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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 r o g r e s s which have occur red in 
both the specific r eac to r projects and the general 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 l ea res t , most 
logical ove r -a l l view of p r o g r e s s . The budget classif icat ion 
is followed only in broad outline, and no attempt is made to 
repor t separa te ly on each sub-act ivi ty number . Fu r the r , 
since the intent is to repor t only i tems of significant p rog­
r e s s , not all act ivi t ies a re repor ted each month. In o rde r 
to i ssue this repor 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 resu l t s and 
data presen ted should be understood to be p re l imina ry and 
subject to change unless otherwise stated. 

The issuance of these r epor t s is not intended to consti tute 
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 e p o r t s . 

Previous r epor t s issued 
in this s e r i e s : 

August, I960 ANL-6215 

September, I960 ANL-6234 

October, I960 ANL-6253 

November, I960 ANL-6269 

December , I960 ANL-6295 

January, 1961 ANL-6307 
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I. WATER COOLED REACTORS (040101) 

A. EBWR 

1 . 100 Mw Modifications 

The modifications to the EBWR plant to pe rmi t operat ion at high 
power levels , and thus establ ish per formance cha rac t e r i s t i c s of the s y s -
te3Xi up to 100 Mw, a r e complete except for the p r i m a r y r e b o i l e r s . These 
units a r e being repa i red in the vendor ' s shop and will be re ins ta l led only 
after the Labora tory is satisfied with the integri ty of the uni t s . 

While awaiting approval of the 100 Mw Hazards Summary Report 
(ANL-5781, Addendum-Revised) the reac tor will be put back in operat ion 
at a power level up to about 20 Mw using the core loading now in the r e a c ­
tor (20 spike fuel e lements ) . The purpose is to check out the sys tem and 
inst rumentat ion, and to obtain p re l imina ry operating experience in p r e p ­
arat ion for the high power exper iments . This phase of the operat ion will 
be ca r r i ed out with substantial ly the old EBWR sys tem and hence does 
not depend upon the completion of r epa i r s to the r e b o i l e r s . 

2, Development and Testing 

a. 17-4 PH Investigation - The recent failure of a 17-4 PH tube 
used in the Dresden control rod dr ives has pronnpted an AEC investigation 
of 17-4 PH components on all r e a c t o r s . P r e l i m i n a r y r e su l t s of the inves t i ­
gation indicate that 17-4 PH m a t e r i a l heat t r ea t ed to UOO'^F for one hour 
and air cooled will provide the n e c e s s a r y ductil i ty for r eac to r components 
(previous heat t r ea tmen t - 900°F for one hour and air cooled). 

The increased ductility resul t ing from the higher heat 
t r ea tment (llOO^F) causes a dec rea se in ha rdness which may affect the 
life of wear surfaces of 17-4 PH components on the EBWR rack and pinion 
control rod d r i v e s . 

The EBWR control rod drive tes t facility is being made ready 
to test s eve ra l 17-4 PH r a c k s , pinions, and sea l shafts heat t r ea ted to 
UOO^F and a i r cooled. The t e s t s will be s t a r t ed about the middle of March . 

b . Soluble Poison - The various sys t ems that will be used for 
soluble poison control of EBWR have now been completed. One p r i m a r y 
component of the continuous soluble poison monitor a l a r m , a 31-point 
m e t e r - r e l a y , was defective and has been re turned to the factory for adjust­
ment. The continuous monitor can be operated for p r e l i m i n a r y t e s t s with­
out this component. 



c. Flux Monitoring - A method for monitoring axial neutron flux 
distr ibut ions in a given fuel a ssembly has received p re l iminary study with 
promis ing r e s u l t s . Very smal l spher ica l "activation foils" will be i r r a d i ­
ated in a minia ture "rabbit tube" made of I--in. OD tubing looped through 
the fuel assembly . Air has been used to t r anspor t the "foils" in the tubing 
in p re l imina ry t e s t s in the labora tory . Fu r the r development is being 
continued. 

d. Void Simulators - Test ing of these units indicated seve ra l 
welds which leaked. A modification of these units is required to pe rmi t 
full ent ry into the fuel e lement . 

e. Instrumented Fuel Assembl ies - An improper ly manufactured 
thermocouple probe has delayed the final fabrication of the second ins t ru ­
mented fuel assembly . The hot junction end of this thermocouple probe 
had to be cut off to co r r ec t this condition. As a resul t , these thermocou­
ples had to be reca l ib ra ted . Recal ibrat ion has now been accomplished and 
final fabrication of the fuel element is in p r o g r e s s . 

3. EBWR Control Rod Follower Burnout Test 

A loop exper iment was set up to study the flow and heat t ransfe r 
cha r ac t e r i s t i c s of the region of the fueled control rod followers in EBWR 
at 100 Mw. Heat is generated in the followers and the c r o s s - s e c t i o n a l 
a r e a for flow is l e s s than that of a fuel element channel. 

A smal l heated section and r i s e r hydrodynamically represen ta t ive 
of the control rod channels in EBWR [0.635 cm (|-in.) ID heated section 
91.4 cm (3 ft) long and a 0.635 cm r i s e r 244 cm (8 ft) long] were instal led 
in pa ra l l e l with the existing tes t section and r i s e r in the large scale loop. 
With the la rge sect ion operat ing at the average heat flux in the hot test 
channel of EBWR at 100 Mw and the subcooling controlled to cor respond to 
EBWR conditions at 100 Mw the pa ra l l e l channel was heated with a power 
supply separa te from the main loop. 

A continuous t r a c e of flow in the smal l section (as mieasured by a 
p r e s s u r e t r an sduce r a c r o s s a ventur i in the inlet section) and inlet t e m ­
p e r a t u r e was taken. Up to a flux of 41 w/cm^ [130,000 Btu/(hr)(ft^)], smal l 
osci l la t ions in the flow (±6 c m / s e c , ±0.2 f t / sec) were noted. At 41 w/cm^ 
[130,000 Btu/(hr)(ft^)] the sys tem became violently unstable with venturi 
p r e s s u r e osci l la t ions corresponding to flow var ia t ions from 0 to 112 c m / s e c 
(3.7 f t / s ec ) . The systemi remained unstable up to a flux of 85 w / c m 
[270,000 Btu/(hr)(ft^)] where a t e m p e r a t u r e excurs ion caused power to be 
t r ipped off. 

Owing to differences between hydraulic and heat t r ans fe r equivalent 
d i ame te r , the corresponding heat fluxes in EBWR will be a factor of two 
g r e a t e r . That i s , osci l la t ions in the EBWR fuel follower channel would 
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probably occur at about 79 w/cm^ [250,000 Btu/(hr)(ft^)]. However the 
/ 2. 

depar ture from nucleate boiling could st i l l occur at a flux of 85 w/cm 
[270,000 Btu/(hr)(ft^)J as demonst ra ted in the tes t because of the incep­
tion of flow oscil lat ion. 

4. Analysis of Hazards Situations 

As pa r t of a genera l safety review of the reac tor ce r ta in i tems of 
kinetics information were calculated for hypothetical incidents . Two cases 
of accidental rod withdrawal have been studied: 

(a) The reac tor vesse l is closed and a rod is removed at the normal 
ra te of 1.225 c m / s e c . 

(b) The reac tor vesse l is open and a rod is inadvertant ly removed 
(e.g., by a crane) at a r a t e of 7.64 c m / s e c . 

Case (a) - 1.225 c m / s e c - At this ra te of withdrawal, the average 
ra te of inser t ion of react ivi ty is about 0.04%/sec. At this ra te it would 
take 19 sec to reach prompt cr i t ica l i ty if there were no negative feedback. 
Analysis of the incident shows that there will be ample t ime for the coolant 
to warm up and that the resul t ing negative feedback due to the increased 
t empera tu re will prevent an excursion. 

Case (b) - This case yields a react iv i ty inser t ion ra t e of about 
0.6%/sec while the control rod tip is moving through the cen t ra l two- th i rds 
of the co re . This implies an inser t ion of 2.4% of react iv i ty in 4 sec ; 1.2% 
to lc.6% may be coixipensated for by the meta l negative t empe ra tu r e coef­
ficient, the remainder will lead to prompt cr i t ica l i ty and eventual burnout 
due to film boiling. 

5. Core II 

Revised drawings for the reference Core II fuel have been p repa red 
for issuance with the request for bid. 

The sample end fitting and shroud were completed and have been 
tes ted. Several changes on the end fitting and shroud are requi red to make 
the latching and unlatching e a s i e r . The unit was latched and unlatched a 
total of 20 t i m e s . This is g rea te r than any requi rement which can be v i s ­
ualized for a single fuel e lement . 

The end fitting shroud unit was loaded to 81.8 kg (180 lb) in tension 
without loosening the end fitting pins from the shroud. The unit was checked 
in compress ion to 909 kg (2000 lb) without the shroud slipping over the seat 
on the end fitting. It appears that this type of unit will be adequate for the 
des i red se rv i ce . 
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B . BORAX V 

1. Construction 

All of the major piping has been instal led and radiography is 
complete except for one portion of feedwater piping. Hydrostatic test ing 
of most of the piping is also completed. The ASME Power Boiler 1050 psi 
hydrosta t ic tes t of the p r e s s u r e vesse l and associated piping to the f i rs t 
block valve was sat isfactor i ly completed. Work has now been s tar ted on 
installing insulation on the piping in the subreactor room. S t ress - re l i ev ing 
of the main s team lines was completed. 

The painting color code was established and painting is in p r o g r e s s . 

The e lec t r i ca l contractor instal led conduit and cable t r ays in the 
access shaft and subreac tor room. Work was begun on terminat ion of 
cables coming from the control building. Final inspection and acceptance 
of the 12.5 kv power line from the main underbuilt section to the Borax 
substation was accomplished. 

The es t imated total completion for the project is 98%» 

2. P rocurement , Fabr ica t ion and Installation 

Sixteen hundred boiling fuel rods were re turned to Westinghouse 
Elec t r ic Corporat ion at thei r request for X- r ay examination. Examination 
of selected rods revealed a defective pellet in one of the f i rs t group of 
rods assembled . No extension beyond the final del ivery date of March 15 
is anticipated for examination and replacement of any defective rods . 

Work on the core components is proceeding in the Labora tory ' s 
shops . Owing to delays in receipt of some miaterials, the completion date 
for the boiling fuel a s sembl ies has been extended fromi March 10 to March 30. 

Orde r s were placed for the purchase of the differential thermopi le , 
the reac tor water ion-exchange tank, and polishing deminera l i ze r tank. 

Requests for bids were sent out for thermocouples for the boiling 
assembly thermocouple " r ake . " 

The control and ins t rument cables from the reac to r and turbine 
building were te rmina ted in the control building. 

Installation of the major i ty of the a i r - e j ec to r -exhaus t equipment 
was completed and connection of the a i r - e j ec to r -exhaus t instrumentat ion 
and control equipment was s ta r ted . Overhaul of turbine auxi l iary equip­
ment continued. 
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3. Design 

Revisions were made to core s t ruc tu re , hold-down boxes, chimneys 
and dummy fuel assembly drawings . Design of the p r e s s u r e - v e s s e l - h e a d , 
nozzle-shie ld plugs was completed. Revisions to reac to r control and in­
s t rumentat ion drawings were completed, and detailed design drawings for 
the superhea ter fuel e lements were checked. 

Work by the reac tor physics group included re-evaluat ion of 
shutdown worth of the outside control rods in the all-boil ing core under 
cold conditions. The worth of the pe r iphe ra l a s sembl ies in all t h ree full 
s ize cores was also rechecked. Studies were made on the flux m e a s u r e ­
ments to be made in BORAX V cores and a tentat ive design for a counting 
scanner was evolved. A choice of flux wi res was made and considerat ion 
was given to methods of introducing and removing the wi res from the r e a c ­
to r . Zr-U^'*^ wires a re favored as giving the most rel iable pic ture of f i s ­
sion density in this r eac to r . 

The Design and Hazards Summary Report has been completed and 
is being reviewed. Writing of the Operating Manual is in p r o g r e s s . 

The p re l imina ry design of t e rmina l boxes and sea ls for bringing 
in -core ins t rumentat ion leads out of the r eac to r vesse l was completed. 
Final design of i n -ves se l thermocouples , differential thermopi le and thei r 
instal lat ion f ixtures was completed. The design of the boiling a s sembly 
thermocouple " rake" was also completed. Drawings for the superhea te r 
a ssembly flow venturi a r e near ing completion. 

4. Development and Testing 

a. Boiling Fuel Elements - A total of 1600 fuel rods for the 
boiling core have been received. The f i rs t 100 fuel e lements were eval­
uated using ul t rasonic techniques . The s tandard used in the tube integri ty 
inspection was a V-notch 3 mi ls deep and 0.5 in. long. This notch was 
located on the ID of the tube. No in terna l discontinuit ies were detected in 
the fuel. However, a number of fuel elemients had surface defects such as 
s c r a t ches , flat m a r k s , chips , p i t s , and pinch m a r k s , and because of an 
a s sembly defect all 1600 rods were re turned to the vendor for re inspect ion. 

b . Superheat Fuel - All nondestruct ive t e s t s and all des t ruc t ive 
t e s t s , except chemical analyses of core samples , as noted last month, 
have been completed. Over 1700 m e a s u r e m e n t s were made of the face 
cladding and the core th ickness ; 36% of the face cladding m e a s u r e m e n t s 
were below specif icat ions, and 83% of the core thickness m e a s u r e m e n t s 
were above specif icat ions. 
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Measurements of end cladding, side cladding, s t r inger length, 
and maximum oxide par t ic le size have been taken and a r e now being tabu­
lated. Two end cladding samples from each plate have been subjected to 
the St rauss t es t . One sample which had been subjected to the tes t exhibited 
grain boundary cracking after being bent 180° around a y in, d iameter man­
d re l , Metal lographic examination of a piece taken from the specimen which 
had exhibited extensive cracking showed a continuous network of carbides 
to be presen t at the grain boundar ies . Specimens taken from other clad­
ding samples exhibited grain boundary carbides to varying extents, but the 
carbide networks were not as heavy or continuous as in the former ca se . 
Samples of cladding from each of the four different plate types a re being 
analyzed for carbon content. These analyses will aid in the in terpre ta t ion 
of St rauss tes t r e s u l t s . 

Destruct ive examination of plate samples substantiated the resu l t s 
of nondestruct ive test ing for bond integri ty . No nonbonded a r ea s were 
found at c lad- to-c lad or co re - to -c l ad in ter faces . 

On the bas i s of extensive test ing and experience obtained at Oak 
Ridge National Labora tory with var ious brazing alloys for s ta in less s teel , 
Coast Metals 60 alloy has been selected as the reference alloy for brazing 
BORAX-V plate a s s e m b l i e s . This m a t e r i a l has suitable ductil i ty c h a r a c ­
t e r i s t i c s and good cor ros ion r e s i s t a n c e . An assembly of s ta in less s tee l 
plates is now being made using a c a r r i e r cement of polystyrene in benzene 
to apply the alloy along the sides of the wire spacers and at the plate to 
side plate junct ions, 

c. Control Rod Drive - The old dr ives from EBWR are being 
reworked for use on BORAX-V. The extension shafts a r e made of 
17-4 PH s ta in less s teel , a high hardness s teel which has a roused con­
ce rn because evidence of s t r e s s cracking has been noted in seve ra l r e a c ­
tor appl icat ions. 

A second extension shaft, which was an original EBWR spare 
and had not been used in operat ion, is undergoing metal lographic ana lys i s . 
Both the f i r s t and second shafts showed evidence of c r acks which pene­
t ra t ed the base me ta l . This initial investigation is s t i l l in p r o g r e s s . 

Based on the ea r ly r e p o r t s , twelve new extension shafts have 
been o rde red for the d r i v e s . A record of thei r total h i s to ry will be main­
tained froin the t i ine they leave the mi l l until they a r e finish machined. 
In o rde r to get a wear tes t on the new shafts (which will be heat t r ea ted 
differently, and possibly not to as high a ha rdness ) , two of the or iginal 
shafts have been s t r ipped of chrome plate and a r e being rehardened to the 
new specif icat ions. They will be r ech romed and then wear tes ted . 



II. SODIUM COOLED R E A C T O R S (040103) 

A. G e n e r a l R e s e a r c h and D e v e l o p m e n t 

1. Z P R - I I I 

S tud ies on A s s e m b l y 31 w e r e c o m p l e t e d with a s e t of m e a s u r e m e n t s 
on the r e a c t i v i t y w o r t h s of a l u m i n u m , a l u m i n u m oxide and s o d i u m a t v a r i ­
ous r a d i a l p o s i t i o n s a long the a x i a l m i d p l a n e of the c o r e . M e a s u r e m e n t s 
w e r e m a d e a t c o r e c e n t e r , a long r a d i a l a r c s a t an i n t e r m e d i a t e pos i t i on , 
and a t the edge of the c o r e . 

In t h e s e e x p e r i m e n t s a l l of the 45% d e n s i t y a luminumi in the f ron t 
2 in. of e a c h d r a w e r was r e p l a c e d f i r s t wi th 100% d e n s i t y a l u m i n u m and 
l a t e r wi th aluiTiinum oxide . 

In the s o d i u m s u b s t i t u t i o n e x p e r i m e n t s , s t a i n l e s s s t e e l c a n s f i l led 
wi th s o d i u m w e r e l o a d e d a s in the a l u m i n u m and a l u m i n u m oxide e x p e r i ­
m e n t s . H o w e v e r , the s o d i u m - f i l l e d c a n s w e r e s u b s t i t u t e d for a l l the a l u m i ­
n u m p i e c e s in a 2 i n . - t h i c k r e g i o n s u r r o u n d i n g the s o d i u m s u b s t i t u t i o n 
r e g i o n . 

The r e s u l t s a r e shown in Tab le I. 

Tab le I. R a d i a l Subs t i t u t ion W o r t h s in A s s e m b l y 31 

A v e r a g e r a d i u s ( cm) 

A l u m i n u m Subs t i tu t ion 
M a s s (kg) ~~ 
Wor th (Ih) 
R e a c t i v i t y coef f ic ien t ( ih /kg) 

AI2O3 Subs t i tu t ion 
M a s s (kg) 
W o r t h (Ih) 
R e a c t i v i t y coef f ic ien t ( i h / k g ) 

Sodium Subs t i t u t ion 
M a s s (kg) 
W o r t h (Ih) 
R e a c t i v i t y coef f ic ien t ( i h /kg ) 

R e c e n t s t u d i e s ( A s s e m b l i e s 2 9 - 3 l) have shown t h a t the c r i t i c a l i t y , 
and t h e r e f o r e c r i t i c a l m a s s , p r e d i c t i o n s a r e i n a d e q u a t e for l a r g e d i lu te 
power r e a c t o r s . The p r e l i m i n a r y c o n c l u s i o n i s t ha t the c r o s s - s e c t i o n 
input da ta a r e i n a d e q u a t e . The c r o s s - s e c t i o n for U cou ld be shown to 

Reg ion I 

0 

1.909 
+ 1.67 
+0.875 

3.263 
+28.9 

+8.86 

1.183 
+ 11.6 

+9.76 

Reg ion 11 

28 .35 

1.697 
+7.40 
+4.36 

0.967 
+7.95 
+8.22 

1.051 
+ 13.6 
+ 12.9 

Reg ion III 

43 .71 

1.272 
+9.37 
+7.37 

2.175 
+6.78 
+3.12 

0.788 
+9.5 

+ 12.1 
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account for about half of the discrepancy, but little quantitative information 
could be obtained from the basic aluminum and s teel c ros s - sec t ion data, 
which appeared to account for much of the remaining discrepancy. 

The problera can be most easi ly and simply studied by building s im­
ple a s sembl i e s containing only uranium-235 and a diluent. At var ious t imes 
some such a s sembl i e s have been constructed in ZPR-III and it -was felt that 
Assembly 32 should be a uranium-235 and s ta inless s teel a s sembly designed 
to shed some light on the adequacy of the s teel c ro s s - s ec t i on values used in 
the mult igroup calculat ions. Additionally, it was thought that it would be 
worthwhile to follow this a s sembly up with an a s sembly containing steel and 
sodium. 

Assembly 32 was built with d rawer s containing 12 in. of fuel m a t e ­
r ia l . The fuel was two columns of uranium-235 and fourteen columns of 
s ta in less s teel . The as sembly has a c r i t i ca l m a s s of 227 kg U ^ and has the 
following dimensions: 61.1 cm x 52.4 cm diameter . The calculated cr i t ica l 
m a s s was 176 kg U for a sphere of rad ius 28.97 cm. 

By building this assembly , a s e r i e s of s imple a s sembl i e s containing 
fourteen columns per drawer of the common fast r eac to r diluents has been 
obtained. Some of their p roper t i e s a r e shown in Tables II and III. Each had 
two columns of enriched uranium. The inadequacies of the aluminum and 
s teel data can be observed from Table 11. 

Table II: Comiparison of Small Simple Assemiblies (2 columns U ' 
and 14 columns diluent) 

Dimensions / . 
, , ^ Cr i t ica l Mass (kg) 

length (cm) x ^ ^ ~ 
Assembly Diluent d iameter (cm) Exper imenta l* Calculated** 

136 
258 
225 
244 

*No cor rec t ions have been made for ei ther homogeneity or 
shape 

** Using Okrent-Yiftah l6 -group c ro s s section set. 

It is difficult to compare the react iv i ty worths given in Table III without 
some normal iza t ion and it is recommended that the reac t iv i ty c ro s s - s ec t i on 
for Pu at the center should be used for this purpose . It is known to va ry 
leas t of a l l c r o s s sect ions with change in spec t rum and thus such n o r m a l i ­
zation allows some insight into the problem. The fissi le r e su l t s appear to 
show a consis tent t rend, but this cannot be said for the non-f iss i le e lements . 

14 
23 
32 
22 

C 
Al 
Steel 
^ 2 3 8 

45.9 x 46.3 
51.0 X 101.0 
61.1 x 52.4 
51.0 x 90.7 

126 
~200 

176 
237 



Table III: C o m p a r i s o n of R e a c t i v i t y in S m a l l S imple 
Z P R - I I I A s s e m b l i e s 

C e n t r a l R e a c t i v i t y W o r t h s ( ih /g m o l e ) 

A s s e m b l y 23 32 22 

Di luent Al S tee l 

M a t e r i a l 
U^̂ 2 65.9 95.91 
U ^ " 36.2 50.04 
U^^^ 0.87 -0 .55 
P u ^ " 69.2 96.87 
C 0.79 2.08 
Al 0.069 0.85 
Stn Stl 0.016 0.088 
B f c -66 .56 -113 .15 
Zr 0.29 0.67 
{v~l)a -a 3.39 3.29 

19 C9 

The a s s e m b l i e s r e p o r t e d in T a b l e s II and III a l l p o s s e s s h a r d 
s p e c t r a and with the p r e s e n t t r e n d t o w a r d s l a r g e r e a c t o r s y s t e m s , it m a y 
we l l be n e c e s s a r y to bui ld a s s e m b l i e s which a r e both s i m p l e and d i lu te . 

The m e a s u r e m e n t s which have been c o m p l e t e d on A s s e m b l y 32 so 
far a r e r e a c t i v i t y m e a s u r e m e n t s for the c o m m o n r e a c t o r m a t e r i a l s a t the 
c e n t e r of the c o r e and for a few s e l e c t e d m a t e r i a l s t o w a r d s the edge of the 
c o r e . The l a t t e r have been taken in o r d e r to r e v i e w and c o m p a r e the t r a n s ­
p o r t p r o p e r t i e s of the m a t e r i a l s wi th ca l cu l a t i on and r e a c t o r e x p e r i m e n t s . 
The r e s u l t s a r e g iven in Tab le IV. 

