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FOREWORD 

The Reactor Development P r o g r a m P r o g r e s s Report, issued 
monthly, is intended to be a means of report ing those i tems 
of significant technical p rog re s s which have occurred in 
both the specific reac to r projects and the genera l engineer­
ing r e s e a r c h and development p r o g r a m s . The repor t is o r ­
ganized in a way which, it is hoped, gives the c leares t , most 
logical over -a l l view of p r o g r e s s . The budget classif ication 
is followed only in broad outline, and no attempt is made to 
repor t separate ly on each sub-act ivi ty number . Fur the r , 
since the intent is to repor t only i tems of significant prog­
r e s s , not all act ivi t ies a re repor ted each month. In order 
to issue this r epor t as soon as possible after the end of the 
month edi tor ial work must neces sa r i l y be l imited. Also, 
since this is an informal p r o g r e s s repor t , the r e su l t s and 
data presented should be understood to be p re l iminary and 
subject to change unless otherwise stated. 

The issuance of these r epor t s is not intended to constitute 
publication in any sense of the word. Final r esu l t s either 
will be submitted for publication in regular professional 
journals or will be published in the form of ANL topical 
r epo r t s . 

The las t six repor t issued 
in this s e r i e s a r e : 

January 1962 

Februa ry 196Z 

March 1962 

Apri l 1962 

Mav 1962 

June 1962 

ANL-6509 

ANL-6525 

ANL-6544 

ANL-6565 

ANL-6573 

ANL-6580 

11 
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I. WATER COOLED REACTORS 

A. EBWR 

1. P repara t ion for High Power Operation 

a. Reboiler Building Equipment Checkout - The turbine-generator 
set, one of the two r ebo i l e r s , and the a i r -cooled condenser sys tems were 
tested with reac tor s team. Approximately 90,000 lbs of s team per hour 
were fed to one reboi ler to produce 350 psig secondary s team. This s team 
condensed in the a i r -cooled s team condensers and re tu rned to the reboi ler . 
This ra te of operation is equivalent to 30 Mw of the rmal heat and is about 
75% of the load that each reboi ler was designed to handle. A maximum 
radiation level of 270 m r / h r at 2 in. was m e a s u r e d on the pipe line between 
the reboi ler and its drain tank during this tes t . 

A number of minor mechanical p roblems were uncovered 
during this tes t and a re being correc ted . 

b. Turbine Governor Leaf Spring Fa i lu re - On July 10, 1962, the 
EBWR reac tor was operating at 20 Mwt producing 4 Mwe energy when the 
reactor was sc rammed due to the failure of a leaf spring in the turbine 
governor. 

The failure was attr ibuted to the flow of static e lec t r ic i ty 
from the turbine rotor through the steel and bronze gears in the governor. 
The flow of cur ren t resul ted in the formation of pits in the steel driving 
gear causing excessive wear on the bronze driven gear . Whereas the 
backlash between the gear was originally 0.006-0.008 in., it had in­
c reased to 0.018 in. after 428 hr of operation. 

Ground b rushes were instal led between the generator and ex­
ci ter shaft to eliminate the cur ren t flow between the gea r s . 

c. EBWR Transfer Functions - The t rans fe r function of the EBWR 
was measu red at 40 Mw and 600 psig with feedwater injected through the 
upper feedwater ring. The boric acid concentration was l e s s than0.15 g m / 
gal. Control rods Nos. 1 through 8 were at 28.5 in. and the center rod (No. 9) 
was at a mean position of 21.5 in. with equil ibrium xenon. The measurenaents 
were made using the rod osci l lator at 32 frequencies from 0.0012 to 9 c y c l e s / 
sec. The null analyzer was not used for this experinaent. Data was recorded 
with the analog sine-cosine c ros s -co r r e l a to r and digital data system. The 
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t rans ient response and noise were recorded . The RMS (root mean square 
value) of the reac tor noise was measured using an analog computer . 

The final experiment in this tes t s e r i e s used d i sc re te interval 
binary noise to s imulate a s ta t is t ica l react ivi ty input. The binary noise was 
generated by using a white noise generator , square wave genera tor , and a 
custom designed logic unit. This synthesized noise signal was used to con­
t ro l the position of the center rod (up or down) about its mean position of 
21.5 in. The f i rs t b inary noise record was made with: the rod velocity set 
at 4 cyc l e s / s ec under free running conditions, plus or minus 1-in. s t roke, 
4 cyc l e s / s ec square wave period (0.25-sec binary noise interval) , 0.096-sec 
digital sampling r a t e , and 864-sec record length. The free running rod 
velocity sets the capability of moving the rod from down to up in one-half 
cycle or 0.125 sec when p rogrammed for s t a r t - s top operation. The second 
binary noise record was made with: the rod velocity set at 1 cyc le / sec free 
running, +2in. s t roke, 0.5 cyc le / sec square wave period (2-sec binary noise 
interval) , 0.768-sec digital sampling r a t e , and 115-min record length. The 
following information was recorded: control rod position, neutron flux, 
reac tor p r e s s u r e , inlet water subcooling, inlet velocity, and exit velocity 
of ins t rumented fuel assembly . The neutron flux to control rod position 
data was c r o s s - c o r r e l a t e d and the power density spectrum was calculated. 
The record with a 2-sec binary noise interval provided information on the 
reac tor t ransfer function from 0.0013 to 0.65 cps . The record with a 
0.25-sec binary noise in terval covered the t ransfe r function from 0.01 to 
3.2 cps . The 0.096-sec sampling ra te provided resolution up to 5.2 cps, 
but the 4-cps control rod velocity resul ted in the 3.2-cps frequency linai-
tation in the reac tor t ransfe r function. In o rde r to obtain reac tor t ransfe r 
function information at frequencies g rea te r than 3.2 cps, it will be neces sa ry 
to inc rease the free running rod velocity to g rea te r than 4 cps . The ampl i ­
tude and phase information obtained from the binary noise data compared 
very well with the data obtained with the osci l la tor exper iments . 

Analysis of the 40-Mw data and extrapolation indicate reac tor 
stability to 85 ± 5 Mw. The extrapolation from 40 to 85 Mw is l inear and 
r ep re sen t s a factor of 2.1 in power i nc rea se . System nonlineari t ies can 
be expected to al ter the 85-Mw es t imate . Additional data will be taken at 
powers g rea te r than 40 Mw and used to de termine a new stability 
extrapolat ion. 

The root mean square (rms) noise measu red at 40 Mw, 600 psig 
was 3.22%. The relat ion of r m s noise to power and p r e s s u r e is indicated 
in Table I. 
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Table L Relation of Root Mean Square 
Noise to Power and P r e s s u r e 

RMS Noise (%) 

Power 
(Mw) 

10 
20 
10 
20 
40 

P r e s s u r e 
(psig) 

300 
300 
600 
600 
600 

Without 
Boric Acid 

0.97 
3.17 
0.79 
1.96 
3.22 

B 
With 

oric Acid 

0.90 
1.84 
0.78 
1.06 

d. EBWR Instrumented Fuel Assembl ies - Hydrodynamic pe r ­
formance measu remen t s were naade utilizing the ins t ruments instal led in 
inst rumented fuel a s sembl ies II and III. Measurements of the inlet and 
exit liquid veloci t ies , subcooling, and cadmiium ra t ios were miade during 
reac to r operation at 5, 10, 15, 20, 25, 30, 35, and 40 Mw. The sys tem oper­
ating p r e s s u r e was 600 psig (41.8 a tmospheres) and the reac to r water 
level was 720 ft 10 in. Most of the data taken has been reduced and pe r ­
formance curves have been plotted. 

e. Reactor Fluid Control System - The air booster pump has 
been received and will be connected to a large volume air s torage tank. 
The ALPR tes t p r e s s u r e vesse l has been rec la imed from s torage to se rve 
as the air s torage tank. The booster pump will take 80 psig labora tory 
air and s tore it in the tank at 500 psi . Air s tored in the tank will be used 
as the supply for the flow system. 

B. BORAX-V 

1. Operations and Exper iments 

The reloading of boiling fuel a s sembl ie s was completed. It was 
neces sa ry to increase the number of bo ron-s t a in le s s steel poison rods 
from 32 to 34 to maintain adequate shutdown marg in and a s s u r e that the 
r eac to r is subcr i t ical with any single control rod withdrawn. This poison 
addition is probably needed because of the small difference in construct ion 
between the new and the old control rods . The new reference poison rod 
a r rangement is shown in F igure 1. 

Additional flux wire i r rad ia t ions and Cd- ra t io measure inen t s a re 
being made to confirm previous data and to obtain new data. Detailed d i s ­
tribution of the rmal flux around a control rod was m e a s u r e d for compar ison 



with resu l t s obtained through calculations previously performed with the 
DSN and PDQ codes. 

Permanent 

® Boron - Stamle^^ St^-ei 
Poison Rod 

Figure 1. Final Poison Rod Location - Reference Boiling Core - BORAX-V 

The osci l lator has been installed in the reactor vessel , and test ing 
to determine its reactivity worth and wave shape in the three possible 
locations has been s tar ted in the cold boiling core containing boric acid. 

A study was made of the tempera ture coefficient of the BORAX-V 
loading, seeking an explanation of why such a low value should be exhibited 
during the cold cr i t ica l measuremen t s . An a r r a y of BORAX fuel was a s ­
sumed. No s t ruc tura l mate r ia l was included, although an equivalent 
amount of boric acid (18.751 gm/gal) was assumed. Disadvantage factors 
were evaluated for the boric acid condition, and constants were then ob­
tained via the MUFT and SOFOCATE codes. Four-group, fundamental-mode 
calculations gave values for keff as follows: 

Water 
Tempera ture 

79°F 
112°F 
112°F 

H2O Density 
gm/cm 

0.99678 
0.99678* 
0.99066 

^eff 

1.1563 
1.1562 
1.1544 

*This density is the same as the 79°F-value to 
check effect of change in neutron t empera tu re . 
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These resu l t s indicate that a t empera tu re coefficient, with boric acid, of 
^•-0.0045% (Ak/k)/°F, is due almost entirely to a change in modera tor 
density over the region of calculation. This compares to a measu red 
value, with boric acid, of ~-0,0002% (Ak/k)/°F. 

2. Modification and Maintenance 

During instal lat ion of the new control rods , a bad sc ra tch due to 
a par t ic le in the seal was found on a control rod extension shaft. As a 
resul t , all of the reac tor vesse l in ternals and control rod drive sea ls 
were removed and thoroughly cleaned. The control rods , sea l s , and dr ives 
were all re - ins ta l led t emporar i ly , using two old control rod extension 
shafts. One of the control rod drive motors burned out and was replaced 
with a spa re . After these changes, the control rods and dr ives were s a t i s ­
factorily tes ted. 

The two new control rod shafts that were sent back for repa i r have 
each been str ipped and a re being replated. In addition to the shafts being 
replated, four new spare shafts a re being fabricated. These shafts a re 
now being ground for the second heat t rea tment at 1100°F. 

The new elect r ic car t r idge hea t e r s were received; and the heater 
flanges, with 6 dry wells each, were completed. These replaceaaaent 
p rehea te r s were installed, hydrostat ical ly tes ted, and a r e now ready for 
operation. 

New reac tor denaineralizer bypass piping was instal led, hydro­
statically tes ted, and placed in se rv ice . Five cubic feet of anion res in were 
added to the makeup water denaineral izer , but definite evidence of changed 
perfornaance is lacking, due to low demand for water this month. 

In an effort to improve the rel iabi l i ty of counting data obtained from 
flux wires by seeking a lower radiation background, the counting facility 
was inoved from the EBR-I Building to a t r a i l e r , A ino to r -genera to r set 
is being used to provide isolation from power line t r a n s i e n t s . 

Range-change bellows for 3 downcomer d i f fe ren t i a l -p ressure cel ls 
were delivered after a delay of some 6 months and have now been instal led . 
The new bellows will allow a mininaum ful l-scale range of 12 in. water and 
a maximum ful l -scale range of 60 in. water , compared with 20 and 100 in. 
water for the original bellows supplied er roneously . 

3. Cr i t ical Exper iments 

For discussion of c r i t i ca l exper iments with BORAX-V fuel see 
III.A.3 (General Reactor Technology, Applied Reactor Phys ics , The rmal 
Cr i t ica l Experiments) Hi-C and BORAX-V Superheat. 
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4. P rocu remen t and Fabr icat ion 

a. Superheat Core - The examination of all fuel plates received 
from AI has been completed. A summary of inspection resul ts is given 
in Table II. 

Table 11. Summary of Inspection BORAX-V 

Pla te 
Type 

HCD 
FCD 
HPD 
FPD 
HCE 
FCE 
HPE 
F P E 

No. 
by 

Required 
Contract 

40 
40 
40 
40 

190 
190 
230 
230 

Sup 

No 

s rhea ter Fuel P la tes 

. Received 
at ANL 

40 
40 
42 
40 

192 
190 
230 
230 

No 

-— 

. Accepted 
by ANL 

40 
40 
42 
40 

190 
185 
227 
212 

No . Rejected 
by ANL 

0 
0 
0 
0 
2 
5 
3 

18 

One rejected plate , F P E 132, is being held at ANL for dest ruct ive 
examination to verify the resu l t s of nondestructive test ing for bond integri ty. 
The flaw which was detected by the ul t rasonic through t r ansmiss ion tes t is 
also discernible on a radiograph of the plate as a lighter (more dense), a r e a . 
The other 27 rejected plates have been re turned to AI. 

The enriched fuel elements required for the BORAX-V superheat 
loading are as follows: 

Element 
Type 

Centra l 

Centra l 
Instrumented 

P e r i p h e r a l 

P e r i p h e r a l 
Instrumented 

No. of 
Elements 

13 

3 

17 

7 

No. of 
Subassenablies 

65 
(5/element) 

15 

85 

10 

No. of 
P la tes 

260 
(4/subassembly) 

60 

340 

40 

The 1 3 requi red cent ra l fuel a s sembl ies have been completed. A 
total of 71 cen t ra l subassembl ies were brazed . Of these, 10 exhibited ex­
cess ive leakage of argon gas from between side s t r ips and plates or spacer 
wi res and plates during water immers ion leak checking. Since 65 sub­
assembl ies were needed to complete 13 e lements , four subassembl ies were 
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successfully rebrazed . The six remaining subassembl ies will not be p r o ­
cessed further unless the need a r i s e s . 

P rocess ing of pe r iphe ra l type plates has begun and ten subas -
sexnblies have been brazed to date. 

b . Exper imenta l Components - The osci l la tor dr ive has been modi­
fied slightly to accommodate a photocell pickup to mieasure accurate ly a 
p re se t number of ro ta t ions . Modifications have also been made to the o s ­
cil lator housing and holding brackets to facilitate operation during the cold 
and hot c r i t i ca l s . The synchronous motor has been mounted on the special 
rotating seal . The h igh- tempera ture source drive has been modified to 
improve rel iabi l i ty. 

Development work on a Z i rca loy-2 - to - s t a in l e s s s teel p r e s s u r e -
tight joint for the step-function generator is continuing. The second joint 
fabricated, using pure si lver as a b raze ma te r i a l , failed the autoclave 
cor ros ion tes t . A naechanical joint, using a s i lver -p la ted , s ta inless s tee l 
O-ring, and another, with a pure gold b raze , will now be t r i ed . The poison 
section of the step-function generator sat isfactor i ly passed the autoclave 
tes t and has been shipped to Idaho. 

In order to evaluate possible substi tute control ma te r i a l s for 
use in BORAX-V, the following 3-|- x 8-in. sample plates a r e being fabricated 
or procured: 

1 piece - P r e s e n t reference design; ^ - i n . - t h i c k , 50 w/o 
Bora l , canned and seal-welded in -YT-in.-thick. 
Type 304 s ta inless s teel 

5 pieces -Hafnium; -jy - in. thick 

5 pieces - 2 w/o natura l B, Type 304 s ta in less s teel , -^ -in. thick 

5 pieces -2 w /o , 93% enriched B^°, Type 304 s ta in less s teel , 
•j^ - in. thick 

The relat ive react ivi ty worths of these samples will be compared in 
BORAX-V. 

Equipment for an analog computer t r ans fe r function measur ing 
system s imi la r to that used on EBWR has been o rde red and will be used in 
conjunction with the null balance method. In an attempt to minimize hot 
spots in adjacent fuel rods , aluminumi filler p ieces have been placed at the 
co rne r s of the dummy fuel assembly which houses the osci l la tor rod to 
renaove the water and cut down flux peaking. 

The f i r s t ins t rumented boiling fuel assembly (ll) was del ivered 
to Idaho. This unit ut i l izes the modified p r e s s u r e seal design with Conax 
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packing glands. Silver brazed junctions in i ts t e rmina l box have been com­
pleted, and the assembly is now installed in the a i r -wa te r tes t loop for 
flowmeter ca l ibra t ions . 

Salvage work on the damaged p r e s s u r e seal block of instrumented 
assembly I is planned to be ca r r i ed out by splicing on leads to those damaged, 
and welding the splicing s leeves into a modified seal block. Splicing sleeves 
would be induction-brazed to the thermocouple shea ths . 

