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FOREWORD 

The Reactor Development P r o g r a m P r o g r e s s Report , i s sued 
monthly, is intended to be a means of repor t 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 projec ts 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 i s hoped, gives the c l ea re s t , most 
logical o v e r - a l l viewof p r o g r e s s . The budget classif icat ion 
is followed only in broad outl ine, and no at tempt is made to 
r epor t separa te ly on each sub-act ivi ty number . Fu r the r , 
since the intent is to r epo r t only i t ems of significant p rog­
r e s s , not all ac t iv i t ies a re repor ted each month. In o rde r 
to i s sue this r epo r t as soon as possible after the end of the 
month edi tor ia l work mus t n e c e s s a r i l y be l imi ted . Also, 
since this is an informal p r o g r e s s repor t , the resu l t s and 
data p resen ted should be unders tood to be p re l imina ry and 
subject to change unless o therwise s tated. 

The i s suance of these r e p o r t s i s not intended to constitute 
publication in any sense of the word. Final r e su l t s e i ther 
will be submit ted for publication in regula r professional 
journa l s or will be published in the formi of ANL topical 
r e p o r t s . 

The l a s t s ix r e p o r t s i s sued 
in this s e r i e s a r e : 

September I960 
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I. WATER COOLED REACTORS (040101) 

A. EBWR 

1 . 100 Mw Modifications - Reboi lers 

Completion of the modifications to the EBWR plant is sti l l contingent 
upon the r epa i r of the two p r i m a r y r e b o i l e r s . After successfully passing 
the hel ium leak t e s t r epor ted in the January P r o g r e s s Report (ANL-6307), 
difficulties were encountered in the subsequent head c losure weld heat 
t r ea tmen t on the No. 1 r ebo i l e r . Following the heat t r ea tment one of the 
tubes developed a f i ssure and requ i red plugging. In the at tempt to plug the 
tube a leak developed in the weld joint of an adjacent tube. Repairs were 
finally made and the No. 1 reboi le r is expected to be ready for final inspec­
tion in ea r ly Apr i l , 1961 . 

Repair of the No. 2 rebo i le r has been completely unsuccessful . Re­
pai r a t tempts resu l ted in c racks occur r ing in the heat-affected zone of the 
weld. Examinat ion of the tubes after removal showed them to be damaged. 
Severe acid at tack of the tubes is evident and the condition of the tubes r en ­
de r s them totally unfit for s e r v i c e . The vendor has agreed to retube the 
No. 2 reboi le r completely and has o rde red new tubes and m a t e r i a l for a 
new tube sheet . It i s expected that the No. 2 reboi le r will be r epa i r ed by 
the l a t t e r pa r t of May, 1961. 

Considering that the No. 1 rebo i le r has been exposed to the same 
conditions of manufac ture , r e p a i r , and cleaning as the No. 2 rebo i le r , the re 
is some doubt of i ts suitabil i ty for s e r v i c e . Explora tory t e s t s a r e being 
conducted to es tabl i sh i t s acceptabi l i ty . 

Invest igat ions were s t a r t ed to de te rmine the causes of the cracking 
of the Type 304 s ta in less steel s e a m l e s s tubing used by the manufac ture r . 
The r e su l t s of meta l lograph ic , co r ros ion r e s i s t a n c e , and simple mechanical 
t e s t s on v i rg in tubing m a t e r i a l s and on a par t of a U-tube removed from the 
No. 1 rebo i le r a r e s u m m a r i z e d below: 

( l) Metal lography - Flow l ines of s t r e s s e d metal were observed 
indicating e i ther inadequate solution heat t rea t ing following tube inanufac-
t u r e , or inadequate res iz ing opera t ions after solution heat t r ea tmen t of 
tubing. No damage to the tube meta l s t ruc tu re was evidenced by the one-
half hour t emper at 900°F which was r equ i red for the bent section of the 
U-tube. 

An improvement of the tube meta l s t ruc tu re (almost a complete 
removal of the flow l ines) was observed following a 17.5 hour anneal at 
900°F. This heat t r e a t m e n t is r equ i red of the final head- to-channel s teel 
weld to mee t ASME Code r e q u i r e m e n t s . Tube- to- tube sheet welds were 
exposed to this hea t - t r ea t ing opera t ion. 