Tab le IV: C e n t r a l R e a c t i v i t y W o r t h s ( i n h o u r s / g m o l e ) 
in A s s e m b l y 32 

Edge 

U238 

112.4 
60.7 
-2 .78 
115.1 
-0 .37 
- 4 . 5 4 
-0 .82 
-97 .25 
-1 .20 
3.26 b a r n s 

M a t e r i a l 

U233 

U235 

U238 

Pu239 

Cu 
Zr 
Mo 
V 
Bi°C 
A I 2 O 3 

C e n t e r 

95.9 
50.0 
-0 .55 
96.9 
0 . 2 2 

0.67 
-0 .64 
1.48 
-113 .15 
6.38 

M a t e r i a l 

C 
Al 
F e 
Ni 
Cr 
Stn Stl 
Na 
Tj^232 

^238 

Cen te r 

2.08 
0.85 
0.005 
0.204 
0.46 
0.09 
0.33 
-3 .51 
- 0 . 5 5 

Edge 

1.69 
1.03 
0.36 
0.63 
0.79 
0.46 
1.69 
-1 .09 
0.56 
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2. ZPR-VI and ZPR-IX 

a. Construction - All of the concrete block walls in the building 
have been e rec ted with approximately 75% of the surfaces requiring paint 
a l r eady pr imed. The following i tems have been completed and/or in­
stal led during this month: t he rma l insulation on serv ice floor ceiling, the 
concre te topping and waterproofing over south loading dock, and the ex­
haust fans and filter r acks in the penthouse 

The construction of, and installat ion of equipment in Cell #6 
is complete. The tes t cell door opera to rs and butterfly valves have been 
instal led in Cell #5 and checked. The pneumatic control sys tem for hea t ­
ing and ventilating the cell is approximately 75% complete. The cell a i r 
compres so r and e lec t r i ca l unit heater have been installed, and the e l ec ­
t r i c a l power distr ibution and secur i ty a l a r m sys tem is approximately 80% 
complete. In Cell #4 the tes t cell doors a r e being real igned and their 
ope ra to r s instal led. Lights, butterfly valve opera tors and the cell a i r 
compres so r have been instal led. 

The n e c e s s a r y prepara t ions for making measu remen t s requ i red 
to monitor the p r e s s u r e t e s t s of the thick-walled concrete cells have been 
completed. All s t ra in gauge equipment has been obtained and the ins t ru ­
ments cal ibra ted and e r r o r s minimized. The gauges selected a r e A-8 
s tandard SR-4 type and a r e coupled with a t h ree - l ead self-compensat ing 
wiring circui t . Tempera tu re effects on this sys tem have been measured . 
Techniques have been devised for removing mi l l scale and rus t from the 
reinforcing s teel to pe rmi t a t tachment of gauges with Duco Cement which 
has been selected as the adhesive which gives minimum c reep under ex­
tended load. The sample No. 8 reinforcing ba r s used in technical develop­
ment have been made into simple cant i lever cal ibrat ion b a r s . Using these, 
a study was made of e r r o r s introduced by angular misa l ignment . F ive-
degree misa l ignment r e su l t s in an e r r o r of less than 2% so that special 
loca tors a r e not needed. 

b. P rocu remen t - The design, p rocurement and testing of the 
many components r equ i red for the ZPR-VI and IX sys tems continues, with 
the usual success ion of difficulties encountered and compromises or solu­
tions of these problems achieved. The p rocurement of enr iched uranium 
plates is a r epresen ta t ive i l lus t ra t ion of the type of difficulties encountered. 

An init ial shipment of 1,000 plates was rece ived recent ly from 
the supplier . The inspection showed that the surfaces of these plates were 
abraded, probably by belt sanding. By such a procedure , the to le rances on 
thickness could be met , but by this operat ion the vendor had removed the 
ha rd black oxide coat that had resu l ted from the rolling operation. This left 
exposed the soft undersurface which will oxidize at a high rate- Unfortunately, 
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the contract for procurement of this m a t e r i a l did not cover a condition of 
this sort . Consequently, it is planned to proceed promptly with the addition 
of a protect ive coating for those plates which meet the specifications. 

The coating machine is ready for use. Because of the enriched 
nature of the mate r i a l , it is n e c e s s a r y f irs t to develop a procedure for the 
handling, t ranspor ta t ion, coating and repackaging of the enriched plates . 
Coating will begin as soon as the procedure , now being formulated, has 
been reviewed and approved by the Labora tory ' s Cri t ical i ty Hazards Control 
Committee. 

Production of the s ta inless s teel m a t r i x tubes for the ZPR-VI 
sys tem at a r a t e of approximately 80 units per day, with shipments sched­
uled to begin in February , was mentioned in las t month 's P r o g r e s s Report . 
As yet none of these has a r r ived . The supplier for the aluminum m a t r i x 
tubes needed for ZPR-IX has indicated that shipment of those tubes should 
begin in mid-March . 

The machining and a s sembly work on the bed and table 
a s sembl ie s for both ZPR-VI and IX is essent ia l ly complete. Inspection at 
the vendor ' s plant is scheduled for March. 

c. Control Rod Drives - Two types of control rod dr ives a r e to 
be used for these r e a c t o r s : an expulsion type, whereby a fuel drawer will 
be ejected from the core ; and an inser t ion type, which will inse r t a boron-
filled shim rod into the core . 

The drive former ly known as the Fuel Drawer Expulsion Drive 
will henceforth be called the Dual Purpose Control Rod Drive . 

The drive has completed its 1000-cycle life tes t with ease . The 
fuel drawer used was loaded to a weight of 30 kg and its bottom and s ides , 
as well as the tube in which the drawer must slide, was coated with a baked-
on film of molybdenum-disulphide and graphi te . This coating has vi r tual ly 
el iminated al l galling and scratching previously experienced between the two 
Type 304 s ta inless s tee l surfaces . After m o r e than 1000 s c r a m s , the s c r a m 
time for the f i rs t 15 cm t rave l r emains at 105 ms and for the full 6 l - c m 
stroke at 275 m s . The full s t roke t ime va r i e s from test to tes t depending 
p r imar i ly on the condition of the fuel d rawer . The 300-ms t ime repor ted 
las t month was for a modera te ly scored chrome-p la ted d rawer , which la ter 
proved to be unsat isfactory. A t ime of 275 ms is perhaps the best that can 
be expected, and a t ime of 300 ms the absolute worst . 

The blade inser t ion drive is undergoing a 1000-cycle life tes t . 
Scram t ime for 75 cm t rave l is holding steady at 110 ms after about two 
dozen s c r a m s . The blade is filled with a boron powder, and at this ea r ly 
date no effect of tamping can be detected. Genera l operation of the dr ive is 
considered sat isfactory. 
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d. Exper imenta l P r o g r a m - Preoccupation with the problems of 
p rocurement of the c r i t i ca l a s sembly building and the ZPR-VI and ZPR-IX 
sys tems , and the prepara t ion of the Hazards Summary Report for the ZPR-VI 
p rogram, have raade it impossible to devote a major effort to prepara t ions 
for the exper imenta l p rogram. Consequently, the only i tem on which a s ig ­
nificant amount of work is being done is the investigation of a l ternate tech­
niques for the determinat ion of fast neutron spect ra in the ZPR-VI system. 
Previous P r o g r e s s Reports have recorded the efforts using a coincidence 
recoi l technique as well as severa l a l te rna te schemes under consideration. 
One of these is the use of a methane-f i l led proport ional counter in a manner 
analogous to the nuclear emulsion technique, which has been used s u c c e s s ­
fully for many years on Argonne 's fast r eac to r sys tems . Because of its 
simplicity, this approach is being explored experimental ly. 

As a f i rs t step, a proport ional counter has been built and an 
investigation of its cha rac t e r i s t i c s for the detection of fast neutrons is in 
p r o g r e s s . The counter is filled with two a tmospheres of methane and smal l 
additional amounts of ni trogen in order that the 600 kev neutrons due to the 
N *(n,p) react ion may be used to es tabl ish an energy scale and de termine 
the resolut ion. The response of the counter to a high gamma r ay field and 
to t he rma l neutrons has been measu red . Resolution with two a tmospheres 
of methane and ten cen t imeters of ni trogen is approximately 35%. A r educ ­
tion of the total p r e s s u r e to one a tmosphere improved the resolut ion s ig­
nificantly, to about 12%. Thus, it appears that the resolut ion is de termined 
principal ly by impur i t ies in the filling gas , r a ther than wall effects. Addi­
tional testing will follow. 

Meanwhile, a cal ibrat ion run with the coincidence recoi l 
spec t romete r was performed at the Van de Graaff generator with a filling 
p r e s s u r e of 5 cm Hg. This cor responds to a useful neutron energy range 
of approximately 200 to 650 kev. A resolut ion of approximiately 13% was 
measu red . This is about 50% higher than the resolution expected for this 
spec t romete r , and compares with that obtained in the p re l imina ry tes t s with 
the methane-f i l led proport ional counter. The reco i l spec t romete r and its 
assoc ia ted c i r cu i t ry is performing in a sa t is factory manner , and it is now 
considered essent ia l ly ready for spec t ra l m e a s u r e m e n t s on the Argonne 
Fas t Source Reactor ( Z P R - I V ) or the ZPR-III sys tem. However, it appears 
advantageous to delay any such tes t s until the p romise shown by the methane-
filled proport ional counter is confirmed by additional test ing. The propor ­
tional counter procedure for fast neutron spec t rum m e a s u r e m e n t s is 
preferable because it does not introduce the additional problem of extracting 
a beam of neutrons having a spec t ra l distr ibution represen ta t ive of the 
a s sembly itself. 
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3. JUGGERNAUT 

The JUGGERNAUT is a water -cooled and graph i te -modera ted r eac to r 
of the ARGONAUT type. It is to operate at power levels up to 250 kw and 
provide a v e r s a t i l e facilityfor nuclear r e s e a r c h and component development. 

Phase 3 of the construction is now complete (see P r o g r e s s Report , 
September, I960, ANL-6234, p. 12) except for wiring of the nuclear cham­
bers and placing of the concrete blocks at the Universal Test Cave. Conaple-
tion of Phase 3 t e rmina tes the construct ion of the r eac to r , and testing of the 
reac tor components has begun. 

During the month the control rods were reworked because the sliding 
action was not smooth enough. Three of the reworked rods have been in­
stalled in the reac to r ; the remaining four rods will be instal led in ea r ly 
March One of the rods will be cycled in the r eac to r for about 1000 to 
2000 falls. The r e s t of the rods will be cycled a few hundred t imes . 

The rotating top shield was filled with high density concrete and 
placed in the r eac to r . The shield weighs 3.5 tons and ro ta tes quite well. It 
a lso may be ro ta ted with the coffin; the combined weight is 7 tons. 

Dummy fuel asse inb l ies were inser ted in the r eac to r . It was found 
that an a s sembly could easi ly be ext rac ted from the reac to r into the coffin 
and replaced in the r eac to r at any position des i red. It is a lso possible to 
place an a s sembly between two neighboring a s sembl i e s . All of these 
operat ions were done blind; that is , the operat ions were done through the 
coffin. 

The reac tor seal , a 26-in. tube, inflated to about 0.33 a tm, makes 
a seal sufficient to hold 5 cm of helium p r e s s u r e . 

Water dump tes ts were run under r eac to r conditions without the 
fuel. I t t akes 1.5 sec to drop the water to the top of the fuel. This is equiva­
lent to 1% Ak/k. It takes 3 sec to drop the water completely. 

4. Fas t Reactor Fuels - Genera l 

a. Fas t Reactor Fuel Jacket Development - The des i r ed higher 
operating t empe ra tu r e s for future fast r e a c t o r s r equ i re a fuel jacket m a t e ­
r ia l which will be compatible with both sodium coolant and fuel, have good 
fabricabil i ty and weldability, and high s t rength and low c r e e p at elevated 
t empe ra tu r e s . Several niobium and vanadium base alloys possess some of 
these p roper t i es at temiperatures in excess of 900°C and may be des i rab le 
for this application. Vanadium base alloys have been developed by Armour 
Resea rch Foundation for fabrication development work at the Laboratory , 
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and niobium base alloys have been developed for the Labora tory by 
Battelle Memor ia l Insti tute. Commerc ia l suppliers have been contacted 
to supply tubing of the above high strength alloys. 

An additional Ta-0 . 1 w/o W alloy thimble was cold worked as 
repor ted in the P r o g r e s s Report for December , I960, (ANL-6295). This 
la tes t effort r esu l ted in four lengths of tubing 0. 176 in. OD x 0. 156 in. ID. 
Finished tube lengths var ied from 2.75 in. to 16 in. The tubes were leak 
checked with a helium m a s s spec t romete r and no defects were found. 

B. EBR-I 

1. Operation 

During the past month al l r eac to r operating time was used for 
training personnel . 

2. Mark-IV Core 

a. Fabr ica t ion - Injection casting of Pu-1 w/o Al alloy fuel slugs 
was begun during the week of Feb rua ry 13. Seven mel t s have been produced 
to date using the ra ther severe ly oxidized plutonium received on the f irs t 
two shipments . One of these mel t s was not cast because of excessive gas 
evolution from the mel t , causing spitting of the me ta l and a frothy slag. One 
hundred seventeen slugs were cut from the f i rs t four me l t s and have been 
s tored in prepara t ion for final machining and loading. 

Some difficulty has been encountered with react ion and adherence 
of the glass molds to the cas t ings . An yt t r ium-oxide coating has been used 
in Building 350 in place of the less reac t ive Th02 coating to prevent alpha 
contamination of the a r ea . Tests a r e being run to de termine if a ThOj coating 
is neces sa ry . 

A total of 1740 feet of commerc ia l Z i rca loy-2 jacket tubing has 
been received to date. All stock requi red for rod t ips, connectors , filler 
plugs, and NaK level space r s has been fabricated, nondestruct ively inspected, 
and del ivered for final machining at the Rock Island Arsena l . An order was 
placed for commerc i a l fabrication of the Type 304 s ta in less s tee l extension 
rod components for fuel and blanket rods and del ivery was promised for 
ea r ly Apri l . An order was placed with a commerc i a l spring manufacturer 
for fabrication of the Inconel-X spring component. Delivery was promised 
for approximately March 20. The production machining of depleted uranium 
components for al l fuel and blanket rods has been initiated. 

Defects p resen t in previously fabricated z i rconium alloy r ib 
wire were t r aced to inclusions or s t r i nge r s in the or iginal Zi rca loy-3 ingot 
stock. Ultrasonic inspection of ro l led bar stock has el iminated this 
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defective m a t e r i a l pr ior to wire finishing operat ions. Commercia l ly 
fabricated 0.062 in. d iameter Zi rca loy-2 wire has been ordered as a 
backup effort in the event that sufficient Zi rca loy-3 wire is not available 
when needed. 

Three Zirca loy-2 tubes, 0.400 in. d iameter x 0.050 in. wall, 
were extruded for use in the development of 0.080 in. d iameter ins t rument 
tubing. No difficulty was encountered in extruding this tubing with the 
extrusion direct ion para l le l to the longitudinal axis of the original 
1,625 in. d iameter forged bar used for billet stock. Unsuccessful a t tempts 
were made to a l ter the texture in extruded tubes by machining extrusion 
billets from rolled slab such that the extrusion direct ion would be no rma l 
to the slip planes developed in the rolling plane of the slab. On every one 
of these extrusions the forces exerted on the mandre l caused it to break. 

The status of al l components other than plutonium fuel is as 
follows: 

Components 

Rod Tip 

Jacket Tube 

NaK Level Spacer 

Fuel Connector 

Fi l ler Plug 

Rib Wire for 
Jacket Tube 

Extension Rod 

Status 

All m a t e r i a l in p rocess of final machining. 

79% of order rece ived and in p rocess of 
nondestruct ive test ing. 

All m a t e r i a l in p rocess of final machining. 

All m a t e r i a l in p rocess of final machining. 

All m a t e r i a l in p rocess of final machining. 

In p rocess of fabrication and nondes t ruc­
tive test ing. 

On order from outside vendor. 

Res t ra iner Spring On order from outside vendor. 

Blanket Uranium Ready for miachining pending availabil i ty of 
drawings approved for construction. 

Rod tip g i r th welding, r ib wire welding and final machining 
have been completed on 18 tip rod and jacket sample a s sembl i e s . 

Welding procedures have been es tabl ished to weld the tip to 
the Z r - 2 jacket tube. The weld is being made by the TIG method with an 
automated glass lathe using argon as a shielding gas . 
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A special welding machine designed and built to weld Zircaloy 
wi res on the EBR-I Mark III fuel rod has been modified to accommodate 
the EBR-I Mark IV fuel tube. A Raytheon capacitor d ischarge power 
supply of 400 mfd capacity is used to r e s i s t ance weld the three Zircaloy 
spacer wires s imultaneously to the Zircaloy fuel tube. 

b. Development - The loading of 98.75% plutonium fuel slugs 
into a close fitting Zircaloy tube, while maintaining an external con-
tamiination of the tube of not g r ea t e r than one count per square 
cent imeter per minute, has been a ser ious problem. It now appears , 
however, that a plast ic fitting has been developed which will pe rmi t 
loading without producing external contamination. 

The device consis ts of heavy vinyl tubulation, severa l of 
which a r e sealed to a 0.030 in. vinyl bag. The fuel tube is inser ted in 
the vinyl tube and clamped by means of a hose clamp. A 0.003 in. 
polyethylene funnel is placed in the funnel section of the tube and 
extends into the tube opening to protect the weld lip as the fuel slugs 
a r e loaded. 

Bonding equipment consisting of a heating furnace with a fuel 
e lement impacting device and a p r e s s u r e type leak detector has been 
set up. As yet, only five se ts of Zircaloy hardware have been received 
to tes t the loading, welding and bonding operat ions. 

Testing work to date on the bonding problem has been done 
with an eddy cur ren t bridge c i rcui t using ei ther an encircl ing coil or 
side scan probes . A th ree-channe l ( l20° coverage per channel) side 
scan probe ins t rument is under construction for further t e s t s . The 
e lec t ronics portion of the th ree-channe l sys tem has been completed along 
with a permanent type of testing fixture. A. var iab le speed motor has been 
incorpora ted in such a way as to provide ve r t i ca l handling of the e lements 
and full scale char t r ecord ings . Voids have been c rea ted by an inverted 
shaking of the available element and studied as the NaK recombines . NaK 
held between an off-center fuel slug and the can has been observed, but 
the response to very smal l voids is not yet known. Artif icial ly c rea ted 
and maintained voids will be produced in order to check the sensit ivity. 

The evaluation of cer ta in engineering and physical p roper t i e s 
of the Pu-1 w/o Al alloy composition is continuing. The scope of this 
p r o g r a m is as follows: 

1. The rma l conductivity to 530°C. 

2. Hot deformation or slumping tendency under seve ra l 
static loads of the order anticipated in r eac to r operat ion 
in the t empera tu re range 400-600°C. 
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3. Compatibility at 425° and 500X with Zirca loy-2 , the 
proposed jacket ma te r i a l . 

4. The rmal expansion between 200-600°C. 

5. The l inear coefficient of expansion as a function of 
aluminum content in the range 0.36 to 1.23 w/o to 
determine the minimum aluminum content yielding 
a high positive and reproducible expansion 
coefficient. 

6. Hardness , density, and metal lography to charac te r i ze 
more thoroughly this range of al loys. 

Som.e the rma l conductivity, ha rdness , density, and slumping 
resu l t s have been repor ted in previous P r o g r e s s Repor ts . 

Expansion curves have been obtained for the reference 
alloy composition and two other comipositions in the a s - c a s t condition. 
Tentative l inear expansion coefficients that have been obtained a r e as 
follows: 

Table V. Linear Expansion Coefficients of Some 
Plutonium-Alumiinum Alloys 

Composition 

Linear 
Tempera tu re Expansion 

Range Coefficient 
-w / o Al a /o Al (°C) per °C 

0.98 8.05 20-425 10.6 x 10"^ 

1.22 9.80 20-425 11.4 x 10"^ 

1.23 10.00 20-425 12.5 x 10"^ 

Two diffusion couples consisting of the Pu-1 w/o Al and 
Zi rca loy-2 , the proposed jacket ma te r i a l , have been heated in vacuum 
at 425°C and 500X for a period of one week. Neither couple showed 
evidence of a react ion layer between the contacting surfaces of these two 
m a t e r i a l s . In the couple heated at 425°C, both m a t e r i a l s were p las t i ­
cally deformed and al l surfaces remained clean and bright. It is 
suspected that the ma te r i a l s in the couple heated at 500°C were not in 
intimate contact since no plastic deformation was in evidence. All 
surfaces of this lat ter couple wei'e oxidized. 
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C. EBR-II 

1. Construction 

The following tabulation p resen t s the status of construction con­
t r ac t s as of Feb rua ry 14, I96I : 

Building 

Power Plant (Package 2) 

Reactor Plant (Package 2) 

Sodium Boiler Plant (Package 3) 

Fuel Cycle Faci l i ty (Package 3) 

% 
Completion 

100 

100 

86 

77 

C 
Est imated 

ompletion- Date 

-

-

* 

^ 

*Construction schedule not available - completion cannot be es t imated 
rel iably. 

The Power Plant and the Reactor Plant had been previously accepted 
from the Construct ion Contractor on an In ter im Faci l i ty Transfe r . P r o g r e s s 
has been made by the Contrac tor on completing "punch l is t" work i tems , 
but sorae minor i tems remain to be finished. 

Installation of equipment in the Fuel Cycle Faci l i ty by the Contrac­
tor is proceeding without hindrance as the building has been provided with 
heat and power. Major equipment being instal led includes the high bay 
bridge c ranes and associa ted equipment, the argon cell vacuum pumps, 
water pit pumps , the AEC fil ter banks, the fume exhaust p lenums, the ex­
haust duct and f i l ters for the sodium clean-up sys tem, the air cell manip­
ulator b r idges , the degreasing unit, the a i r supply fans and equipment, and 
the rec i rcula t ing cooling sys tem. 

Some p r o g r e s s is a lso being made on construct ion, including the 
f i r s t floor lighting, the bus duct and feed ra i l b r acke t s , tile work, patching 
and painting in ter ior walls and s t ruc tura l s teel . 

Instal lat ion of the high frequency motor genera tors which will supply 
power to the p r o c e s s furnaces in the Fuel Cycle Faci l i ty may be delayed 
because of the construct ion con t rac to r ' s improper handling of this equip­
ment. The motor genera tors and control boxes were shipped direct ly from 
the manufac tu re r ' s plant to the construct ion site and t r a n s f e r r e d to the 
contrac tor (Package 3). Although much rough construct ion work remained 
to be done in the Faci l i ty , the units were moved to the basemient and un-
cra ted . Subsequently, t renching operat ions resul ted in at l eas t some of 
these units being par t ia l ly covered with gravel and c rushed lava. When 
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the m a n u f a c t u r e r w a s r e q u e s t e d to eva lua t e the c o n s e q u e n c e s of th i s con ­
di t ion, he a d v i s e d that the un i t s should be d i s m a n t l e d , t ho rough ly c l e a n e d 
and a l l b e a r i n g s r e p l a c e d , and tha t th i s w o r k should be done e i t h e r at 
m a n u f a c t u r e r ' s p l an t o r u n d e r the d i r e c t i o n of m a n u f a c t u r e r ' s f ie ld e n g i ­
n e e r . This p r o b l e m is not ye t r e s o l v e d . F i g u r e 1 i n d i c a t e s the condi t ion 
which c a u s e d m a n u f a c t u r e r to w i t h d r a w h i s w a r r a n t e e . 