Vacuum-brazing of a dummy, instrumented superheater fuel 
element , using Coast Metals 60 alloy, resul ted in void spaces at the fuel 
plate thermocouple t ips . Modification of the brazing p rocess to eliminate 
the voids is under investigation, 

5. Development and Testing 

a. Corros ion Tes ts - The boric acid (5.28 g / l ) cor ros ion tes t on an 
X8001 aluminum-Type 304 s ta in less s teel couple at 250°C and 600 psig was 
te rmina ted after 816 hours . Neither alloy showed any evidence of severe 
cor ros ion . There was no pitting of the aluminuna where it touched the 
s ta in less s teel . Weight change measuremen t s indicate that the cor ros ion 
ra t e of the aluminum was about 2 mg/dm^/day. The s ta inless s teel had only 
a very thin gray-brown adherent film. This work indicates no t roublesome 
cor ros ion should be expected in BORAX-V during h igh- tempera ture runs 
with boric acid. 

b. Corros ion of Structural Mater ia ls in Superheated Steam - A 
contractor has s ta r ted the installat ion of the major components of a s team 
dynamic tes t facility. Ultimately, t e s t s at 200 f t / sec , 650°C, 1000 psi will 
be possible . Exploratory t e s t s in small refreshed autoclave sys tems a re 
continuing until the loop is conaplete which is es t imated to be October 1962. 

Sample surface prepara t ion plays an important role in de te r ­
mining the total amount of cor ros ion of the 300 se r i e s s ta inless s teels at 
650°C. This is par t i cu la r ly t rue in the p resence of oxygen. Electropol ished 
specimens p repa red from baths of two different compositions suffer much 
m o r e cor ros ion than wet ground spec imens . Etched samples a re i n t e r m e ­
diate . The amount of meta l loss can be quite high. For example, about 
0.001 in. of SS-347 was lost in one week for an electropolished specimen 
exposed to steam containing 0.1-0.7 ppm oxygen. No information has been 
obtained concerning the shape of the naetal loss cor ros ion curve . It is 
believed that the cor ros ion ra te dec r ea se s sharply during the f irs t week, 
as judged from the amount of l iberated corros ion product hydrogen. 

c. Recombiner Tes t s - The Hg-Og recombiner tes t rig was ready 
for operat ion when a detonation occurred in the Knall-gas genera tor , 
destroying a p r e s s u r e gauge and flow ra to r . The cause of ignition is st i l l 
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unknown. A new method of injecting hydrogen and oxygen into the boiler 
separa te ly , which should reduce any further chance of an explosion, is 
being considered. 

d. Continuous Chloride Analyzer - The automatic chloride 
analyzer has been checked out and opera tes sat isfactori ly when ambient 
t empera tu re is controlled to ±5°C at around 25*'C. The inst rument can 
detect 0.05 ppna chloride with an accuracy of about ±50% and is sensi t ive 
to 0.01 ppm with unknown accuracy. 

e. Advanced Superheater Fuel - The six developmental ce rmet 
fuel plates made of depleted UO2 d ispersed in a ma t r ix of Type 406 s ta in­
less steel and clad with Type 406 s ta inless s teel , which were fabricated by 
Atomics International, were destruct ively tes ted by the supplier . An ANL 
inspector found these plates to be sat isfactory. Negotiations a re in p r o ­
g res s with AI for an addition to the original superheater fuel fabrication 
contract covering the fabrication of 50 Type 406 s ta inless s teel p la tes . 
These plates will be assembled into two exper imenta l superhea ter fuel 
assembl ies by ANL and tes ted in BORAX-V. 

Development work on vacuum brazing of Type 406 fuel plates 
into four-plate elemients has s tar ted . Thus far , sample b r a z e s using Coast 
Metals 60 alloy at 1170°C and Coast Metals 608 and 57 Special alloys at 
1000°C have been t r ied . Only Coast Metals 60 produced a bond, but the 
b raze alloy did not flow evenly and left unbonded gaps. In cont ras t to the 
br ight appearance of Type 304 s ta inless s teel when removed from the 
furnace, the Type 406 s ta inless steel has a dark oxide coating. The 
1170°C brazing t empera tu re caused the growth of l a rge - s i ze grains in the 
Type 406 alloy. Below 980°C, this grain growth does not occur . A sample 
b raze using plated Kanigen-nickel as the braze ma te r i a l is being p repa red . 
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II. LIQUID METAL COOLED REACTORS 

A. General Research and Development 

1. ZPR-III 

Work continued on Assembly 40, an 8-region cylindrical reac tor 
which contains a par t ia l -dens i ty axial beryl l ium reflector and a full-density 
radial bery l l ium ref lector . The axial reflector is adjacent to the core , 
while the radial reflector begins 9 cna frona the core edge. The dimensions 
and volum.e fractions were given in (ANL-6580 P r o g r e s s Report , June, 1962). 

Initially, the reac tor was loaded and brought to cr i t ical i ty with no 
bery l l ium in the axial re f lec tors . It was then determined that normal r e ­
actor operat ions would be safe with beryl l ium in the axial ref lector . A 
single core drawer containing beryl l ium in the axial reflector region could 
be removed from the reac tor and the control rods containing fuel could be 
moved through the bery l l ium with no net positive react ivi ty effects. The 
axial reflector regions were then loaded with beryl l ium. 

The exper imental p r o g r a m following the complete loading of the 
reac tor has included control rod calibration, worth of fuel at the radial core 
edge, react ivi ty coefficient naeasurements , axial and radial fission t r a v ­
e r s e s , and central fission ra t ios . Reactivity coefficient measurements 
were made for a la rge number of samples of both fissile and nonfissile 
ina ter ia ls at three locations - the core center , radia l core edge, and axial 
core edge. 

2. ZPR-VI and ZPR-IX 

^' Building - The construction of the enaergency venting sys tem 
for the reac tor cells has been completed, and the installation of the control 
c i rcui t ry is underway. The revised calculations of naoments, s t r e s s e s , 
and s t ra ins for the containment cell were completed (ANL-6525, P r o g r e s s 
Report for Feb rua ry , 1962). These calculations were made at 44 s t ra in 
gauge locations for internal p r e s s u r e s of 2, 4, 6, 8, and 10 psig. These 
a re now being compared with the measu red s t r a ins . 

b . ZPR-VI Assenably - Preopera t ional testing is continuing. The 
ma t r i x tube bundles were real igned and their location accurate ly determined 
in prepara t ion for the measurement of deflection under loaded conditions. 
Thirty me t r i c tons of depleted uraniuna blocks will be used to per form the 
sag test . Both the movable and stat ionary halves will be tested in turn. 

The performance tes ts conducted on the danger coefficient 
sample changer and analog table position indicator indicated the need for 
some minor modifications. A new gear t ra in has been instal led in the drive 
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mechanisms of the fo rmer , and the correc t ive machine work on the la t te r 
is nearing completion. Detailed drawings for a conveyor sys tem to naove 
loaded fuel d rawers a re being prepared . 

3. AFSR 

The canned lower section of AFSR fuel was re turned to Idaho, 
quar te r ly maintenance was completed, and the lower core section in­
stalled. The reac tor was brought to cr i t ical i ty in three runs by stepwise 
insert ion of the shim rods . The final value for fuel loading is 21.665 kg 
of enriched uranium. This slight discrepancy from the value previously 
repor ted (21.667) is due to minor machining of one of the uran ium discs 
pr ior to canning of the lower core section. 

Total excess react ivi ty for the final configuration of the core with 
all experimental holes empty is approximately 250 ih. The increase over 
the pre l iminary value obtained las t month with the fuel disc in an unsealed 
can is apparently due to a more snug fit of the welded can, permit t ing a 
closer assembly of the core . The position indicator for the lower core 
section supports this explanation. 

Since returning to regular operation, AFSR has raade a number of 
runs to: I 

I 

1. i r rad ia te scandium oxide and gold samples for the spec t ra l ^ 
activation p rog ram, 

2. continue testing of the new model per iod mieter, 

3. check an experimental l i thium-loaded counter for ZPR-III , i 

4. supply activated samples for checking BORAX-V counting 
gear , and 

5. continue experinaents with the equipment for fluctuation 
analysis . 

It appears that much of the trouble with the equipment for fluctuation 
analysis has been rem.edied by inaproving the ventilation of the electronic 
sys tems . 

Machine shop work is continuing on the cr i t ical i ty monitor and the 
electronics is essent ia l ly complete. F i r s t in-pile tes ts a re scheduled during 
August. Photomult ip l iers and fi l ters a re on hand for investigating the color 
response of var ious scint i l la tors to gammas and neut rons . 
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B. EBR-I 

1. Mark III Operation 

A number of i r rad ia t ions were performed in the course of opera­
tion for Labora tory Divisions and for Phill ips Pe t ro leum AED. 

In connection with studies of i r radiat ion-induced defects and con­
sequent effects on mechanical p rope r t i e s , two capsules containing cobalt 
oxide and magnesium oxide single crys ta ls received 1 and 35 hours of 
i r radia t ion t ime , respect ive ly , at low t empera tu re , full power. 

Two capsules were i r rad ia ted for MTR personnel as par t of a 
p r o g r a m for developing threshold detectors to measu re fast neutron fluxes 
in tes t facil i t ies and for studying n, p react ions in r a r e ear th nuclides. 

Other i r rad ia t ions included mate r ia l s for comparison of the decay 
ra te of g ross fission products of U^^^, U^̂ ®, and Pu^^^ and for a study of the 
activation c ros s sections of unstable nuclides. Tw ô notched impact samples 
with attached thermocouples were measured at equilibriumi t empera tu res 
for the Reactor Engineering Division for application to an identical i r r ad i a ­
tion performed during the month of June. 

During the month, a group of technicians and superv isors from the 
EBR-II operat ions organization part icipated in reac tor operation as par t 
of the training p rogram. Also, in conjunction with the training p rogram, 
gold foils were i r radia ted . Their a r rangement in the reac tor w^as devised 
to indicate the ve r t i ca l flux pat tern in the graphite portion. 

Cave modification continued during the month; the exhaust fan was 
received, and installation s tar ted . 

2. Fabr ica t ion of Core IV Components 

The final lot of 0.080 in. O.D. Zircaloy-2 ins t rument tubing is in 
the p rocess of being evaluated. To date, eight tubes of the 21 tube lot 
have been eddy cur ren t tes ted and found to be sat isfactory. Final p roc ­
essing of the acceptable tubes , consisting of straightening and sizing by 
pickling, is under way. 

The fabrication of 0.005 in. thick depleted uranium foil for breeding 
gain experinaents has been completed. The 0.005 in. thick enriched u r a ­
nium foil is in the p rocess of being rolled frona 0.010 in. thick stock. 

All fabrication and jacketing of plutonium-bearing specimens has 
been completed. The assembly of the special fuel rods , thimbles and 
baskets awaits delivery of inspected tubing. 
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C. EBR-II 

1. Reactor Plant 

During the final checkout of the fuel handling sys tem, difficulty was 
encountered with rotation of the large rotating seal plug. Sticking was f i r s t 
observed occasionally, but became progress ive ly worse and finally p r e ­
cluded further operation. P r e l i m i n a r y investigation indicated that some 
sor t of mechanical interference had developed between the blade and the 
trough of the plug "freeze" seal used to seal the p r i m a r y tank argon 
blanket gas from the a tmosphere . 

The seal consis ts of a s tat ionary, annular trough filled with a low 
naelting point metal alloy within which there ro ta tes a cylindrical sealing 
blade attached to the plug. Fo r reac to r operat ion, the meta l alloy (Cer-
ro t ru : 58% bismuth- 42% tin) is naaintained frozen at the top and molten 
at the bottom. For plug rotation, the alloy is maintained completely mol­
ten. To aid in establishing the half-frozen condition, the blade is compr ised 
of an upper ring and a lower r ing, each with i ts own set of h e a t e r s , and -with 
an insulating gas void between the two. The upper ring is of s ta inless steel 
and the lower of copper. 

Because the design of the freeze seal for the small rotating plug is 
s imi lar to that for the large plug, it was decided to remove both plugs for 
seal inspection. In prepara t ion , it was n e c e s s a r y to renaove many of the 
instal lat ions on the plugs, including the cover lifting naechanism, hold-
down mechanism, gr ipper dr ive, and a substantial amount of wiring. The 
Ce r ro t ru alloy was also drained from both freeze sea l s . It was found 
possible to leave intact all control rod drive instal lat ions on the small 
plug, however. 

The large plug was renaoved at the end of the report ing period, in 
t ime to permiit p re l iminary examination of the seal . The apparent cause of 
the large plug trouble was severe cor ros ion of the copper (lower) ring by 
the C e r r o t r u , par t icu la r ly in the vicinity of the hea t e r s where the higher 
t empera tu re s existed. Attack at the hea t e r s was sufficiently severe to 
completely penetra te the thin copper walls at local points. This probably 
permi t ted segments of the copper ring to fall to the trough bottom, catch 
on project ions of the trough, and prevent rotation of the plug. Damage ap ­
peared l imited to the lower ring of the seal blade and some insulator cans 
positioned within the trough. The upper ring of the blade and the trough 
itself were undamaged. No damage was sustained by the smiall plug seal 
except for excessive cor ros ion of the copper r ing. 

Redesign of the seal for both plugs has been s tar ted . A s ta in less 
steel lower ring will be employed in lieu of the copper r ing. The n e c e s s a r y 
ma te r i a l has been obtained and rework of both seal blades has been s ta r ted . 
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2. Sodium Boiler Plant 

An engineering analysis revealed that initial c lean-up, cold trapping, 
and operation of the pr i raary and secondary sodium sys tems can be pe r ­
formed in a shor ter overal l t ime if they are handled individually. To ac ­
complish this , the secondary sodium supply and re turn lines were cut near 
the reac tor building and a 180° re tu rn bend was installed. At the same 
tinae, a combination t empora ry filter and cold t rap was instal led in the 
sys tem at this same location. This installation will separa te the secondary 
systein from the p r i m a r y sys tem heat exchanger in the reac tor building. 
This a l terat ion will allow individual operation of the p r i m a r y and secondary 
sys tems during initial cold trapping and sys tems testing. 

Insulation, painting, and installing induction heating wire on pipes 
and components of the secondary and s team systems continued both in the 
building and on yard piping. 

Installation of iron grat ing, kick p la tes , and redesigned mechanical 
seals in the Dowtherm circulating pumps has been comipleted. F a b r i c a ­
tion is in p r o g r e s s on the support for the new 2 50 kw heater bundle being 
instal led in the secondary sodium sys tem surge tank. ANL personnel 
cal ibrated the level probes for the surge and storage tanks at operating 
t empera tu re s verifying that they a r e operat ional . 

P repa ra t ions for chemically cleaning the s team sys tem outside the 
power plant were formalized and a chemical-cleaning contractor was 
selected. Final p repara t ions for this cleaning were in p r o g r e s s as the 
per iod ended. 

3. Power Plant 

Miscellaneous work, d i rec ted toward safer and eas ie r plant opera­
tion, continued. This included such i tems as installing reach rods on valves , 
and inspection and cleaning of control valves. Work s ta r ted on painting and 
color coding of pipe l ines associa ted with the turbine. 

4. Fuel Cycle Faci l i ty 

a. Construction, Installation, and Correct ion of Construction 
Deficiencies 

(1) Argon System - Both Keystone valves on the argon duct 
and the Kieley-Mueller freon control valves were reworked by the vendors 
and somewhat be t ter operation obtained, although there were still some 
leaks and cooling data indicated e r r a t i c opening of the Kieley-Mueller 
va lves . Some of these valves sti l l leak at the body flanges and are being 
ret ightened. The small a i r - a rgon locks were made leaktight and the 
mechanical ^work was near ly conapleted. 



15 

(2) Windows - All 31 shielding window units have been installed. 
P a i r s of renaovable window slabs a re now being instal led rem.otely at the 
p rocess a rea side of viewing windows. All of the Argon Cell luminai res 
and the service sleeve feed-throughs have been instal led rem.otely. Win­
dow shutters a re being assembled and installed. 

(3) Cranes and Manipulators - In-cel l c ranes and manipulators 
have been extensively reworked and, except for the br idge drive on the 
cranes and other minor problenas, operation is sat isfactory. A complete 
motion picture r ecord was made, showing remote installation of a manipu­
lator ca r r i age . 

(4) Process ing Equipment - One of the two melt refining 
furnaces and the ingot removal and handling device have been instal led in 
the Argon Cell. The furnace was instal led using cranes and manipulators 
in order to verify the remote handling features of this equipment. A 
dumper which will pour skull oxide into the skull rec lamat ion furnace was 
received and tested. Operation became e r r a t i c when dust accumulated in 
some of the moving p a r t s . The dumper is being modified. The shielded 
coffin for t ransfer r ing fuel assembl ies between the EBR-II reac tor and the 
Air Cell is being fabricated by a commerc ia l fabricator and is about 40 pe r ­
cent complete. 

The p rocess equipment for refabricat ion of EBR-II fuel 
consists of: 

1. Radiation res i s t an t machinery for the di rect p r o c ­
essing of fuel and fuel rods . This equipnaent is located in the Argon Cell 
and Air Cell. 

