent i re ly  stopped. 
and above, synthesis is completely inhibited. Thus, it is necessary t o  seek 
an explanation other than inhibition of DNA synthesis for  the pronounced in- 
hibition of lndtosis that occurs i n  the neuroblast at  low doses of radiation. 
(AEX Activity 6130) 

was used as cr i ter ion of synthesis. Irradiated c e l l s  were cultured 
A t  low 

A t  doses of about 50 r, 
A t  doses of 100 r 

Biochemistry - The equilibrium system postulated (D. G - Doherty, e t  al 
Biol. Semiann. Prog. Rep. Aug. 15, 1955, ORETL-1953, pp. 88-91) for  the radi- 
ation protective compound S,f3-aminoethylisothiuronium -Br  e K f 3 r  (AE?T) i n  solu- 
t ion was investigated by ion-exchange chromatography. 
which pemts the  quantitative separation of all of the foms i n  the equili- 
brium scheme. An a r t i f i c i a l  mixture of all the forms was  absorbed on a 
Dowex-50H+ column, eluted with increasing concentration of HCl,  and the pe&s 
were identified by nitrogen and sulfhydryl determinations and by chromatog- 
raphy of the individual compounds. 
with original postulation. 
i t y  of AEZ under various biological conditions and t o  detennine the form 
responsible for i t s  protective act ivi ty .  

A method w a s  developed 

The results obtained were i n  agreement 
The method is now being used t o  check the stabil- 

(AEC Activity 6130) 

Pathology and Physiology - In a study of the role of blood p la te le t s  i n  ir- 
radiation hemorrhage, rat platelets  were labeled -- i n  vivo with S35-sulfate. 
Investigations have determined the chemical form of sulfate i n  the platelets. 
Paper electrophoretic studies of extracts of platelets  (2$ NaOH, cold) 
demonstrate the presence of an S35-labeled compound that migrates t o  a 
position corresponding t o  that of chondroitin sulfuric acid and heparin. 

The induction of myeloid leukemia i n  mice of the RF' s t ra in  i s  greatly 

Although the mechanism of this effect  i s  
inhibited by splenectomy perf'omed one week before exposure t o  a single dose 
of 300 r whole-body X radiation. 
unknown, it indicates the existence of fmto r s  related t o  the spleen that 
influence susceptibil i ty t o  leukemia induction by irradiation. (AEC Activity 
6130) 

Biophysics - Pollinations were performed i n  the greenhouse maize crop i n  an 
experiment t o  ascertain whether two independently originated chromatid 
brea?cage-fusion-bridge cycles will fuse t o  produce a single chromosone 
brea?age-fksion-bridge cycle, or whether they w i l l  remain independent. 
device was constructed f o r  treating maize pollen with plutonium a-particles 
and treatments were made on a p i lo t  scale t o  see i f  such EL mthod is  suffi- 
ciently effective.  The maize material used i s  capable of detecting &ether 
stable, freshly broken chmmosome ends cas be produced. There are indications 
t h a t  i n  Tradescantia, such stable ends are produced by a-particles.  X rays 
yield only unstable breaks i n  maize. 

A 

(AEC Activity 6130) 
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Radiation Protection, Living Cells - Mereaptoethylamine (MEA or  cysteamine) 
has been reported t o  be an exceptional protective chemical agent f o r  bacteria 
(Doudney and Hollaender, om-1766).  Some recent experiments have been de- 
signed t o  elucidate the protective mechanism of this compound. These experi- 
ments indicate that under the pre-irradiation conditions described by the 
above authors, less than 54 of the naximally protective concentration of MEA 
i s  associated with the ce l l .  It appears that  the concentration of cysteamine 
required for protection of the c e l l  i s  independent of the c e l l  concentration, 
but i s  dependent on the dose of radiation. The minimal protective concentra- 
t ion  per c e l l  may be of the order of one molecule per ion-pair. 
evidence suggests that protection is afforded only i f  the  rate of diffusion 
of the campound i s  greater than the rate of radiation destruction of the prs- 
tect ive chemical. This hypothesis i s  subject t o  experimental tes t ing and 
w i l l  be the subject of future investi@tion. 