Figure 1 

Basement of the Fuel Cycle Facility, 
Showi0g Dirt Piled Against the High 

Speed "Tocco" Units 

The p ip ing s u b c o n t r a c t o r h a s c o m p l e t e d m o s t of the m a j o r p ip ing 
i n s t a l l a t i o n in the Sod ium B o i l e r P l a n t and has r e m o v e d h i s f o r c e s f r o m 
the job s i t e . The c o n t r a c t c o m p l e t i o n da te is now d e l a y e d about 8 m o n t h s 
and c o m p l e t i o n of the s e c o n d a r y sod ium s y s t e m without f u r t h e r i n t o l e r a b l e 
de lays is now dependen t upon (a) r e c e i p t , at an e a r l y da t e , of the f lexible 
s e a l s which effect a c o n t a i n m e n t s e a l b e t w e e n the two 12 - inch s e c o n d a r y 
sod ium l ine s and the R e a c t o r C o n t a i n m e n t V e s s e l , o r (b) p e r f o r m a n c e of 
w o r k out of s e q u e n c e with tha t c o n t r a c t u a l l y spec i f i ed . The f lexib le s e a l s 
a r e a c o n t r a c t o r - f u r n i s h e d i t e m , and no inc l ina t ion to p e r f o r m w o r k out of 
s e q u e n c e has been shown. The l a c k of t h i s equ ipmen t is now de lay ing c o m ­
p l e t i on of the s e c o n d a r y sod ium p ip ing s y s t e m s ince p n e u m a t i c and h e l i u m 
m a s s s p e c t r o m e t e r l eak t e s t i n g of the c o m p l e t e s y s t e m cannot be p e r ­
f o r m e d unt i l the s e a l s a r e i n s t a l l e d s i n c e the s e a l s a r e an i n t e g r a l p a r t of 
the s y s t e m . Unti l t h e s e t e s t s a r e s a t i s f a c t o r i l y c o m p l e t e d , the s y s t e m 
cannot be c l ad for induc t ion h e a t i n g , i n su l a t ed , or p a i n t e d . 

The c o n t r a c t o r h a s h a d a l m o s t twenty m o n t h s to p r o v i d e t h e s e 
f lexible s e a l s ; yet the L a b o r a t o r y s t i l l does not have a c o m p l e t e se t of 



20 

shop drawings for this equipment. These sea ls pe r fo rm a very cr i t ica l 
function since they are a par t of the Reactor Building Containment System. 
As a resul t of the con t rac to r ' s lack of action and the urgency of removing 
this contractor from the Reactor Building so as to avoid interference with 
the EBR-II Exper imental P r o g r a m , the Laboratory has proposed to delete 
the flexible seal a ssembl ies from the Construction Contract (by change 
order) and furnish them for installat ion under Package 4. The change order 
would te rmina te the con t rac to r ' s work short of the Reactor Building and 
thus remove any effect of Package 3 upon the EBR-II Exper imenta l P r o ­
gram schedule. It is hoped that the indicated delay can be minimized in 
this manner . 

2. Installation of Equipment - Package 4 

Installation work within the Reactor Plant falls into two general 
ca tegor ies : (a) mechanical , compris ing approximately 70% of the total; 
and (b) e lec t r ica l , approximately 30%. For convenience in scheduling and 
supervising the work in the field, the mechanical work is divided into 43 
major jobs, or packets , and the e lec t r ica l into 5 packets . Work on 39 of 
the mechanical packets and all 5 of the e lec t r ica l packets has been s tar ted. 
To date, approxim.ately 70% of the total mechanical work has been completed. 

During January, both the large and smal l rotating plugs had been 
re tu rned to thei r normal operating locations within the p r i m a r y tank sup­
port s t ruc ture central r ing. This r ep resen ted the final installat ion of the 
la rge plug. The smal l plug, however^ was removed once more (during the 
p resen t period) for addition of the reac tor vesse l cover lifting columns, 
after which final installat ion was effected. F igure 2 shows the plug being 
lowered into final posit ion. Also shown are the la rge ball bear ings which 
support the weight of the plug, the index ring (used to indicate the angular 
position of the plug), and the bull gear for the plug which is driven by a 
drive unit mounted on the large plug. The wooden blocks taped to the top of 
the plug t empora r i ly cover the seal trough heater holes. F igure 3 is a view 
of the top of the small rotating plug after final installat ion. The c lus te r of 
tubes in the center r ep resen t the upper ends of the control rod drive guide 
tubes; all control rod drives a r e now completely instal led, as may be seen 
in F igure 4. The two large shafts clamped in place on the plug a re the 
lifting columns of the reac tor vesse l cover lifting mechanism; this mecha-
nisna is also now completely instal led. F igure 5 shows the completed in­
stallation of the control rod drive lifting platform on top of the smal l 
rotat ing plug. The cent ra l column appearing on the control rod drive lifting 
platform se rves as the supporting member for the upper pa r t s of the rod 
drive tube a s sembl i e s . F igure 6 is another view of the top of the smal l 
plug showing additional detail . In the background may be seen Instrument 
Control Center No. 1. 
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Figure 2 

Small RDtatiiig Plug Being Lowered 
into Fmal Position 

yl 

FigutL ;j 

i 

^\{ 

% 

Vie\v uf Top of Siiidll Rotating Plug Alter 
Filial iistallaiion 
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Figure 4 

Control Rod Drives Installed 

i 

Figure 5 

View of Conttol Rod Drive Lifting Platform 
on Top of Small Rotating Plug 

Figure 6 

Another View of Top of Small 
Rotating Plug 
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The radial neutron shield surrounding the reac to r vesse l consis ts 
of five rows of s ta inless steel canned graphite blocks stacked three t i e r s 
high. F igure 7 shows pa r t of the lower t i e r . Also shown (at upper left) is 
the lower end of one of the four "J" ins t rument thimbles s t rapped to the 
wall of the reac tor vesse l . A pair of reac tor coolant inlet pipes passing 
through specially shaped shielding cans may be seen. The expanded 
metal work seen surrounding the shield is used to enable natural convec­
tion flow of bulk sodium for cooling of the shield cans. Installation of the 
entire radial neutron shield, all (eight) "J" and "O" instrument thimblesj 
and all reac tor coolant piping is now complete. 

iMmdstii 

The m a j o r e l e c t r i c a l i n s t a l l a t i o n effor t h a s b e e n in the R e a c t o r 
P l a n t . A to ta l of 25 e l e c t r i c i a n s , 3 foremien, and 1 s u p e r i n t e n d e n t a r e i n ­
s t a l l i n g equ ipmen t , c a b l e s , and w i r i n g . Work is be ing c o n c e n t r a t e d on 
t h o s e i t e m s n e c e s s a r y to be conaple ted p r i o r to the D r y C r i t i c a l E x p e r i -
i n e n t a l P r o g r a m . E l e c t r i c a l work is c u r r e n t l y e s t i m a t e d at 62% c o m p l e t e 
and it a p p e a r s tha t the r e q u i r e d e l e c t r i c a l work in the R e a c t o r Bui ld ing 
wi l l be c o m p l e t e d in e a r l y A p r i l . 

3. E n g i n e e r i n g 

A n u m b e r of s p e c i a l d e v i c e s n e c e s s a r y for d r y c r i t i c a l and p o s t -
d r y c r i t i c a l i n v e s t i g a t i o n s (both b e f o r e and a f t e r s o d i u m is in the s y s t e m ) 
a r e now in e a r l y p h a s e s of p r o c u r e m e n t or de s ign . T h e s e d e v i c e s inc lude 
the fol lowing: 

Figure 7 

Part of Lower Tier of Radial 
Neutron Shielding 
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(a) One instrunaented subassembly with thermocouples attached to 
the fuel element tubes to monitor t empera tu re during the dry cr i t ica l 
exper iments . 

(b) Two per i scopes for remote observation of fuel handling within 
the p r i m a r y tank during dry c r i t i ca l experiments and /or during sodium 
filling. 

(c) A nunnber of m i r r o r s to be positioned temporar i ly within the 
p r i m a r y tank for use in conjunction with the pe r i scopes . 

(d) Windows to be employed on cer ta in p r i m a r y tank nozzles to 
facili tate observat ions in the p r i m a r y tank. 

(e) Lighting facil i t ies requi red for the above 

(f) A t empora ry a i r circulat ing system to be used in the p r i m a r y 
tank to a s su r e reasonably uniform t empera tu re distr ibution during i so­
the rmal t empera tu re coefficient measu remen t s and other dry cr i t ica l and 
pos t -d ry c r i t i ca l exper iments . 

(g) A closed circui t television sys tem for observation in the p r i ­
m a r y tank p r io r to sodium filling is under investigation. 

4. P rocu remen t 

The tube bundle of the sodium-to-sodium heat exchanger is com­
plete , including the upper head and the lower inner head (see F igure 8). 
A p re l imina ry helium m a s s spec t romete r leak tes t of the completed bundle 
was successfully performed. Assembly of the shield plug section has 
s ta r ted . The f i rs t step of this procedure consis ts of attaching the lower 
section of the shield plug (below the stepped section) to the tube bundle and 
install ing the s teel , graphite , and boron-s t ee l shielding ma te r i a l . Owing to 
the curvature of the two 12-in. secondary sodium l ines, installat ion of the 
graphite r equ i res considerable hand fitting. 

Approximately 90% of the Datex Corporat ion drawings for the Fue l -
Handling Center have been approved, or approved with comments . Datex 
has been ins t ruc ted to proceed with construct ion on the bas is of these 
drawings without waiting for approval of rev ised drawings. Datex has suf­
ficient information to proceed with the construct ion of all components and 
a s sembl i e s . The Labora tory is expediting all phases of this work (including 
Datex subcontractors) to insure or improve the April delivery of the Fue l -
Handling Center . 
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SECONDARY SODIUM 

SHIELD PLUG 
SECTION 

TUBE BUNDLE 
SECTION 

INLET 

PRIMARY SODIUM 

Figure 8 

EBR-II 
Sodium to Sodium Heat Exchanger 
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5. Component Development - Reactor 

a. Storage Rack Mechanism - The s torage basket has been r e ­
ceived in Idaho and presen t plans a re to ship the remaining pieces in the 
f i r s t week of March, 1961, which will complete all Package 4 shipments 
from the Lemont si te to the field. All of the wiring on the unit is complete. 
A t empora ry power and control console has been fabricated and is being 
connected to the e lec t r ica l equipment on the unit. 

b. Leak Testing of Bolted Flanges for P r i m a r y Tank Nozzles » 
Several of the plugs instal led in the p r i m a r y tank nozzles have requi red 
shimming during installat ion to obtain the des i red plumbness or angle as 
designed. This condition has been at tr ibuted to both deflections in the 
cover and out -of -squareness of the flanges with the nozzle ver t ica l cen-
t e r l ines . The shimming th icknesses have been of the order of ^ i n . To 
determine if the copper ''O" ring gaskets will provide effective sealing 
under these conditions a s imple tes t fixture was constructed. 

The tes t fixture consis ts of two blind flanges, of about 15-inch 
d iameter , bolted together to compress a-f--inch diameter copper wire 
"O" ring, approximately 10.5 in. in d iameter . One of the flanges has a flat 
face while the other flange s imulates the r e c e s s e d bore for the gasket seats 
in the p r i m a r y tank nozzle flanges. All finished surfaces a re ground to a 
30 mic ro - inch finish, which is the specified value on all p r i m a r y tank 
nozzles . Three spare copper gaskets have been obtained for these t e s t s . 

P r e l i m i n a r y tes t r esu l t s have been promis ing . The bolts on 
the assembly were tightened to effect a near uniform p r e s s u r e on the copper 
gasket and the gap between flanges p r e s s u r i z e d with 5 psig of helium and 
probed for leaks The gap was then evacuated and a helium leak ra te tes t 
per formed with an external hel ium p r e s s u r e . Neither tes t indicated a leak. 
A second gasket was then placed in the groove and a shim of 0,040 in. was 
inser ted between flanges at one point. The bolts were tightened until the 
flanges touched at the point d iametr ica l ly opposite the shim. Again both 
helium tes t s revealed no leaks . It is planned to conduct a th i rd tes t with 
a ^ - i n . thick shim, and then to ' soak" the assembly m an oven at about 
200°F after which a final tes t will be made to a s s u r e that no leakage occurs . 
(The t empera tu re s expected at these gaskets during operat ion a r e about 
120°F-130°F.) 

6. Component Development - Instrumentat ion 

a. Pulse Counting Equipment - A new type of low dead-t ime neutron 
counting sys tem has been de^'eloped at the Labora tory . This sys tem is ca­
pable of measur ing accura te ly the neutron flux at source level in a gamma 
field of approximately 10" r / h r The design is unique in that the p reamp 
is physically attached to the counter shown in F igure 9 and requi red a special 
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c i r c u i t d e s i g n to a s s u r e s a t i s f a c t o r y o p e r a t i o n in a h igh g a m m a f ield. The 
f i s s i on c o u n t e r is a Wes t inghouse Type WX4245 with a 1 f ig /cm^ th ick 
n e u t r o n s e n s i t i v e coa t ing of U3O3 e n r i c h e d to 90% U^^^. 

Figure 9 

Neutron Counter with Preamp Attached 

The des ign de t a i l s of the p r e a m p l i f i e r and the l i n e a r p u l s e 
a m p l i f i e r a r e d e s c r i b e d in A N L - 6 2 9 2 . * The r e s p o n s e of th i s equ ipmen t 
wi l l be c a l i b r a t e d wi th the A r g o n n e F a s t S o u r c e R e a c t o r the flux s p e c t r u m 
of which is r e a s o n a b l y c l o s e to tha t a n t i c i p a t e d in E B R - I I . 

b. Control Rod Reactivity Generator - A sinusoidal react ivi ty 
generator and wave analyzer a re being designed to measu re the t ransfe r 
function of EBR-II. A new design is being investigated. The new design 
will possibly be l inear instead of rotating and have a 2 cyc le / sec speed 
with about a 4 in. throw. This drive would also be enclosed in a thimble 
with the rod not in contact with sodium. Gas cooling has been ruled out. 

P re l imina ry e lec t r ica l c ircui t layout of the react ivi ty gener­
ator instrumentat ion has been completed. Assembly drawings and details 
of external drive a re approximately 85% completed. 

c. Startup Instrunaentation - Special ins t rumentat ion is being 
provided for EBR-II s tar tup. Two movable thimbles will be instal led in 
control rod locat ions. High tempera ture fission chambers capable of 
operating at 455°C will be used. Two separa te channels of t empora ry 

*R. J. Epstein and D. C. Thompson, "A Low Dead Time Neutron 
Counting System," January, I96I . 
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electronic equipment, high voltage supplies , p reampl i f i e r s , log count ra te 
ampl i f ie rs , per iod ampl i f ie rs , s c a l e r s , and audio count ra te c ircui ts will 
be installed. 

Modifications a re being made to the sys tem to incorporate a 
low level t r ip on each log count rate m e t e r . Log count ra te meter sca les 
a r e being changed to read in coun t s / sec instead of counts /min The high 
t empera tu re fission counters a r e not yet available for a complete checkout 
of the sys tem, 

d. Local Moderating Mater ia l for Neutron Detectors - A ra ther 
extensive l i t e ra tu re s ea rch was concluded on the subject of zirconium 
hydride (ZrHx) and its p r o p e r t i e s . The exact number of hydrogens a s s o ­
ciated with each zirconium atom is not known. It was proposed to use ZrHx 
as a moderat ing medium in the vicinity of the low flux ins t rument - sens ing 
chambers to increase the response during s ta r tup . Originally this called 
for replacing graphite in cer ta in of the radial neutron shield cans with ZrHx^ 
Because these cans a re submerged in sodium at 700°F under operating con­
ditions, and because of the ever p resen t possibi l i ty of leaks in the cans , 
information on the stabili ty of ZrHx a.t such t empera tu re s and its compat i ­
bility with liquid sodium was requ i red before proceeding. 

It was la te r decided to abandon this scheme in favor of leaving 
cer ta in of the cans inside the reac tor vesse l empty and placing ZrHx mside 
the ins t rument thimbles and immediately surrounding the sensing chambers . 
The ZrHx '^s.s to be contained in soft aluminura (2S) cans of special con­
figuration. In this way, the ZrHx and liquid sodium would never come in 
contact, and the sea rch for information regarding compatibility with sodium 
was abandoned. 

It was found that ZrHx ^'^'^ aluminum were compatible at the 
t empe ra tu r e s involved (ISO^F at normal operating conditions and 700°F for 
per iods of a i r coolant fai lure) . For the hydride power available (Zircaloy-2 
hydrided to 1.80 wt-%, or ZrH|^£9) the vapor p r e s s u r e s (H2) at these t e m ­
p e r a t u r e s were of such a small order as to resu l t in negligible losses of 
the H2 by permeat ion and diffusion. It was also determined that damage to 
the aluminum cans by dissolved hydrogen would be negligible or ex t remely 
slight. 

e. Detector for Fuel Element Fa i lu re - InANL-6234 (Monthly 
P r o g r e s s Report , September , 1960), the detection of fuel element failure 
through the observat ion of delayed neutron emiss ion by fission fragnaents 
in the EBR-II coolant was discussed. Sensitivity tes ts were per formed at 
that t ime at the CP-5 r eac to r , and it was demonst ra ted in these m e a s u r e ­
ments that the gamma radiat ion associa ted with the sodium coolant s t r eam 
in EBR-II would produce an excessive background of photoneutrons through 
react ion with the deuter ium presen t in hydrogenous modera to r s Conse­
quently, a shift to graphite moderat ion was proposed and prepara t ions were 



made to optimize the design of a graphite modera t ing medium. It was ant i ­
cipated that the appreciably l a rge r slowing-down a r e a in graphite would 
reduce the sensit ivi ty of the counter and assoc ia ted mioderator to a fraction 
of that observed in the CP-5 measu remen t s with paraffin. 

A flexible modera t ing a r rangement of graphite surrounding a 
centra l ly located tube simulating the coolant tube in the cold t rap room of 
the EBR-II reac tor has been asserabled, and a sodium-heavy water photo-
neutron source has been p r epa red . It is now inse r t ed in the graphite mod­
erat ing sys tem and var ious per formance t e s t s a r e underway. These 
measure inen t s include a determinat ion of the intensity and distr ibution of 
therm.al flux in the graphite column as a function of the s ize of the a s ­
sembly, the neutron sensi t ivi ty and 7 - r a y d iscr iminat ion of two types of 
f ission counters , and tes t s of the degree of suppress ion of g a m m a - r a y 
pi le-up by use of fast aiTiplifying c i r cu i t s . 

The specifications for a sys tem to be a s sembled at the EBR-II 
site for fur ther test ing will r e su l t fromi these measurem^ents. Tes ts in situ 
a re neces sa ry because of the uncer ta inty in r ega rd to the neutron background 
which will exist in the cold t rap cell due to (7-n) react ions of the sodium 
gammas with deuter ium in the concre te walls of the cell . This background 
level will de termine the min imum fuel e lement fai lure which can be de­
tected by the delayed neutron technique. Another aspect of the developinent 
of a detector of fuel e lement fai lure is the design of c i r cu i t ry which will 
reduce spurious warning signals to a minimum. In this connection, the 
s ta t i s t ics of detection of a smal l signal has been invest igated and, based 
on these cons idera t ions , a prototype digitalized count - ra te me te r of super ior 
stabili ty and per formance has been proposed. 

7. Component Development - Steam Genera to r s 

Prev ious P r o g r e s s Repor ts (December , I960, ANL-6295 and 
January, 1961, ANL-6307) have descr ibed the difficulties encountered in 
fabricat ing the superhea te r uni ts ; namely, the tube- to - sod ium tube sheet 
weld. 

The details of the weld in question a r e shown in F igure 10 This 
figure shows the sodium inlet end details of an evapora tor ; however , the 
superhea te r is geometr ica l ly s imi l a r with the exception that baffle tubes 
a r e not used and dimensions a r e general ly sma l l e r . F o r example , the 
superhea te r ut i l izes a 0.596 in. OD tube with a 0.052 in. outer wall and a 
1.109 in. pitch, whereas the evapora tor ut i l izes a 1.43 8 in. OD tube with 
a 0.094 in. wall and a 1.938 in. pitch. The p r e sen t welding p rob lem was 
not evident during fabricat ion of the evapora to r s . The sma l l e r tube di­
ame te r and thinner wall of the supe rhea te r tube s eem to fall beyond the 
l imit of the p resen t welding techniques to produce consis tent ly re l iable 
welds. 
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Fii>ure 10 

E B R - I I H] \apora tor 
Sodium Init t End D e t a i l s 



The effort to develop a rel iable and consistent welding procedure 
for the superheater tubes is continuing; however, the solution to the p rob­
lem is as elusive as ever . It must be emphasized that the difficulty is 
not one of making a sound and rel iable weld, but r a the r of doing so 
consistently. Basically, two fundamental welding procedures have been 
the most thoroughly investigated - the spray t ransfe r and the dip t ransfer 
modes of metal deposition. The principal difference in the resu l t s of 
these methods, at this t ime, is that the spray t ransfer technique produces 
sound and rel iable welds most of the time - with an occasional imperfect 
one. The imperfections usually consist of over-penet ra t ion and violation 
of the bond line. A typical example of an acceptable and an unacceptable 
weld made by the spray t ransfer procedure is shown in Figure 11. The 
defect is local and is not c i rcumferent ia l in na ture . This is further 
i l lus t ra ted by Figure 12 which shows a t r a n s v e r s e c ro s s - s ec t i on of a test 
block. Note that all welds except one are sound and without defects. 

r-2^ 

BOND VIOLATION 

J 

UNACCEPTABLE WELD ACCEPTABLE WELD 

Figure 11 

Superheater Tube-to-Sodium Tubesheet Weld Samples by 
Spray Transfer Method - Longitudinal Cross Section 

The dip t r a n s f e r m e t h o d , d i s c u s s e d in the D e c e m b e r P r o g r e s s 
R e p o r t (ANL-6295) , i n v a r i a b l y i n c o r p o r a t e s a n o n - w e t t e d a r e a a t the s t a r t 
of the weld c y c l e . Subsequen t o v e r l a p of th i s a r e a du r ing the t e r m i n a t i o n 
p h a s e of the cyc le does not we t the a r e a . Defec t s of th i s type c r e a t e a 
v e r t i c a l l e ak pa th t h r o u g h the weld which would a l low s o d i u m to l e a k to 
a t m o s p h e r e . A typ i ca l weld m a d e by th i s t echn ique is shown in F i g u r e 13. 



Figure 12 

Superheater Tube-to-Sodium Tubesheet Weld Samples by 
Spray Transfer Method - Transverse Cross Section 
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Figure 13 

Superheater Tube-to-Sodium Tubesheet Weld Sample by 
Dip Transfer Method - Transverse Cross Section 
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Alternate methods of superheat ing have been considered to avoid 
complete dependence on the solution of this problem and s imultaneously 
avoid delay of the EBR-II P r o g r a m . The use of evapora tors as super ­
hea te r s has been considered since an evaporator is quite s imi la r to a 
superhea te r (see F igure 14). A spare evaporator is now available and all 
component p a r t s , except tubes , a r e available for a second unit. A p r e l i m ­
inary analysis vv'as made of the per formance of evaporator units as supe r ­
h e a t e r s . The resu l t s indicate that it is feasible and reasonable to consider 
the use of evapora tors as s u p e r h e a t e r s . Thus, a second evapora tor will 
be assembled and the two units will be used as superhea te r s if the four 
superhea te r s now awaiting a solution of the welding problem have not been 
fabricated in t ime The use of evapora tors for this se rv ice , however, is 
only an expedient and t e m p o r a r y means of resolving the p resen t difficulty; 
work on superhea te r s for this facility will continue. 

The resu l t s of the study a re summar ized in F igures 15 and 16. 
These resu l t s a r e based on the p resen t evaporator design and a constant 
sodium inlet t empe ra tu r e of 810°F to the evaporat ing sect ion of the s t eam 
genera to r . Poss ib le modifications to the s t eam side to improve efficiency 
a r e yet to be invest igated. F igure 15 shows the expected s team t e m p e r a ­
tu res and the approximate pe r cent of moi s tu re expected in the l a s t stage 
of the turbine In addition, the expected mois tu re condition in the final stage 
of the turbine for 1250 ps ig , 840°F throt t le s team conditions (design condi­
tions) is shovv^n for compar i son . F igure 16 gives the calculated secondary 
sodium sys tem p r e s s u r e drop and sodium velocity in the 8 in. sodium inlet 
nozzle to the supe rhea t e r s for the case of the two evapora to rs and the design 
condition (four supe rhea te r s ) . 