2. Auxiliary equipment such as vacuum p r e s s u r e s y s ­
t ems , pneumatic controls and any other components connected direct ly to 
the p roces s cell but shielded from it. These i tems a re located m the 
shielded subcell. 

3. E lec t r ica l power switching and signalling equipment 
located in the basement beneath the ope ra to r ' s annulus. 

4. The control and indicator stations which will be 
located in the control annulus. 

The operation of the p rocess equipment is from pushbutton stations in the 
operator annulus, controlling r e l ays , contactors and sequencing devices 
located in the basenaent. These, in turn, operate valves in the subcell 
which supply compressed air or compressed argon gas to the cylinders 
operating movements on the p roces s equipment. 
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The installation of refabricat ion equipment, e lec t r ica l 
controls , pneumatic controls , vacuum sys t ems , located in the subcell and 
basement , has reached the point where these sys tems can now be checked 
out. A second man from the Plutonium Fabr icat ion Group was moved to 
Idaho to a s s i s t in checking out the controls for the Argon Cell equipment. 
Installation of the electropneumatic sys tems for the Air Cell equipiaaent was 
s ta r ted during the report ing period. 

(5) Analytical Equipment - A recently obtained gas chromato-
graph apparatus has been set up in the F C F laboratory and placed into 
operation for analysis of argon reac tor blanket and cell a tmosphere gas 
for minor impur i t i es . Per formance on some tes t gas mixtures appears to 
be sat isfactory. 

b . Development of Remote Control Methods and Equipment for 
Fue l Fabr ica t ion - Work has continued on the prepara t ion of installation 
packets (drawings, installation and operational ins t ruct ions , ma te r ia l and 
equipment) for the EBR-II Fuel Cycle Faci l i ty . Installation packets were 
p repa red and submitted to Idaho during the report ing period for the Air 
Cell valve cabinets , control hanger r a i l s , injection casting furnaces and 
e lec t r ica l controls , wiring and distribution. Bids were received and an 
order awarded for the manufacture of in-cel l equipment for pulsed eddy 
cur ren t bond testing of the EBR-II fuel rods . The electronic and display 
equipment for this device is being constructed. 

Design drawings were completed, specifications p repa red and 
requisi t ions submitted for the following i tems of in-cel l equipment: 

1. A furnace charging table 

2. A furnace mold pallet load and unload station 

3. A fuel rod chopper station 

4. A sample collecting device 

5. A fuel rod assembly station 

6. Manipulator tongs for bi l lets 

7. Crucible manipulator tongs 

8. Injection furnace mold pallets 

9. A device for breaking crucible heels 

Fu rnace charge prepara t ion and fuel rod assembly will be 
mas t e r slave manipulator operat ions . The fuel rod assembly station con­
s i s t s of a device to open the t ransfer containers used to bring sodium filled 
jackets into the cell , a holder to p resen t the jackets to the manipulator , a 
feeder magazine for fuel pins , a turntable for the fuel elenaent magazine 
and an alignnaent jig to allow threading the fuel pins into the fuel rods . 
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5. Instrumentat ion Development 

a. Fuel Element Fa i lu re Detector for EBR-II - The data obtained 
in the experiment simulating the geometry and radiation intensi t ies ant ic­
ipated for the detector system, planned for EBR-II (ANL-6523 P r o g r e s s 
Report for May, 1962) has been processed . Conanaercial inst rumentat ion 
consisting of three fission counters and one BF3 counter was used to detect 
the photoneutrons in the p resence of high gamma background flux. The 
photoneutron energy levels were comparable to delayed neutrons expected 
to be encountered under actual conditions in EBR-II . By i r radia t ing indium 
foils, the absolute the rmal neutron flux distr ibution was obtained and the 
detector efficiency of each counter was calculated. 

For making an es t imate of the over -a l l detection efficiency 
with each detector , an approximate value of photoneutron source strength 
was used. This was obtained by comparing the flux distr ibution m e a s u r e ­
naents with the theoret ical distribution due to a cylindrical shell source of 
thermal neutrons in an infinite graphite medium. The absolute strength of 
the gamma source was determined by a coincidence counting method. 

The measu red efficiency of the de tec tors , in conjunction with 
the integral and differential b ias curves obtained, suggests that the bes t 
choice of counter would be the one with the highest detection efficiency. 
This routine conclusion is the di rect resu l t of the somewhat surpr is ing 
discovery that the gamma background does not seem to interfere at all 
with the operabili ty of any of the detectors tes ted, even with the ra ther 
strong gamima source used in these t e s t s . The neutron source used was 
at least 100 t imes s t ronger than the peak of the burs t one would predic t 
from a "ca tas t rophic" failure of one fuel pin. The strong source was 
requi red to plot the flux with reasonable s ta t is t ical accuracy. 

A new se r i e s of tes ts will be per formed using fission cham­
b e r s having twice the efficiency, be t ter resolut ion, but poorer plateau 
cha rac te r i s t i c s than the comnaercial uni ts . A more rea l i s t i c neutron 
source strength will be used in the tes t by reducing the diameter of the 
heavy water envelope, but the intensity of the gamma source will r emain 
the same. Under these conditions, more rea l i s t i c neu t ron /gamma ra t ios 
will be available and the tes ts should indicate whether the more efficient 
de tec tors , which have plateaus of much poorer quality, or the less efficient 
detectors provide the bes t overal l system. 

6. Training 

Training activit ies during this period involved reac to r technology 
courses for reac tor and fuel cycle technicians, r eac to r plant systenas 
study, operational exe rc i ses utilizing the EBR-I r eac to r , and a senainar 
on the EBR-II reac tor exper imental p rogram. 
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All reac tor technician training was temporar i ly suspended, for one 
week, for reac tor plant work. Training was resumed when work assignment 
requ i rements were determined. 

The reac tor technology course for new technicians assigned to 
reac tor operat ions was essential ly completed. 

A reac tor technology course for fuel cycle technicians, intended to 
provide a b road understanding of the EBR-II reac tor facility and its under ­
lying reac tor concepts, was initiated. Nine technicians par t ic ipated for 
twenty-two class hours . This effort is approximately 50% complete. 

Three technicians of the operating organization spent seven work­
ing days at EBR-I for famil iar izat ion and training in reac tor operation. 
Their schedule included studies of the bas ic sys tems and of the operating 
cha rac te r i s t i c s of the r eac to r , comipletion of s tar tup and weekly interlock 
check sheets , and supervised s tar tup of the r eac to r . This training was 
supplemented with an approach- to-c r i t i ca l experiment using the outer 
blanket cup, actual calculat ions, and control rod and cup cal ibrat ions . A 
lecture was also given on reac tor stability and the EBR-I meltdown. 

A seminar was conducted by the project physicist for the shift 
superv isors and foremen concerning the EBR-II experimental p rog ram. 

7. Fuel Development 

a. F a s t Reactor Fuel Jacke t Development - Nb-1 w/o Zr alloy 
wire is in the p rocess of being fabricated for high tempera ture fuel jacket 
development s tudies. The a s - r ece ived 0.675 in. diameter bar stock was 
cold rol led 91% to 0.176 in. square wi re , cut in l-|-in. lengths, and annealed 
at 1100°C for one hour in vacuo. The annealed ma te r i a l was cold rol led 
another 90% to 0.056 in. square wire and is being cleaned pr ior to the 
second anneal at the same time and t empera tu re . The 0.050 in. square 
wire will be del ivered in a 20% cold worked condition. 

Two 10 foot lengths of tubing measuring 0.385 in. O.D. x 
0.021 in. wall , were received from the Wolverine Tube Co. While inspect­
ing the Nb-5 w/o Zr and Nb-5 w/o Zr -10 w/o Ti alloy tubes, c i rcumferent ia l 
finish marks were observed ra ther than the longitudinal marks expected 
f rom a drawing operation. Closer examination at 45 and 90X revealed that 
the tubes were probably belt sanded in an effort to remove the defective 
outer skin layer of the tubes. Initial metal lographic examination of the 
tubes indicated that the outer layer was severely attacked during pickling 
or that the outer layer was heavily worked and failed by cracking and tear ing. 

Even though the tubing is unfit for further fabrication, the ma­
te r ia l can be used to indicate the behavior of some of the p a r a m e t e r s of 
drawing, such as ; the effectiveness of a soft core , result ing diameter to 



thickness ra t ios , and fabricabili ty to 0.156 in. I.D. x 0.009 in. wall tubing. 
For the fabrication of quality tubing, it will be neces sa ry to remove the 
defective layer , which might be as much as 25% of the wall th ickness , by 
belt sanding or grinding. 

A 10 in. segraent of the a s - r ece ived Nb-5 w/o Zr -10 w/o Ti 
tubing was cold drawn over a copper core to 0.196 in. O.D.^through 13 
aluminum-bronze dies. The tubing did not fail and was relat ively free 
from s t r ia t ions . The D/ t rat io remained relat ively constant. Fur the r 
reductions to 0.156 in. I.D. x 0.009 in. wall will be at tempted through 
lubricated tungsten carbide dies. 

b . P rope r t i e s of Uran ium-Plu ton ium-Fiss ium Alloys - The study 
of the p roper t i e s of uranium-plutonium-f iss ium alloys has continued and 
thermal conductivity data have been obtained on four alloys of high 
z i rconium-f iss ium content (total Z r , 2.8 w/o) . The alloy from the py ro -
process ing cycle can be var ied in plutonium and f iss ium content. The 
different compositions studied reflect the var ia t ions in composition that 
may be expected from the pyroprocess ing. 

The the rmal conductivity values of the four uranium-plutonium-
fissium alloys a re l is ted in Table III. The the rmal conductivity of the 
reference alloy, uranium-20 w/o plutonium-10 w/o f iss ium, is decreased 
about 8% if the f iss ium content is r a i sed to 15 w/o f issium or is decreased 
20% if the plutonium content is r a i sed to 40 w/o plutonium. However, the 
values for uranium-10 w/o plutonium-10 w/o f iss ium and u ran ium-
20 w/o plutonium-10 w/o f iss ium are pract ica l ly identical . The the rmal 
conductivities of two alloys remain to be determined - u ran ium-
20 w/o plutonium-5 w/o f iss ium and the low zirconium uran ium-
20 w/o plutonium-10 w/o f issium. 

Table III. Thermal Conductivity of Uran ium-P lu ton ium-F i s s ium 
(High Zirconium) Alloys 

:m-°C) 

U-40 w/o Pu-
10 w/o F s 

0.029* 
0.034 
0.040 
0.045 
0.051 
0.057* 
0.062* 

Temp. 
(°C) 

100 
200 
300 
400 
500 
600 
700 
800 

U-10 w/o Pu -
10 w/o Fs 

0.043* 
0.046 
0.051 
0.057 
0.063 
0.070 
0.077 
0.084* 

(in ca l / s ec - cm-

U-20 w/o Pu-
10 w/o Fs 

0.044* 
0.047 
0.051 
0.056 
0.062 
0.069 
0.077 
0.086* 

•°c) 

U-20 w/o Pu-
15 w/o F s 

0.040* 
0.043 
0.048 
0.053 
0.060 
0.067 
0.074 
0.080* 

*Extrapolated values . 



20 

T h e f i s s i u m c o m p o s i t i o n s l i s t e d in T a b l e IV a r e c a l c u l a t e d f o r 
a 20 w / o P u " ' - 2 0 w / o U " ^ f u e l . H a l f t h e t e c h n e t i u m i s a d d e d t o t h e m o ­
l y b d e n u m a n d h a l f t o t h e r u t h e n i u m . I t i s a l s o a s s u m e d t h a t n o z i r c o n i u m 
i s r e m o v e d b y t h e p r o c e s s i n g c y c l e . 

Table IV. F i s s i u m Compos i t i on for a F u e l Conta ining 
20 w / o Pu^^^ and 20 w / o U^^^ 

5 w / o F s 10 w / o F s 15 w / o F s 

Z r 1.40 2.80 4.20 
Mo 1.87 2.75 4.62 
Ru 1.98 2.95 4.93 
Rh 0.25 0.50 0.75 
P d 0.50 1.00 1.50 

5.00 10.00 15.00 

c. Compa t ib i l i t y of U r a n i u m - 5 w / o F i s s i u m with 304 S t a i n l e s s 
Steel - The M a r k I loading of E B R - I I c o n s i s t s of u r a n i u m - 5 w / o f i s s i u m 
fuel in a c ladding of Type 304 s t a i n l e s s s t e e l . A s e r i e s of h e a t t r e a t m e n t s 
w e r e p e r f o r m e d on diffusion couples of t h e s e m a t e r i a l s at 550, 600 and 
650°C for one , two and four w e e k s . By m i c r o s c o p i c e x a m i n a t i o n of t h e s e 
coup les it w a s d e t e r m i n e d tha t bonding did not o c c u r b e c a u s e of ox ida t ion 
on the bonding s u r f a c e s . A new bonding and encapsu l a t i on t echn ique h a s 
b e e n p e r f o r m e d on a new se t of diffusion c o u p l e s . T h e s e couples a r e 
p r e s e n t l y be ing hea t t r e a t e d at 550, 600, 650 and 700°C for one , two and 
four w e e k s . It is hoped tha t by us ing th i s m o r e m e t i c u l o u s bonding 
me thod tha t b e t t e r r e s u l t s wi l l be ob ta ined . 

d. P e n e t r a t i o n R a t e of C l a d d i n g M a t e r i a l s b y M o l t e n F u e l s -
S a f e t y c o n s i d e r a t i o n s of E B R - I I o p e r a t i o n r e q u i r e i n f o r m a t i o n a b o u t t h e 
r a t e of p e n e t r a t i o n of v a r i o u s p r o s p e c t i v e c l a d m a t e r i a l s , e s p e c i a l l y r e ­
f r a c t o r y a l l o y s , b y m o l t e n u r a n i u m - a n d p l u t o n i u m - c o n t a i n i n g f u e l s . T h e 
a p p a r a t u s f o r t e s t i n g t h e s e m a t e r i a l s u p to 1500°C in a g l o v e b o x i s n o w 
c o m p l e t e d . U s i n g t h i s a p p a r a t u s t e s t s w e r e r u n o n 304 s t a i n l e s s s t e e l a n d 
A r m c o i r o n w i t h m o l t e n u r a n i u n a . T h e 304 s t a i n l e s s s t e e l w i t h m o l t e n 
u r a n i u m h a d b e e n p r e v i o u s l y t e s t e d in a n o t h e r a p p a r a t u s ( A N L - 6 5 6 5 P r o g ­
r e s s R e p o r t f o r A p r i l , 1 9 6 2 ) . T h e s e a r e o u r f i r s t t e s t s of A r m c o i r o n i n 
m o l t e n u r a n i u m . T h e p r e l i m i n a r y r e s u l t s a r e i n d i c a t e d in T a b l e V . 

Tab le V. T i m e (sec) to P e n e t r a t e 0.030 in. Wall C a p s u l e s 
of 

T e m p . (°C) 

1138 
1148 
1169 
1187 
1229 
1244 
1300 

304 SS and A r m c o 

0 030 

I ron 

in. A r m c o 

1.3 
1.1 
1.05 
1.3 
7.0 
5.2 
3.7 

by Mol ten U r a n i u m 

0 030 in. 304 SS 

0.9 
1.3 
4.3 
7.3 
5.7 

4.6 
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These data a r e general ly in good agreement and se rve to 
confirm the ear ly tes t r e s u l t s . 

8. P r o c e s s Development 

a. Melt Refining P r o c e s s Technology - A pin cast from mel t 
refined naetal from the fifth high-act ivi ty- level exper iment was exposed 
to air for 18 days and then exposed to undiluted nitrogen at 650°C for one 
hour. Its ni tr idat ion ra te was very low, which is at tr ibuted to the forma­
tion of a protect ive oxide coating during exposure to a i r . 

A p roces s is being studied for mel t refining uran ium fuel pins 
in an iner t crucible under a low melting oxide flux containing uran ium 
dioxide. The possible advantages of this p roces s a r e higher yield, lower 
contacting t empera tu re and shor ter contacting t ime . The uran ium dioxide 
oxidizes fission e lements whose oxides a re l e s s stable than u ran ium di­
oxide. An initial exper iment had as its objectives (1) finding a flux that is 
more stable than uran ium and has a low melting point and (2) finding a 
crucible ma te r i a l of sufficient ine r tness to withstand attack by both the 
mel t and the flux. P r e l i m i n a r y exper iments indicate that slip cast 
bery l l ia crucibles and a flux base of ei ther 66.5 m.ole percent BeO-
33.5 mole percent BaO which mel ts at 1430°C or 63 mole percent BeO-
37 mole percent SrO which mel ts at 1380°C a re sat isfactory crucible-f lux 
base combinations. 