(2) Corros ion Res is tance in Ni t r ic Acid Solutions - The cor ros ion 
r e s i s t ance to 20% n i t r i c acid for two hours at 180°F for th ree heat t r ea t ed 
conditions (as received, 0.5 hour at 900' 'F, and 17.5 hour at 9 0 0 ° F ) was 
adequate . Fo r the longest heat t r e a t cycle the meta l loss was l e s s than 
30 m g / s q dec imeter (which is about that observed in wa te r ) . 

The cor ros ion r e s i s t ance of the th ree differently heat t r ea t ed 
samples in 65% boiling n i t r i c acid (the Huey tes t : five 48-hour per iods) was 
also adequate . The meta l loss was uniform and within the l imi ts of accept ­
abili ty for co r ros ion r e s i s t a n c e , as defined by this t e s t . 

(3) Miscel laneous Mechanical Tes t s - The tubing was n o n - m a g n e t i c 
Tubing was soft (77.78 Rg) in all t h ree of the heat t r ea t ed conditions. 

Four samples of tubing were cut f rom a non-failed tube removed 
from the rebo i le r by the manufac tu re r . Por t ions of the tube r e tu rned to 
ANL included the upper par t ot the U-tube which has the highest fai lure h i s ­
tory (about 80% of total leaks) as well as the lower par t of the same U-tube. 
Samples of ro l led end (expanded into the tube sheet) , and of unworked tube 
about th ree feet from the rol led end, were se lec ted for examinat ion. The 
re su l t s show the following: 

(1) Cor ros ion Res is tance in Ni t r ic Acid - All tube samples , from 
top and bottom port ions of the U-tube, were r e s i s t an t in 20% n i t r i c acid at 
180°F for two h o u r s . 

The two samples from the upper par t of the U-tube were c a t a s -
t rophical ly a t tacked by the boiling 65% n i t r i c acid. After the f i r s t 48-hour 
per iod (of the five 48-hour per iods for the Huey tes t ) the weight loss unco r ­
rec ted for oxide formation was a lmos t 50 fo. Fu r the r exposure to the 
65% boiling n i t r i c acid was the re fore discontinued. 

Two tube samples from the bottom par t of the U-tube sustained 
weight l o s se s comparable to that of the virgin tubing after the f i r s t 48 hour 
in boiling 65 n i t r i c acid. These samples were r e tu rned to the pot for the 
second exposure . 

(2) Miscel laneous Mechanical Tes t s - P r i o r to the ANL cor ros ion 
t e s t s wall th ickness m e a s u r e m e n t s were made on the r e tu rned rebo i l e r tube. 
These indicated that the manufac tu r e r ' s n i t r i c acid cleaning procedure 
(2-hour treatm.ent with 20% n i t r i c acid at 180°F) had removed a lmos t 10% of 
the wall . Walls as thin as 0.032 in. were found and Code specifications r e ­
quired a min imum wall th ickness of 0.035 in. 

A dye-check examinat ion of the inner walls of the tube sect ions 
se lec ted for co r ros ion r e s i s t ance t e s t s (tubes were sawed longitudinally by 
the fabr ica tor ) showed only negligibly smal l flaws. Because of the l a rge dif­
fe rences in co r ros ion r e s i s t ance to boiling 65% n i t r i c acid of the two ends of 



the same tube, it is suspected that the tubing ma te r i a l s incorpora ted into 
the r ebo i l e r s were incoiTipletely heat t r ea t ed at the mi l l . In consequence, 
the rebo i le r manufac turer has been reques ted to supply additional samples 
of virgin tubing from the center of the tube length as well as of each end, 
p roper ly identified, for additional invest igat ions . 

2. Component Development 

a. 17-4 PH Investigation - All nine control rod dr ives have been 
removed from EBWR. The 17-4 PH components were inspected using 
Zyglo Magnaflux, Magnaglow, and u l t rasonic tes t s before and after chrome 
remova l , and found to be free from defects . Considerable difficulty is being 
exper ienced in checking the extension r acks because of the geometry of the 
spec imen. Exper iments a r e in p r o g r e s s to develop a technique so it will be 
possible to check c racks in the teeth and at the root of the teeth in the exten­
sion r a c k s . 

The findings so far revea l that there a r e numerous surface 
m a r k s on the m a t e r i a l . These a r e ex t remely fine and do not allow a d i s c r i m ­
ination between machine finishing m a r k s and mic roscop ic c r a c k s . 
Whether the m a t e r i a l i s c racked or not will therefore be de termined by 
sectioning one of the spa re units so as to find out whether the imperfect ions 
extend into the body of the m a t e r i a l . 