With two evapo ra to r - supe rhea t e r units ins ta l led and at a r eac to r 
power level of 45 Mw, it is expected that a min imum s team t e m p e r a t u r e of 
730°F will obtain. (It could poss ibly be made higher with modifications to 
the s team side to i nc rease s t eam velocity. If a fi lm coefficient equal to 
that for superhea te r units could be achieved, the t e m p e r a t u r e would be ap­
proximate ly 760°F.) This will r esu l t in a moi s tu re content of about 18% in 
the las t stage of the turb ine . The secondary sodium sys tem p r e s s u r e drop 
will be approximately 26 ps i . The sodium velocity at the 8 in. evapora to r -
superhea te r inlet nozzle is 13 fps. 

A mois tu re content of 18% is cons idered reasonable for l imi ted oper ­
ation of the turbine . Sufficient information is not available to de termine the 
p r e c i s e effect of inc reased mois tu re content on the life of this machine . 
However, the EBWR unit has operated for m o r e than 1.5 yea r s at full power 
with a calculated mois tu re content of 17% in the final stage with no apparent 
dele ter ious effects. 



34 

/STEAM 
^ INLET 

SODIUM 
OUTLET 

STEAM 
OUTLET 

SODIUM 
INLET 

GUIDES 

I4"DIA. 

20 " DIA. 

INSULATION 
/ - - ^ ^INDUCTION 
^ m ^ HEATING 
n COILS 

•OPERATING 
FLOOR 

SODIUM 
INLET 

STEAM 
OUTLET 

\ _ 

SODIUM 
OUTLET 

WATER 
INLET 

SUPERHEATER EVAPORATOR 

Figure 14 

Similari ty of EBR-II Superheater and Evaporator 
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Calculated Performance of Evaporators as Superheaters 
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(b) Moisture Content in Final Stage of Turbine 
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The use of evapora tors as superhea te r s requ i res minor modifica­
tions to the support ski r t , alignment guides, e tc . It may also be desi rable 
to increase the effectiveness of these units. This can be accomplished by 
install ing a centra l core within each tube to inc rease the steam velocity 
which xn turn reduces the s team side film res i s tance - the dominating the r ­
mal r e s i s t ance . 

The use of evapora tors as superhea te r s will requi re only minor 
modifications to the building or supporting s t ruc ture owing to the external 
s imi la r i ty of these units as is evident from Figure 14. (The a r rangement 
of these units v/as shown in F igure Z of the P r o g r e s s Report for January, 
1961, ANL-6307.) 

8. Component Development - Fuel Reprocess ing Faci l i t ies 

a. Fuel Cycle Faci l i ty Design and Testing - Equipment for the Air 
and Argon Cells is being designed, fabricated, and tes ted. Mater ia ls to 
fabricate the melt refining off-gas sys tem have been ordered . Bids on the 
two melt refining furnaces have been received and a r e being evaluated. 
The drawings and specifications for the se rv ice sleeve feed-throughs have 
been sent out for b ids . The feed-throughs a re replaceable units which slip 
into the sleeve por t s cast in the concre te . They contain serv ice l ines to 
equipment located inside the Argon Cell. A contract for an interbuilding 
coffin has been awarded to O G Kelley & Co. The coffin will be used to 
t r anspor t fuel a s sembl ie s between the reac tor and the Fuel Cycle Faci l i ty 
Building. 

A inanipulator s imulator will be used to check out manipulator 
control sys t ems A cable is being made to allow the s imulator to be plugged 
into the Center Pivot Tower and Power Inlet The s imula tor will great ly 
simplify the job of checking the power and control c i rcu i t ry . 

Test ing of Timken ro l l e r bear ings lubr ica ted with radia t ion-
re s i s t an t g r ea se s continues. A 300-hour running tes t of a bear ing lub r i ­
cated with NRRG-159 g rease which had been i r r ad ia t ed to 4 x 1 O' rad was 
completed The bear ing did not overheat . Tes ts a r e now underway in which 
the lubr ica ted bear ings a r e a l te rna te ly i r r ad ia t ed and run. These t e s t s 
will more closely approximate cell conditions since the g rease will be in 
a thin film as it is i r r ad ia t ed . 

b. Development of Remote Refabricat ion Equipment - Design of 
the refabr icat ion equipment for the EBR-II Fuel Cycle Faci l i ty is estim.ated 
at 68 p e r cent complete . Designs were conapleted, specifications wri t ten 
and p rocurement requis i t ions submitted for injection casting furnaces and 
vacuum p r e s s u r e sys t ems during the repor t ing per iod. A t empe ra tu r e 
compensated, l inear spring suspension sys tem was rece ived from Mett ler 
Corporat ion and is being tes ted for sensi t ivi ty, resolut ion, and accuracy as 
a pa r t of the 20 kg remote weighing balance and its readout equipment. 
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Two radiat ion r e s i s t an t f i l ters a re being tes ted for flow r e s i s t ­
ance, efficiency and capacity to withstand instantaneous p r e s s u r e differential 
ac ross the fil ter medium. If sat isfactory, these will be incorporated be ­
tween the injection casting furnaces and p r e s s u r e - v a c u u m sys tems to 
minimize gross contamination of the la t te r sys tems located in the subcell . 

Designs and specifications were completed on the Fuel Cycle 
Faci l i ty vers ion of the p r e s s u r e leak detector . These were s imi la r to those 
descr ibed in last month 's P r o g r e s s Report but a r e further refined for manip­
ulator operation. Provis ion was also made for m a s s spec t romete r connection 
if desired. 

9 P r o c e s s Development 

a Melt Refining P r o c e s s Technology - A second melt refining ex­
per iment using highly i r r ad ia ted fuel alloy has been completed Ten per cent 
enriched uran ium-f i ss ium pms were i r r ad ia t ed to an es t imated total atom 
burnup of O.Z per cent. After 28 days of cooling, the fuel was mel t - re f ined 
for three hours at 1400°C m a l ime-s tab i l i zed z i rcoma crucible . The over­
all yield of purified product was 69 per cent 

One of the major objectives of these melt refining exper iments 
with highly i r rad ia ted fuel alloys is to examine the effect of the intense beta 
and gamma radiation on the performance of the p r o c e s s . In the f i r s t high-
level mel t refining experiment with ma te r i a l i r r ad ia ted to 0.6 per cent burnup 
and cooled for 40 days, a product yield of 72.4 per cent was achieved. The 
yields of 69 and 72.4 per cent a re to be compared to an average value of 
89.5 per cent for severa l exper iments with uni r rad ia ted mate r i a l . It is 
desi rable to establ ish whether these lowered yields a re caused by more 
extensive oxidation of the uranium in the p resence of radiat ion. 

A uranium m a t e r i a l balance for the f i r s t melt refining exper i ­
ment with highly i r rad ia ted ma te r i a l is given in Table VI. Data from a 
pa ra l l e l experiment with uni r rad ia ted ma te r i a l a re also included for com­
par i son . The quantities of uranium in the various fractions a re based on 
the determination of their weights and on the uran ium concentrat ions ob­
tained by chemical analysis . All the uranium charged to the mel t refining 
crucible was accounted for in the ingot and skull f ract ions . It is reasonable 
to assume that the uranium re ta ined in the crucible as a component of the 
melt refining skull is p resen t ei ther as unpoured metal or as uranium 
oxide F u r t h e r m o r e , molybdenum, a noble metal in the p r o c e s s , appears 
in the skull only in the unpoured naetal fraction, and the unpoured metal 
has the same composition as the ingot. Thus, molybdenum and uran ium 
analyses of the various fractions pe rmi t the calculation of the percentage 
of uranium present in the skull as unpoured metal and the percentage 
presen t as oxide. 
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Table VI; Comparison of Melt Refining Yields with 
Irradiated and Unirradiated Fiss ium Alloy 

Conditions: Charge s ize: 

Time: 
Temp: 
Crucible: 

388 g i r radiated alloy 
360 g unirradiated alloy 
3 hours 
MOO'C 
line-stabil ized zirconia 

Atmosphere: 750 to 800 mm argon 

Relative Weight 
charge 
ingot 
oxidized skull 

Uranium Concentration, weight per cent 
charge 
ingot 
oxidized skull 

Total Uranium, relat ive per cent 
charge 
ingot 
skull 

Molybdenum Concentration, weight per cent 
ingot 
skull 

Analysis of Skull Fract ion, relat ive per cent 
unpoured metal 
oxidized metal 

Total Uranium Accounted for, per cent 

Irradiated 
Material 

1.00 
0.724 
0.3Z4 

95 
94 
82 

100 
72 
28 

2.6 
1.8 

22 
5.9 

Unirradiated 
Material 

1.00 
0.867 
0.132 

95 
95 
79 

100 
87 
13 

2.5 
1.6 

10 
2.8 

100 100 

Two s igni f icant fac t s e m e r g e f r o m th i s c a l c u l a t i o n . F i r s t , 
about twice as m u c h u r a n i u m was ox id ized in the e x p e r i m e n t wi th h ighly 
i r r a d i a t e d mia te r ia l . Second, the r a t i o of u n p o u r e d u r a n i u m m e t a l to 
ox id ized u r a n i u m in the sku l l was the s a m e in both e x p e r i m e n t s . 

T h e r e a p p e a r to be only two p o s s i b l e exp lana t ions for the 
l a r g e r a m o u n t of u r a n i u m ox id ized in the ac t ive e x p e r i m e n t ; one is a t m o s ­
p h e r i c c o n t a m i n a t i o n , the o t h e r is a r a d i a t i o n - i n d u c e d i n c r e a s e in the 
r e a c t i o n r a t e . Subsequen t e x p e r i m e n t s wi th i r r a d i a t e d m a t e r i a l wil l show 
which of t h e s e effects p r e v a i l s . If the i n c r e a s e in oxida t ion is induced by 
r a d i a t i o n , it m a y be p o s s i b l e to r e d u c e c o n s i d e r a b l y the t ime of l i qua t ion 
n e c e s s a r y to p r o d u c e adequa te f i s s ion p r o d u c t d e c o n t a m i n a t i o n by oxidat ive 
s l agg ing . A d e s i r e d r e d u c t i o n in the a m o u n t of u r a n i u m ox id ized would 
a c c o m p a n y a d e c r e a s e in the length of l i qua t ion t i m e . 
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Evaluations of the extent of oxidation and of fission product de­
contamination for the second run a re awaiting analytical r e su l t s . 

The second melt refining exper iment provided p r e l i m i n a r y 
data on the collection of par t icula te and volati l ized activity in a fi l ter and 
vacuum pump in the off-gas sys tem. When the fuel was sti l l below the 
melting point, evacuation of the melt refining furnace caused li t t le activity 
to appear in these components. After the fuel was molten, however, survey 
me te r measu remen t s showed substantial amounts of activity when a smal l 
quantity of gas was pumped out of the sys tem. The major constituent in 
the activity was identified as iodine. 

Since the argon a tmosphere of the EBR-II Fuel Cycle Faci l i ty 
is expected to contain smal l amounts of ni t rogen, the possibi l i ty of ni t r ide 
formation during the handling and s torage of fuel pins is of impor tance . 
At nitrogen concentrat ions higher than one volume per cent in argon, the 
ni tr idat ion ra te of f iss ium alloy was independent of ni t rogen concentrat ion. 
Below the one per cent level , the ni tr idat ion ra te dec reased rapidly as the 
nitrogen concentrat ion was reduced. In one experiment a high-frequency 
coil was used to produce a silent d ischarge to s imulate roughly the ioniza­
tion produced by radiat ion. The ni t r idat ion ra te in this case was inc reased 
approximately threefold. 

A seventeen-hour exposure at 300°C of f i ss ium pins to a 
5 pe r cent n i t rogen-argon a tmosphere resu l ted in a low pouring yield on 
subsequent mel t refining (2 kg scale) . Work is continuing to detcrmina if 
short (about 3 hr) exposures can be to lera ted . E lec t r i ca l energy input to 
a single f i ss ium fuel pin equal to the energy expected from fission product 
decay heating for 2 pe r cent burnup and 15 days ' cooling resu l ted in a pin 
t empera tu re of around 120°C when cooled by natural convection. 

b . P roces s ing of Melt Refining Skulls - Two demonst ra t ion runs 
of the skull r ec lamat ion p r o c e s s have been completed. In these runs skull 
ma te r i a l was removed from ful l -s ize mel t refining crucib les by oxidation. 
The oxide was then reduced at 800°C by a dilute (5 pe r cent) magnes ium-
zinc solution in the p re sence of a molten chloride flux. The uran ium was 
prec ip i ta ted from solution, f i r s t as a u ran ium-z inc in te rmeta l l i c from the 
reducing solution, and then as uran ium meta l from a m a g n e s i u m - r i c h zinc 
solution; and uran ium metal was isolated by re to r t ing to drive off res idual 
solvent m e t a l s . Reductions were essent ia l ly quantitative as indicated by 
the absence of uranium in the mol ten salt flux Uranium meta l of good 
appearance was isolated f rom each run. Many runs of this type a r e planned 
to develop p r o c e s s operating techniques and equipnaent, to expose p r o c e s s 
p r o b l e m s , and to demons t ra te adequate u ran ium recove ry and purif ication. 

The presen t philosophy of operat ion in the demonst ra t ion runs 
is that of allowing heels of constant volume to r emain in s eve ra l p rocesc 
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s teps . Therefore , high product yields can be shown only by repeti t ive op­
e ra t ions . P r o c e s s losses in waste s t r eams were 0.2 per cent in the molten 
salt flux, 2.6 per cent in the z inc- r ich supernatant solution and around 
4 pe r cent in the magnes ium- r i ch supernatant solution. Considerable r e ­
duction of losses in the two supernatant metal solutions is possible by 
making the phase separat ion at lower t e m p e r a t u r e s . 

Investigations a re being continued on the use of fluxes for the 
reduction of f iss ium oxide by z inc-magnes ium solutions. Previous work 
had shown that group II cations in the flux a re beneficial in promoting the 
reduction. For sa t is factory reduction r a t e s , magnesium ion has been found 
essent ia l to the flux. Zirconium oxide appears to have a deleterious effect 
on the reduction in the p resence of an air a tmosphere , but l i t t le or no effect 
in iner t a tmosphere . In the reduction of f issium oxide, the re f rac tory z i r ­
conium oxide f rom the mel t refining crucible is not reduced. The behavior 
of f ission product z i rconium oxide, which might be expected to behave 
differently, is being examined. The p r o c e s s var iables involved in the r e ­
duction of f iss ium oxide a r e being optimized in a special set of exper iments . 

As a p re l imina ry step in the skull r ecovery p r o c e s s , it may be 
possible to remove noble meta ls by contacting the skull oxide suspended 
in a flux with liquid zinc. Uranium oxides a r e not reduced in the absence 
of magnesium. In a p re l imina ry exper iment effective noble metal removal 
was rea l ized (Ru, 91-0; Mo, 83.6; Pd, 93.3 pe r cent) with a uranium loss 
of only 0.003 per cent. 

It is l ikely that this extract ion of noble meta l s into zinc will 
become a p r o c e s s step preceding the oxide reduction. Contrary to previous 
expectat ions, separat ion of molten zinc and the oxide-flux s l u r r y by with­
drawal of the s lu r ry does not appear feasible because of inability to keep 
l a rge r oxide par t i c les in suspension. 

A p r o g r a m has been s ta r ted to study the chemical bas i s of 
uranium oxide reduction from molten halide fluxes. The initial work on 
this p rob lem will consist mainly of spect rophotometr ic measu remen t s to 
determine the uran ium species in solution. 

A second run to determine the extent of f ission product volat i l i ­
zation during skull oxidation again showed iodine as the major evolved a c ­
tivity. A t r ace of te l lur ium activity was also found. Volatilization of 
ruthenium and molybdenum could not be detected. 

c. Blanket P rocess ing - Work was continued on the di rect interact ion 
of uraniuin and zinc to fo rm the internaetall ic which is subsequently decom­
posed by addition of magnesium to prec ip i ta te the uranium and dissolve the 
plutonium. Subdivision of the uran ium by hydriding and dehydriding to in­
c r e a s e the react ion ra te of in te rmeta l l ic formation by increas ing surface 
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a rea shows p r o m i s e . The formation of the z inc-uranium in termeta l l ic ap­
pea r s to be complete within 10 hours . While p lutonium-magnesium solutions 
appear reasonably stable in tantalum, a 10 per cent loss of plutonium from 
a magnesium solution over a per iod of 320 hours at 800°C indicates that 
there may be a slow introduction of imipurities. Carbon, which is known to 
precipi ta te plutonium from magnesium solutions, is suspected to be the im­
puri ty involved. Special efforts a r e being made to es tab l i sh the identity and 
the source of the impuri ty. 

d. Liquid-Metal P r o c e s s e s for Plutonium Fuel - The selective 
extract ion of fission products by liquid calcium is being investigated as a 
possible bas is for p rocess ing uranium-plutonium-f iss ium fuel al loys. The 
addition of sufficient calcium to a solution of uranium and ce r ium in zinc 
is known to precipi ta te uran ium metal quantitatively, leaving the ce r ium in 
solution. It is believed that the behavior of plutonium will pa ra l le l that of 
uranium, thereby permit t ing the separat ion of both uran ium and plutonium 
frona cer ium, and probably other r a r e ea r th m e t a l s . The solubility of 
uranium in z inc-calc ium solutions and the coprecipi tat ion behavior of ceriuna 
with uranium were determined at calcium concentrat ions up to 23 weight per 
cent, where the uranium solubility at 725°C is about 0.001 weight per cent 
and the coprecipitat ion coefficient for ce r ium is ze ro . 

e. Mater ia ls and Equipment Evaluation - Corros ion studies in the 
cadmiuin-z inc-magnes ium system indicate vir tual ly no cor ros ion of 1020 steel 
at 750°C by cadmium containing up to 15 per cent zinc. The p resence of mag­
nesium appears beneficial in reducing any attack. P repa ra t ions a re con­
tinuing for investigating the cor ros ion of re f rac tory meta l s in z inc-based 
sys t ems . 

Various aaaethods were evaluated as a means of determining the 
extent of graphite penetra t ion by fused sa l t s . Chemical analys is , au toradi ­
ography, metal lographic exanaination, and a staining technique all produced 
useful information. In a 75-hour exposure of CS graphite to a molten halide 
at 800°C, between one and five per cent of the void spaces in the graphite 
were filled by the salt . 

10. Fuel Development and Fabr ica t ion - Core I 

a. Fabr ica t ion and Assembly of Fuel and Blanket Elements - Over 
10,000 fuel pins have been cas t , assembled, welded and inspected. These 
operations a r e now completed. A total of 97 fuel e lements (containing 91 fuel 
rods per element) have been assembled, and 14 control e lements (containing 
6l rods per element) have been assembled. These operat ions a re a lso com­
pleted. There remain only 6 safety elements to be assembled . It is believed 
that all production can be completed ea r ly in March. 
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b. Testing - Studies of eddy current methods of test ing EBR-II 
fuel elements a r e sti l l proceeding. It has been found that a smal l c lose-
coupled coil has the same sensi t ivi ty as coils of l a rge r inside d iameter . 
This pe rmi t s a more compact sensing element. In place of the regular 
cyclograph testing equipment a differential pulsed eddy cur rent coil and 
circui t a re used for the study of hot fuel. This equipment was originally 
designed to determine the sodium level of the fuel e lements , but the study 
will be extended to cover the flux cha rac te r i s t i c s of the ent i re fuel element. 

c. Reaction Rate of Uranium and Stainless Steel - Safety consid­
erat ions for EBR-II , Core I operation requi re information about the ra te of 
penetrat ion of Type 304 s ta in less s teel jacketing by molten uranium. To 
that end a technique has been developed based on immers ing capsules of 
des i red wall thickness into molten uranium. Inside the capsule is an in­
sulated wire which is shor ted when the uranium breaks through the s ta inless 
steel wall thus giving an indication on a high speed r e c o r d e r . Penet ra t ion 
r a t e s a r e being determined at tenaperatures ranging from 1150°C to 1250°C 
using 0.010 in. and 0.040 in. wall capsules . Capsules with heavier wall 
thickness have been at tempted but owing to insufficient mixing in the melt 
a local concentrat ion of eutectic built up at the l iquid-solid interface thereby 
slowing down the penetrat ion. The thinner walled capsules a re now being 
used in an attempt to minimize this effect. 

P r e l im ina ry data indicate that molten uranium penet ra tes the 
0.010 in. wall in the order of 0.5 sec and the 0.040 in. wall in the order of 
2.5 sec , both being at a t empera tu re of approximately 1200°C. 

d. In-pile Per formance of EBR-II Fuel - Although many i r r a d i a ­
tion exper iments have been made on the EBR-II reference fuel, none of 
the tes t s exactly duplicates EBR-II core conditions in t e r m s of such i tems 
as burnup ra te and tenaperature and burnup distribution. The final answer 
on the performance of s ta inless s teel clad uran ium-5 w/o f iss ium alloy 
as a fuel for EBR-II must therefore be supplied by EBR-II itself. In order 
to obtain the best data on the behavior in the reac tor of production fuel pins 
it is evident that measu remen t s will be needed both before and after r e ­
actor exposure which a re much more p rec i s e than routine "go, no-go" 
inspections. 

A sample of 105 production pins was therefore selected for 
detailed m e a s u r e m e n t s . The d iamete rs of the ba re pins were measu red 
at close in terva ls . Lengths and immers ion densit ies were a lso determined. 
After the pins were sealed into jackets the measuremen t s were repeated 
on the assembly . Each element is identified with a se r i a l number . The 
elements will be loaded into known core locations where outlet coolant 
thermocouples a r e located so that as much information as possible will be 
available on the in-pile t empera tu re h is tory of the e lements . The upper 
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end closure was modified slightly in shape so that the measu red e lements 
can be recognized in the EBR-II r ep rocess ing cell and re turned to the L e -
mont site for detailed pos t i r rad ia t ion examination. 

Before any measu remen t s were taken, each pin was given an 
extended anneal at 500°C to convert them fully to the alpha phase , so that 
the dimensions and density would not change significantly during subsequent 
sodium bonding operat ions. 

11. Core II Fuel Development 

a. Phase Study of U - P u - F s - As pa r t of a p r o g r a m to be t te r un­
ders tand the meta l lurgica l cha rac t e r i s t i c s of the U-20 w/o Pu-10 w/o Fs 
alloy now considered to be the reference alloy for the second loading of 
EBR-II , a study of the equil ibrium s t ruc tu res of alloys of uranium contain­
ing 20 w/o plutonium and 5 to 15 w/o f iss ium is in p r o g r e s s . The effect of 
additional zirconium on the phases p resen t at var ious t empera tu re s in these 
alloys is also being investigated. 

Metallographic examination of these alloys heat t r ea ted at 60Z°C 
for 354 hours was completed during this per iod. Only slight changes in the 
m i c r o s t r u c t u r e were evident from a compar ison with the alloys heat t r ea ted 
at 625°C. 

b . Casting and Jacketing Technology of U - P u - F s Fuel Pins - The 
107 EBR-II type cast ings repor ted las t month have been machined into 
meta l lurgica l evaluation specimens (53 two-inch samples and 73 pins 
14.22 in. in length). Density measu remen t s were made on the 2 in. pins 
by weighing in air and i m m e r s e d in bromobenzene. The average density 
was 16.89 gm/cm^, varying between 16.76 and 17.00 gm/cm^. 

Vanadium, s teel , niobium, Nb-1 w/o Zr , Inconel X and Type 304 
s ta in less steel jacket components were received for final a s sembly and 
sodium bonding of the requested samples . The Inconel X and Type 304 
s ta in less steel specimens incorporated a 0.0005 in. thick vanadium b a r r i e r 
foil which has caused considerable difficulty in assembly of the spec imens . 