Distil lation of magnes ium-z inc in the melt refining furnace is 
being studied as an a l ternat ive to re tor t ing z inc- and magnes ium-coa ted 
uran ium after the in te rmeta l l ic decomposition step of the skull r e c l a m a ­
tion p r o c e s s . In a run in which 400 g r a m s of 50 percent magnes ium-z inc 
was dist i l led from the cruc ib le , 89 percent of the charge was collected in 
the graphite condenser res t ing on the furnace crucible , 8.7 percen t was 
collected on the F ibe r f rax insulator inverted over the condenser , and 
2.3 percent was not accounted for. The graphite condenser had to be 
forcibly separa ted from the crucible after the run. Since such a p rocedure 
would not be sat isfactory for remote opera t ions , z inc-magnes ium dis t i l la ­
tion will not be feasible unless a sat isfactory gasket ma te r i a l is found for 
use between the condenser and crucible . 

b . Skull Reclamation P r o c e s s - Resul ts of two noble mietal ex­
t ract ion runs , per formed under iner t a tmosphere with some exposure of 
flux to a i r , gave sat isfactory extract ion of noble e l ements , as compared 
with three runs pe r fo rmed in a dry a tmosphere in which noble meta l ex­
t rac t ions were not effective. The most plausible explanation is that 
water , absorbed by the deliquescent flux during loading of equipment in 
air a tmosphere , p romotes noble metal leaching. The mechan i sm involved 
in this action is not yet unders tood. 
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Beryl l ia crucibles made by thixotropic s lu r ry casting continue 
to pe r fo rm exceptionally well as containers for the in termeta l l ic prec ip i ta ­
tion, u ran ium precipi tat ion, and re tor t ing operat ions. A 4- inch-diameter 
9-inch-high s ta in less s teel- jacketed crucible of this type has successfully 
undergone the equivalent of ten in termeta l l ic and decomposition steps on a 
100-gram-uran ium scale . These a re the bes t r esu l t s obtained thus far with 
any crucible . 

The design of the integrated p rocess equipment for l a rge - sca l e 
demonstra t ion (2-2-kg of uranium) of the skull rec lamat ion p roces s is about 
80 percent complete. Molybdenum-30 weight percent tungsten alloy has 
been chosen as the ma te r i a l for t ransfer lines on the bas i s of good resu l t s 
obtained in 1 5 t r ans fe r s of 8-ki logram quantities of zinc at t empera tu res 
up to 850°C. The re su l t s of molten zinc t rans fe r s under conditions more 
severe than those expected in skull rec lamat ion indicate that mild steel 
or s ta inless s teel will be a satisfactory ma te r i a l for waste containers . 

c. Blanket P rocess ing Studies - The blanket p rocess involves 
dissolution of the plutonium-bearing blanket ma te r i a l in a z inc-r ich alloy, 
precipi tat ion of uran ium by addition of magnesium, and removal of the 
supernatant phase whose volume will be reduced by evaporation, if nec ­
e s s a r y , to a volume suitable for feeding into a future core cycle. The 
mos t important factor in determining the efficiency of the u ran ium-
plutonium separat ion is the efficiency of the phase separat ion. In thir teen 
runs at ^ scale (0.5 kg uranium, 5.5 kg magnes ium-zinc alloy), th-e ef­
ficiency of t ransfer was 92.5 to 97.5 percent of the supernatant phase. It 
is concluded that washing of the uranium precipi ta te will probably be 
unnecessa ry . 

d. Plutonium Recovery P r o c e s s - The distr ibution coefficients of 
vanadium, ba r ium, and zi rconium between z inc-magnes ium solution and 
molten magnebium chloride at 800°C were determined. Vanadium tended 
to favor the metal phase at magnesium concentrat ions of 0.066 to 
65.2 weight percent , and ba r ium strongly favored the flux phase throughout 
the range of magnesium concentrations used (0.77 to 76.2 weight percent) . 
Zirconium showed a preference for the metal phase at all magnesium con­
centrat ions tested (0.08 to 75 weight percent magnesium). Some volat i l iza­
tion of z i rconium te t rachlor ide may have occur red during the exper iment . 

The effect of plutoniuin concentration on its distribution between 
magnesium chloride and zinc-10 weight percent magnesium at 800°C was 
also investigated. As the plutonium concentration was increased from about 
0.5 to 5 weight percent , the distribution coefficient increased slightly f rom 
about 0.18 to 0.25. 

e. Reduction of Thor ium Dioxide - Exper iments on the direct 
reduction of thor ium dioxide to thorium metal by zinc-five weight percent 
magnes ium alloy have shown that when an argon a tmosphere is used 
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instead of a i r (see ANL-6573, P r o g r e s s Report for May 1962, page 25), 
complete reduction can be achieved over a wider range of flux composi­
tions. The broadened range pe rmi t s the use of more convenient and 
economical flux composit ions. Other exper iments showed that the ra te of 
reduction inc reases both with increased s t i r r ing ra te and increasing t em­
pera tu re from 750 to 850°C. 

f. Reduction of Uranium Ore Concentrate - The feasibility of 
reducing uran ium ore concentrates by z inc-magnes ium-mol ten flux p r o ­
cedures is being evaluated in a l imited p rog ram. Uranium metal buttons 
have been p repa red by these p rocedures . Analytical r e su l t s on the puri ty 
of the product a re not yet available. 

g. Mater ia l s Evaluation - A study is underway to tes t var ious 
types of bery l l ia for wettability and permeabi l i ty by molten sal ts and 
meta l s . A sample of isostat ical ly p r e s s e d and s in tered bery l l ia which 
was exposed to zinc at 800°C for 100 hours did not appear to have been 
wetted, but zinc penetrat ion was noted. Another sample of isostat ical ly 
p r e s s e d and s in tered bery l l ia was exposed to a LiCl-MgClj -MgFj-
ZnCl2 flux at 800°C for 75 hours ; some a r ea s were wetted by the flux, 
which filled near ly all of the pore volume. 

A crucible and agitator were tes ted under skull oxide r educ ­
tion conditions for a per iod of 500 hours at 800°C. The charge consisted 
of 3500 g r a m s zinc, 193 g rams magnesium, 154 g rams skull oxide (con­
taining approximately 7 5 percent uranium), and 821 g rams of 47.5 weight p e r ­
cent LiCl-47.5 weight percent MgClg-S weight percent MgFj flux. Tested 
were a tungsten crucible made by isosta t ic press ing and sintering and a 
molybdenum-30 percent tungsten agitator which was operated continuously 
during the run at 500 rpm. At the conclusion of the run, the crucible had 
undergone no visible attack, but some pitting was noted on the surface of 
the agitator. 

Techniques a re needed for fabricating l a rge , impermeab le , 
co r ros ion - r e s i s t an t , t he rma l - shock - r e s i s t an t c ruc ib les . A study is under ­
way to develop a cement to be used either as a mor t a r in making br ick- type 
beryl l ia crucibles or as a component (along with a suitable minera l ag­
gregate) of a mix for making crucibles by the method of concrete casting. 

D. FARET 

Design studies and measuremen t s a re continuing to develop a low 
conductivity or thermal ly insulated fuel e lement for Doppler coefficient 
studies. An al ternate design to the powdered fuel concept descr ibed in 
ANL-6580 (P rogres s Report for June, 1962) and one believed to be in­
sensitive to thermal cycling consis ts of ce ramic pe l le ts . Each ce ramic 
pellet has a number of smal l pe r iphera l project ions or pads approximately 
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0.015 in. high which center the pellet within the metal sheath and provide 
for the required insulating gap between fuel and clad. The tube is gas 
filled. The laboratory tes t assembl ies of both concepts are shown in 
F igure 2. 

/ , 
-TMERMocotjpte mit. 

-FUEL SAMPLE 
532S m& » f'4 1-6 

AVERAGE TEMPERaT«REI450^F 

z 
m^^m 

PiATINOM HEATJN6 WIRf 
TEMPERATURE -~a600*F 

^ T U i E 
S625 I D., .62S OB AVERAGE TE«?ERATORe $00°f 

SAP 015* 

B 

• ' 4 0 0 s 050 WALL TUBE WITH -^mOfiStZE UOj PACKED 

TO —55 '/.THEORETICAL OEHSITY PLOS ARSON GAS 

PLATINUM HEATW6 WIRE WOUND ON %^ ARBOR 

Figure 2. FARET Heated Fuel Samples 

The resul ts of tes ts using electr ical heating on the insulated pellets 
show promise . The resul ts of the latest test a re shown in Table VI. 

Table VI. FARET Heated Fuel Sample 
(0.5325 in. diameter x l-j- in. long) 

°F °C o p 

2620 
1575 
1445 

1440 
860 
610 

Metal sheath 
Gradient ac ross 

0.015 in. gap 

500 

815 

260 

435 

Heating wire 
Center of pellet 
Surface of pellet 

The heat conduction r a t e , l"k{6)dG, for this test was 6 .9w/cm which would 
correspond to a reactor power of approximately 2 Mw for a 1670-liter zoned 
core . However, it is des i red to obtain a gradient ac ross the gap of approx­
imately 540°C which would correspond to approximately 8 Mw of reactor 
power. It is believed that the required tempera ture gradient can be demon­
s t ra ted by experiments now in p r o g r e s s . 
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The design of the main coolant piping, as shown in the p re l imina ry 
proposal , dated April 16, 1962, was analyzed for forces , bending moments , 
and fibre s t r e s s e s due to thermal expansion and internal p r e s s u r e . 

The re su l t s of this analysis showed excessive thermal s t r e s s e s of 
44,000 psi in the r eac to r - to -hea t exchanger line and 37,000 psi in the heat 
exchanger - to -p r imary pump line. To stay within the American Standard 
Code for P r e s s u r e Piping (ASA B 31.1-1955) of 31,750 psi at 7,000 the rmal 
cycles from 70° to 1200°F, the reac tor exit coolant nozzles has been r e ­
located 90 degrees counterclockwise and the exit pipe redesigned to a 
U-configuration (maximum s t r e s s 31,200 psi) . The study is continuing to 
achieve g rea t e r margins between calculated and allowable s t r e s s e s . 
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III. GENERAL REACTOR TECHNOLOGY 

A. App l i ed R e a c t o r P h y s i c s 

1. N e u t r o n S c a t t e r i n g 

a. E l a s t i c N e u t r o n S c a t t e r i n g f r o m I ron - The n - 7 d i s c r i m i n a t i o n 
d e t e c t o r w a s u s e d to m e a s u r e the a n g u l a r d i s t r i b u t i o n of n e u t r o n s e l a s t i -
ca l ly s c a t t e r e d f r o m i r o n for i nc iden t n e u t r o n e n e r g y be tween 700 kev and 
1100 kev. The e n e r g y r e s o l u t i o n u s e d w a s Zl kev. Mul t ip le s c a t t e r i n g c o r ­
r e c t i o n s of the angu la r d i s t r i b u t i o n s have not been c o m p l e t e d . H o w e v e r , the 
i n t e g r a l of the angu la r d i s t r i b u t i o n , which y i e ld s the to ta l e l a s t i c s c a t t e r i n g 
c r o s s s ec t ion , is independen t of the mu l t i p l e s c a t t e r i n g c o r r e c t i o n for i ron . 
The t o t a l e l a s t i c c r o s s s ec t i on (uel) t o g e t h e r with the to t a l c r o s s s ec t i on 
{o\) a r e shown in F i g u r e 3. The abso lu t e c r o s s sec t ion w a s d e t e r m i n e d by 
m e a s u r i n g the s c a t t e r e d i n t e n s i t y f r o m i r o n r e l a t i v e to the s c a t t e r e d in­
t e n s i t y f r o m c a r b o n . The m u l t i p l e s c a t t e r i n g c o r r e c t i o n for c a r b o n h a s 
b e e n d e t e r m i n e d and is inc luded in F i g u r e 3. C o r a p a r i s o n of the OQI and 
a^ c u r v e s in the f igure c l e a r l y shows the onse t of s t r o n g i n e l a s t i c s c a t t e r ­
ing (ciinelastic - ^^t - ^el) in the v ic in i ty of 1 Mev. 
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Figure 3. Total and Total Elastic Cross Section of Natural Iron 

b. E l a s t i c S c a t t e r i n g of F a s t N e u t r o n s by T i m e - o f - F l i g h t - N u m e r ­
ous e x p e r i m e n t a l m e a s u r e m e n t s (~2 x 10^) w e r e m a d e dur ing th i s pe r iod . 
The w o r k involved s tud i e s of e l a s t i c s c a t t e r i n g of 7 0 0 - 1 5 0 0 - k e v n e u t r o n s 
f r o m an t imony , c h r o m i u m , coba l t , t in , z i r c o n i u m , c o p p e r , n iob ium, z inc , 
W , n a t u r a l u r a n i u m , and t a n t a l u m . The n e u t r o n e n e r g y r e s o l u t i o n w a s 
a p p r o x i m a t e l y 50 kev. The d i f fe ren t ia l s c a t t e r i n g c r o s s s e c t i o n s w e r e 
m e a s u r e d a t 10 to 11 a n g l e s b e t w e e n 20 d e g r e e s and 145 d e g r e e s . Abso lu te 
n o r m a l i z a t i o n w a s m a d e r e l a t i v e to the known s c a t t e r i n g c r o s s sec t ion of 
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carbon. The large amount of data is now being p rocessed in order to r e ­
duce the experimental measurement s to a compact analytical form. These 
measurements a r e a par t of the comprehensive study of fast neutron sca t ­
tering from intermediate and heavy ma te r i a l s . 

It is becoming increasingly evident that the above type of work 
will demand more sophisticated data interpretat ion and reduction if resu l t s 
a re to be obtained with expediency. Efforts to improve the cur ren t p r o c e s ­
sing procedure a r e now in p rog res s with emphasis on the problem of pat tern 
recognition. The experiments themselves involve some hundreds of hours 
of operation of the acce le ra to r and associated equipment. 

2. Cross Section Measurements 

The Co^^^^'S, where m refers to metastable state and g re fe rs to 
ground state, decay curves from the Ni^^ (n,p) Co^^ c ross section m e a s u r e ­

ment repor ted in ANL-6580 (Monthly 
P r o g r e s s Report for June, I962) have been 
analyzed to determine the i somer ra t io . 
The resu l t s a r e presented in Figure 4. 
The rapid r i s e is the relat ive yield of 
Co below 1.2 Mev neutron energy is 
being investigated further. 0.7 

0.6 — 

0.2 

0.1 — 

" • « 68, . , 5 1 
- — HI {n,|)j Co 
"̂ 1 

3. Thermal Cri t ical Exper iments (Hi-C 
and BORAX-V Superheat) 

Two markedly different cores were 
assembled during this period. The first , 
a continuation of the study of high me ta l -
to-water rat io sys tems, was made by sub­
stituting s tainless s teel -c lad Hi-C, 3 wt-% 
enriched UO2 fuel in the central region of 
the core described in ANL-6580 (P rogres s 
Report for June, 1962). Crit icali ty was 
obtained with 1,875 s tee l -c lad elements in 
a 1.127-cm tr iangular lattice forming a 
90.6-cm diameter central fuel zone. The 
surrounding per iphera l zone was 11.3 cm 
thick and included 959 aluminum-clad 
elements of the same fuel loaded with 
alternating rows vacant in the same grid. 
The volume rat ios of H2O/UO2 were 0.316 
and 1.92 in the central and the per iphera l 

zones, respectively. The corresponding atomic rat ios (H/U^^®) a re approx-

2.0 

E in I 

Figure 4. Ratio of Metastable to Ground 
State Yields for the Reaction 
Ni58 (n.p) Co58. 

imately l / l and 5 .8/ l . 
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A few foil exposures were made in this s tainless steel Hi-C core. 
Completely bare and cadmium-covered t r a v e r s e s were made with dyprosium 
and gold, and in addition, data were obtained for determination of the cadmi­
um ratio at the center of the core with manganese and copper. Fur ther ex­
per iments with this loading were postponed in order to per form some 
BORAX-V superheat cr i t ical exper iments . 

In the second assembly , the Hi-C core s t ruc ture was replaced by 
one which allowed the introduction of a centra l zone composed of the 
BORAX-V superhea ter e lements . This was done to obtain flux and power 
distr ibut ions and flooding react ivi ty measu remen t s for the BORAX-V 
central superhea ter . Twelve BORAX-V subassembl ies containing 5.18 kg 
U^̂ ^ and about 180 kg of Type 304 s ta inless steel were loaded in a 
2-4-4-2 a r r a y inside four aluminum quadrant cans, forming a central fuel 
zone approximately 42 cm wide and 61 cm high. This was surrounded by 
a pe r iphera l fuel zone of the aluminum clad, 3 wt-% enriched UOj fuel 
e lements . Approximately 1200 elements were requi red for cr i t ical i ty when 
a r ranged in a square lat t ice pat tern of 1.27 cm pitch. The thickness of this 
pe r iphera l fuel zone var ied from 10 to 25 cm, having an outside boundary 
radius of about 33 cm= This zone was 122 cm high but modera tor height 
was lim.ited to no m o r e than 91 cm. The volunae rat io (H2O/UO2) was 1.35, 
corresponding to an atomic rat io (H /U^^^ ) of 4 / 1 . 

4. P repa ra t ions for Plutonium Cri t ical Exper iment 

Extension of the Hi-C cr i t ica l assembly p r o g r a m to include cores 
containing plutonium as react ivi ty spikes or for synthetic enr ichment has 
been proposed. The sea rch for a convenient method of varying the plutonium 
content of the fuel e lements has led to a considerat ion of blending plutonium 
with UO2 powder and compacting the mixture in fuel tubes by vibration. 