Preliminary 

(AEC Activity 6230) 

Mammalian Radiation Recovery - Lethally irradiated mice receiving 90 million 
rat-bone-marrow ce l l s  show recovery of their  bone marrow i n  12  days. 
smaller number of mouse-bone-marrow ca l l s  (10-12 million) w i l l  a lso cause 
recovery i n  12 days. U s i n g  bone marrow counts as the end point, pretreatment 
of the irradiated mice with AET showed a bone marrow count curve paralleling 
but higher than that of the  untreated irradiated mice. 
dose-reducing effect  of the AET on the irradiated bone marrow. 
t i on  with a group at Jefferson h d i c a l  College, preservation of mouse bone 
marrow i n  glycerol at  -73% was demonstrated. A specific histologic lesion 
i n  irraaated mice treated with foreign bone marrow was observed i n  the 
spleen and lymph nodes. Th i s  finding gives a point of departure f o r  histo- 
logic study of the homologous and heterologous reactions. Injected isotope- 
labelled bone marrow c e l l s  have been identified i n  tissues of irradiated 
recipients. (AEX Activity 6230) 

A 

This  indicates a 
In  collabora- 
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STATUS OF CONSTRUCPION 

Alterations t o  the Liquid Metals Laboratory, Building No. 2011, t o  pro- 
vide space for  a Liquid Metals Testing Laboratory and the instal la t ion of 
special tes t ing equipment, were completed. 
complete renovation of the second-floor area, which included: the removal 
of the superstructure above an existing second-floor roof; structural  revi- 
sions t o  the building t o  permit the instal la t ion of a new roof over the 
ent i re  building; the instal la t ion of u t i l i t y  services, water, gas, l igh ts ,  
etc.; and the instal la t ion of par t i t ions t o  provide appropriate office and 
laboratory space. The H. K.  Ferguson Company (GPFF contractor) furnished 
materials and labor t o  accomplish this construction phase of the project, 
which w a s  completed by the end of February, 1956. 

These alterations involved a 

The participation of the Oak Ridge National Laboratory i n  the ins ta l la -  
t ion of the f a c i l i t i e s  consisted of decontamination work on the second floor, 
pr ior  t o  contractor entrance; providing miscellaneous assistance t o  the con- 
tractor;  and the procurement and instal la t ion of specialized equipment. The 
equipment consists of convertible-type creep-test machines (12 :1 high stress 
and 6:1 low stress rat ios) ,  a helium leak detector for  vacuum testing, l iquid 
metals chambers, portable control equipment, a precision indicator capable 
of reading thermocouple temperatures t o  plus or  minus one-tenth of a degree 
fahrenheit, and a special relaxation machine which was developed by Labora- 
tory personnel. 
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Thornton, R.  L., Advisory Coonnittee fo r  Electronuclear Research 
70 Visitors at High Temperature Chemistry Symposium 
50 Visitors at  Corrosion Symposium 

Dunham, c. L., u. s. mc 
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RADIOISOTOPE SALES AKO COSTS 

T y ~ e  of Transaction 

Domestic Sales 
Foreign Sales 
Pro ject-Cash Sales 
Pro ject-Transfer 
TechnicaL Co-Operation Program Credits 
Plant Credits 
mc Credits 

Total Radioisotape Income 

Total Radioisotope Costs 

Total Radioisotope Shipments 

Boron and Helium 
Income 
costs 
Shipments 

8136,946 $1,183,811 
12,692 85,726 

38,517 
9,548 

210 1 Y 382 

3,574 
1,206 

16,241 
171,958 

337 
24,940 

8180,305 81,5077183 

8 74,580 $ 886,537 

1,214 10,958 

$ 20,139 8 62,515 
473 1,655 
20 98 

GROSS OPERATING COSTS 

FY 1956 
Cost for  April Cost t o  Date 

Programmatic Operating Cost - Net 
Plant and Equipment Cost 
Program "H" 
Work for  Other Par t ies  - Transfers 
Inventory Changes 
Rehibursable Work for  Other Part ies  
Deferred Charges 

83,455,033 
327,519 

- 0 -  
81,456 

175 , 615 
217,087 
196,678'~ 

832,656,386 
3,009,851 

90,390 
399,904 
99,645" 

2,045,609 
51,415 

Total Laboratory Cost - met 

Es tha ted  Cost for  Next Month - Net 

84,060 , 032 

9 4  , 300,000 

8 3 8 3  3 910 

842 , 453 ,910 

Wredit 



PERSOrnL SUMMARY 

Number of Employees New Hires Terminations 
b y  Mrty k Y ,  1956 

60 0 0 Admini st rat ion 

1 1 

10 3 

45 16 

Operations* 127 

Mechanical 813 

Laboratory and Reseamh 2071 

Engineering, Shops, and 

Protection 129 0 0 

0 - 3 - 387 Service 

3587 59 20 

*Includes Electrical  Distribution and Steam Plant as w e l l  as the Operations 
Division. 

A t o t d  of 851 Laboratory personnel are located i n  the Y-12 Area. 

-000- 

Reports i n  t h i s  series issued during the past year: 

b Y  1955 
June 1955 
J d Y  1955 
A w s t  1955 
September 1955 
October 1955 
November 1955 
December 1955 

February 1956 
March 1956 
April 1956 

1956 

Om-1905 
om-1920 
ORmL-1936 
om-1968 
om-1980 
om-1995 
ORNL-2016 
om-2032 
ORNL-2044 
om-2062 
OR1JL-2073 
om-2082 