The design of the specimens requ i red a he l ia rc girth weld of 
the 0.009 in. jacket ma te r i a l s to extended top caps . Because of difficulties 
experienced in controlling the P & H Welder at the low amperages requi red , 
a new Vickers Welder was obtained. After adaptation of the welding con­
t ro l t i m e r s to this machine and some modification, it was found that stable 
welding a r c s below 4 amperes could be maintained. The var ious ma te r i a l s 
requ i red quite different welding conditions with amperages ranging from 
the low value up to 12 amperes required to make sat isfactory welds. 



12. The Dry Cr i t ica l Exper iments 

The prepara t ion of the Dry Cri t ical Report has been com.pleted (to 
be published as ANL-6299). It descr ibes the exper imental p rog ram, ex­
per imenta l p rocedures and safety considerat ions relat ing to these exper i ­
ments . The following descr ipt ion is a summary of the planned p r o g r a m . 

The Dry Cri t ical Esqjeriments a re essent ia l ly ze ro power exper i -
naents conducted in the EBR-II reac tor sys tem in the absence of the sodium 
coolant. These exper iments have two general objectives: 

(1) They will be conducted to obtain information relat ing to the 
per formance of the sys tem without sodium coolant for future compar ison 
with information derived with sodium coolant. By conaparison it will then 
be possible to asce r ta in var ious sodium effects on the neutronics of the 
sys tem. 

(2) They will be conducted to determine and/or verify cer ta in 
operational data to pe rmi t modification or improvement of the sys tem 
p r io r to the introduction of sodium into the sys tem. After sodium filling 
it will be difficult to a l t e r , modify, or convert many of the sys tem components. 

The exper imental p r o g r a m includes the following: 

(a) Neutron source and instrument response . 
(b) The approach to c r i t ica l . 
(c) Neutron flux and power cal ibrat ion. 
(d) Reactivity m e a s u r e m e n t s . 

The relat ionship between neutron source s t rength and neutron de­
tector response is important both to the conduct of the dry cr i t ica l exper i ­
ments and to the bas ic design of the r eac to r sys tem as it re la tes to normal 
operation. The dry c r i t i ca l exper iment will pe rmi t establishing this infor-
ination rel iably and safely because of the allowable use of special in -core 
ins t rumentat ion which is located external to the r eac to r . The additional 
ins t rument sensit ivi ty available will pe rmi t flux measu remen t at very low 
reac tor mult ipl icat ion and simultaneous determinat ion of the response of 
the normal instrumentat ion. This will provide an a s se s smen t of the nor ­
mal ins t rumentat ion at a t ime when modifications can be made, if necessa ry . 

The cr i t ica l approach is an essent ia l sequence of operation to pe rmi t 
a safe approach to the cr i t ica l r eac to r configuration. The procedure will 
provide useful information pertaining to the cr i t ica l approach when sodium 
is p resen t . The determinat ion of the dry c r i t i ca l m a s s , when compared 
l a te r with the wet c r i t ica l m a s s , will provide a mieasure of the total r e ­
activity worth of the sodium coolant in the EBR-II . 
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The neutron flux and power cal ibrat ion exper iments will: 

(a) Afford a relat ionship between ins t rument response and dry r e ­
actor power level; 

(b) Determ.ine leakage neutron flux fromi reac tor blanket and 
neutron shield; 

(c) Determine fission distr ibution in the reac tor blanket, and 

(d) Afford a cal ibrat ion for high t empera tu re fission counters for 
the wet c r i t ica l exper iments . 

Several types of react ivi ty effects will be measu red in o rder to 
evaluate design p a r a m e t e r s as well as to achieve understanding of the 
neutronics of the r eac to r . These measu remen t s include: 

(a) Reactivity worths of control , safety and fuel subassembl ies , 
(b) The dry i so thermal t empera tu re coefficient of react ivi ty, and 
(c) Calibrat ion of an osci l lator rod. 

The various subassembly cal ibrat ions a re determined to es tabl ish the r e ­
activity worths for r eac to r operation and shutdown. The dry i so thermal 
t empera tu re coefficient provides a very interes t ing measu remen t of the 
sodium coefficient under uniform heating. The stat ic cal ibrat ion of the 
osci l lator rod will provide a verification of the design severa l months p r io r 
to operation. 

In connection with the planned EBR-II dry cr i t ica l p rog ra m, e s t i ­
mates were made of the radiation levels to be expected from EBR-II sub­
assembl ies after low power operation. About a week of cooling is requi red 
to reduce the radiat ion at the surface of an assembly to 1 0 m r / h r after 
operation at a total r eac to r power of 1 0 watts for 2 hr . 

13. Hazards Evaluation 

A solution of the EBR-II flow decay problem has been obtained. The 
resu l t s show that 10 sec after the failure of power to both p r i m a r y coolant 
pumps the flow has decreased to about 20% of the design flow ra te . This 
value is considerably higher than the value repor ted in ANL-5 719* for 
e lect romagnet ic pumps. 

In order to es tabl ish the coolant flow ra te distr ibutions which exist 
in EBR-II in every row under natural c i rculat ion conditions, row by row 
calculations were made. The resu l t s of the calculations show that under 

• "Hazard Summary Report - Exper imenta l Breede r Reactor (EBR-II)," 
ANL-5719, May, 1957. 



natural circulat ion conditions the ra t io of the core coolant flow ra te to the 
total coolant flow ra te i nc r ea se s about 3% from those at the design flow 
ra t e . Es t ima tes show that only about 27% of the design power can be r e ­
moved by natural convection before local boiling of sodium begins in some 
rows of the core , and prac t ica l ly complete blockage of the flow will occur 
in a row as soon as net boiling begins in the core . 



III. STUDIES AND EVALUATIONS (040116) 

A. Evaluation of Pebble Bed Reactor Designs 

Two repor t s on pebble bed reac to r designs p repa red by ORNL, one 
a 10-Mwt prototype experiment and the other a 330-Mwe power plant design, 
were submitted to the Laboratory for review. It was requested that the r e ­
view develop "quantitative and qualitative" answers to the following 
questions. 

(1) Does the r eac to r concept appear technically feas ible? Where 
a r e the questionable a r ea s and how cr i t ica l a r e they? 

(2) Of the r e s e a r c h and development work that would appear n e c e s ­
sa ry to prove this concept, which of the r e s e a r c h and development is most 
c r i t ica l? What type of r e su l t s should be obtained from the r e s e a r c h and 
development in order to proceed further with the concept? 

(3) What is your judgment of the es t imated cost of r e s e a r c h and 
development and the t ime and manpower requ i rement neces sa ry to c a r r y it 
through? 

(4) How reasonable a r e the cost es t imates p resen ted? 

(5) In view of the economic p romise of the concept, in your opinion 
is a prograna leading to the design and construction of an exper iment and a 
prototype justified? 

The following a r e genera l conclusions from the review: 

(1) Major uncer ta int ies with the pebble bed r eac to r concept a re 
associa ted with the per formance of the fuel and the fuel handling machinery . 
Data on fission product r e l e a se r a t e s and i r radia t ion stability of fuel balls 
a r e not yet available to de te rmine the economic status of the concept. Much 
exper imental work is requi red to evolve a sat isfactory fuel handling scheme. 

(2) Development of remote maintenance equipment and procedure 
a r e required for the reac tor vesse l internal s t ruc tu re . 

(3) Because there is not available a sufficient amount of data some 
uncertainty exists in calculating exact heat t ransfer coefficients and p r e s ­
sure drop. Heat t ransfer and p r e s s u r e drop t es t s with packed beds com­
posed of large d iameter spheres would be requi red for exper imenta l 
verification. The accuracy of the p r e s s u r e drop corre la t ion is especially 
important because the reac tor power is essent ial ly inverse ly proport ional 
to the square root of the friction factor. 



(4) Additional design and exper imental work is needed to establ ish 
the costs for a r eac to r sys tem having a to lerable helium leak ra te . 

(5) Other design problems exist which, because they a r e not p a r t i c ­
ular ly unique to the PBR, will be solved on other r e a c t o r s such as the EGCR. 

B. Committee on Organic Reactor Technology 

An ad hoc commit tee has been established at the Laboratory to 
evaluate the cur ren t status of organic reac tor technology and to determine 
those a r e a s of r e s e a r c h and development work which a r e now lacking or a r e 
inadequate for the successful development of the r eac to r concept. A repor t 
is due on Apri l 1, 1961. The Committee intends to examine the work already 
done, the problemi a r e a s , the work planned, and to define the a r e a s requir ing 
investigation. The Committee is composed of ANL personnel who a r e exper ­
ienced in chemis t ry , pe t ro leum p r o c e s s e s , metal lurgy, and the engineering 
phases of r eac to r design. 

An information meeting was held in Idaho Fal ls to acquaint the m e m ­
b e r s of the Committee with the organizations involved in the organic p rogram, 
and the key prob lem a r e a s . Visits were also made to OMRE, Phil l ips P e t r o ­
leum Company at the National Reactor Testing Station, and Atomics Interna­
tional at Canoga Park , California. 



IV. REACTOR SAFETY (040117) 

A. Thermal Reactor Safety Studies 

1. Fuel-Coolant Chemical Reactions 

Knowledge of the nature and extent of chemical react ions with nu­
clear reac tor core metals that may occur in p r e s s u r i z e d water or s team is 
essent ia l to safe operation of r e a c t o r s . The principal laboratory procedure 
uses a condenser d ischarge to provide a lmost instantaneous heating and 
melting of meta l wire in water or s team. The energy input to the wire indi­
cates react ion t empera tu re ; the t rans ient p r e s s u r e m e a s u r e s react ion ra te ; 
light emission indicates t i m e - t e m p e r a t u r e behavior; hydrogen generated 
gives extent of reaction; and par t ic le size of the res idue indicates the s u r ­
face a rea exposed to react ion. A second method consis ts of heating the 
metal inductively and then subjecting it to a s team pulse to induce a me ta l -
s team react ion. 

The react ion of aluminum with uranium oxides is being studied by 
use of differential t he rmal analys is . 

Studies of the kinet ics of meta l -wate r react ions under reac to r inci­
dent conditions a r e being made in the TREAT reac to r . 

The s e r i e s of runs with zirconium wi res in the high p r e s s u r e con­
denser d ischarge apparatus a r e continuing. Fur ther runs in water at 310°C 
(1500 psi vapor p r e s su re ) have been made. Results continue to indicate that 
the react ions a r e identical to those ca r r i ed out in water at lOO^C (15 psi) 
and 200X (225 psi) . 

A se r i e s of z i rconium runs in water at room t empera tu re have been 
undertaken in a react ion cell having a large vapor volume. This s e r i e s of 
runs should be a cr i t ica l tes t of cur ren t theore t ica l ideas of the cause of 
the inc rease in react ion at elevated water t empera tu re . Hydrogen generated 
by react ion will not build up a significant p r e s s u r e in the la rge react ion cell 
and thus should not suppress the react ion if it is l imited by gaseous 
diffusion. 

Differential t he rmal analyses were naade to es tabl ish if thermi te r e ­
actions occurred between aluminum and 10 percent V^Og or between stain­
less s teel and 10 percent uranium dioxide ce rme t fuel pins. Specimens were 
heated at 10°C per minute to a t empera tu re of 1200°C in an argon a tmosphere . 
No exothermic react ion occur red . X- ray diffraction analysis following heat ­
ing indicated that only the original meta l s and uranium dioxide were present . 
Studies will be continued with p re s sed powder mixtures that were not s intered. 
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Two exper iments with 64-mil , 93 percent enriched uranium wires 
were completed as pa r t of the eleventh s e r i e s of TREAT, meta l -water 
meltdown t e s t s . The wi re s gave 33.2 and 50.2 percent react ion with water 
using reac tor per iods of 440 and 152 rail l iseconds, respect ively. Average 
energy input was 554 c a l o r i e s / g r a m uranium (integrated power of 100 mega­
watt seconds, peak power of 47 megawatts) . These a r e the highest extents 
of meta l -wate r react ion that have been obtained in TREAT runs made to 
date. 

2. Kinetics of Oxidation and Ignition of Reactor Mater ia l s 

Studies a r e being made of the oxidation and ignition kinetics of the 
meta ls uranium, zirconium, and plutonium in order to provide information 
leading to an understanding of the react ions . This knowledge should make it 
possible to minimize the hazards associated with handling these nuclear r e ­
actor ma te r i a l s . Isotherraal oxidation on microscope stage, shielded igni­
tions burning curves , ra te of propagation of burning foil, and burning 
tenaperatures a r e the techniques being used. In the continuing study of 
ignition and burning of uranium, zirconium, and plutonium, more emphasis 
is being placed on the burning p r o c e s s . Burning propagation ra t e studies 
provide a useful tool to observe the effects of many var iab les . Addition of 
halogenated hydrocarbons to a i r in which uranium or z i rconium specimens 
a r e burning has been observed to lower markedly the burning propagation 
velocity. This effect is being investigated. 

Efforts to elucidate the relat ionship between i so the rmal oxidation 
ra t e s and burning curve ignition t empera tu re s a r e continuing. Equations 
were devised to r ep re sen t the self-heating of a uranium specimen and the 
heat exchange with the p r o g r a m furnace in the burning curve appara tus . 
The equations were solved for two par t icu la r cases using a stepwise hand 
calculation. A calculated burning curve for 8.5-mm. cubes agreed with an 
exper imental curve up to about 400°C, where apparently the kinetic ra te de­
c r e a s e s and cannot be r ep resen ted by i so thermal ra te data extrapolated from 
lower t e m p e r a t u r e s . Bet ter agreement is expected for specimens of higher 
specific a rea . 

Studies of the ignition and oxidation of uranium powders a r e continu­
ing. The effect of pre-oxidat ion of a coarse (-20 +25) spher ica l powder was 
shown to be s imi la r to that repor ted for a fine powder las t month, namely, 
initial lowering of the ignition t empera tu re until the surface was oxidized, 
then a gradual i nc rease in ignition te inpera ture . 

Plans have been formulated to study severa l homologous s e r i e s of 
halogenated hydrocarbons to de te rmine the mechanism of inhibition of burn­
ing propagation along foil s t r ips , A two-color photoelectr ic pyrometer will 
be used for the simultaneous measu remen t of maximum burning t empera tu re 
and propagation velocity. 
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Because some uranium blanket plates for use in ZPR-III have been 
observed to be deter iora t ing and crumbling, a few ignition exper iments were 
performed to appra ise the pyrophorici ty haza rds . Samples of the de te r io ­
ra ted ma te r i a l ignited at 115°C in either oxygen or a i r . This is slightly 
lower than was obtained for compacted i r r egu l a r powder which had a m e a s ­
ured specific a r e a of 6,500 sq cm per g ram. ZPR-III personnel have com­
pleted the inspection of al l affected p la tes . The s torage of the affected 
samiples in a,rgon in pint cans in a sand bath should aver t hazard . 

B. Fas t Reactor Safety Studies 

1. Stability of F a s t Reac to rs : Calculation of Oscillating Tempera tu r e s in 
the EBR-II Core 

A neces sa ry pa r t of react iv i ty feedback calculations for osci l la tor 
exper iments in EBR-II is the calculation of the oscil lating t e m p e r a t u r e s of 
a fuel pin and its assoc ia ted coolant as a function of axial position. An e le ­
gant solution to this problemi was given by S to r re r in APDA-132* for the 
case of an unclad fuel pin. In S t o r r e r ' s calculation axial heat conduction in 
the pin is neglected, and a sinusoidal t irae var iat ion of the power is assumed, 
making it possible to separa te out the t ime dependence. The pin t empera tu re 
is de termined as a superposi t ion of two rad ia l functions, one proport ional to 
the heat source in the pin and the other to the local coolant t empe ra tu r e . 
These functions a r e the same for any axial position, their normal iza t ions at 
any position being de termined by the local heat source and coolant t e m p e r a ­
tu re . The lat ter is found by a simple axial integrat ion when the two radia l 
functions a r e deter inined. S t o r r e r ' s solution was extended by a two-region 
clad pin and this solution was coded for the IBM-704 as Code IDO-102. 
Tempera tu re s a r e multiplied by react iv i ty coefficients in this code to give 
the react iv i ty feedback. Some further modifications and extensions of this 
code to make it m.ore suitable for use with EBR-II have been made, the r e ­
sult being designated as RE-233. These modifications include possible use 
of seve ra l r epresen ta t ive pins to take account of sodium flow orificing in 
different subassembl ies , and the provis ion for different pin cha rac t e r i s t i c s 
in core and axial b lankets . 

While the above calculation p r o m i s e s to be completely sa t is factory 
for the case in which the feedback is l inear in t empera tu re and the kinet ics 
equations a r e l inear , it cannot be used to deal with non- l inear i t i es which 
would cause the power to become a Four i e r s e r i e s in t ime ra the r than to be 
proport ional to a single sinusoidal component. To deal with non- l inear i t i es 
the analog computer, which opera tes in the t ime domain, is suitable. Such 
non- l inear i t ies could a r i s e for example from bowing, phase t ransformat ion 
in the fuel, or non- l inear i ty in the kinetics equations. Because of the l imited 

*F red S tor re r , "Tempera tu re Response to Power, Inlet Coolet T e m p e r a ­
ture and Flow Trans ien t s in Solid Cycle R e a c t o r s , " APDA-132, June 5, 
1959. 
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capacity of the analog computer compared to a digital computer a more 
simplified t empera tu re calculation is necessa ry . For this reason a 
"radial ly lumped" pin model has been studied in which the two radia l t em­
pe ra tu r e functions in a pin d iscussed above (which for the S to r re r - type 
solution a r e l inear combinations of Besse l functions of complex argument) 
a r e approximated by the steady state solution. The function proport ional to 
the coolant t empera tu re in this case is a constant, the coolant t empera tu re 
itself. Resul ts obtained by this approximation by a four section finite dif­
ference calculation, give surpr is ingly accura te r e su l t s up toCO= 5 r a d i a n s / s e c . 
It thus appears that sufficient accuracy with this model could be obtained for 
a non- l inear p rob lem in which the driving frequency ranged up to 
1 or 2 r a d i a n s / s e c and in which one or two harmonics were present . 

2. Core Meltdown Studies; TREAT P r o g r a m 

In-pile meltdown exper iments a r e being per formed in the TREAT 
reac to r in o rder to survey types of fast r eac to r fuel element failure and the 
associa ted movement of fuel element ma te r i a l s , as well as to de te rmine the 
mechan isms producing such phenomena. 

a. EBR-II , Mark-I - Dry Samples - Six 3% enriched EBR-II, Mark-I 
e lements , contained, in capsules with tantalum neutron abso rbe r s at the s a m ­
ple ends to shape the neutron flux axially, were i r r ad ia ted in TREAT during 
the r epo r t period. These a r e the f i r s t t es t s on EBR-II pins with axial flux-
shaping to approximate the flux distr ibution expected in EBR-II. One sample 
has been examined. It r eg i s t e r ed a maximum cladding t empera tu re of 850°C, 
and in agreement with r e su l t s of previous experimentat ion on s imi lar e l e ­
ments subjected to an essent ia l ly uniform axial neutron flux, no damage was 
noted ei ther to sodium bond or s ta in less s teel cladding. A detailed gamma 
scan was made to de te rmine activation of the elemient as a function of axial 
position in order to confirm the r e su l t s of the two s teady-s ta te cal ibrat ion 
runs . The plot of activation vs . axial position was of the des i red "chopped 
cosine" shape and had a max imum- to -min imum rat io of about 1.6. Ins t ru ­
ment r e c o r d s of the remaining five e lements exposed indicated that failure 
occurred: the total energy inputs to the five covered a range est imated to 
extend from that n e c e s s a r y to produce extensive fai lure to a figure approx­
imately 70% grea te r than that neces sa ry for extensive fai lure. 

b, EBR-II , Mark I - Samples in Molten Sodium - The four EBR-II, 
Mark I e lements to be used in the second s e r i e s of experimentat ion on me l t ­
down in stagnant sodium (see P r o g r e s s Report , January , 1961, ANL-6307) 
have been encapsulated and received at TREAT. Two of these capsules con­
tain a fuel pin with a ch romel -a lume l thermocouple mounted within the fuel 
rod a full 1.5 in. fromi the top. The other two capsules have the t h e r m o ­
couples mounted in the bond sodiumi at a point halfway between the top and 
bottom. I r radia t ion of these capsules will demons t ra te the bes t method of 
r eg i s t e r ing fuel t e m p e r a t u r e during a t rans ien t . 
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c. F e r m i - I - Dry Samples - Five half-length 10% enriched 
F e r m i - I fuel elements subjected to flattened power t rans ien ts were exam­
ined. Each sample was instrumented with two fas t - response Pt - Pt Rh 
thermocouples spot welded to the cladding. Both therm.ocouples failed be­
fore the end of the t rans ient in four of the exper iments ; in the remaining 
case (Sample 2) one thermocouple failed. None of the five specimens was 
observed to have the smal l cladding cracks previously noted for short 
(about 0 .3-sec duration) power bu r s t s . All samples showed the i r r egu la r 
appearance with occasional flattened a r ea s charac te r i s t i c of a fuel pin 
which melted during the exper iments , the melted pin taking the shape d ic­
tated by the least s t ra in in rapid cooling. A summary of the resu l t s is 
given in Table VII. In no case was there any indication of violent ejection 
of melted fuel. 

Table VII: S u m m a r y of R e s u l t s Obtained on F e r m i - I F u e l E l e m e n t s 

Nomina l 
Sample Max. R e c o r d e d R e a c t o r Cons tan t R e a c t o r Ene rgy 

No. T e m p e r a t u r e , °C P o w e r Leve l , Mw R e l e a s e , M w - s e c Sample Condit ion 

1 1205 

2 1260 

3 1305 

4 1160 

5 1165 

16 

16 

16 

53 

51 

42 

48 

53 

P inho le fa i lu re at a 
t h e r m o c o u p l e weld. 

P inho le fa i lure at a 
t h e r m o c o u p l e weld. 

No f a i l u r e . 

Two pinhole f a i l u r e s 
a t t h e r m o c o u p l e we lds ; 
e l e m e n t badly w a r p e d . 

E x t en s iv e fa i lu re (not 
a s s o c i a t e d with t h e r m o ­
couple we lds ) . 

3. Theoret ical Analyses 

As a consequence of experiments in TREAT, the rapid expulsion of 
fuel by bond sodium from failed fuel pins is under investigation as a poten­
tial cause of a nuclear excursion. The analysis is current ly aimed at the 
EBR-II reac tor , and a new, more powerful t ime and space dependent heat 
t ransfer computing p rog ram is under development. Its completion will 
make possible theoret ica l es t imates of the t ime and location of failure of 
fuel pins as a function of core radius during some abnormal condition lead­
ing to severe overheating of the core . Es t imates can then be made of the 
ra te of reactivity change result ing from this condition. 

Studies have been continuing on the potential autocatalytic features 
of meltdown configurations during the ear ly portions of an explosion. A 
two-dimensional perturbat ion code to a s s i s t theore t ica l studies of this 
nature has been devised and will be writ ten as soon as the two-dimensional 
CURE-M adjoint code has been checked out. 
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An interes t ing aspect of the explosive nature of hypothetical nuclear 
r eac to r explosions is the dependence of energy yield on the shape of the 
power distr ibution in the core . Ear ly , approximate, theore t ica l es t imates 
of this effect a r e in some doubt. The powerful AX-1 coupled hydrodynamics-
neutronics computing p r o g r a m is being utilized to study this effect accurate ly , 
taking var ious quantities such as the init ial reactivity and the re la t ive density 
of core and blanket as p a r a m e t e r s . 