In addition considerat ion is being given to the use of plutonium-
containing g lass developed by the Mounds Laboratory . It was anticipated 
that the plutonium component fixed in the globules of g lass would nainimize 
the health hazard in case of f rac ture of the fuel conta iners . However, some 
furnace t e s t s , s imulating a power excursion, indicate that substantial 
airtounts of plutonium a r e r e l eased from the g lass . 

Tes t s more represen ta t ive of actual reac to r conditions, in that the 
heat will be developed within plutonium-bearing g lass mixed with UO2 powder, 
a r e proposed for per formance in the TREAT reac to r . 

5. Theoret ica l Phys ics 

a. Mathematical Numerica l Methods Analysis - The i terat ive 
method for repeated integrat ion of functions of a single var iable was 
mentioned in ANL-6509 ( P r o g r e s s Report for January, 1962) and will be 
published in the next i s sue of the Computer Journal . It has been found 
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possible to combine this approach with the i te ra t ive interpolation scheme 
for functions of severa l independent var iab les* to obtain an i te ra t ive tech­
nique for obtaining repeated integrals and par t ia l der ivat ives of mul t ivar ia te 
functions. The derivation of the a lgor i thm has been com.pleted, and the 
bivar ia te case of a lgori thm is being p rog rammed for numer ica l t e s t s . Even 
this, the s imples t case , is ext remely complicated, and the power of the 
Algol-60 language and of the Algol-30 compiler for the LGP-30 a r e of g rea t 
ass i s tance in this task. 

^' EBWR Core Designs with High Neutron Economy - In connection 
with the study of an EBWR core 2 design consisting of 36 depleated uranium 
(0.4% U^̂ )̂ e lements , D; and H I enriched (2.7% enriched) e lements , E; the 
feasibility of a 9-rod cold shutdown had been repor ted based on a distr ibution 
of D elements that would break up "local c r i t i ca l i t i e s" (ANL-6433 P r o g r e s s 
Report for September, I96I) . A uniform distr ibution of the D and E elements 
had resul ted in a kg^^ - 0.07. 

The above resu l t s implied a relat ively high the rmal neutron flux 
in the D zones, increas ing the impor tance of these zones. It was deduced 
that buildup of fissionable Pu in the D zones should also have g rea te r r e ­
activity worth than burnup of U^̂ ^ in E zones. 

The power developed in these D elements should also be higher 
than might be expected, due to the high the rma l fluxes in the D zones. 
F u r t h e r m o r e , the power developed in the D zones should also inc rease with 
burnup. 

The above design considerat ions were verif ied by 3 group 
PDQ-2 calculation on a core using 0.4% enriched D elements and 2.3% en­
riched E e lements . There was a posit ive react ivi ty swing of 2.2% which 
was reduced but not com.pletely at the end of 6800 Mwd/T burnup of E 
e lements . 

c. Feasibi l i ty of Pu^^^-U^^^ Cores to P red ic t Core Dimensions 

( l ) Fas t Cr i t ica l Exper iments - The feasibil i ty of determining 
cr i t ical i ty using minimum fissile inventories through the assembly of zoned 
fast r eac to r sys tems is being investigated analytically. An analysis was 
made for a represen ta t ive case . The c r i t i ca l s ize of a uranium-fueled a s ­
sembly is de termined by a full s ize m.ockup. Then half of the assem.bly is 
removed and replaced by a plutonium-fueled region of a sufficient size to 
again achieve cr i t ical i ty . The difference between the size of the plutonium-
fueled pa r t and half the size of a totally plutonium-fueled c r i t i ca l is calcu­
lated using mult igroup diffusion theory for ba re co re s . Usually the difference 
is l e s s than 1%; however, for a case in which the two halves were del iberately 

* H. C. Thacher, J r . and W, E, Milne, "Interpolation in Several Independent 
Var iab les ," J. Soc. Indust. Appl. Math., Vol. 8, pp. 33-42 (i960). 
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poorly matched with respec t to neutron spect ra and diffusion cha rac te r i s t i c s , 
the difference was close to 10%, Calculations were also made of the magni­
tude of e r r o r s introduced by uncer ta int ies in the c ross sections and in the 
method of calculation of the total c r i t ica l size. For all cases considered the 
e r r o r in the former method is only a fraction of that introduced by the la t ter . 
Two energy groups were used in all numer ica l calculations. Machine cal ­
culations a r e now being per formed in order to determine how well the resu l t s 
found for bare cores a r e applicable to radially reflected co res . The com­
par ison of resu l t s thus far indicate that the agreement is quite good. 

B. Reactor Fuels Development 

1. Corros ion Studies 

a. Zirconium Alloys for Superheated Steam - The s team testing 
was begun on a s e r i e s of experimiental Zr alloys which a r e var iat ions on 
the Ni -Fe and Cu-Fe t e r n a r i e s cur ren t ly of most in teres t . 

These alloys were made by a r c melting at Argonne. Operating 
difficulties caused uncertainty as to purity of the melting a tmosphere ; thus 
this s e r i e s may be remade . 

Samples were p r epa red in duplicate frona hot rol led sheets . One 
sample of each pair was heat t r ea ted in an evacuated quartz capsule at900''C 
for Y hour and water quenched. Surfaces were cleaned mechanically and by 
etching. The final surfaces p r io r to corros ion test were as etched in 
HNO3-HF acid solution, the heat t r ea ted samples being etched somewhat 
more strongly than the o thers . 

The heat t r ea ted samples consistently gained less weight than 
the hot rol led samples of their respect ive alloys, but this may be a resul t 
of the relat ively round co rne r s and edges of the former , produced by s t ronger 
etching before test , ra ther than the heat t rea tment . Usually the heat t rea ted 
samples were super ior to the o thers at co rne r s and edges after the exposure 
to s team. 

Samples of other Zr alloy stocks of in te res t were placed in tes t 
with the above. Three of the alloys were compacts made from the separate 
constituent powders by GE and were tes ted as received. Surfaces were p r e ­
pa red by wet grinding. Two other alloys were made by Carborundum Corpo­
ration by a r c melting. Hot rol led sheets were made, and samples were 
p r epa red s imi la r ly to the ANL a r c mel ted specimens. 

The surface appearance of all these samples was relat ively good, 
with no definite indication of failure thus far. 

These t e s t s a r e being continued with 22 of the above samples , 
those which failed have been removed. 
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b. Lightweight Alloy for Use with Mercury - As repor ted p r e ­
viously (ANL-6565, P r o g r e s s Report for Apri l , 1962) good m e r c u r y c o r r o ­
sion res i s tance of four ni t r ided ti tanium alloys at 454°C prompted an 
evaluation of these alloys in m e r c u r y at 538°C. In this s e r i e s of t e s t s , 
ni tr ided as well as as-pol ished Ti-2 .5 w/o Al-16 w/o V, T i -3 w/o Al-
5 w/o Cr, T i -7 w/o Al-12 w/o Zr , Ti-8 w/o Mn and commerc ia l ly pure 
t i tanium were included. However, only the alloys were exposed to both 
the liquid and vapor phases of me rcu ry . The resu l t s of these t e s t s a r e 
shown in Table VII. 

Table Vll. Weight Change (mg/cm^) of T i t an ium and T i t an ium Al loys 
after 14 Days E x p o s u r e in M e r c u r y at 538°C (Static) 

T e s t e d in Liquid M e r c u r y T e s t e d in M e r c u r y Vapor 

M a t e r i a l s A s - p o l i s h e d Ni t r ided Ni t r ided A s - p o l i s h e d 

-49 .14 

-21.47 

-53.90 

-77 .56 

-61.35 

Ni t r ided 

+ 0.78 

T O . U 

+0.08 

+ 0.07 

+0.13 

(1) C o m m e r c i a l l y P u r e T i t an ium 

(2) T i - 2 . 5 w / o A l -16 w / o V -21.47 T O . U +1.12 

(3) T i - 3 w / o A i - 5 w / o Cr -53.90 +0.08 +0.64 

(4) T i - 7 w / o Al -12 w / o Z r -77 .56 +0.07 +2.82 

(5) T i - 8 w / o Mn -61.35 +0.13 +0.40 

The nitr ided alloys show no indication of any significant attack 
in liquid mercu ry except a par t i a l disappearance of its golden surface and 
minor cracks around holes dri l led to hang the samples . Round edges showed 
a remarkab le improvement in cracking res i s tance over sharp edges. 

Contrary to the ea r l i e r resu l t s at lower t empera tu res (371° and 
454°C), the untreated alloys, except for Ti -2 .5 w/o Al-16 w/o V exhibited 
higher weight losses than commercia l ly pure ti tanium. These resu l t s indi­
cate the probable importance of t race elements on corros ion behavior. 
Future investigations of this problem will be made by prepar ing alloys at 
the laboratory. No apparent at tack on alloys in the vapor phase of mercury 
was observed under a low magnification microscope . 

Metallographic examination and chemical analyses a r e in prog­
r e s s . Evaluation of these ma te r i a l s under dynamic conditions is planned. 

2. Ceramic Fuels 

a. Uc-PuC Fuel Development - Work continued on the uranium 
monocarbide precipi tated from liquid metal media and supplied by Chemical 
Engineering Division. Ea r l i e r work on sintering of this ma te r i a l indicated 
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that when specimens were held at 1300°C for one hour before rais ing the 
t empera tu re to a sintering t empera tu re of 1750°C the t ime at t empera tu re 
had little effect upon increasing the bulk density. This would indicate that 
densification was occurr ing below 1750°C, possibly at 1300°C or lower. As 
a resul t of these s in ter ings , it was thought des i rable to determine the 
shrinkage ve r sus the t empera tu re in a vacuum for sonae of these carb ides . 
This was done in a vacuum di la tometer maintaining as nearly as possible , 
a ra te of t empera tu re r i s e of 3 8 ° c / l 0 minutes from 750°C to 1500°-l600°C, 
the te rminat ion t e m p e r a t u r e . The specimens used were — in, in di'ameter 
by -y in. long and were formed isostat ical ly . Four different compositions 
were run: three were precipi ta ted ma te r i a l and the fourth was ma te r i a l 
supplied by the United Nuclear Corporation, made by the react ion of p r o ­
pane with hydrided uranium metal . 

The specimens made from precipi ta ted carbides produced 
shrinkage ve r sus t empera tu re curves which were very s imi la r . Shrinkage 
began very slowly at 750°C and increased until at 1200°-1300°C it was very 
rapid. At 1300°-1350°C the shrinkage began decreas ing and a t 1450°-
1500°C it vir tual ly stopped. The specimen made from the propane-meta l 
react ion began to shrink l inearly at 950°C; at approximately 1150°C the 
shrinkage abruptly increased and continued at an almost l inear ra te to 
1600°C which was the te rminat ion t empera tu r e . 

In each of the shrinkage runs for specimens of precipi ta ted c a r ­
bide there was a m a r k e d evolution of gas beginning at approximately 950°-
1000°C. The p r e s s u r e increased from less than 5 x 10"^ mm to g rea te r than 
5 X 10"* m m at 1200°-1250°C. Above this t empera tu re the p r e s s u r e fell off. 
The specimen made from the ga s -me ta l react ion also evolved gas through 
this t empera tu re range but the gas evolution was not near ly so large as with 
the other spec imens . 

These data indicate that shrinkage and the accompanying react ions 
involving oxygen s ta r t at t empe ra tu r e s much lower than originally had been 
thought. Sintering schedules will have to be designed for these carbides with 
a slow ra te of t empera tu re r i s e through this t empera tu re range, even if c a r ­
bides a re produced by the precipi ta t ion technique which have considerably 
lower free carbon and oxygen contents. 

The abrupt change in shrinkage ra te which occurs at about 1150°C 
with the specimen of gas -me ta l reac ted ma te r i a l evidently accompanied the 
melting of uranium metal . Metallographic examination of this specimen, 
after the shrinkage run, revealed the p resence of uranium meta l which had 
migra ted to the surface of the specimen. 

Chemical analyses a re being done on carbide samples heated to 
var ious t e m p e r a t u r e s in an effort to deternaine exactly what react ions a re 
taking place through this t empera tu re range. When the equipment is avai l ­
able, thermogravim.etr ic determinat ions will be made for some of these 
carbides over the same t empera tu re range. 
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b. Uranium Phosphide - The objective of this study is to cha rac ­
te r ize the various compounds in the U-P sys tem and evaluate themi as pos ­
sible reac tor fuel ma te r i a l s . 

Work to date has consisted of prepar ing exper imental quantities 
of uranium phosphides by direct react ion of the e lements . While synthesis 
by gas react ion is also feasible, react ion of the elements was thought to 
offer severa l advantages. Other methods of producing uranium phosphides 
will be examined in the future. 

Various proport ions of the two elements were mixed and pel le t -
ized. Use of finely divided uranium metal , reduced by hydriding, n e c e s ­
sitated performing all the operations in a glovebox containing an iner t 
a tmosphere . Samples were fired in a quartz tube having a low par t ia l 
p r e s s u r e of helium. A thermocouple was mounted against the bottom of the 
molybdenum crucible to indicate the beginning of the react ion. The react ion 
was strongly exothermic and began in the range 300°-400''Cs depending on 
the u / P ratio of the start ing mixture . Tempera tu r e s es t imated to be as 
high as 1500°C were reached in fractions of a second, falling off as sharply 
to the furnace ambient t empera tu re . A yellow modification of phosphorus 
condensed on the tube in all runs . X- ray analysis revealed the following 
phases to exist (in decreasing order of abundance); 

Results of Uranium Phosphide Synthesis Exper iments 

Run No, Starting Mixture Phases P r e s e n t 

1 U:4P UP2, U3P4, UP and UO2 

2 U:2P U3P4, U P , UP2 and ^UOg 

3 U:P UP, ^ UO2 and U3P4 

The ma te r i a l from Run No. 3 was predominantly UP, containing 
less than 5% of other phases . It has meta l l ic lus te r and p re l imina ry data 
show it to have a melting point above 2460°C. The p resence of UOg in all 
of the samples may have been a resu l t of the grade of phosphorus used. A 
higher puri ty red phosphorus has been obtained and will be used in future 
exper iments . La rge r quantities of the th ree compounds will be produced 
for the purpose of determining some of their p rope r t i e s . 

3. Fabr icat ion Development 

a. Fabr ica t ion of Zirconium Alloy Tubing - The p r o g r a m objective 
is to develop methods of fabricating high quality tubing in size ranges not 
commercia l ly available. Work to date has been l imited to development of 
techniques for fabrication of tubing smal le r than- j in. O.D. 
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Investigation of the copper plating procedure repor ted in June 
is continuing. The versa t i l i ty and dependability of this procedure is being 
studied to prevent die seizing when Zircaloy-2 tubing is drawn through 
carbide dies. 

b. Fuel Fabr ica t ion Faci l i ty - Installation of the Extrusion P r e s s -
A gloveboxed, 600-ton5 d i rec t - ind i rec t horizontal extrusion p r e s s , a detwist-
ing s t r e t che r s t ra ightener and auxil iary equipment a re being installed 
in Building 350, Because of the large size of the equipment, it was neces ­
sary to cut an opening through the east wall to jxiove it into the a rea . Activ­
i t ies have of necess i ty been curtai led in the building and as a resul t 
nece s sa ry maintenance and overhauling of equipment is being accomplished. 

4. _Lrr3-diation Studies 

a. Pos t i r rad ia t ion Examination of Blis ter Area in a CP-5 Fuel 
Element - Late in 1961 a defect developed in one of the CP-5 fuel elements-
The elemients a r e made of concentric tubes of Al-17.5 w/o U-2 w/o Ni alloy clad 
with X8001 aluminum alloy. The f i rs t indication was abnormally high f is­
sion product activity in the helium cover gas system. The defective element 
was subsequently identified by sampling the gas over each element as it was 
isolated in a s torage hole. 

After approximately a five month cooling-off period, the sub­
assembly was examined and a c i rcu la r ring of white scale with a dark a r ea 
in the center was found on the O.D, of the inner tube while a b l i s te r direct ly 
opposite this white a r e a appeared on the I,D, of the same tube. The tube was 
then subjected to sectioning operat ions in order to examine these a r ea s more 
closely. 

The size of the b l is ter a r ea as determined with a meta l lurgical 
mic roscope was approximiately-j in. and 1 in. at its smal les t and la rges t 
dimension respect ively . An examination of this same a r e a revealed that 
water had penet ra ted through the cladding and reac ted with the fuel, r esu l t ­
ing in an oxide core . The only remaining portions of fuel were attached to 
the outer edges of the cladding and no react ion layer was evident on the 
core surface. The core appeared to have been s t r ipped from the cladding 
in the remainder of the sample and there was no evidence of a high t emper ­
a ture react ion on the clad, indicating that corros ion ra ther than melting was 
the cause of core removal . 

The absence of any abnormal at tack on the outer surface of the 
cladding at a r e a s immediate ly adjacent to the defect and the rounded appear­
ance of the cladding inside the b l i s te r a rea , compared to the relat ively level 
condition of the cladding direct ly opposite, suggests that the react ion was 
proceeding outward to ul t imate fai lure. Since no swelling or cor ros ive 
effects could be found in the white c i r cu la r a r ea immediate ly opposite the 
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bl is ter , it is probable that this is not a defect but, ra ther , a manifestation 
of the high heat flux that would resul t from presence of the bl is ter on the 
opposite side. 