The control rod drive tes t facility has been reworked for the 
17-4 PH tes t p r o g r a m . A space rack , pinion and seal shaft (annealed at 
1100°F for 4 hour and a i r cooled is cur ren t ly being wear t e s ted . Two addi­
tional r a c k s , pinions, and seal shafts a r e under construct ion. The design 
of the r ack has been changed to provide teeth on two opposite s ides . This 
change may e l iminate the need for ctraightening after heat treatmient. 

b. Soluble Poison - The continuous e lec t rodia lyzer method now 
used on a commercia.1 scale for producing deminera l ized water is being 
studied Tor applicat ion to bo r i c acid r emova l from reac to r wa te r . A l a b o r a ­
to ry unit i s being cons t ruc ted for ini t ial s tudies . 

c. Flux Monitoring - The method of t ranspor t ing flux monitor 
foi ls , in the form of smal l s p h e r e s , into the core of the operat ing EBWR has 
been improved , A head chain can be mechanica l ly dr iven through smal l 
s t a in less tubing. The spher ica l foils a r e introduced manual ly or au tomat i ­
cally into the tubing and can be accura t e ly located along the length of the 
tubing by manipulat ion of the head chain. After a suitable act ivat ion timie^ 
the chain is again manipula ted , ca r ry ing the flux moni tor ing sphe res to a 
collecting device . The sphe re s a r e then handled as any other flux naonitor 
fo i ls . 



d. Void Simulators - Repai rs and modifications were completed 
on these un i t s . The units were leak tes ted ; th ree out of the four had minor 
leaks which have been r e p a i r e d . Test fitting of these units in enr iched thin 
plate type fuel e lements will be done when the reac to r p r e s s u r e head is 
removed. 

e. Ins t rumented Fuel Assembl i e s - The ins t rumented fuel a s sembly 
has been completed and the final tes t ing of this element is now being p e r ­
formed in the a i r - w a t e r loop, 

f. Control Rod Osci l la tor - A new and improved osc i l la tor mech­
an ism was designed for EBWR. The original mechan i sm requ i red expe r i ­
ments to be in te r rup ted while gea r s were removed and in terchanged 
manual ly . The new design ut i l izes e l ec t r i c c lutches , and gear changing 
can be pe r fo rmed remote ly . The osc i l l a tor v/ill opera te at irl2.7 cm belov/ 
0.1 c y c l e / s e c down to 0.001 cps , and will be capable of i'2.54 cm at 8 cps 
with the light hafnium control rod . 

The method of controll ing the speed of the osc i l la tor hydraul ic 
unit has been modified to provide posit ive control through the use of l imit 
swi tches . When the unit r e a c h e s a p r e - d e t e r m i n e d top speed in e i ther d i ­
rect ion, any fur ther a t tempt to change the jpeed will r e su l t only in a de­
c r e a s e in speed. 

The t a c h o m e t e r - m i l l i a m m e t e r speed indicator has been 
p r ec i s e ly ca l ib ra ted with a s t roboscope . The t achomete r is l inear through­
out the range to be used (lOO to 200 rpm) , and the m i l l i a m m e t e r has been 
adjusted to provide a max imum +3% reading e r r o r . 

3. Examinat ion of Original EBWR Control Rods 

The appearance of 27o bo ron - s t a in l e s s s teel ...actions (control rods 
Nos. 2, 4, 6, and 8) as viewed through a three-foot water depth was de ­
sc r ibed on page 3 of the J anua ry P r o g r e s s Report , ANL-6307. All control 
rod sect ions have since been examined in a s imi l a r m a n n e r . 

a. Hafnium - The hafnium poison sect ions (control rods Nos. 1 , 3 , 
5, 7, and 9) a r e covered with a tightly adherent oxide film, b lue -g rey in 
color . No white co r ros ion products were observed . Spotweldc, employed 
to a s s e m b l e the four Trin. by 5 in. by 5 in. angles into c ruc i fo rm configur­
ation, appeared sound. 

Three c r acks were d i scovered , one each in control rods Nos. 3, 
5, and 7. They occur in the 0.5 in, r ad iu s , 90-d.egree angle bend and extend 
upv/arda from the ha fn ium-Zi rca loy-2 t r ans i t ion . They a r e f rom 11 in. to 
14.5 in. long and from ^ in . to-i-in. m a x i m u m width. 