4. Component Development 

a. Meltdown Instrumentat ion Deve lopraen t -Pressure T ransduce r s -
A var ie ty of t e s t s have been perfornaed in TREAT on the response to a high 
radiat ion environment of minia ture p r e s s u r e t r ansduce r s of types of i n t e r ­
es t for meltdown experimentat ion. Data collected has incorporated re su l t s 
from t r a n s d u c e r s used as p r e s s u r e moni tors during actual meltdown exper i -
raents and from ins t ruments run separa te ly . The pr incipal effort thus far 
has been expended on s t ra in gage devices , and the following review is based 
on re su l t s on this type of t r ansduce r 

Two types of sensit ivity a r e apparent" an output signal com­
ponent approximately propor t ional to r eac to r power, and a signal component 
approximately propor t ional to s h o r t - t e r m reac to r energy r e l e a s e . The 
power sensi t ive component has been ascr ibed to ionizing effects in lead in­
sulation, and can be made negligible by use of a-c c a r r i e r excitation of the 
s t ra in br idge. C a r r i e r excitation did not produce any appreciable change in 
the energy-sens i t ive component. The magnitude of both components as a 
function of r e a c t o r power or energy var ied widely from t ransducer to t r a n s ­
ducer, but were typically of the order of 10-25% of the ful l -scale output of 
the ins t rument . 

Attempts to reduce the energy-sens i t ive signal by gamma shield­
ing were unsuccessful . However, shielding with cadmiium reduced this com­
ponent by approximately a factor of th ree . The re la t ive insensit ivi ty of the 
energy-sens i t ive component to r eac to r energy r e l e a s e during the power ta i l 
of a t rans ien t led to a check of the decay of this r e sponse as a function of 
t ime after a t rans ien t . Typical decays showed a logar i thmic d e c r e a s e with 
an e-folding t ime of the o rde r of 10 to 25 sec . This work is continuing, 

b. T ranspa ren t Meltdown Facil i ty Development - Tes ts were made 
at TREAT of the prototype t r an s pa re n t m,eltdown facility and i ts a c c e s s o r i e s . 
A gas handling sy s t em to be used for purging a i r from the inside of the faci l ­
ity and to provide an iner t cover gas for the sample inside the t r anspa ren t 
assembly was built and instal led at TREAT. The handling coffin for use in 
inser t ion and remova l of the facility from, the r eac to r was built, checked out, 
and adjusted to provide proper ve r t i ca l al ignment with the r eac to r core slot. 
Camera checks were made of c a m e r a and light al ignment, as well as t r a n s ­
paren t facility alignnaent and light ref lect ions. Necessa ry alignment 
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adjustments noted were minor . A low power reac to r cal ibrat ion run was 
made with a 6% enriched EBR-II, Mark-I element inside the t r anspa ren t 
assembly. 

Shortly before beginning the prototype testing it was discovered 
that the alignment fins on the Zircaloy outer subassembly of the facility 
were too la rge . During subsequent grinding operat ions on the fins, leaks 
were opened in the outer subassembly, and plans for actual t rans ien t me l t ­
down tes t s , using the facility with a metal cover over the outer window, 
were postponed pending construction of a new outer subassembly. As a r e ­
sult of the handling exper iences and additional reviews of facility design 
features , it was decided to modify the outer subassembly design for g rea te r 
strength, to make future outer units from s ta in less steel , and to incorpora te 
a Zircaloy inner l iner into the modified design in order to re ta in the r e s i s t ­
ance to attack from molten uran ium afforded by the re f rac tory meta l . F a b ­
rication of seven additional inner subassembl ies is underway. Design 
changes in the outer subassembly shop drawings a r e being made. 

c. P repa ra t ion for Experiraents with I r rad ia ted Samples - I r r a d i a ­
tion in MTR has been completed on twenty 6% enriched, EBR-II e lements set 
aside previously in prepara t ion for meltdown exper iments o n p r e - i r r a d i a t e d 
samples . The samples a r e now in s torage to pe rmi t fission product activity 
to decay. P repa ra t ions a r e underway for MTR i r rad ia t ions of twenty, half-
length, 10% enriched F e r m i - I e lements . 

d. Large Sodium Loop Development - Design work continued on the 
large sodium loop, based on the re fe rence design completed ea r l i e r (see 
P r o g r e s s Report , December , I960, ANL-6295). A study of the design has 
been completed and suggestions on loop design features a r e being reviewed. 



V. NUCLEAR TECHNOLOGY AND GENERAL SUPPORT (040400) 

A. Applied Nuclear and Reactor Phys ics 

1. Expe r imental 

a. BORAX-V Superheater Cr i t ica l Experi inent - In connection with 
the planned inser t ion of BORAX-V superheater e lements into the ZPR-VII 
facility, a proposed layout showing how centra l and per iphera l superheater 
regions might be located in the ZPR-VII system containing the Hi-G s t r u c ­
tura l components has been completed. If ei ther of these a r rangements is 
adopted it will be neces sa ry to provide additional grid and support m e m b e r s . 
Drawings showing these possible configurations have been p repared for in­
clusion in the Hazards Summary Report Addendum to be p repared . 

As pa r t of the haza rds ana lys i s , the effect of flooding of a super­
hea te r zone located both centra l ly and at the per iphery of a wa te r -modera t ed 
sys tem has been calculated. For twelve BORAX-V superheater e lements 
surrounded by a water reflected region of Hi-C fuel with water to uranium 
volume rat io of 3, the flooding of the dry superheat region would resul t in a 
react ivi ty inc rease of 6.8%. However, if the BORAX-V boiling region fuel 
is substituted for the Hi-C fuel, a higher water to m.etal volume ratio resu l t s 
and the react ivi ty assoc ia ted with flooding is only 4.2%. If the same spacing 
of Hi-C fuel is used with a pe r iphera l superheater , the reactivity effect due 
to flooding is only 2.7%. 

The magnitude of these react ivi ty effects indicates a possible 
need for a la rge cent ra l safety rod in ZPR-VII capable of overr iding an a c ­
cidental influx of water into the voided cent ra l region. This would supplement 
the water dump and provide a second mechanism which could cer ta inly shut 
down the sys tem if the superheat zone became accidentally flooded during a 
reac to r run. P r e l i m i n a r y calculat ions were inconclusive in r ega rd to whether 
shutdown could be accomplished by control rods located outside of the super ­
heater region. The requireraent of a cent ra l rod is a tentative conclusion, 
and additional calculat ions of control rod worths a re in p r o g r e s s . 

b. Pile Noise Analyzer - In ANL-6269 ( P r o g r e s s Report , Novem­
be r , i960), plans for improving the pile noise analyzer used in a number of 
m e a s u r e m e n t s over the pas t y e a r s were discussed. This was prompted by 
a growing external in te res t in the use of this technique for the determinat ion 
of prompt neutron l i fet ime. A novel in tegra tor raaking use of a phantastron 
c i rcu i t to produce a square pulse whose durat ion is proport ional to input 
signal voltage was descr ibed. Linear i ty and stability t e s t s of this in tegrator 
have now shown that it p e r fo rms remarkab ly well . This device is l inear to 
within 0.3% of its ful l -scale reading and has a long t e r m stability of the 
o rde r of 0.2% drift over a one-week per iod. 
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The new pile noise analyzer has been built and is being subjected 
to extensive performance t e s t s . The electronic tuned c i rcui t analog has given 
the improved performance expected at very low frequencies , but its pe r fo rm­
ance at higher frequencies has not been as good as des i red . This is probably 
due to reduced operat ional amplif ier gain at these higher f requencies . How­
ever , in prac t ice this p r e sen t s no rea l l imitat ion on the performance of this 
equipment, since this is beyond the range normal ly used for the pile noise 
m e a s u r e m e n t s . H neces sa ry , m e a s u r e m e n t s at the higher frequencies can 
be made quite well by inductance-capaci tance tuned c i rcu i t s . 

c. Measurement of v" for Thermal F i s s ion of U^̂ ^ - In l as t month ' s 
P r o g r e s s Report , ce r ta in conclusions drawn from pre l imina ry m e a s u r e m e n t s 
at the the rmal column of CP-5 were stated. These indicated the need for 
additional equipment in connection with the m e a s u r e m e n t s to be resumed 
next month at the the rmal column. P repa ra t ions in this direct ion a r e well 
underway. The neces sa ry monitor chambers and assoc ia ted electronic c i r ­
cuitry a r e being assembled and the co l l imators for the slowing-down tank 
a r e now under construct ion. The MnS04 solution counter assembly required 
for the detection of manganese activity is being fabricated, and modifications 
of the mianganese bath sys tem a re nearing completion. 

The solution counter a ssembly consis ts of an annular region su r ­
rounding a 4-in. sodium-iodide c rys ta l . This annulus contains near ly 2 l i t e r s 
of manganous sulphate solution. Five low noise EMI 5255S phototubes placed 
around this solution view the Cerenkov light emit ted by the Mn^ be tas . The 
technique for detection and determinat ion of absolute dis integrat ion ra t e s is 
beta gamma coincidence counting. Attention has turned recently to an evalu­
ation of the beta-counting efficiency for the be t a -gamma coincidence count­
ing of the manganese solution. 

Counting ra t e s result ing for var ious exper imenta l conditions 
have been observed and evaluated. These conditions included a compar i son 
of reflectivity by aluminum and magnes ium oxide, counting with slow a m ­
plification (Argonne c i rcui t A-61) and fas ter amplification (Argonne c i rcui t 
A-137), and a range of depth of solution. In t e r m s of usable values , the bes t 
efficiency obtained for a 200 gm per l i te r aqueous solution of MnS04 was ap ­
proximately 3% for a 250 ml sample when the EMI 6255S photoinultiplier was 
operated at a voltage which resul ted in a background counting ra te of one 
count per second. Prevent ion of pi le-up by using a modera te ly fast r is ing 
system resu l t s in an improved signal to background ratio over long- t ime-
constant sys tems . An additional dec rease in background may be achieved 
by placing the glass envelope of the photomultiplier tube at ground potential 
to a t t r ac t posit ive ions, and by some modification in the shielding. 

In a few important exper iments in the v measuremen t , the specific 
activity of the manganese solution will be quite low. Consequently, some 
effort has been made to de termine if the activated solution withdrawn from 
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the manganese bath can be mixed with a liquid scinti l lator in o rde r to 
improve the signal pulse height relat ive to noise. A brief effort was made 
to tes t the miscibi l i ty of the manganous sulfate solution in various liquid 
sc in t i l la tors . Phase separat ion occur red in xylene, toluene and dioxane 
when m o r e than a few percent of the inorganic salt solution was added to the 
solvent. To achieve a worthwhile increase in the counting efficiency it would 
be neces sa ry to introduce at l eas t 20% of the solution into the scint i l lator . 
Attempts to suspend the solution in a thixotropic scintillating gel were also 
unsuccessful , and so this approach has been abandoned. 

d. Modifications to ATSR - The Argonne Thermal Source Reactor 
( Z P R - I V ) is fulfilling an increasingly important role as a source of neutrons 
for a var ie ty of reac to r physics exper iments . It is cur rent ly being used for 
(a) an investigation of the per formance of a mechanical velocity selector 
which will be used in connection with the rmal spect ra s tudies; (b) an exper i ­
ment to de termine the per turbat ion produced in the the rmal and n e a r - t h e r m a l 
spect ra due to the p resence of a beam hole; and (c) an exper imental p rogram 
to determine infinite dilution resonance in tegrals for a number of fission 
products . For these u s e s , a number of modifications a r e necessa ry and 
ce r ta in cha r ac t e r i s t i c s of the ATSR mus t be establ ished. In addition, it has 
become des i rab le to repeat and extend the p re l iminary cal ibrat ion m e a s u r e ­
ments made when the ATSR was f i r s t placed into operation. This type of 
activity has a s sumed major propor t ions during recent weeks . 

In an effort to provide be t te r shielding for the ATSR so that 
operat ional r e s t r i c t ions on the use of the facility imposed by the radiation 
level in its vicinity can be minimized, severa l additions have been made to 
the shielding of the r eac to r , A reduction of a factor of two in the neutron 
background has been achieved by dissolving 35 kg of bor ic acid in the water 
which fills the shield tank surrounding all but one face of the core , by the 
addition of cadmium over the holes in the top of the r eac to r , by shielding 
the thimbles which contain flux level de tec to rs , and by the addition of cad-
miiunri shielding to the leakage face of the r eac to r . The reduction of gamma 
flux was approximately proport ional to the reduction in the neutron flux. It 
is concluded that any additional reduction of the leakage from ATSR will r e ­
quire extensive shielding changes. 

Several t e s t s have been made of the r eac to r with a cadmium-
covered tube inse r ted in the center of the core . This requi red the design of 
a special fuel e lement and additional cal ibrat ion runs to insure that the ex­
ces s react ivi ty available was consis tent with operat ional requ i rements and 
did not exceed the allowed marg in from the haza rds standpoint. Within this 
cadmium-l ined void tube, m e a s u r e m e n t s have been made to determine 
whether a 1 / E var ia t ion of the neutron spect rum exis ts in the centra l hole. 
This is of importance in connection with the planned prograna of resonance 
integral deterra inat ions . Four detector m a t e r i a l s having a dominant single 



resonance were used in this investigation, Au^''^ (4.9 ev), As'''^ (45 ev), 
Co^' (132 ev) and Mo'^ (490 ev). An appreciable deviation from I / E 
spectrum was indicated by the initial m e a s u r e m e n t s . Two sets of foil 
i r radia t ions and rad io-chemica l p rocedures to determine the activation 
yielded resu l t s in good agreement among themselves . However, the indi­
cated flux per logar i thmic energy increment de termined by cobalt and 
a rsen ic differed by a factor of two from that determined by gold and molyb­
denum. It is l ikely that self-protect ion in the gold foil accounts for some 
par t of this difference, and so these m e a s u r e m e n t s will be repeated with 
thinner gold foils. 

The react ivi ty contribution of the plutonium contained in the 
plutonium-beryl l ium star tup source has been determined. This source con­
tains 81 gm of plutonium, and during s tar tup it is displaced 12 in. from its 
location in the shield tank to a position in the light water reflector (which 
surrounds the ATSR core) . There a r e two effects assoc ia ted with this 
source. In addition to the neutrons added to the r eac to r by its inser t ion, 
the fissionable isotope contr ibutes a positive react ivi ty effect owing to in­
duced fissions and the subsequent inc rease in the number of neutrons in the 
system. The magnitude of this la t te r effect depends strongly upon the flux 
existing at the location of the source and its proximity to the core . 

Analytical investigation of the kinetic per formance of the r eac to r 
following the step inser t ion of the neutron source shows that, following an 
initial t rans ien t , the neutron level in a reac to r that is just c r i t i ca l will in­
c r e a s e l inear ly . On the other hand, the step inser t ion of a positive react ivi ty 
will , after the initial t r ans i en t s , cause the neutron level to inc rease exponen­
tially with a positive period. For a plutonium-beryl l ium source the inc rease 
in neutron level will exhibit a combination of these two effects. 

e. Neutron Phys ics 

(1) Fas t Neutron Capture Cros s Sections - The neutron capture 
c r o s s section of I has been m e a s u r e d by an activation technique. The neu­
t ron energy range covered is from 200 kev to 1700 kev. The m e a s u r e d c r o s s 
section ag ree s reasonably well with the m e a s u r e m e n t s of Bame and Cubitt^ 
but is l a r g e r than the ORNL liquid scint i l la tor resu l t s and smal le r than the 
Los Alamos liquid scint i l lator resu l t s .3 The absolute value of the c r o s s sec ­
tion is based on the U^̂ ^ fission c r o s s section, and on the Au^ '̂̂  activation 
c r o s s section m e a s u r e d at this labora tory . The tentative value for 
Ej^ = 200 kev is a3_(n,7) ~ 2.53 b a r n s . 

Phys . Rev. 0 3 , 256 (i960). 

"ORNL Liquid Scint i l la tor ," Phys , Rev, (To be published). 

Diven, et a l , , Phys . Rev. 120, 556 (i960). 
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(^) F Measurements Relative to "y (U^^^) - Apparatus has been 
set up to m e a s u r e the average number of neutrons emit ted {v) in the neutron-
induced fission of severa l f iss i le nuclei relat ive to the number emitted in the 
the rmal neutron-induced fission of U^^ .̂ The incident neutron energy is v a r ­
iable from the rma l to about 1.6 Mev. Thus the quantity di7/dE can also be 
obtained. Both ~ and d ~ / d E for U^̂ ^ and Û ®̂ fission a r e of importance in 
r eac to r design. 

P r e l im ina ry m e a s u r e m e n t s at 100 kev and 1.6 Mev incident 
neutron energ ies resu l ted in values of F(U^^^)/v(U^^®)[Ej^ =1 .6 Mev] and 
F(U^^^) 100 kev/v(U^^^) 1.6 Mev having a s tandard deviation of about 3%. 
These m.easurements indicate that the method is capable of prec is ion of 
about 1%. With that objective in mind, work with thor ium, U^^ ,̂ U^^ ,̂ and 
Cf is m p r o g r e s s , 

f. Acce le ra to r Instrumentat ion 

(1) Tr i t ium Targe t Assembly - A t a rge t assembly designed for 
the production of monoenerget ic neutrons by the p -n react ion in t r i t ium is 
being fabricated. It is hoped that this ta rge t unit will provide a neutron 
source with an energy spread of l e s s than 35 kev and accept an incident p r o ­
ton beam of about 20 / lamps without des t ruct ion of the requis i te thin ta rget 
windows. Owing to the low Q value the use of the t r i t ium p-n react ion as a 
source of neutrons will extend the effective neutron energy range of the 
existing acce l e ra to r . Moreover , the react ion is free of gamma radiation 
thereby removing some of the more t roublesome background problems 
p resen t in neutron c r o s s - s e c t i o n m e a s u r e m e n t s , 

(2) Ion Bunching System - Most of the p rob lems experienced 
with the ion bunching sys tem, ut i l ized in c r o s s - s e c t i o n m e a s u r e m e n t s ena-
ploying t ime of flight techniques, a r e assoc ia ted with the high frequency 
sweep port ion of the sys tem. Previous ly the fai lure of a supplier to deliver 
special insula tors within six months of the p r e sc r ibed del ivery date sub­
stantially delayed the p r o g r a m . The same insula tors a r e now failing at an 
a la rming r a t e . Moreover , they appear to be constructed of very poor m a t e ­
r i a l s for use in radio frequency fields. The net resul t of the difficulties is 
that it has been neces sa ry to fabr icate special insulating units in the 
Labora to ry ' s shops. These appear to have considerable p romise at this 
timie. Unfortunately, ins t rument p rob lems of this nature consume a very 
la rge amount of r e s e a r c h talent . 

2, Theoret ica l 

a. C P - 5 Hot Spot Fac to r - Neutron flux peaking effects result ing 
from the use of longitudinally seamed fuel tubes in CP-5 have been calcu­
lated using two-group diffusion theory. A cor rec t ion factor for the theore t ­
ical r esu l t s has been obtained by compar i son with exper imenta l data for one 
configuration (see P r o g r e s s Report , January , 1961, ANL-6307). 
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Since the total U content of each seamed tube is to be kept 
the same as the U^̂ ^ content of the equivalent extruded tube, the power 
density within the fuel mea t will of necess i ty inc rease a constant amount 
over that of the extruded tube for the same total reac tor power. The fac­
tor ial increase in power density within each fuel tube is given below for 
two different seam widths. 

Seam Width Inner Tube Intermediate Tube Outer Tube 

0.79 cm 1.048 1.040 1.035 
0,95 cm 1.058 1.049 1.042 

In addition to this constant power density inc rease , the the rmal 
neutron flux peaks at the seam-naeat interface. The magnitude of this effect 
va r i e s with the seam position, but in no case is the peaking factor g r ea t e r 
than 1.10. Away from the interface, the magnitude of this effect d e c r e a s e s 
rapidly. The local power peak near a seam will not give r i se to an app re ­
ciable clad surface t empera tu re r i se since the seam, acting as a the rmal 
fin, provides a la rge effective heat t ransfe r a r e a at the posit ion of maximum 
power. 

A conservat ive heat t r ans fe r calculation has indicated that the 
t empera tu re peak is located within the mea t at a c i rcumferent ia l distance of 
1.27 cm from the s e a m - m e a t interface. The magnitude of the t empera tu re 
r i se at this point, compared to an extruded tube at the same total power, is 
a maximum of 3.0° C for the 0.95 cm wide seam and 2.6° C for the 0.79 cna 
wide seam. In o rde r to maintain the same maximum clad t empera tu re when 
using seamed fuel tubes , the total r eac to r power would have to be maintained 
at 95% of the maximum power level allowable using extruded fuel tubes. 

b. Mathematical Numer ica l Analysis - It has been found possible 
to extend the i tera t ive technique for interpolation by ra t ios of functions to 
include osculatory interpolat ion, i .e . , interpolating functions for which not 
only the functional values , but also the f i r s t mi der ivat ives a r e specified at 
the set of points xi. The method has been tes ted by hand computation, in fit­
ting the function and its f i r s t derivat ive at a set of points , and severa l v a r i ­
ants have been p rog rammed for the LGP-30 computer . Tes t s of the p r o g r a m s 
in interpolating for tan x in the vicinity of 7r/2 have shown that a two-point 
osculatory rat ional interpolat ion is m o r e effective than a th ree-poin t rat ional 
interpolation using only function values . However, the higher o rde r in terpo­
lat ions do not inc rease in effect iveness, owing to the effects of roundoff 
e r r o r s . Fu r the r analys is is planned to determine whether this source of 
difficulty can be amel iora ted , A p re l iminary repor t on the new algor i thm 
has been submitted to the Society for Industr ial and Applied Mathemat ics 
for presenta t ion at their Apri l meet ing. 
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c. Resonance Integral and Age Compilation - A second draft of the 
resonance integral compilation was completed. 

A p re l imina ry listing of neutron age values was made. Reports 
concerning neutron age investigations using non-fission sources as well as 
fission sources a r e being examined for data to be included in the l ist ing. 

d. Reactor Phys ics Constants Center - Drafts of several sections 
for the Revised 1961 edition of Reactor Phys ics Constants (ANL-5800) a r e 
in final form and prepara t ion of the remaining ma te r i a l is proceeding. 

e. ZPR-VII Data Analysis - Calculations have been completed for 
f lux-t rap exper iments using 25:1 THUD fuel in la t t ices of 2ao or 6ao spacing 
and D2O modera to r . Approximations a re being developed to study the flux 
t raps using 15:1 Babcock and Wilcox fuel and lag spacing. These flux t raps 
were constructed with very thin core regions, some being l e s s than 3 cm 
thick. Actually the value of k^of these co res is l e s s than unity because of 
the strong resonance absorpt ion in the thorium. However, it has been 
shown, using th ree -g roup theory with extrapolation distance boundary con­
ditions, that such a r eac to r can be made c r i t i ca l provided that T|f is g rea te r 
than a quantity which is a function of the migra t ion a r e a s in the modera to r 
and is g r e a t e r than unity. This naeans that most of the fast neutrons p r o ­
duced escape frona the thin core and slow down in the modera to r below 
resonance energ ies before being absorbed in the core . 

B, Reactor Fuels Development 

1. Ceramic Fuels 

a. Refrac tor ies for Reactor Use - Work on the lanthana-urania 
system was continued. Air s in tered compacts were subjected to the follow­
ing heat t r ea tment : 

Tempera tu re (°C) Time (hrs) Furnace Atmosphere 

1675 310 Combustion 
1450 236 Air 
1800 4 Hydrogen 

Weight l o s s , densi ty, and mic ro s t ruc tura l changes result ing from the oxidiz­
ing heat t r ea tmen t s a r e under investigation. Most of the compacts dis inte­
grated when subjected to the 1800°C hydrogen heat t r ea tment . The failure 
was possibly caused by oxygen re lease of the solid solutions during the r e ­
ducing heat t rea tment . 