The absence of any abnormal corrosion eliminates this factor 
as a significant contributor to the fai lure. The decreased thickness of the 
cladding at the bl is ter indicates that a hot spot might have developed from 
increased concentration of fuel at that point, but it is more likely that this 
i s a direct resul t of the inner core reaction. There was apparently no ef­
fect upon the swelling related to any abnormality in the s t ruc ture of the 
fuel, as evidenced by an examination of the core next to the bl is ter and near 
the top of the tube. 

The resu l t s of the examination did not reveal by which mecha­
nism the bl is ter occurred because the catastrophic nature of the incident 
e rased all vestiges of contributors to the failure. It could be speculated 
that the failure was caused by either a point defect on the cladding which 
allowed water to penetrate into the core with a subsequent water reaction 
followed by swelling, or by some internal defect such as decreased cladding 
thickness or increased fuel concentration which resul ted in a hot spot, sof­
tening of the matr ix , blistering, penetration of the cladding at the weakest 
point and an ensuing water-fuel reaction. 

b, Post i r radia t ion Annealing of Thor ium-Uranium Alloys - The 
post i r radiat ion annealing experiments on thor ium-uranium alloys described 
in ANL-6580 (Progress Report for June 1962) have been continued to higher 
t empera tu res . The information obtained to date is summarized in Table VIII. 

TableHI, Cumulative Volume Increase in Irrajiatet] Tnorium-Uranium 

Specimen 
No. 

ANL-42-7-1 

ANL-42-1-2 

Composition, 
»'o 

Th-10 U 

Tli-15 U 

Total Atom 
Burnup, 

4.0 

4.5 

^ 

Alloy Specimens after Annealing for 100 Hou 

Annealing 
Temp.. "C a, 

550 
600 
650 
700 
725 
750 
775 

550 
600 
650 
700 
725 
750 
775 

%AV' 
0 Burnup 

0.2 
1.0 
1.9 
2.0 
2.6 
2.7 
3.7 

0.3 
0.6 
0.7 
0.9 
1.6 
1.7 
1.9 

Specimen 
No. 

ANL-42-1-3 

AML-42-5-4 

Composition, 
w?o 

Th-ZOU 

Th-25 U 

Total Atom 
Burnup, 

4.5 

42 

i^ 
Annealing 
Temp.. "C 

550 
600 
650 
700 
725 
750 
775 

550 
600 
650 
700 
725 
750 
775 

%AV 
a.'o Burnup 

0.2 
0.7 
1.5 
1.5 
2.5 
3.2 
3.0 

0.4 
1.5 
2.1 
1.8 
2.8 
2.7 
3.2 

•The volume change isbaseoonthe assumption of no weiglitchanaeano was calculated from tne expression 1AV« I . j l j - l x 100 where/JJ and Pf are 
initial and final densities rptnorfi..,-'. ' [ \ ^ f / J 

^i\,,l ;the 

None of the specimens have begun to swell catastrophically, 
even after 100 hours at the highest annealing t empera tu re of 775''C. These 
resul ts confirm the i r radiat ion exper iments , which showed no pronounced 
swelling during i r radiat ion under t empera tu res that ranged up to 770°C. 



36 

The annealing experiments have been temporar i ly discontinued 
after the anneal at 775°C, The ends of the specimens a r e being meta l lograph-
ically polished in order that repl icas may be taken for optical and electron 
microscopy. During this interval the annealing apparatus will be modified 
in order to monitor the re lease of krypton-85 from the specimens. 

^' .-Properties of the Thor ium-Uranium-Plu tonium System 

As par t of the study of the thor ium-uranium-plutonium system a 
s e r i e s of density measu remen t s of binary, a r c - c a s t , nonequilibrium 
thor ium-uran ium alloys has been made. The measu remen t s were made in 
a glovebox in prepara t ion for subsequent measu remen t s on binary plutonium 
alloys. Density measu remen t s on plutoniunn alloys have been made in the 
past to an accuracy of about plus and minus three par t s in one thousand. 
On the other hand, density measu remen t s made at the National Bureau of 
Standards on nonradioactive ma te r i a l s a r e repor ted with an accuracy of 
plus and minus one par t in 100,000 for ma te r i a l s like s ta inless s teel with 
a density of about 7,9 and with an accuracy of one par t in 10,000 for a 
ma te r i a l like platinum with a density of about 21.5. The difference is due 
to the c i rcumstances and conditions under which all measu remen t s in glove-
boxes a r e made and is typical of the problems that a r i s e when data on 
plutonium alloys is to be obtained. Density determinat ions in gloveboxes 
have been made to an accuracy of about plus and minus three par t s in 10,000. 

Hydrostat ic weighing methods and a buoyancy method, using mono-
bromobenzene as a liquid have been employed. Correc t ions were applied 
for buoyancy effects, density changes of the monobromobenzene with t ime, 
p r e s s u r e fluctuations and t empera tu re var ia t ions in the glovebox and liquid. 
Dry nitrogen a tmosphere was used in the glovebox instead of a i r . 

The resu l t s of the measu remen t s of a s e r i e s of a r c melted thor ium-
uranium alloys a r e shown in Table IX, A plot of the specific volume vs 
composition in weight percent , F igure 5, gives the s t ra ight line relat ionship 
which is expected from binary two phase a l loys . Since the solubility of 
thor ium in uran ium is small , the point for the density of pure uranium falls 
onto the s t ra ight line. This is not the case on the thor ium side where the 
phase d iagram indicates that up to 10.5 a /o or 10.7 w/o of uranium a r e 
soluble in solid thor ium at 1265°C. The solubility dec reases to l ess than 
0.7% at room t empera tu r e . Since we know from X- ray diffraction studies 
the effect of uraniuin alloying additions to thor ium on i ts lat t ice p a r a m e t e r , 
we can deduce from a la rge scale plot, F igure 6 that under the nonequil ibrium 
cooling conditions prevalent in our a r c mel ted buttons about 1.4% uranium 
a r e re ta ined in solid solution. 
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Table IX. Dens i ty of A r c Mel ted T h o r i u m - U r a n i u m i Alloys 

N u m b e r 

B751 

B752 

B753 

B754 

B755 

B756 

B760 

Alloy (Nom 

Th 

100 

90 

80 

70 

60 

50 

0 

%) 

U 

-

10 

20 

30 

40 

50 

100 

Dens i ty 
g / cm^ at 25°C 

11.6793 
11.6763 

12.1130 
12.1120 

12.6039 
12.6082 

13.1550 
13.1629 

13.7620 
13.7643 

14.4390 
14.4367 

19.0003 
19.0157 

Mean 
Dens i ty 

11.678 

12.113 

12.606 

13.159 

13.763 

14.438 

19.013 

£ 0 0 7 0 -

5 0 0 6 0 -

Figure 5 

Specific Volume of Thorium-Uranium Alloys. 
Arc Melted Buttons Made from Commercial 
Thorium and Dingot Uranium. 

60 70 80 90 100 
WEIGHT % URANIUM 

Figure 6 

Specific Volume of Thorium-Uranium Alloy 
(Large Scale Plot) 

WEIGHT % URANIUM 
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6, Nondestructive Testing 

a. Ultrasonic Techniques 

(1) A Study of the ^ to a Transformat ion in Pu - Work has con­
tinued on the project begun in June to measu re velocity and attenuation in 
plutonium. Various combinations of c rys ta l s and various e lec t r ica l p a r a m ­
e te r s have been t r ied to obtain a good signal in a highly attenuating specimen 
using uranium in place of plutonium. The proper exper imental setup has 
been worked out for the uranium specimen, the subsequent stage being the 
actual measu remen t of sound velocity and attenuation on a plutonium spec­
imen in a glovebox alloted for this purpose. 

A plutonium spec imen- | in, in diameter and-g- in, thick is 
being p repa red for this exper iment . Twenty mc ul t rasonic energy will be 
used for the t ime delay m e a s u r e m e n t s . Fur the r improvements in the method 
of generation and detection of the sound undoubtedly will be made but the 
p resen t equipment seems to be adequate for the purposes of the experiment. 

(2) Imaging Studies - An ul t rasonic imaging technique employing 
an ul traviolet excited phosphor whose luminescence is quenched by ul t rasonic 
radiation has been briefly studied. This technique appears to be appreciably 
l ess sensit ive than photographic methods because it was necessa ry to use 
lenses to concentrate the ul t rasonic energy in order to obtain sufficient 
intensity for detection. A threshold sensit ivity in the o rder of 5 to 10 w a t t s / 
cm^ appeared neces sa ry . 

The use of photographic paper exposed to ul t rasound in a 
developer solution has a lso been studied. The action of the ul t rasonic rad i ­
ation is to acce le ra te the development of the paper . Although the threshold 
sensit ivi ty of this technique seems to be in the same order of magnitude as 
that of other photographic methods, it is much faster than the other film 
techniques being used. Exposure t imes in the o rder of 20 to 30 seconds a r e 
common for the photographic paper technique as opposed to 5 to 10 minutes 
for the photographic film method. Fur ther studies of this imiaging technique 
employing metal t es t objects a r e now in p r o g r e s s . 

The inspection facility employing the continuously pumped, 
e lectronical ly scanned ul t rasonic pickup tube at Northwestern University 
has been modified so that tes t objects can be inse r t ed into the u l t rasonic 
beam in an eas ie r manner . Initial observat ions indicate that 3 to 5% thick­
ness var ia t ions in 1 in. a luminum can be detected by visual observat ion of 
the kinescope presenta t ion. Fu r the r studies with other tes t objects a r e now 
in p r o g r e s s . 

Attempts to seal quartz p iezoelec t r ic windows on glass 
tubes for use in a sealed-off u l t rasonic pickup tube a r e now under way. 
Although no completely sat isfactory seals have been made as yet, par t ia l 
succes se s with soldering techniques have been encouraging. 



39 

b. Lamb Waves - The last s e r i e s of t es t s comparing Lamb Waves 
and shear waves in small diameter thin-walled tubing were completed and 
analyzed, (ANL-6516 Annual Report for I96I) . These investigations were 
concerned with LD. t r a n s v e r s e and longitudinal sim.ulated c racks in 1100 Al 
tubing having an O.D. of 0.5 in. and a wall thickness of 0,032 in. Simulated 
t r a n s v e r s e c racks were made on the LD, wall by means of a special device 
which fits into the tube. These defects subtend a centra l angle of 60". 

It was found that with longitudinal flaws, a defect signal was r e ­
ceived not only at a Lamb or a shear wave angle of incidence but at any angle 
of incidence; the amplitude of the signal was constant. The position of the 
t ransducer is such that sound does not enter at d, the thickness of tube wall, 
but ra ther at some value of thickness l a rge r than d. This difference in d is 
a function of the angle of incidence. This factor coupled with the beam spread 
of the unmasked t ransducer gives a range of fd products and the angles of 
incidence at one position of the t r ansducer . As a resu l t the re is more than 
one type of wave motion in the tube at a given angle of incidence, and there 
is propagation r ega rd l e s s of angle of incidence. Power lim.itations of the 
reflectoscope used did not pe rmi t masking and collimating the beam; this 
might el iminate this problem, ent irely. 

For LD, t r a n s v e r s e defects, it was found that, in general , defects 
less than 0.001 in. in depth were located using Lamb waves but could not be 
located with shear . Defects g rea te r than 0.001 in. were readily and easi ly 
located by both methods. 

c. Neutron Techniques - The neutron beam facility at JUGGERNAUT 
reac tor is now in operation. The neutron intensity at the reac tor face is in 
the o rder of lO'̂  n / cm^-sec at a r eac to r power level of 200 KW, The beam is 
confined to about a 2^111. x 4 in. rectangular a r e a and is reasonably uniform 
in intensity within this a rea . The gamima intensity in the beam is low enough 
to pe rmi t the use of d i rec t exposure techniques. 

The construction of a concrete block shielding wall el iminated 
much of the high radiation background initially encountered, and pe rmi t t ed 
the beam catcher to be moved away from, the reac tor wall. This pe rmi t s 
more flexibility in the exposure a r r angemen t s . Fu r the r improvements now 
in use include the operation of a fission counter as a beam monitor and the 
installation of a remote shutter operation control . 

The beam is present ly being used to evaluate the potential u s e ­
fulness of severa l t ransfer exposure techniques which could not be used with 
the lower neutron intensity available at the radiographic facility in the CP-5 
reac tor . Additional data a re also being taken to compare the re la t ive photo­
graphic speeds of severa l techniques in the two different neutron beams . 



40 

C. H e a t E n g i n e e r i n g and F l u i d F low 

1. A x i s y m m e t r i c F r e e Convec t ion Hea t T r a n s f e r Study 

The a x i s y m m e t r i c l a m i n a r f r e e convec t ion h e a t t r a n s f e r s tudy of a 
l iqu id m e t a l f lowing a long a th in v e r t i c a l c y l i n d e r h a s b e e n r e p o r t e d in 
A N L - 6 4 7 3 ( P r o g r e s s R e p o r t for N o v e m b e r , 1961), The K a r m a n - P o h l h a u s e n 
i n t e g r a l m e t h o d for the so lu t ion of the b o u n d a r y l a y e r equa t ions has b e e n 
u s e d . It w a s conc luded a t tha t t i m e tha t the i n t e g r a l m e t h o d w a s not r e ­
l i ab l e for s m a l l v a l u e s of the p a r a m e t e r 

i - Z"' x / r o Gr ^^ , 

w h e r e x i s the a x i a l d i s t a n c e a long the pin, r^ i s i t s r a d i u s , and Gr^^ i s the 
G r a s h o f n u m b e r b a s e d on x a s the c h a r a c t e r i s t i c d i m e n s i o n . The a n a l y s i s 
h a s b e e n ex t ended to ob ta in m o r e r e l i a b l e hea t t r a n s f e r r e s u l t s for s m a l l 
v a l u e s of the p a r a m e t e r | . To th i s end, the p e r t u r b a t i o n t echn ique i s be ing 
e m p l o y e d to ob ta in the so lu t ion of the b o u n d a r y l a y e r e q u a t i o n s , 

2, F a s t R e a c t o r T e s t F a c i l i t y H e a t T r a n s f e r 

The t h e r m a l conduc t iv i ty of powder fuels c a l c u l a t e d by the m e t h o d 
of Kunii and S m i t h i n d i c a t e s t ha t p a r t i c l e s i z e s on the o r d e r of 0.02 c m 
and s m a l l e r a r e r e q u i r e d to m i n i m i z e the c o n t r i b u t i o n due to t h e r m a l r a d i ­
a t ion . H o w e v e r , i t w a s found tha t t h i s m e t h o d y i e ld s r e s u l t s wh ich a r e not 
in good a g r e e m e n t wi th m u c h of the da ta ex i s t i ng on p o w d e r s in th i s s i z e 
r a n g e . Al though the d i s c r e p a n c i e s m a y be a c c o u n t e d for by the fac t t h a t 
m o s t of the da t a w a s b a s e d on b l e n d s of m i x e d p a r t i c l e s i z e s , a m o r e c o n ­
s i s t e n t c o r r e l a t i o n i s p r e s e n t e d by Laubitz . '^ T h i s c o r r e l a t i o n i s s u b s t a n ­
t i a t e d v e r y w e l l by the Laub i t z da ta for v a r i o u s c e r a m i c p a r t i c l e s ( m e a n 
d i a m e t e r s f r o m 0,01 to 0.04 cm) in a i r to 1100°C, r e a s o n a b l y w e l l by s o m e 
NACA da ta on UOg in a r g o n , but c o n s i s t e n t l y o v e r p r e d i c t s o t h e r da ta on 
fine s i l i con c a r b i d e p o w d e r in a i r and h e l i u m . 

On the b a s i s of the Laub i t z r e l a t i o n i t i s e s t i m a t e d tha t the ef fects 
of t h e r m a l r a d i a t i o n in UO2 o r UC p o w d e r s w i l l be n e a r l y e l i m i n a t e d for 
p a r t i c l e s i z e s 0,01 cmi o r s m a l l e r , even a t 1200°C, P a r t i c l e s i z e of t h i s 
o r d e r m a y a l s o r e d u c e the "wal l effect" of the fuel tube on conduc t iv i ty to 
a point w h e r e i t m a y be i g n o r e d . It a l s o a p p e a r s t h a t t he effect of the r e l a ­
t i ve ly h igh conduc t iv i ty of UC i s s u b s t a n t i a l l y d i m i n i s h e d in the p o w d e r f o r m , 
and for 0 . 0 1 - c m p a r t i c l e s in a r g o n the conduc t iv i ty of both UC and UO2 i s 
e s t i m a t e d to r a n g e l i n e a r l y f r o m a p p r o x i m a t e l y 0,0024 w/ (cm)(°C) a t 0°C to 
0,0075 w / ( cm) ( °C) a t 1200°C. T h i s would a l low 60% d e n s e fuel r o d s of ' 
1,2 c m d i a m e t e r to r e a c h a c e n t r a l t e m p e r a t u r e of 1200°C (with 400°C c o o l ­
ant) a t a p o w e r d e n s i t y of about 90 k w / l i t e r of fuel, a p o w e r d e n s i t y Of 
i n t e r e s t to the F A R E T D r i v e r - B u f f e r Concep t . 