The cracks a re a t t r ibuted to ex t reme s t r e s s imposed when the 
or iginal hafnium sheet m a t e r i a l was bent into angular form. That ma te r i a l 
had been einbri t t led by contamination introduced when iodide crys ta l bar 
was rol led into sheet .* It is believed cracks were not init iated, or p ropa­
gated to any grea t extent, during EBWR operat ion. No cracks were observed 
in control rod No. 9 which had been severe ly punished by oscil lat ion t e s t s 
and which had been located at the core center in the region of highest nuclear 
flux. 

b. Z i rca loy-2 - There is no indication of d i s t r e s s to the Zi rca loy-2 
section of any control rod except to the spotwelds at the hafnium t rans i t ion 
of No, 9 rod as desc r ibed on page 3 of the November, I960, P r o g r e s s Report , 
ANL-6269. The sect ions a r e covered with a tightly adherent oxide film, 
g rey in color . No white co r ros ion products were observed . 

c. Type 304 Stainless Steel - The Type 304 s ta in less s teel tail s e c ­
tions a r e covered wdth a meta l l i c brown ta rn i sh film on their upper ends and 
a thin -white i-nilky film on the i r lower ends, except the lov/er ends of control 
rods Nos. 1 and 3 which a r e br ight and shiny. There is no indication of d i s ­
t r e s s at any portion of these sec t ions . 

*̂ ° Qĵ xid - Crud is deposited on all control rods and i nc rea se s in 
density from re t r i ev ing t ips to the bottom of Zi rca loy-2 sec t ions . Crud 
density i s re la t ive ly heavy on No. 9 (center) control rod, in te rmedia te on 
No. 8 (southwest co rne r ) , and light on all o the r s . 

e. Radioactivity - Boron- s t ee l control rod No. 4 and hafnium con­
t ro l rod No. 9 were cut into 15-cm long (average) pieces as descr ibed on 
page 4 of the October, I960, P r o g r e s s Report , ANL-6253. The radioact ivi ty 
at 1 in- dis tance from the quadrants of each cruc i form piece was m e a s u r e d 
after the p ieces had decayed for eighteen months . 

The act ivi ty of Z i rca loy-2 pieces of both Nos. 4 and 9 control 
rods a r e comparable and average 50 r / h r . There is an-abrupt i nc rease at 
the Z i rca loy-2 to 2% b o r o n - s t a i n l e s s s teel transi ' t ion of No, 4 rod, from 
l e s s than 30 to 400 r / h r . The p ieces from the top two feet of each rod 
m e a s u r e l e s s than 400 m r / h r because of thei r g r ea t e r dis tance from the 
active core during EBWR opera t ion . 

The radioact iv i ty of a given control rod quadrant is an indication 
of the re la t ive flux that exis ted opposite the quadrant . The radioact ivi ty 
m e a s u r e m e n t s show that the flux was uniform around No. 9 control rod at 
the core center and va r i ed up to 17% around No. 4 control rod in the nor th ­
eas t co rne r . 

* "The Exper imenta l Boiling Water Reac tor , " ANL-5607, p . 33 
(May, 1957). 



4. Core lA Phys ics Analysis 

A repor t , EBWR Core lA Phys ics Analysis , ANL-6305 (see Publ ica­
tion l i s t ) has been published. The r epor t is d i rec ted p r i m a r i l y toward 
select ion of the optimum loading for Core lA and predict ion of i ts p r o p e r ­
t i e s . Also included a r e ana lyses of some relevant exper iments on Core I 
and, m o r e pa r t i cu la r ly , on p re l imina ry modifications of Core I towards 
Core lA. 

In o rde r to de te rmine the opt imum loading pa t te rn , four different 
loadings have been considered. Although there a r e al inost an unl imited 
number of poss ib i l i t i es , the four loadings span, in a genera l way, the v a r i ­
ous poss ib i l i t i e s . 

This study concerns itself p r i m a r i l y with the physics p rob lems of 
Core lA and gives no information on the possible difficulties at 100 Mw op­
era t ion due to instabi l i ty or fuel e lement fa i lure . 

5. Core II 

a. Hydrodynamics - Second i te ra t ion calculat ions have been com­
pleted for the core and fuel e lement geomet ry outlined in the December , 
I960 P r o g r e s s Report , ANL-6295. The circulat ion c h a r a c t e r i s t i c s of the 
core show l i t t le change f rom the sa t i s fac tory conditions previous ly noted. 
Fu r the r hydrodynamic i te ra t ion is deemed unneces sa ry as the inc rementa l 
changes a r e well within the accu racy of the cor re la t ions now ava i lab le . 
Maximum core heat flux e s t ima te s dec reased slightly f rom 149-5 to 
144.7 w/cm^ [4.74 to 4.59 x 10^ Btu/(hr)(ft^)] . 