Investigation of the pycnometr ic densi t ies of s interable powders 
used for pellet fabricat ion was initiated. Chemical , metal lographic and 
X- ray invest igations of s in tered compacts subjected to the previous heat 
t r ea tmen t s a r e continuing. 
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b. Uran ia -Thor ia Bodies - Computer calculat ions were completed 
for X- ray p a r a m e t e r data of u ran ia - thor ia solid solutions p repa red by the 
a i r sintering of U30g-Th02 mix tu res repor ted las t month. Solid solutions in 
the range of 2 m / o to 70 m / o UO^ were subjected to (1) a i r sintering, (2) oxi­
dation following a i r s inter ing, (3) reduction following a i r s inter ing, and 
(4) oxidation of samples reduced to s toichiometry. Corre la t ion of the X-ray 
data with stoichionaetry is in p r o g r e s s . The lat t ice p a r a m e t e r s calculated 
for a i r s intered samples reduced to s toichiometry in H2 a r e in agreemient 
with those repor ted by Lamber t son , Muel ler , and Gunzel, J . Ana. Cer . S o c , 
36_, 397-399 (1953). 

Exper imenta l appara tus has been assembled for determinat ion 
of the the rmal expansion of these solid solutions to 1600°C. Calibration of 
the di la tometer is being made using 90° or iented single c rys ta l sapphire as 
the reference ma te r i a l . 

c. Uran ium-Thor ium Sulfide - Fu r the r data showing the effects of 
argon and vacuum process ing of US 15 (see P r o g r e s s Report , November, I960, 
ANL-6269) a r e given in Table VIII. 

Table VIII. Effects of Argon and Vacuum Process ing of Uranium Sulfide :g £. 

Trea tment (1800°C-1 hr) 

Argon Homogenization 

Argon Homogenization, 
Argon fire 

Argon Homogenization, 
Vacuuna fire 

Vacuum Homogenization 

Vacuuna Homogenization, 
Argon f i re 

Vacuum Homogenization, 
Vacuum fire 

Chemical 
Analysis 
(w/o US 
phase) 

97.8 

98.8 

97.8 

98.5 

Latt ice 
P a r a m e t e r , 

a 
(A) 

5.4853 

5.4815 

5.4882 

5.4878 

5.4837 

5.4891 

Average 
Grain 
Size 

( M ) 

121 

78 

71 

24 

Modulus 
of Rupture 

(psi) 

24,100 

15,800 

21,500 

15,400 

It appears that the a tmosphere during fir ing, r a the r than homog­
enization, deternaines the puri ty of the final product as given by w/o US 
phase . Pol ished sections showed that the a rgon- f i red m a t e r i a l contained 
considerably m o r e gra in boundary and surface secondary phase than did the 
vacuum-f i red m a t e r i a l for a lmos t identical puri ty of product. F i r ing in 
argon also caused an inc rease in gra in s ize . In all c a ses argon firing 
lowered the lat t ice p a r a m e t e r of the m a t e r i a l whereas vacuum firing ra i sed 
it. Finally, it was found that the modulus of rupture c o r r e l a t e s mos t closely 
with density. 



Pre l imina ry to i r rad ia t ion testing of US, its conapatability with 
jacketing m a t e r i a l s and its r es i s t ance to NaK attack a r e being determined 
simultaneously. A US sandwich containing sheets of V, Nb, Zr , and s ta inless 
steel is being run in NaK at 800°C for two weeks. Pe l le t s made from the 
same batch will undergo water and s team cor ros ion t e s t s . 

Other proper ty m e a s u r e m e n t s a re being set up. The vacuum 
in te r fe romete r appara tus has been made ready for t he rma l expansion 
m e a s u r e m e n t s to 1000°C. An appara tus to m e a s u r e the thermal conductivity 
up to 1000°C in argon, or vacuum if neces sa ry , is now being constructed. 

d. Poisoned Glasses - The feasibility of coating Zircaloy with a 
porce la in enamel containing a high c r o s s section element such as gadolinium 
was investigated, A coating of this type could, for example, be used as a 
means of introducing burnable poison into EBWR Core II. The coating would 
be applied to the inside surface of the Zircaloy shrouds which contain the 
fuel e lements . 

Two commerc i a l enanael fr i ts suitable for coating s ta in less 
s teels were selected for initial t r i a l s . Batch composit ions of each of these 
f r i ts were ground into s l ips , omitting the Gd203. The enamel slips were 
sprayed on both surfaces of 25 mil thick Zircaloy specimens which had been 
vapor blas ted with 200 M AI2O3. After drying, the coated specimens were 
f ired in a i r from 3 to 5 minutes at 1030°C, and s imi la r ly at 860° C. These 
heat t r ea tmen t s resul ted in a good quality coating with no obvious imper fec­
t ions. On the bas i s of these r e su l t s , a batch composit ion containing 5% by 
weight of Gd203 was ground into slip. This slip was applied to specimens 
as above and f ired for 3 minutes at 880°C. The resul tant coating was one 
mil in thickness and had an excellent appearance . This work is considered 
to have es tabl ished the feasibil i ty of applying a porce la in enamel coating to 
Zircaloy. 

e. P r o p e r t i e s of Plutonium Carbide - A p r o g r a m to cha rac t e r i ze 
high puri ty and high density p lu tonium-carbon alloys near the monocarbide 
composit ion is being continued because of i ts in te res t as a potential fast 
r eac to r fuel. 

The density of al loys p r epa red by a r c melt ing and cast ing which 
range in comiposition from 42.1 to 59.6 a /o C have been m e a s u r e d using the 
displacement method in CCI4. These values were above 98% of the theore t ­
ical density. 

The phase boundary and the identity of the low t empera tu re phase 
found in the 44.5 a /o C the rma l expansion specimen was investigated by 
metal lography and X- r ay diffraction. Specimens from cas t al loys containing 
42 .1 , 45.4, 46.8 and 50.4 a /o C were heat t r ea t ed at 400° C for 25 days and 
fast cooled. The phases p re sen t in these specimens a r e given in Table IX. 



Table IX: Phases P r e s e n t in Cast Specimens that Were 
Heat Trea ted at 400° C for 25 Days 

Phases 
Composition 

(a/o C) As Cast Heat Trea ted 

42.1 PuC + a P u PuC + Pu3C2(zeta) 
45,4 PuC PuC + Pu3C2(zeta) 
46.8 PuC + PU2C3 PuC + PU2C3 
50,4 PuC + PU2C3 PuC + PU2C3 

These resu l t s tend to confirm the general configuration of the LASL phase 
diagrana (i960 Grenoble Conference) in the region of the monocarbide compo­
sition. The PuC, PuC + PU3C2 (zeta) phase boundary occurs at about 45 a /o C 
in the LASL phase d iagram while this work shows that this phase boundary 
is between 45.4 and 46.8 a /o C. The dilation curves of the 44.5 a /o C speci ­
men, d iscussed in previous P r o g r e s s Repor ts , can nov/ be fully explained. 
On heating, the PuC + PU3C2 phases expand uniformly to 400°C. Above this 
t empera tu re there is an abrupt increase in the ra te of expansion with in­
c rease in t empera tu re a s the PU3C2 (zeta) phase d issolves in PuC. At 560° C 
the solution of PU3C2 is complete and the dilation curve has about the same 
slope as the curves of higher carbon PuC specimens above this t e m p e r a t u r e . 

Metallographic examination of a 44.4 a /o C specimen furnace 
cooled at a ra te of 2°C pe r minute from 1000°C revealed that PuC was r e ­
tained to room t e m p e r a t u r e . 

Alloys containing l e s s than 46,8 a /o C have been observed to 
c rack when the rmal cycled in a d i la tometer and can be expected to lead to 
breakup under r eac to r condit ions. This can be at t r ibuted to cyclic s t r e s s e s 
result ing from the la rge expansion and contract ion assoc ia ted with the solu­
tion and precipi ta t ion of PU3C2 on the rma l cycling, 

2. P r o p e r t i e s of Metals and Alloys 

a. Thermal P r o p e r t i e s of U-Fs - Under subcontract to the 
Labora tory , the Universi ty of Denver is determining the specific hea t s , heats 
of t ransformat ion , and hea ts of fusion of U-3 , 5, and 8 w/o Fs al loys. Data 
have been comipleted during the pas t laaonth on the 5% f iss ium alloys in this 
s e r i e s except for deternaination of the heat of fusion. Difficulty has been 
encountered with the drop ca lo r ime te r because , upon dropping, the weight of 
the sample has sheared the bottona from the y t t r ium capsules and a change 
in design has been necess i ta ted . Only one sample of the 5% alloy is available 
and a cautious approach is n e c e s s a r y so that data can be obtained for this 
ma te r i a l . Data have been taken to 900° C on both 3% f iss ium alloys and one 
of the 8% samples . One of the 3% samples was cut into sma l l e r size p ieces 
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to be accommodated in the diphenyl ether ca lo r ime te r and it is planned to 
run a duplicate on this m a t e r i a l through the f i r s t t ransformat ion, A s imilar 
s e r i e s may also be possible on the 8% alloy. 

The data obtained seem self-consistent and indicate a small de­
c r e a s e in the heats of t ransformat ion with increasing f issium content. 

3, Nondestructive Testing Techniques 

a. Ultrasonic Techniques - As mentioned in las t month 's P r o g r e s s 
Report , velocity m e a s u r e m e n t s have been made on a fused silica sample 
which is being sent around the country for velocity cor re la t ion and compar ­
ison purposes . 

Based on a measurenaent of 2.01065 cm for the sample th ickness , 
the velocity through the sample was found to be (5.966 t 0,002) c m / s e c . This 
would give a t r ans i t t ime of 6.740 microseconds . The formula used to calcu­
late the velocity was : 

2Lfo 
y _ 

no (#/27r) 

where L is the sample th ickness , fg the naeasuring frequency, HQ is the nuna-
ber of wavelengths in the sample at fg, and 0 is the phase shift in the wave 
upon reflection at the boundary between the sample and a buffer rod. 

^" Neutron Techniques - The photographic detection of neutron 
inaages is present ly being investigated with at l eas t one long range objective 
being to apply neutron radiography as a useful inspection naethod for non­
destruct ive tes t ing. 

Fu r the r study has now been made concerning the use of a 
Van de Graaff genera tor as a neutron source for radiographic purposes . 
The Li (p,n) —^Be react ion was employed to produce a fast neutron source 
in a thick lithiuna target . The acce lera t ing voltage was 2.5 Mev and the p r o ­
ton cu r r en t was 10 m i c r o a m p e r e s . At a distance of 1 2 inches from the 
ta rget the neutron flux of the unmoderated beam had a photographic effect 
approximately 10% of that of the monochromat ic the rmal neutron beam be ­
ing used at C P - 5 . Comparat ive speed m e a s u r e m e n t s on severa l conver ter 
m a t e r i a l s obtained using this beam do not follow the speed t rends found with 
the the rmal neutron beam at C P - 5 . These differences were observed b e ­
cause mos t of the photographic effect of the Van de Graaff unmoderated 
neutron beam, appears to resu l t from resonance neutrons . This was con­
firmed by re la t ive speed m e a s u r e m e n t s taken with and without a cadmium 
fil ter in the beam. Very l i t t le difference was observed between these two 
sets of measurenaents , in spite of the fact that the cadmium f i l ter e s sen ­
tially cuts out of the beam all neutrons of energy l e s s than about 0.4 ev. 
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Of the meta l conver te r s c r eens used, the resonance neutrons yielded re l a ­
tively high photographic speeds par t icu la r ly with s i lver , rhodium and gold 
(these m a t e r i a l s all show severa l absorption peaks in the resonance region). 

C. Reactor Mater ia l s Resea rch and Development 

1. I rradiat ion Damage in Steels 

a. Transmuta t ions Under High Irradiat ion - A general mathemat ica l 
solution of the t ransformat ion of the isotopes of i ron during a long exposure 
to thermal neutrons was s tar ted . For an SA-212B composition exposed to 
1.5 X 10^^ nvt the rmal neut rons , the calculations show that about 3% of the 
Fe^ isotope is t ransformed to the Fe^" .̂ A s imi lar percentage of Fe^'^ is 
converted to Fe^^. The conversion p r o c e s s reduces the relat ive amount of 
the Fe^ isotope and builds up the Fe^® concentrat ion. The p roces s slows 
down at the Fe^^ point because of the low absorpt ion c r o s s - s e c t i o n of Fe^®. 

b . Magnetic P r o p e r t i e s of I r radia ted Steels - An improved bridge 
circui t utilizing the best of severa l exper imental sea rch coils (1000 turns of 
No. 28 gage enameled wire wound on a 2.5 cm long core with a 0.76 cm di­
ameter ) was built. The new bridge c i rcui t ut i l izes 100 ohm res i s t ances in 
the arnas instead of the 1000 ohm components of the prelinainary br idge. 
Tes ts with previously p repa red samples of annealed and fully hardened 
SA-212B tes t b a r s (descr ibed in the December , I960, P r o g r e s s Report , 
ANL-6295, page 51) showed that the br idge c i rcui t exceeded expectat ions. 
The unbalance voltage between the two a r m s of the br idge was reduced to 
0.5 millivolt with an input of about 1.5 volts and 100 cps . 

D. Reactor Components Development 

1. Development of Manipulators for Handling Radioactive Mater ia l s 

a. Force- re f lec t ing Elec t r ic Servo Development - Work has con­
tinued on the problem of reducing the viscous drag in a force-ref lect ing 
e lec t r ic servo system in which the m a s t e r and slave moto r s a r e dr iven by 
separate ampli f iers (see January , 1961, P r o g r e s s Report , ANL-6307, p . 55). 
A one motion system has been successfully built and tes ted in b read -boa rd 
form. The des i red reduction in viscous drag was achieved by introducing 
the p roper amount of s e r i e s capaci tance. The rat io of the reflected force 
to output force is reasonably constant over the useful speed range. The 
systena is being investigated for possible use in m a s t e r - s l a v e manipula tors 
that have d i s s imi la r m a s t e r and slave a r m s . 

b. Force- re f lec t ing Elec t ro-Hydraul ic Servo Development - Studies 
have continued on the development of an e lec t ro-hydraul ic servo valve for 
use in a force-ref lect ing servo for a m a s t e r - s l a v e manipulator having a load 
capacity of 100 pounds and a maximum velocity of 36 inches per second. 



An hydraulic ally powered sys tem will have less iner t ia than an e lec t r ic 
motor sys tem, and possibly other advantages, such as elimination of reduc­
tion gear ing, and lower powered e lec t ronics which makes the system more 
feasible for radio-cont ro l . 

The ANL Model 12 e lec t ro-hydraul ic servo valve was f i rs t oper ­
ated in August, i960, in a force-ref lect ing system using dual valves with 
integral e lec t ro -mechanica l t r ansduce r s and dual ac tua tors . Since that t ime , 
extensive per formance t e s t s have led to modifications which have improved 
the stiffness and t rans ien t response of the system. Analytic work has 
para l le led the t e s t s and has provided an understanding of the operat ion of 
the valve which will aid in the development of valves of improved 
per formance . 

The valve opera tes from a constant-flow supply and provides to 
an actuator a differential p r e s s u r e which is proport ional to the e lec t r ic cu r ­
rent in the e l ec t ro -mechan ica l t r ansduce r . The valve has two s tages , both 
of which operate on the open-center poppet pr inciple . The full-signal dif­
ferent ia l output p r e s s u r e of 1,000 ps i is obtained with an e lec t r ic input to 
the t r a n s d u c e r s of 0.2 watt. The valve has per formed sat isfactori ly even 
when the hydraulic oil was considerably contaminated. The valve has a 
force-ref lec t ion sensitivity between one and two percent . 

The reflection of t r ans ien t forces have been improved by the 
addition of networks in the m a s t e r and slave ampl i f iers which inc reases the 
gain of signals above 2.5 cps, 

E. Heat Engineering 

1. Void and Velocity Distr ibutions in Two-Phase Systems 

The m e r c u r y loop (see P r o g r e s s Report , January , 1961, ANL-6307) 
was made to operate p roper ly and the equipment neces sa ry to de termine 
values of the s t r eam kinetic energy were assembled . One miajor change 
made in the loop was to replace the a i r sys tem by nitrogen. This was done 
to stop the oxidation of the m e r c u r y and t r ace e lements p resen t . 

To m e a s u r e the s t r e a m kinetic energy a pitot tube is used with a 
static tap at the pipe wall . The p r e s s u r e differential is m e a s u r e d by a p r e s ­
sure t r ansduce r . The t r ansduce r signal is integrated for a per iod of 60 sec 
and an average signal calculated. The integrating p r o c e s s is nece s sa ry 
since the kinetic energy at a point in the s t r e a m fluctuates between a la rge 
value for the m e r c u r y and a very smal l value for the gas . 
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2. Steam Separation 

The problem of separat ing mois tu re from the s team leaving a reac to r 
becomes increasingly important a s the power output of r eac to r s is increased. 
When the decision was made to increase the power of the EBWR to 100 Mw 
a p rogram was initiated to evaluate the degree of na tura l separat ion 
(gravity forces only) that could be expected. 

The General E lec t r ic Atomic Power Equipment Department in 
San Jo se , California had constructed a la rge circulat ing loop and p r e s s u r e 
vesse l , capable of circulat ing up to 363,000 kg /h r (800,000 Ib/hr) of water 
with s team flow ra te s of up to 30,000 kg /h r (65,000 Ib /hr ) at p r e s s u r e s up 
to 70 a tm (1000 psia) , A subcontract was drawn up with General E lec t r ic 
for a s e r i e s of s team separat ion t e s t s at 42 a tm (600 psia) . The t e s t s were 
completed in March, I960, and the resu l t s indicated that it would be difficult 
to obtain s team by natura l separat ion with l e s s than 5% mois tu re while oper ­
ating at 100 Mw. 

In a subsequent repor t by General E l ec t r i c* it was repor ted that 
foaming was definitely occurr ing in the free surface during their t e s t s . K 
foaming had been occurr ing , the 42 atm data obtained from this system by 
the Labora tory would be ext remely questionable. 

Analysis of their published data indicated that the existence of a foam 
layer could not definitely be es tabl ished, nor could it definitely be el iminated. 
This conclusion s tems from the fact that the effects of adding antifoam 
agents could not be a s s e s s e d accura te ly owing to the non-reproducibi l i ty of 
the data. If, for the sake of argument , the non-reproducibi l i ty is ignored, 
the data show the addition of antifoaming agents had no measurab le effect 
upon the "mois ture gradient" through the interface of the two-phase mix ture . 
In other words , the thickness of the measurab le disengaging zone was not 
a l te red by the addition of antifoam agents . 

It will be neces sa ry to take more positive m e a s u r e s in o rde r to 
es tabl ish the existence or non-existence of foaming in this exper imental 
facility. 

* "Free-Sur face Separation of Steam and Water for Application in a 
Marine Reactor at 1000 ps ig ," GEAP-3489, July 13, I960, 
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F . Separations P r o c e s s e s 

1. Fluidization and Fluor ide Volatility Separation P r o c e s s e s 

The volati l i t ies of uranium and plutonium hexafluorides a r e the bas is 
of schemes being considered for r eprocess ing power reac to r fuels. Empha­
sis is now on the development of the Direc t Fluorination Volatility P r o c e s s 
applicable to the process ing of typical Zircaloy-clad oxide fuels. 

The d i rec t fluorination of high-density, s in tered uranium dioxide pel­
lets in an iner t bed of fluidized solids is being investigated to study p r o b ­
lems of heat removal , react ion ra te , fluorine utilization efficiencys and 
genera l behavior of the sys tem. 

Reactions of s ta in less s teel with various gaseous reagents a r e b e ­
ing studied in fluidized beds with application to decladding of s ta inless s tee l -
clad and process ing of s ta in less s t ee l -ma t r i x fuels. 

The fluid-bed conversion of uranium hexafluoride into uranium di ­
oxide is being studied. The p r o c e s s involves either a s ingle-s tep pyrohy-
drolys is and reduction using s team and hydrogen simulteneously, or a 
two-s tep p rocess using a l ternat ively s team or hydrogen, followed by the 
other reactant . 

Studies a r e being made on the fluorination, t ranspor ta t ion, s e pa r a ­
tion, and decomposition of plutoniumi hexafluoride on a multigram. scale . 

a. Direc t Fluorinat ion of Uranium Dioxide Fuel - The study of the 
d i rec t fluorination p roces s applied to uranium dioxide fuel is d i rec ted t o ­
ward demonstra t ion of p r o c e s s control for the fluorination of typical pellet 
fuel in a th ree - inch diameter a i r -coo led reac to r . Achievement of maximum 
uranium hexafluoride production r a t e s is current ly being sought. In order to 
provide adequate t empera tu re control at high fluorination r a t e s , an automatic 
fluorine control sys tem was instal led and tested during two shakedown runs . 
One control valve provides a constant p r e s s u r e from a fluorine s torage tank 
and another valve thro t t les the fluorine to the r eac to r in response to the r e ­
actor t empera tu re . Quick response and ability to avoid t empera tu re excur­
sions have been shown. In one of the shakedown runs a charge of i ne r t -
fired pellets containing initially a re la t ively large amount of uraniuna fines 
(pr imar i ly UO2F2) produced caking early in the fluorination. This effect is 
at tr ibuted to in te rmedia te fluoride formation and was not observed in the 
other run using a normal s tar tup procedure (initially no fines present ) . 

Fluorinat ion of a th ree - inch deep bed of hydrogen-f ired pellets 
was ca r r i ed out in a two-inch r eac to r at 500^0 with an iner t bed of pure 
z i rconium fluoride to de te rmine whether z i rconium fluoride could se rve as 
a sat isfactory fluid bed. Zirconium fluoride fluid-bed fluorination with 
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inlet fluorine concentrations of 20 m / o and 40 m / o for 1-hour per iods not 
only showed no unusual react ions but gave r a t e s and efficiencies which cor ­
responded closely with tbos-e obtained under s imi la r conditions with other 
iner t bed ma te r i a l s (calcium fluoride and magnesium fluoride). It was con­
cluded that no operat ional difficulities appeared in the use of a pure z i rconi ­
um fluoride iner t bed. 

Heat t ransfer tes ts have continued in a mockup sys tem to 
determine effective radia l t he rma l conductivity of packed-fluid beds s imi la r 
to those encountered in pellet fluorination. With |--inch b r a s s pel lets and 
with glass beads (20 percent 120 mesh, 70 percent 140 mesh, 10 percent 
170 mesh), t he rma l conductivities and wall film coefficients were obtained 
as a funcHon of fluidizmg gas velocity. An average the rma l conductivity of 
the bed was about 10 Btu/(hr)(sq ft)(°F/ft) with fluidization in the voids of 
the pellet bed. Without fluidization the conductivity was l ess than 
one Btu/(hr)(sq ft)(°F/ft). The range of individual values of conductivity 
va r ies about +40 percent . The incipient fluidization in the sys tenaoccurred 
at a superficial velocity (based on the tube diameter) of 0.2 f t / sec ; m e a s u r e ­
ments were made at gas r a t e s from 0.088 to 1.0 f t / sec . 

b. P rocess ing Stainless Steel-Clad Fuel Elements - A two-zone 
fluid-bed reac tor is being used to study chlorination react ions for the de -
claddmg and dissolution of s ta in less s tee l -c lad uranium dioxide fuel 
e lements . The chlorination products formed in the lower zone pass into 
the upper zone where they a r e converted to the te traf luoride by react ion 
with hydrogen fluoride. Fluid-bed exper iments were recent ly completed on 
4-inch long by-|--inch OD (35 mil thick) closed end s ta inless s teel type 
304 specimens. Overal l penetrat ion r a t e s of 4.5 m i l s / h r were achieved m 
4,5-hr chlorination tes t s at 580°C. This may be compared to the 9 m i l / h r 
penetrat ion ra t e repor ted previously on short , open sections of tubing. 
Apparently react ion at the open tube ends was a la rge contributing factor to 
tightly adhering nickel chloride and chromium chloride films which limited 
the chlorination react ion r a t e . A pyrohydrolysis step is being investigated 
as a means of converting the films to a br i t t le scale . A pyrohydrolysis of 
a chlorinated speciraen ca r r i ed out in a tube furnace for 10 to 15 minutes 
with s team at 600°C5 followed by light brushing of the specimen, permi t ted 
the initial chlorination ra te of 9 m i l s / h r to be attained. An a l te rna te tes t 
mixture ( three pa r t s water , one pa r t chlorine and two pa r t s nitrogen) gave 
essential ly no react ion (0,06 m i l / h r ) at 600°C. 