1 Daizo Kunii and J. M. Smith, "Heat Transfer Characteristics of Porous Rocks," AiCH.E. Journal _6, 
No, 1, 71-78 (1960), 
M. J, Laubitz, "Thermal Conductivity of Powders," Canadian Journal of Physics, Vol. 37 (1959). 
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D. Chemical Separations 

1. Fluidization and Volatility Separations P r o c e s s e s 

a. Fluoride Separations - The separat ion of mixtures of the hexa-
fluorides of uranium and plutonium by the rmal decomposition has been 
further tested in severa l exper iments . The uranium concentration of the 
solid plutoniuin tetraf luoride produced by the rmal decomposition of hexa-
fluoride mixtures at 300°C increased with the res idence time of the mix­
ture in the vesse l . When hexafluoride mixtures containing g rea te r than 
90 percent uranium were c i rculated through a vesse l at 300°C, solid plu­
tonium tetrafluoride was produced with a uranium content varying from 
0.091 to 1,3 percent for res idence t imes of 0,88 and 6,6 rninutes, 
respectively. 

Six p re l imina ry exper iments were c a r r i e d out on the the rmal 
decomposition of uranium hexafluoride vapor at about 330°C. The initial 
p r e s s u r e of uranium hexafluoride in each experiment was 50 mm at 300®K. 
The react ion t ime in each case was five hours . All of the exper iments w'ere 
ca r r i ed out in the same nickel vesse l in which the products of the react ion 
were allowed to accumulate . The integral decomposition ra tes decreased 
throughout the set of experimients from 0.075 to 0.020 percent of the initial 
uranium hexafluoride consumed per minute. The rat io of moles of res idual 
gas produced to moles uraniuixi hexafluoride consumed decreased from 0.61 
to 0.35 during the s e r i e s . The decrease in ra te may be due to side react ions 
occurr ing such as uranium hexafluoride react ing with the nickel vesse l . 

b. Direct Fluorination of Uranium Dioxide Fuel - A l-|--in. fluid-
bed apparatus has been built for laboratory studies of the fluorination step 
of the Direct Fluorinat ion P r o c e s s . The apparatus will be used to f luori-
nate pellets of uranium dioxide containing plutonium dioxide and fission 
product element oxides. 

Fluorinat ions of crushed uranium dioxide pellets with and with­
out the presence (for heat removal) of an Alundum bed were made. A study 
was made of the react ion ra te for uranium dioxide pellet fragments of s izes 
-g--in. and l a rge r and for beds containing crushed pellets and fines. As ex­
pected, the p resence of fines in the crushed pellet charge mater ia l ly in­
c reased the react ion r a t e s . Declad pellets would probably consist of 
fragments and fines ra ther than whole pel le ts . Because of the snaall void 
space in a packed bed consisting of these f ragments , fluidization of the in­
er t alundum bed in the in te rs t i ces would be inhibited and this would make 
good t empera tu re control difficult. To overcome this problem, a scheme 
is proposed in which the pellets a r e oxidized p r io r to the fluorination step. 
The oxidation of uranium dioxide produces UjOg which is in the form of fines. 
When the uranium oxide is in the form of fines, good fluidization is possible , 
hence a more uniform react ion ra te should be obtained. Oxidations of 
crushed pellets were ca r r i ed out with and without an iner t bed. The ra te of 



42 

oxidation with the presence of an iner t bed at 450°C using 20 volume percent 
oxygen in nitrogen was found to be faster by a factor of three than the fluori­
nation reaction and would therefore be adequate for p rocess use, Elutriation 
of the U3O8 fines from the Alundum bed was found to be independent of the 
ra te of formation of UsOg. When the oxidation reaction was ca r r i ed out with­
out the presence of an iner t bed, the UjOg fines formed were not ca r r i ed out 
of the reaction zone but ra ther remained as a compact cake. 

A new se r i e s of pilot p lant-scale runs is underway in continuing 
studies designed to optimize p rocess conditions in the direct fluorination of 
uranium dioxide pellet fuel. In these runs, additions of pellets were made 
during the run to keep the pellet bed height constant in order to establish 
the effect of other p rocess var iables on s teady-s ta te fluorination behavior. 
Steady-state fluorination is defined for this purpose as an operating period 
of at least four hours during which operating conditions, including uranium 
hexafluoride production ra tes and fluorine efficiencies, remain constant. 
Continued operation by this procedure resul ts in a size distribution of residue 
pellets , a condition probably comparable to having a feed of cracked and 
broken pel lets . 

In three runs using 6-in, pellet beds at SOO^C with 10 percent 
fluorine in nitrogen (no oxygen or recycle), the effect of gas ra te on urani ­
um hexafluoride production ra tes was measured in s teady-s ta te periods 
for three total gas velocities of 0.5, 1.0, and 1.35 f t / sec . In these runs the 
production ra tes increased with about the™ power of the gas velocit ies. 

Two runs were made to determine the effect of varying oxygen 
contents of the fluorine feed on fluorine efficiency and uranium hexafluoride 
production (see Table X). Caking tendencies were shown in the 13 percent 
oxygen run (Run 60) but not in the 5 percent oxygen run (Run 59). Fur ther 
runs a re planned to define satisfactory conditions of pellet bed height and 
oxygen concentration. 

T a b l e X. R e s u l t s of U r a n i u m Dioxide P e l l e t F l u o r i n a t i o n Runs 
U s i n g O x y g e n in the F l u o r i n e F e e d Without R e c y c l e 

A l u n d u m Bed H e i g h t : ^ 24 i n c h e s 
P e l l e t Bed Heigh t : 6 i n c h e s 
T e m p e r a t u r e ; 500°C 
F l u i d i z a t i o n V e l o c i t y : ^ 1 f t / s e c 

Run 
No. 

59 
60 

D u r a t i o n 
(hr ) 

5 
2 

Fz 

20 
15 

In le t G a s 
C o m p o s i t i o n 

Oz 

5 
13 

{%) 

N2 

75 
72 

F l u o r i n e 
Eff iciencv'^ 

(^o) 

53.5 
75.6 

UFfe 
P r o d u c t i o n Ra te 
[ l b / { h r ) ( s q ft)] 

37.2 
40.2 

3-Based on e m p t y c o l u m n . 

"At o p e r a t i n g c o n d i t i o n s . 

' - F l u o r i n e e f f i c i ency i n f o r m i n g u r a n i u m h e x a f l u o r i d e . 
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Supporting studies in mock-up systenas a re planned to examine 
some of the effects of uranium oxide fines in fluidized-packed bed sys tems . 

c. Plutonium Pilot Plant Faci l i ty - Work on the installation of the 
plutonium pilot plant facility is proceeding. Final cor rec t ions of work on 
the "phase one" room modification contract a re being completed. P r e p a r a ­
tions for installat ion of completed i tems of p rocess equipment (including 
the fluorinator) a re being made. The "phase two" contract for service in­
stallations which involves almost all construction work except that done 
inside the boxes is being p repared by Plant Engineering. Cur ren t Cri t ical 
Path Analysis indicates a final completion date in the middle of 1963. 

d. Separation of Uranium from Zirconium Alloy Fuels 

(1) Studies of Chlorination and Fluorinat ion Steps with Down-
Flow Fixed-Bed F i l t e r s - Current work on the two-s tep chlorination-
fluorination scheme for r eprocess ing u ran ium-z i rcon ium alloy in the 
l y - i n c h - d i a m e t e r fluid-bed column is concerned with further study of 
the effect of the use of phosgene in the chlorination step on overal l u r a ­
nium behavior in the sys tem. Phosgene was fed with hydrogen chloride 
in a 1:4 ra t io during the 5-hr initial react ion period (chlorination) and 
then used alone for an additional per iod of 3 hr pr ior to fluorination. All 
of the react ions were conducted at 400°C. For a s e r i e s of runs conducted 
(atypically) without the s ta t ic-bed filter in place but using the empty filter 
section (also maintained at 400°C) as a "sett l ing" chamber , r e su l t s indi­
cate that u ran ium lo s se s , as detected by the uranium concentration in the 
zirconium te t rachlor ide condenser , were significantly higher with the in­
troduction of phosgene as a chlorinating agent. Typical data showed a 
loss of 0.83 weight percent of the original u ran ium charge when hydrogen 
chloride alone was used whereas losses inc reased to 14 weight percent 
when phosgene was used after hydrogen chloride and increased further to 
44 weight percent when a mixture of hydrogen chloride and phosgene was 
used followed by an off-gas phosgene t rea tment . Resul ts also showed that 
losses to the off-gas water scrubber (a packed unit down-s t ream of the 
zirconium te t rachlor ide condenser) inc reased with increased duration of 
the hydrochlorination period indicating this react ion period should be 
minimized. 

Investigation of the causes for halogen ignitions encountered 
upon venting the uranium hexafluoride cold t r aps after the fluorination steps 
p repa ra to ry to hydrolyzing is continuing (see P r o g r e s s Report , June 1962, 
ANL-6580, page 44). P re l imina ry data from inf ra - red analysis of vapor 
saiTiples taken from the cold t r aps at -80°C, 0°C, and at room t empera tu re 
show the p resence of chlorine t r i f luoride which could be a contributing 
factor to the ignitions. Revised t r ap purging aind handling techniques a re 
being instituted, a lso p re t rea tmen t with hydrogen fluoride will be used to 
expel the major portion of chlorine before fluorination and thus minimize 
the possibil i ty of forming mixed halogens. 
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(2) Fluid-Bed Hydrolysis of Zirconium Tetrachlor ide - Fluid-
bed hydrolysis studies of the conversion of zirconium te t rachlor ide to the 
dioxide by reaction with s team were continued in the 6-inch dianaeter 
column (see P r o g r e s s Report , May 1962, ANlj-6573, page 39). The effect 
of p rocess var iables is cur rent ly being measured by the quantity of fine 
ma te r i a l (-200 mesh) produced during a run as opposed to the fraction r e ­
maining in the bed par t ic les as an adherent coating. A base- l ine at tr i t ion 
run on a zirconium oxide-coated aluminum oxide bed showed that about 
5 percent of -200 mesh mate r ia l was produced in a 6-hr period at 350°C 
with no te t rachlor ide feed and 2.5 scfm fluidizing gas r a t e . The quantity of 
fines found in the final beds in other runs which investigated bed t empera ­
ture (250 to 350°C), s team excess (2.1 to 5.3 t imes the s toichiometr ic r e ­
quirement) and zirconium te t rachlor ide feed rate (1.8 to 3.3 kg/hr ) was 
found to be affected only by higher feed ra t e s in that higher ra tes resul ted 
in g rea te r fines production (the maximum value at 3.3 kg /h r feed ra te was 
15.9 percent of -200 mesh ma te r i a l for a 3-hr run using fresh AI2O3 fluid 
bed). Satisfactory operation (no p r e s s u r e buildups) of the unit prevai led 
with the continued use of high filter blowback air p r e s s u r e (80 psig as 
compared to 30 psig used previously) , 

2. Chemical Metallurgical P r o c e s s Studies 

a. Chemis t ry of Liquid Metals - Thermal analysis of 7.4 and 
60 atom percent tanta lum-zinc alloys gave thermal a r r e s t s at about 600, 
670, and 760°C. The zinc- tantalum system apparently consis ts of at least 
five in termetal l ic phases which decompose peri tect ical ly. The resu l t s of 
an X- r ay examination of z inc- tantalum compacts having a wide range of 
zinc to tantalum atom ra t ios also indicate the existence of at l eas t five z inc-
tantalum intermetal l ic compounds. 

An experiment was performed to establish the s toichiometry 
of the z i rconium-i ron precipi ta te which is formed when iron is added to a 
solution of zirconium in liquid zinc. It was found that the precipi ta te con­
tains approximately two atoms of iron to one atom of zirconium, although 
the data do not indicate whether or not the precipi tate also contains zinc. 
It was found that zirconium is quantitatively removed from liquid zinc by 
the addition of iron. 

The solubility of zirconium in liquid magnasiuin-zinc solutions 
of nominal 20 and 30 weight percent naagnesium content has been measured 
as a function of t empera tu re . In 20 weight percent magnes ium-z inc solution, 
the solubility va r ies from 1,6 to 0.02 weight percent zirconium at t empera ­
tu res of 758 to 584°C, while in a 30 weight percent ma.gneslum-zinc solution 
it va r i e s from 0.9 to 0.002 weight percent zirconium at t empe ra tu r e s of 
764 C to 482°C. These values may be compared with the values of 
0.49 weight percent zirconium at 709°C and 0.02 weight percent at 
422 C in 50 weight percent magnes ium-zinc solution which were repor ted 
in P r o g r e s s Report for Feb rua ry , 1962, ANL-6525, page 48. The existence 
of severa l equil ibria in termeta l l ic phases is indicated. 
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Metallographic examination of z inc-magnes ium-uran ium alloys 
has revealed the existence of a t e rna ry solid phase. A saxnple of this new 
phase has been isolated for chemical analysis . 

The magnetic susceptibili ty of two additional samples of UCdu 
was measured over the t empera tu re range 2.3°K to 296.2°K (see P r o g r e s s 
Report for March 1961, ANL.-6343, page 76 for prelimiinary data). The new 
data show Cur ie-Weiss behavior [X = c/(T - A)] with C = 1.77g and 
A - 41.2°K fromi 4.2°K to room t empera tu re . The Bohr magneton number 
for the uranium is calculated to be 3.78. The magnetic data may be in te r ­
preted on the basis of an 5f̂  (̂ H4) configuration for uranium in the compound. 
A comparison of measu red re su l t s with theoret ical equations indicates that 
the uranium atoms are per turbed by a crysta l l ine field of cubic symmietry. 
The overall splitting of the ^H4 multiplet caused by this per turbat ion is 
approximately 221 cm"''. The new data on the magnetic succeptibili ty of 
UCdii is considered to be more rel iable than the previously repor ted data. 

Exper iments with a new effusion cell with small orifice a r e a 
have shown the following intermediate phases in the praseodymium-zinc 
system: P r Z n u , Pr2Zni7, PrZn4.3, PrZns.s , PrZn2, and P rZn . The use of 
the new cell resolved the two solubility ranges PrZn3.4„5.6 and PrZn6.9-7.4 
repor ted previously (see P r o g r e s s Report for August 1961, ANL-6409, 
page 57) into the line compounds PrZn4.3 ^-^^ PrZn3,5. These r e su l t s a re 
in good agreement with X- ray data. 

b. Metal Distil lation Studies - The induction coil for the l a r g e -
scale cadmium distil lation unit was p l a s m a - a r c sprayed with aluminum 
oxide to increase its emiss iv i ty and thereby allow higher power inputs 
without overheating of the induction coil. Fo r the aluminum oxide-coated 
coil, power inputs of 30 and 35 kilowatts were obtained in two runs , as 
compared with 18 to 22 kilowatts for the uncoated coil. The higher power 
inputs gave cadmium evaporation r a t e s of 69.5 and 86.5 k i lograms per 
hour, as compared with evaporation ra t e s of 25 to 43 ki lograms per hour 
for the induction coil when its surface was not oxidized. 

c. Calor imet ry - A second se r i e s of combustions of aluminum in 
fluorine has been completed. The p re l imina ry value for the heat of forma­
tion of aluminum fluoride, -359 kca l /mole , ag rees reasonably well with the 
l i t e ra tu re value of -35 7 kca l /mole . 

Techniques for the combustion of niobium and tantalum in 
fluorine have been developed, and samples for the ca lo r ime t r i c exper i ­
ments a re being prepared . 



3. General Chemis t ry and Chemical Engineering 

a. Conversion of Uranium Hexafluoride to Uranium Dioxide 

(1) Simultaneous Reaction Studies: P repara t ion of High-
Density Pa r t i c l e s - Development studies continued on a fluid-bed m.ethod 
for prepar ing high density, spheroidal uranium dioxide par t ic les direct ly 
from uranium hexafluoride. The scheme involves simultaneous react ion 
of s team and hydrogen with the hexafluoride. Byusing higher t empera tu re s , 
700°C as compared to 650°C, a further increase in par t ic le density to 
9.7 g /cc , (88.5 percent of theoret ical density) from a previous high of 
9.5 g/cc has been achieved. 

(2) Fluid-Bed Calcination Studies in Smal l -Diameter Columns -
These studies have been discontinued in favor of other studies of a more 
general in teres t . 
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IV. PLUTONIUM RECYCLE 

Plutonium Recycle Study - To obtain approximate values of the 
plutonium feed enrichment neces sa ry to maintain an EBWR type reac tor 
cr i t ica l for various degrees of burnup, severa l CYCLE problems were run 
assuming a uniform l inear mode of operation and utilizing three group c r o s s 
sections from a previous EBWR Core 2 ana lys i s . The n e c e s s a r y feed en ­
r ichment var ied from 2.2% to 6.8% depending upon the reac tor power and 
the specified fuel burnup. Enr ichments in this range can be obtained in 
fast reac tor blanket e lements . 