^ ' Schedule - Specifications for Core II a r e essen t ia l ly complete 
and it is expected that r eques t s for bids can be sent out in Apr i l . 

B. BORAX V 

1 . Construct ion 

Instal lat ion and tes t ing of the piping and insulat ion is completed;, 
except for minor cleanup work. Some checking, tes t ing , and t rouble shoot­
ing of the control and ins t rumenta t ion circuiti^ i ' emains . 

The r eac to r building t rench s labs have been repoured and a r e s a t i s ­
factory. Painting of the building, pipe and equipment is proceeding . Miscel 
laneous patching, r e p a i r s , e t c . to the r eac to r building and floor slab r emain 
to be done. 



ANL has rece ived beneficial occupancy of the deminera l ized water 
tank and ins t rument room in the r eac to r building and the site for the field 
chemis t ry l abora to ry . 

Total es t imated completion for the project is 99.5%. 

2. P r o c u r e m e n t , Fabr ica t ion and Instal lat ion 

The two l a rge core hold-down Belleville spr ings made of 17-4 PH 
s ta in less s teel hardened to Rockwell C-34 have been completed and 
ca l ibra ted . 

The o rde r for thermocouples for the ins t rumented boiling fuel a s ­
sembl ies thermocouple " r a k e s " has been placed -with Thermo Elec t r ic 
Company. 

Bids on the boiling fuel rod thermocouples a r e now under evaluation. 
Two vendors have submit ted quotations with severa l exceptions taken to 
special t rea t inen t reques ted for fabricat ion of the tantalum sheaths of the 
wsaembl ies . A second problem to be reso lved on the bids is the method of 
Joining the s ta in less s teel and tan ta lum-shea thed por t ions . 

Bids have been reques ted for a two-pen void rat io r e c o r d e r and 
assoc ia ted calculator planned for use -with the dual turbine m e t e r 
a r r a n g e m e n t . 

Bids have been invited on the r eac to r vesse l extension spool and a 
dep le ted-uran ium cast ing for the fuel handling coffin. 

All wir ing in the control building is completed. Rewiring of the 
t u rb ine -gene ra to r r emote control c i rcu i t s in the turbine building is p roceed­
ing. All thermocouples and p r e s s u r e gages in the -turbine building have been 
ca l ib ra ted . Instal lat ion of r e l ay r acks in the r eac to r building ins t rument 
room has s t a r t ed . 

Bear ings for the t u r b i n e - g e n e r a t o r a re being re-babbi t ted and r e -
machined . Instal lat ion of f iberg lass insulat ion in the turbine building is 
complete and instal la t ion of the wainscoting and painting have s ta r ted . In­
s ta l la t ion of the a i r e jector exhaust sys t em and assoc ia ted gas monitor is 
comple te . Repa i r s and insulat ion on the s team line in the turbine building 
were finished. 

Remodeling of an old demine ra l i z e r tank for use in the water s t o r ­
age pit and old r eac to r ve s se l cleanup sys t em was completed. Fabr ica t ion 
of the water c h e m i s t r y sampling panel is near ing completion. Fabr ica t ion 
of the s torage racks for boiling fuel rods and a s semb l i e s is proceeding. 

Instal lat ion of furni ture and f ixtures in the vv^ater chemis t ry t r a i l e r 
is complete and the t r a i l e r has been moved to the r eac to r s i t e . 



3. Design 

Detailed design of the ins t rumented boiling and superhea te r fuel 
a s sembl i e s and p r e s s u r i z e d t e rmina l boxes was s t a r t ed . The design of the 
latch mechan i sm for the boiling fuel a s sembly exit f lowmeter was completed. 
Detailed design has been completed for the core s t ruc tu re lifting fram.e, 
forced convection baffle lifting franne, boiling fuel rod s torage rack , r eac to r 
pit b r idge , water s torage pit b r idge , and r eac to r vesse l extension spool. 

A middle gr id for the boiling fuel a s s e m b l i e s , to reduce the ampl i ­
tude of the vibrat ions found in the boiling fuel rods under high flow and void 
conditions, has been designed and a prototype has been fabricated. React iv­
i ty worth of the addition of the gr ids in the boiling core is es t imated to be 
-0 .5%. 