A 20-pellet (121 g) charge of uranium dioxide was 92 percent 
reac ted by a 69 mole percent chlorine in carbon te t rachlor ide mixture at 
550°C m 2.5 hours in the 1.5 inch d iameter fluid-bed reac to r . No excessive 
heat effects were noted. 

A tube-furnace study on the react ion of chlor ine-carbon t e t r a 
chloride mixtures with uranium dioxide indicates that the react ion r a t e is 
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dependent on the ra t io of gases , A maximum ra t e of 600 mg / ( sq cm)(hr) 
was achieved near 50 mole percent chlorine at a l inear velocity of 
0.23 f t / sec and a t empera tu re of 550'^C, 

c. Conversion of Uraniuin Hexafluoride to Uranium Dioxide by a 
Two-Step Fluid-Bed P r o c e s s - The first step in this p rocess is the s team 
hydrolysis of UF^ to UOjFg. A th ree - inch d iameter Monel fluid-bed reac to r 
is being used to study the react ion of uranium hexafluoride with s team to 
form uranyl fluoride. The continuous operation period was extended from 
four hours to seven hours when the unit was operated at a feed ra t e of 
100 g /min of uranium hexafluoride at 200°C with a recycle seed par t ic le 
ra te of 10 to 15 percent . However, the formation of fines again caused 
shutdown. 

The second step involves the reduction of UO2F2 to UO2. A 
study of the effect of the hydrogen to s team rat io on the reduction of uranyl 
fluoride to uran ium dioxide is in p r o g r e s s in a th ree - inch d iameter Monel 
fluid-bed r eac to r . A th r ee -k i l og ram charge was converted to specification-
grade (<300 ppm res idual fluoride) uranium dioxide in five hours at 650°C 
using a gas composition of two pa r t s hydrogen to one pa r t s team. 

d. Fundamental Fluidization Studies - The study of mult is tage 
fluidization has been completed and published as ANL-6267. One of the 
advantages of fluid-bed operation is high mass t ransfer r a t e s . Accordingly 
a m a s s - t r a n s f e r study was made to investigate the effect of column p a r a m ­
e te r s on m a s s t ransfer r a t e s in a fluid-bed sys tem. A si l ica gel -water 
sys tem was chosen as a convenient miethod of evaluating column var iables 
such as gel par t ic le size, fluidizing velocity and flow ra te of solids, 
Murphree vapor efficiencies of the order of 100 percent were obtained for 
all cases except at the highest superficial velocity tested, 0.98 f t / sec , where 
the efficiency dropped to 96.5 percent . High efficiencies were at tr ibuted to 
the smal l pa r t i c le s izes of the gel and the excellent contact of gas and solids 
in the movement of pa r t i c l e s from stage to stage ("raining sol ids" phenome­
non). A modified mass t ransfer coefficient of 35.4 lb of water / ( sec) (cu ft of 
bed)(lb of w a t e r / c u ft of a ir) was determined. 

e. Plutonium Fluor ide Studies - Fur the r work on the plutonium 
hexafluoride decoraposition kinet ics at 140° and 170°C has substantiated the 
conclusions, made from the previously repor ted r e su l t s obtained at 160*^0, 
that the r a t e equation can be expressed as a concurrent zero order and f irst 
o rder react ion (-dp/dt = kg + kip). 

Experimients a r e being performed to de te rmine to what extent 
plutonium can be removed by fluorination from solid subs t ra tes r e p r e s e n t a ­
tive of those which would be obtained after the fluid-bed decladding step of 
the Direc t Fluorinat ion Volatility P roces s ing of uranium oxide fuels. Of the 
p re l iminary exper iments , the best removal has been obtained upon reacting 
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a plutonium. oxide-uranium oxide mixture with fluorine in a bed of calcium 
and zirconium fluorides. The uranium was removed at 400°C in two hours , 
and after eight hours of subsequent fluorination at 500°C, the plutonium con­
centration m the residue was 0,02 weight percent . 

Additional exper iments have been ca r r i ed out on the ra te of 
the rmal decomposition of plutonium hexafluoride in a flowing gas s t r eam. 
The purpose of these exper iments is to study further the factors affecting 
the decomposition of plutonium hexafluoride under conditions simulating 
those in the effluent s t r e a m of a fluorination r eac to r . The re su l t s indicate 
that the ra te of decomposition of plutonium hexafluoride inc reases as plu­
tonium tetraf luoride is deposited in the vesse l . The r a t e s of decomposition 
at 150° and 200°C in a vesse l packed with nickel wool, having a surface to 
volume rat io of 19 t imes g rea te r than that of a s imi la r nonpacked vesse l , 
were 10 to 50 t imes g rea te r than the r a t e s obtained in the nonpacked vesse l . 
These r a t e s a r e at t r ibuted to the combined effects of the deposition of plu­
tonium tetraf luoride and the increased surface a r ea of the packed vesse l , 

Plutonium tetraf luoride which had previously been thermal ly 
decomposed m a vesse l packed with nickel wool was fluorinated at t e m p e r a ­
tures ranging from 220' - 450''C, The fluorinations resul ted in a recovery 
of 98 percent of the plutonium. as plutonium hexafluoride, 

f. Calcination in Sm.all Diameter Columns - Work has s ta r ted on 
a scheme for reducing the amiount of off-gas that needs be handled in a 
fluid-bed calciner . P lans call for the introduction of the atomized feed at 
the bottom of the fluid-bed; thus the atomizing air plus the feed decomposi ­
tion gases provide all the neces sa ry gas for fluidization, A 2Y-inch Vycor 
column operated smoothly in p re l imina ry runs . 

Z. Chemical-Metal lurgical P r o c e s s Studies 

Continued p r o g r e s s is being made in the development of new pyro -
metal lurgical miethods for r eprocess ing nuclear r eac to r fuels. Supporting 
studies a re providing physicochemical data on liquid meta l sys tems and 
thermochemical data on ma te r i a l s of in te res t to high-tenaperature 
chemis t ry , 

a. Liquid Metal Solvent Studies - The solubility of the r a r e ear ths 
thulium and lutetium m liquid cadmium may be rep resen ted by the empir ica l 
equations 

thulium (324° - 524^0): log (atom percent) = 3.488 - 2514 T " \ 

lutetium (340° - 528*^0) log (atom percent) = 3.781 - 2632 T~^ 
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The density of the delta phase (TiCd) in the ti tanium-cadm.ium 
sys tem was found to be 7.1 g / cc . This value compares well with the theo­
re t ica l value of 7.05 g /cc computed frona the s t ruc ture of the substance as 
determined by X- r ay diffraction methods. 

The solubility of uranium in liquid zinc has been measu red above 
800°C. The re su l t s may be rep resen ted by the empir ica l equation 

uranium (840° - 900°C): log (weight percent) = 5.87 - 5550 T"^ 

This equation r ep re sen t s the solubility of the delta u ran ium-z inc phase 
(U^Znn). 

The distr ibution coefficient of s t ront ium between the immiscib le 
liquids lead and zinc has been measured . Values of the coefficient (weight 
percent s t ront ium in zinc/weight percent s t ront ium in lead) a re 0.12 at 
701*'C and 0.15 at 734°C. 

b, Ca lo r imet ry - Using fluorine bomb ca lor imet ry , a p re l iminary 
value of - 5 0 7 t 2 kca l /mole has been obtained for the s tandard heat of forma­
tion of uraniuna hexafluoride, UF^ (g); this value compares well with the 
l i t e ra tu re values . However, it is expected that after ref inements in the ca l ­
culation a r e made, the value obtained in the p resen t study will be of consid­
erably g rea t e r accuracy . 

Initial calorinaetr ic exper iments have been completed with boron 
ni tr ide using the fluorine vesse l and bomb for spontaneously react ing sub­
s tances . Explora tory combustions of vanadium, tantalum, and niobium in 
fluorine have been s tar ted . 

The 1500°C furnace for the high-temiperature enthalpy calorina-
eter has been assembled and the high vacuum sys tem for the furnace has 
been instal led. 

G. Advanced Reactor Concepts 

1. Basic Radiation Effects Reactor 

The objective of the BRER effort is the prepara t ion of a conceptual 
design for a fast r eac to r which gives a maximum rat io of fast neutrons to 
gammas and t he rma l neut rons . The reac tor is to be used for cer ta in basic 
radiat ion damage studies and will feature exper iments at t empe ra tu r e s 
ranging from 4°K to 300°C - 400°C. Fas t fluxes ranging from 2 x 10^^ to 
2 x 1 0 a r e a r equ i remen t as a var ious neutron energy spec t ra ranging from 
a comipact distr ibution at the highest possible energies to a distr ibution 
peaked in 10 - 50 kev. 
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A pre l iminary design r epor t has been completed, reviewed, and p r e ­
pared for publication. The only significant change naade to the design is the 
use of NaK in the secondary heat exchange loop ra the r than the isopropyl-
diphenyl previously specified. This change was made to el iminate any chance 
for leakage of naoderating naaterial into the fast core by heat exchanger 
failure 

2. Biogeonuclear Reactor 

A l i t e ra tu re sea rch has revealed that neutron activation techniques 
for The analysis of plant, soil, rock, and water samples can be used to a 
l imited extent Thermal neutron fluxes of the order of 10^ - 10 n / c m / s e c 
cculd be useful £ox activation analysis of r a r e ear th e lements , but ..n gen­
e ra l values as high as 10^^ n / c m / s e c a r e needed. Geological and associa ted 
biochemical methods could benefct frona three types of neutron sources . 

(a) P lu tonium-beryl l ium source with a t he rma l region for activation 
and sanaple screening. 

(b) Por tab le reac tor of naodest cost for on- the-spot determinat ion 
or detection. 

(c) Stationary reac to r with hot cells for activation analysis r equ i r ­
ing high sensitivity such as determining t r a c e const i tuents . 

A t ruck - t r a i l e r mounted reac to r (Item b) appears a t t rac t ive how­
ever it would requi re more development than the other two schemes , 

3. Fas t Reactor Test Faci l i ty 

A FARET facility would r ep re sen t an important link m the fast r e ­
actor developnaent as a proving ground for the testing of future fast reac tor 
sys tems or individual components. Currently, the integrated plant complex 
with a common heat reject ion sys tem and control room appears most a t t r a c ­
tive because of the var ie ty of coolants under considerat ion (sodium, boiling 
sodium, sulphur, lithium, lead, bismuth, rubidium, and mercu ry ) . Also a 
comimon facility would be less expensive than individually contained reac to r 
s i tes fcr each experiment . More uniquely, the complex would pe rmi t ex­
per iments at re lat ively high power as contras ted with the usual c r i t i ca l 
experiment . 

P r e l im ina ry studies have been made m the advanced fast r eac to r 
field to establ ish ground ru les for the work The re su l t s ai e being tabulated 
for the development of the design p a r a m e t e r s . 

4. Compact High Power Density Fas t Reac tors 

The purpose of this v/ork is to develop an u l t ra compact high-power 
density fast r eac to r using sodium vapor as a working fluid m a d i rec t cycle 
system. 
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Exper imenta l p r o g r a m s a r e needed: 

(a) To find a s t ruc tura l ma te r i a l to function in 2000°F sodium vapor, 

(b) To investigate the thermodynamic proper t i es of sodium vapor. 

(c) To develop and tes t a turbine to function in the high t empera tu re 
sodium environment, to develop a prac t ica l method of cooling the turbine 
blades , and to develop a method to measu re the t empera tu re drop a c r o s s 
the blades to verify the pract icabi l i ty of blade cooling design. 

(d) To develop associa ted elements of the system, i.e., shaft sea ls , 
bear ings , and instrumentat ion, 

A tentative tes t loop was designed to provide a method for studying 
all these i tems in one r ig; however, d iscuss ions indicate that no one tes t 
r ig will satisfy all needs . Therefore it is proposed to set up a p r o g r a m in 
three phases . The f i rs t phase is to tes t available miaterials in the existing 
sodium corros ion loops. Twelve ma te r i a l s have been received for tes t . 
Among them a r e severa l alloys of Hastalloy and Stellite, a sample of rhen­
ium, Vascoly-Ranaet 's Tantung alloy, tantalum, tungsten, and three sanaples 
of Kennametal Company's Kentaniuna TIC alloys. In addition, severa l colum-
bium, tungsten, and molybdenum alloys a r e on order . Para l le l ing this co r ­
ros ion work will be a simple natura l circulation loop for heat t ransfer work 
on high t empera tu re liquid sodium. The second phase of the test p r o g r a m 
will be s imi lar except that sodium vapor at 2000°F will be the working fluid 
instead of liquid sodium, using ma te r i a l s proven in the f i rs t tes t . 

After selection of suitable miaterials, the final phase of the tes t p r o ­
g ram would be the development and test ing of components such as a high 
t empera tu re sodium turbine. 

5. AHFR Hydraulic Test Loop 

Testing of a 30-mil fuel element mockup has been part ial ly completed, 
and a point has been recorded where t r a n s v e r s e bowing of the inlet edge of 
the fuel plates begins. The average water velocity in the coolant channels at 
this point was 5,74 m / s e c and compares well with the calculated cr i t ica l 
velocity of 5,2 m / s e c . The total flow ra te through the element when d i s to r ­
tion became apparent was 640 l i t e r s / m i n . When this point was recorded, 
water t empera tu re was 82°Cj inlet p r e s s u r e 9.5 atm, and p r e s s u r e drop 
a c r o s s the assembly 1.89 atm. The dis tor t ion consisted of adjacent plates 
bowing parabol ical ly together, reducing the channel width by approximately 
one-half at the ve r t i ce s . This condition existed at severa l random locations 
along the inlet end of the element. No longitudinal buckling or vibration was 
detectable, and t r a n s v e r s e bowing ceased as soon as flow was shut down. 
Removal and inspection of the element revealed no permanent distort ion or 
other damage. 
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The elenaent tes ted was s imi la r in construction to the 50-mil channel 
previously repor ted; however, it featured rounded "buttons" on all four 
mounting surfaces which maintained a constant 30-mil coolant passage b e ­
tween the element and its holder. Also, the keys which support the individ­
ual fuel plates and provide accura te plate spacing a r e rounded to provide 
bet ter flow s t reamlining in each channel. As in previous mockup tes t s the 
fuel assembly was constructed of 1100-HI 4 aluminum alloy, and consisted 
of 37 fuel plates , each 32 mils thick and spaced at 32 mi ls to form 36 cool­
ant channels. Total length of the element is 48.6 cm. 

A support conab is being fitted a c r o s s the inlet of the element at the 
points where bowing is jaaost seve re . With the inlet ledges thus stiffened, 
further tes ts will be conducted to de te rmine whether longitudinal buckling 
can st i l l occur Final t es t s a r e also contemplated at water t empe ra tu r e s up 
to 145°C m order to es tabl ish the effect or re levance of cavitation. 

6 Packed Bed Reactor Studies 

A review was made of the p roper t i e s of possible fuels for a packed 
bed i r radia t ion tes t . On the bas i s of attainable fuel (U^^ )̂ density and cor ­
rosion r e s i s t ance thor ia -u ran ia appears preferable to urania or an u ran ia -
z i rconia-ca lc ia composition, A l i t e ra tu re survey was also made to obtain 
thermodynamic and t r anspor t p roper t i es of s team at low p r e s s u r e and high 
tenaperatures (to 800°C), Using these values and friction data previously 
obtained a p a r a m e t r i c study of packed bed cha rac t e r i s t i c s was made over 
the range of in t e re s t for neutron flux, fuel density, and coolant (steam) 
t empera tu re 

In a further effort to es tabl ish the bed geometry the decay heat cool­
ing problem was investigated. Although data on the rma l conductivity and 
emissivi ty (for t he rma l radiation) for the exact bed ma te r i a l s contenaplated 
do not appear to exist, some conservat ive es t imates indicate that it will be 
feasible to consider decay cooling by radiat ion alone. The bed will have to 
be a r ranged to " see" a reasonably cool surface, however. 

An investigation of induction heating of iron pa r t i c l e s for a heat 
t ransfer study on packed beds was made. Resul ts of heating a sample in­
dicate a heat flux one-twentieth that des i red . To complete the feasibility 
study, a new coil and t r ansmis s ion line a r e being fabricated for optimum 
coupling, and a s imple apparatus to sor t the pa r t i c l e s mechanical ly to a 
more uniform par t ic le size is being constructed. The information neces ­
sary for specifying the feasibility of high-density heat flux will be obtained 
by the new coil configuration and by submitting sanaples to induction heating 
equipnaentmanufacturers for their evaluation. 
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7. Direct Conversion 

Exper imenta l and theore t ica l studies on the ces ium diode have con­
tinued. The effective constants "A" and "0" in Richardson 's equation 
I = A T ^ e " 2 0 / K T have been determined in the conventional way by varying 
the emit ter t empera tu re froin 1400°C to 2000°C in vacuum. Subsequently 
the ces ium containers were broken and the cell was filled with Cs vapor. 
The Cs vapor p r e s s u r e was regulated by the t empera tu re of the oil su r ­
rounding the Cs t r ap . The emit ter cu r ren t was plotted for enaitter t empera 
tu res from about 1400°C to 2000°C. In each plot the applied voltages were 
var ied from -4 volt to +8 volt between collector and emit ter . The resu l t s 
a r e now being p rocessed to de te rmine the maximum power output for each 
t empera tu re . 

The single sheath model is being used for theore t ica l investigation 
of the cur rent -vol tage cha rac t e r i s t i c s of the ces ium diode. For a uniform 
plasma with a la rge ion m a s s the cha rac te r i s t i c obtained reduces to that of 
Lewis and Reitz.* The e lect ron t empera tu re and p lasma density become 
functions of the diode cur ren t . 

It is very des i rab le to convert the low voltage-high cur ren t a -c , as 
del ivered by the p lasma cell , into a high voltage a-c output. A t r a n s i s t o r ­
ized converter c i rcui t has been designed and tested. The circui t consists 
of two 2N457 t r a n s i s t o r s in a push-pull a r rangement with a t r ans fo rmer to 
produce the switching voltage, and two 2N278 t r a n s i s t o r s biased by the 
switching voltage to pe rmi t the flow of the cell cur ren t in opposite d i r e c ­
tions at each half cycle, A second t r ans fo rmer winding inc reases the 
voltage by a factor of 70 or 140 and de l ivers essent ia l ly a square wave 
(a-c) of about 500 - 700 c y c l e s / s e c . The converter efficieincy is about 
70% at 1.5-2 volt d-c input. 

*Lewis and Reitz, "Efficiency of the P l a s m a Thermocouple ," J, Appl. 
Phys , 31, 723 (I960). 



79 

VI. PUBLICATIONS 

Pape r s 

EXPANSION LOSSES IN TWO-PHASE FLOW 
P . A. Lottes 

Nucl. Sci. and Engr._9. 26 (I96I) 

ATMOSPHERE HANDLING AND CONTROL FOR A GLOVEBOX 
FACILITY 

L. F . Coleman, J. H. Schraidt, R. L. Breyne, and J. V. Natale 
Proceedings of the Eighth Conference on Hot Labora to r i e s 
and Equipment, San F r a n c i s c o , California, USAEC Report 
TID-7599, Book 2, (I960) p. 494. 

A RADIATION STABLE HEAVY-DUTY ELECTROMECHANICAL 
MANIPULATOR 

J. E. A. Graae , D. C Hampson, I. Pollack, M. Levenson, J, H. 
Schraidt, and G. J. Berns te in 

Proceedings of the Eighth Conference on Hot Labora to r i e s 
and Equipment, San F r a n c i s c o , California, USAEC Report 
TID-7599, Book 1, (I960) p . 239. 

LOW COST GLOVEBOXES 
R. F . Malecha, H. O. Smith, J. H. Schraidt, J. V. Natale, N. E. 
Ross , and H. O. Brown, J r . 

Proceedings of Eighth Conference on Hot Labora to r ies and 
Equipment, San F r a n c i s c o , California, USAEC Report 
TID-7599, Book 2, (I960) pp. 485-493. 

PRODUCTION OF REFINED UF^ FROM ORE CONCENTRATES BY 
FLUIDIZATION AND FRACTIONAL DISTILLATION TECHNIQUES 

S. Lawroski , A. A. Jonke, N. Levitz, E. J. Pe tkus , A, H. F . Litty, 
W. A. Rodger, G. J. Vogel, R. K. Steunenberg, O. Sandus. W- J. 
Mechana, R. C Li imatainen, R. W. Kess ie , L. T revor row and 
R. C. Vogel 

P r o g r e s s in Nuclear Energy, Ser ies III, Vol. 3, P r o c e s s 
Chem.istry, New York: Pe rgamon P r e s s , I96I , pp. 98-125 

DEVELOPMENTS IN MELT REFINING OF REACTOR FUELS 
L. B u r r i s , N. R. Chellew, S. Lawroski , G. A. Bennett, A. A. 
Chilenskas, M. Ader , H. M. Fede r , J. B. Knighton, I. O. Winsch 
J. Wolkoff and W. A. Rodger 

P r o g r e s s in Nuclear Energy, Ser ies III, Vol. 3, P r o c e s s 
Chenaistry, New York: Pergamon P r e s s , I96I , pp. 319-328. 



Pape r s 

DEVELOPMENTS IN PYROMETALLURGICAL PROCESSING 
J. H. Schraidt and M. Levenson 

P r o g r e s s in Nuclear Energy, Ser ies III, Vol. 3, P r o c e s s 
Chemis t ry , New York: Pergamon P r e s s , 1961, pp. 329-339. 

PURIFICATION OF REACTOR FUELS AND BLANKETS BY 
CRYSTALLIZATION FROM LIQUID METAL SOLVENTS 

H, M. Fede r and R. J. Teitel 
P r o g r e s s in Nuclear Energy, Ser ies III, Vol. 3, P r o c e s s 
Chemis t ry , New York: Pergamon P r e s s , 1961, pp. 355-390. 

FLUIDIZED-BED CONVERSION OF FUEL PROCESSING WASTES TO 
SOLIDS FOR DISPOSAL 

J. W. Loeding, A. A. Jonke, W. A. Rodger, R. P . Larsen , 
S. Lawroski , E. S. Gr immet t , J. I. Stevens and C. E. Stevenson 

P r o g r e s s in Nuclear Energy, Ser ies III, Vol. 3 P r o c e s s 
Chemis t ry , New York: Perganaon P r e s s , 1961, pp. 393-413. 

ANL Reports 

ANL-6212 SOME PHYSICS CALCULATIONS ON THE PERFORMANCE 
OF LARGE FAST BREEDER POWER REACTORS 

S. Yiftah and D. Okrent 

ANL-6223 PURIFICATION OF REACTOR FUELS USING LIQUID ZINC 
J. B. Knighton, L. B u r r i s , J r . and H. M. Fede r . 

ANL-6248 TERMINAL REPORT ON THE BOILING SLURRY 
REACTOR EXPERIMENT 

G. A. Freund, J. D. Lokay, G. C, Milak, and 
J, C. Mac Alpine 

ANL-6256 THE EFFECT OF THE LIQUID VISCOSITY IN TWO-
PHASE, TWO-COMPONENT FLOW 

Melvin Je rome Fohrman (Thesis Submitted to the 
Facul ty of Illinois Institute of Technology in Pa r t i a l 
Fulfillment of the Requirements for the Degree of 
Master of Science in Mechanical Engineering) 

ANL-6261 A LUNAR POWER PLANT 
J. C. Car t e r , H. H. Humnael, M. J. Janicke, and 
J. F . Marcha t e r r e 