These calculations will be repeated using a 4-group c ro s s section 
set obtained by use of the MUFT and SOFOCATE codes . The break points 
between groups a r e at 0.183 Mev, 1.44 ev, and 0.625 ev. An analysis of the 
MTR plutonium loaded core using c ro s s sections obtained from MUFT-
SOFOCATE resu l t s in a calculated excess react iv i ty 2% le s s than the ex­
per imenta l value. To produce agreemient it is n e c e s s a r y to inc rease the 
fission c ros s section of Pu^^' obtained from SOFOCATE by 3%,' such an in ­
c rease is appropria te and is confirmed by other studies (CEND-146). 

For a typical sys tem ( V H J O / V U O Z " ^' ^Zr/^lJOz "̂  ^•^'^'' ^ ° ^ 
diameter = 1.27 cm), the range of variat ion of group c r o s s sections for the 
various ma te r i a l s has been determined for a wide range of Pu and Pu 
enr ichments (l.5%->7.0% Pu^^'i 0.1->1.0% Pu^^°). The microscopic c r o s s 
sections of XĴ ŝ 3_ĵ ^ Pu^^' were approximately constant over the ent i re 
range , but o^ var ied considerably in groups 2 and 3 as did the t ransfe r 
c ros s section, 23_^ andS^^ in group 3 for the homogenized m a t e r i a l . 
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V. ADVANCED SYSTEMS RESEARCH AND DEVELOPMENT 

A. Argonne Advanced Research Reactor ( A A R R ) 

1. Faci l i ty Design 

The final r epor t by the United Nuclear Corporation on its P re l iminary 
Feasibi l i ty and Cost Study on AARR, UNC-5024, has been received. The r e ­
port p resen ts the cur ren t design of the AARR facility by means of drawings 
and accompanying descr ipt ion ma te r i a l . A detailed construction schedule 
shows that if Title I design is initiated in November, 1962, normal full-power 
operation of the plant can be achieved in August, 1966. A detailed cost e s t i ­
mate is also included. Copies of the repor t have been forwarded to the AEC, 
together with a rev ised Schedule 44 Construction Project Data Sheet. 

2. Research and Development 

a. Core Physics Calculations - Analyses show that the use of hafnium 
shields to line the flux t r ap and surround the core will reduce the peak power 
and keep the power distr ibution near ly constant with burnup. Unfortunately 
the shields also reduce the peak thermal flux and react ivi ty severe ly; thus 
it appears that such shields will be useful la rge ly for reduction of local peaks 
at c o r n e r s . Graded fuel concentration will have to be used for the over-a l l 
power peak reduction. 

An analysis of the response to react ivi ty excursions shows that 
at r amp r a t e s up to 10 cents per second incipient boiling does not take place 
until at least three seconds have elapsed; this is ample t ime for the control 
sys tem to respond. The reac tor period under these conditions is of the 
order of 1 0 sec , so that indication of an excursion would be most rel iably 
obtained from hot channel exit t empera ture indicators or flux level monitor s. 

b . Cr i t ica l Exper iment - Because of budget r e s t r i c t i ons , a decision 
has been made to delay order ing of fuel for the AARR cr i t ica l experiment 
until the la t ter half of FY 1963, so that the miajor portion of the fuel will be 
del ivered after the beginning of FY 1964. It is believed that the resul t ing 
delay in start ing experimentat ion can be made up by a more intensive effort 
during a shor te r experiraental period, so that the schedule for specifying 
and ordering the f i rs t core for the reac tor will not be affected. 

The intervening period will be util ized to p repare a cell for the 
experiment , and to develop less expensive fuel elements for the cr i t ica l 
exper iments . 

c. Core Hydraulic Tests - Hydraulic flow tes t s were conducted on 
a s tainless s teel dummy fuel subassembly with no end boxes attached. The 
flow was var ied from about 23 f t / sec (7 m / s e c ) to 43 f t / sec (l3 m / s e c ) 
through the subassembly while the coolant t empera tu re ranged from 90°F 
(32°C)to 2 1 0 ° F ( 9 9 ° C ) . P r e s s u r e drop data and motion pictures were obtained. 
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Analysis of the data indicates that p r e s s u r e drops under such 
flow conditions can be predicted by cus tomary re la t ionships ; exper imenta l 
and calculated values agreed within + 4%. F r o m the measu red data a p r e s ­
sure drop of 80 psi (5.4 atm) was obtained for the subassembly without end 
boxes, in contras t to the 70-psi (4.8 atm) p r e s s u r e loss given in ANL-6451* 
for an aluminum tes t sect ion. It was es t imated that the "keys" used to 
fasten the plates together accounted for ^15% of the total p r e s s u r e drop. 

Stroboscopic examination of the s ta inless s teel section under 
flow conditions showed no vibration or detectable deformation of the sub­
assembly during tes t , in cont ras t with ea r l i e r t es t s on an aluininum sub­
assembly (see P r o g r e s s Report for December , 196] , ANL-6485). Pos t - t e s t 
measu remen t s showed no permanent deformations. The design appears to 
be adequate, at l eas t under i so thermal conditions. 

B. Direct Conversion Studies 

The descr ipt ion of exper iments in which heat is converted d i rec t ly 
to radio frequency power in a p lasma diode was previously descr ibed in 
ANL-6525 (P rog re s s Report for February , 1962). The diode consis ted of 
a tantalum emi t te r , a copper collector and guard ring and was filled with 
potassiumi vapor (plasma) to neutral ize the space charge and to provide a 
low work function on the collector and guard r ing . A new se r i e s of e x p e r i ­
ments were perforined with this apparatus in which ces ium vapor was sub­
stituted for the potass ium -with an emiit ter-collector distance of 2.1 m m . 

Emit te r t e m p e r a t u r e , ces ium p r e s s u r e , and the voltage between 
emit ter and collector could be var ied . A se r i e s of exper iments were p e r ­
formed keeping the cesium p r e s s u r e and einit ter t empera tu re constant, 
and varying the applied voltage between the collector and grounded emi t te r 
from about +5 to -5 vol ts . The vo l tage-cur ren t cha rac t e r i s t i c curves of the 
cell were t raced by an X-Y r e c o r d e r . 

The difference between the emi t t e r and collector work functions 
could be determined from the observat ions made at the knee of the c h a r a c ­
te r i s t i c curve and was found to be between 2.7 to 2.8 vol ts . Assuming an 
emit ter work function of 4.2 volts , this would indicate the work function of 
the collector was 1.5 vol ts , which is slightly lower than noted in most 
published r e p o r t s . 

Additional exper iments were performed keeping the ces ium p r e s s u r e 
constant, but increas ing the emit ter t empera tu re (and cu r r en t ) . The emi t t e r 
t empera tu re was var ied from about 1600°K to 2400°K. Subsequently the 
ces ium p r e s s u r e was increased from about 10"^ m m Hg to 10"^ m m Hg and 

D. H. Lennox, etal.^ "Status Report on the Argonne Advanced Research 
Reac tor , " ANL-6451 (November, 196l) . 
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the s e r i e s of measu remen t s were repeated; r - f oscil lat ions were observed 
and their frequencies, r m s voltages and power maxima determined. 

As in the case with the potass ium, the r - f frequency decreased with 
decreas ing d-c voltage and increased with electron emiss ion (current) . The 
frequency, however, somet imes var ied in an i r r egu la r fashion. The shape of 
the waves would vary from near ly sinusoidal to ra ther complicated fo rms . 
At the higher vapor p r e s s u r e s , the frequency of the output could not be de t e r -
rained, but an r - f voltage was recorded on the r m s vo l tmeter . The ra t ios of 
the d-c to r - f power maxima did not exceed 12%, considerably l e s s than the 
25% rat io observed with the potass ium cel l . 

Oscillations were also observed when the collector was biased from 
-5 to -10 volts with r e spec t to the emi t te r , i .e . , more negative than the open 
c i rcui t voltage of approximately -3.7 vol ts . The oscil lat ions appeared to be 
of the order of 300 to 400 kc on which other frequencies between 50 to 70 kc 
were super imposed. 



51 

VI. NUCLEAR SAFETY 

A. Thermal Reactor Safety Studies 

1. Metal Oxidation and Ignition Studies 

Studies of the oxidation and ignition of plutonium a re continuing (see 
P r o g r e s s Report , Apri l 1962, ANL-6565, page 51). Shakedown runs with 
uranium and prel i ra inary runs with plutonium have been performed in a 
cell on the microscope s tage . The s t ra in-gauge p r e s s u r e measu remen t of 
the oxygen consumption and the microscopic observat ion procedures have 
been tes ted . Previous work has shown that oxidation occurs in two dist inct 
stages at 140 and ]85°C. P re l imina ry resu l t s from plutonium oxidations at 
oxygen p r e s s u r e s of 20, 150, and 740 m m indicate a p r e s s u r e dependence 
of the second stage ra te at 185°C. The r a t e s var ied from 8.3 to 21 .5 m g / 
(sq cm)(min) at 20 and 740 m m p r e s s u r e , respec t ive ly . No appreciable 
effect of p r e s s u r e was observed in the f i rs t s tage. Simultaneous obse rva ­
tion and oxidation measu remen t s a re expected to provide some insight as 
to the p roces se s occurr ing . 

2. Metal-Water Reaction Studies 

Studies of the s ta inless s tee l -water react ion by the condenser d i s ­
charge method a re continuing (see P r o g r e s s Report , Apri l 1962, ANL-6565, 
page 50). Runs were made with 30- and 60-mil wi res in heated water . Runs 
were performed in pa i r s in which the only var iable was the water t e m p e r a ­
tu re : one run in water at 100°C (15 psia) and the other in water at 200°C 
(225 psia) . No difference in the r e su l t s between runs in water at 100°C and 
200°C was found which is in agreement with previous r e su l t s repor ted for 
z i rconium. Runs in water at 315°C (1500 psia) a re planned for the near 
futur e. 

Somewhat grea te r react ion occur red in heated water than in s imi la r 
runs in room- te rape ra tu re wate r . This finding was consis tent with previous 
resu l t s with zirconium and uran ium. The difference between the extent of 
react ion in heated water and in r o o m - t e m p e r a t u r e water , however, was much 
l e s s in the case of s ta inless s teel . The total extent of react ion at very high 
initial metal t empera tu re s for s ta inless steel runs (e.g., 40% react ion at an 
initial metal t empera tu re of 3500°C, mean par t ic le dianaeter about 200 jJ.) was 
much l e s s than with z i rconium or uranium under s imi lar conditions. These 
two facts indicate that react ion is controlled p r imar i ly by a chemical r a t e 
law at the inetal surface even at very high t e m p e r a t u r e s . Gaseous diffusion 
of water vapor through the evolving hydrogen appears to be l e s s important 
in the s ta inless steel case than in the uraniuaxi and z i rconium c a s e . 

In-pile studies of meta l -wate r react ions in the TREAT facility a r e 
continuing. Two exper iments with z i rconium -10.65 weight percent uranium 
alloy plates extended previous data (see P r o g r e s s Report , May 1962, 
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ANL-6573, page 52). A total of five exper iments have been conducted. At an 
energy (calculated) of 895 ca l /g , 67.2 percent of the plate reac ted . At e n e r ­
gies below th is , and as high as 715 ca l /g , the plates had only reac ted to the 
extent of 11.5 percent . 

B. Fas t Reactor Safety Studies 

1 . Experinaental Meltdown Progra ra 

Transient in-pile experimients a r e being performed in the TREAT 
reac tor in order to study the iraportant mechanisms which produce failure 
in fast reac tor fuel elements and govern the motion of the meltdown products . 

a. Meltdown Exper iments on P re - I r r ad i a t ed EBR-II Elements - The 
three i r rad ia ted EBR-II Mark-I fuel elements which had been remote ly 
assembled in opaque capsules (see P r o g r e s s Report for June, 1962, 
ANL-6580) were run in TREAT. Equipment for use in handling the samples 
at TREAT, and in loading them into the reac tor core worked smoothly with 
a minimum of difficulty. The capsules were received at Argonne and p r e p ­
ara t ions a re underway to perform the pos t - i r rad ia t ion examination. TREAT 
i r rad ia t ion conditions for the samples were as follows: 

Maxinaum Sample 
Est imated Burnup Reactor Energy Cladding Tempera ture 

Sample (at-%) Release (Mw-sec) Recorded (^C) 

1 0.5 44 840 

2 0.5 50 910 

3 0.5 66 1120 

Sample burnup is est imated above on the basis of nominal MTR ir radia t ion 
conditions, cor rec ted by r e su l t s of relat ive gamma ray activity of samples . 

b . Photographic Meltdown Experiments on Uranium Oxide Fuel 
Samples - The four samples in Ser ies XXXII for surveying failure c h a r ­
ac te r i s t i c s of re f rac tory metal clad ceramic fast reac tor fuel (see P r o g r e s s 
Report for June, 1962, ANL-6580) were run at TREAT. Two samples have 
been received at Argonne, but were not examined during the r epor t period. 
Transient i r radia t ion conditions a r e given in Table XI. 

P re l imina ry study of the photographs from the se r i e s indicates 
that an unacceptably large amount of clouding occurs in the higher t e m p e r a ­
tu re t rans ien ts (e.g. 5 and 6) due to overheating of the high reflectance paint 
lining the t ransparen t capsule . The paint is decomposed in the vicinity 
of the sample by heat t r ans fe r r ed from the sample . 
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l a b l e XI. Trans ien t I r radiat ion Conditions 

Sample 
No. 

1 

1 

3 

3 

3 

4 

Transient 

1 

2 

3 

4 

S 

6 

CI adding 

Nb 

Nb 

Ta 

T a 

Ta 

Ta 

Reactor Enei 
Release 

( \ Iw-sec) 

ISO 

164 

8S 

142 

204 

284 

•py Maximum Recorded 
ClE 

Th« 

idding 

5rnioc 

Tempera tu re 
(°c) 

2170 

2380 

1 2 H 

1880 

2300 

;ouple broke 
ear lv in t rans ient 

2. Mel tdown Equ ipmen t Deve lopmen t 

a. L a r g e Sodium Loop - A l a r g e sod ium loop , de s igned to be a 
s e m i p e r m a n e n t i n s t a l l a t i on a t T R E A T , i s being c o n s t r u c t e d for e x p o s u r e 
of c l u s t e r s of s a m p l e e l e m e n t s in flowing sod ium unde r full E B R - I I d e s i g n 
flow c o n d i t i o n s . Des ign of s e v e r a l co inponen ts w e r e c o m p l e t e d . T h e s e i t e m s 
c o n s i s t of plugging i n d i c a t o r , cold t r a p , and f i s s ion p roduc t gas t r a p . P r e s ­
s u r e v e s s e l mod i f i ca t ions w e r e a l so m a d e . 

The power d i s t r i b u t i o n t r a n s f o r m e r s r e q u i r e d to supply power 
to the l a r g e sod ium loop h e a t e r s w e r e r e c e i v e d and i n s t a l l e d in the r e a c t o r 
bu i ld ing . Work was cont inued on the i n s t r u m e n t a t i o n and c o n t r o l p a n e l s . 

b . T r a n s p a r e n t F a c i l i t y for Photo_graph_y__of E x p e r i m e n t s on P r e -
i r r a d i a t e d S a m p l e s - The des ign of the t r a n s p a r e n t fac i l i ty for u s e in the 
pho tograph ic TREAT e x p e r i m e n t s i s cont inuing on the b a s i s tha t the i r r a ­
d ia ted s a m p l e will be a s s e m b l e d in i t s r e f r a c t o r y m e t a l inner s u b a s s e m b l y 
and s t ee l ou t e r s u b a s s e m b l y at the DuPage s i te and wil l be a l so d i s a s s e m b l e d 
h e r e af ter e x p o s u r e in the T R E A T r e a c t o r . 

3 . Sodium Vapor P r e s s u r e M e a s u r e m e n t 

Diff icul t ies w e r e e n c o u n t e r e d aga in in the o p e r a t i o n of the sod ium 
vapo r p r e s s u r e e x p e r i m e n t . Th i s t i m e , the e l e c t r i c a l conduc t iv i ty dev ice 
for de tec t ing sod ium boil ing began to give e r r a t i c r e s u l t s as high t e m p e r a ­
t u r e s w e r e a p p r o a c h e d . Consequen t ly , two a l t e r n a t e t e c h n i q u e s w e r e i n ­
c o r p o r a t e d into the des ign for de tec t ion of fluid bo i l ing . The f i r s t i s the 
m o n i t o r i n g of the b r e a k in e l e c t r i c a l cont inui ty be tween t h e r m o c o u p l e wel l 
and c r u c i b l e o c c u r r i n g when the sod ium bo i l s away . The second c o n s i s t s 
of r e c o r d i n g the t e m p e r a t u r e of the sod ium in the c r u c i b l e . Ut i l iz ing t h e s e 
two o b s e r v a t i o n s , it h a s been p o s s i b l e to s ee the s i m u l t a n e o u s ending of the 
c o n s t a n t t e m p e r a t u r e boi l ing r a n g e in the " b r e a k " of the e l e c t r i c a l c i r c u i t . 
Using th i s t echn ique the p r e s s u r e r ange f rom 7.5 to 11 a t m was r e c h e c k e d . 
A h i g h e r m e a s u r e m e n t at 1 3 a t m was t e r m i n a t e d when a s m a l l hole opened 
in the s ide of the c r u c i b l e p e r m i t t i n g sod ium to l e a k out . 
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