The cr i t ica l i ty p rob lem assoc ia ted with s toring fuel in the water 
s torage pit and old r eac to r ve s se l has been reviewed and s torage layouts 
have been made . 

The IBM 704 p r o g r a m to de te rmine superhea te r axial fuel and cool­
ant t e m p e r a t u r e has been checked out and is opera t ional . The feasibil i ty of 
using i r r a d i a t e d fuel rods for flux mapping is being studied to supplement 
the use of flux wi res and min ia tu re i n - c o r e ion c h a m b e r s . 

Writing of the Operat ing Manual is near ing comipletion. All the d raw­
ings for this Manual a r e finished and a r e being checked. P r e pa ra t i on of 
calculated nuclear c h a r a c t e r i s t i c s for the Operating Manual is well 
advanced. 

The solution of one of five RE-6 problems to de te rmine the re la t ive 
worth of voids as a function of radia l position has been rece ived . In the 
"Maximum Accident" sect ion of the Hazards Summary Report , it was a s ­
sumed that all heat genera ted in the boiling fuel rods r ema ined in the oxide 
during the excu r s ions . An invest igat ion of the accuracy of this assumpt ion 
is proceeding. 

4 . Development and Test ing 

^- Boiling Fuel - The 1600 boiling fuel rods r e t u r n e d to the supplier 
were radiographed and found to be sa t i s fac tory . A total of 3040 boiling core 
fuel rods (5% enr iched) have now been rece ived at the l a b o r a t o r y . These 
rods a r e being inspected and tes ted for s t r a igh tnes s , l e a k s , and clad thick­
n e s s . A total of 483 of the 10% enr iched rods have been de l ivered , as well 
as 30 thermocouple r o d s . 

b . Superheat Fuel - All nondes t ruc t ive and des t ruc t ive t e s t s on 
the 24 depleted u ran ium evaluation pla tes rece ived from the suppl ier have 
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now been completed. The r e su l t s indicate that the plates failed to nneet 
specifications in the following ways: 

1) Incor rec t ex ternal plate dimensions and position of the 
core re la t ive to the side cladding. 

2) Less than min imum requi red core length due to "fish-
ta i l ing" and random configurations at core ends . 

3) F la tness not within 0.002 in. per 2 in. length. 

4) Carbon content of cladding ma te r i a l g rea t e r than 
0.03 w/o max imum. (Although the average carbon 
content does not exceed 0.03 w / o , higher values 
were found.) 

5) Inhomogeneous dis t r ibut ion of uranium in the core 
b lends . 

6) Face cladding and core thickness m e a s u r e m e n t s d i s ­
t r ibuted around nnean values of 0,00 7 in. and 0.016 in. 
respec t ive ly , resul t ing in low face cladding m e a s u r e ­
ments and high core th ickness m e a s u r e m e n t s . 

7) Excess ive s t r i nge r lengths and la rge par t ic le g roups . 

A s u m m a r y of the findings of des t ruct ive test ing is given in 
Table I. F r o m the table it can be seen that none of the plates examined 
were acceptable . Consequently, the supplier has been ins t ruc ted to fabr icate 
a new batch of 24 sample plates for evaluation and approval . It is expected 
that at l eas t some of the new pla tes will be available for tes t ing before the 
end of Apr i l . The foregoing r e s u l t s , however , a r e expected to cause a pos t ­
ponement of the superhea t schedule by seve ra l months . 

Brazing development work for the superhea te r fuel e lements i s con­
tinuing. Metal lographic examinat ion of sect ions from brazed fuel e lement 
type a s s e m b l i e s of s t a in less s tee l plates indicated that Coast Metals 
alloy 60 is equally as effective as GE-81 in attaining sound b razed jo in ts . 
It was also de te rmined that both acry lo id B-72 and polys tyrene-benzene 
c a r r i e r cements appear to work effectively in applying the alloy for b r a z ­
ing. Complete in tegr i ty of b razed joints has not been found in any a s sembly 
made to date . 

Brazing samples a r e a lso being made to tes t the per formance and 
co r ros ion r e s i s t ance of West Coast Gold and Pla t inum Co. 's (WESGO) gold-
nickel alloy, "NIORO." This alloy is proposed for making the high p r e s s u r e 
thermocouple sea ls at the r e a c t o r - v e s s e l - h e a d - n o z z l e t e rmina l box for both 
the in s t rumen ted boiling and supe rhea te r fuel a s s e m b l i e s . 



Table I. Results of Destruct ive Evaluation of 

PlatcNo". 

FCD 1-7 
1-8 
1-9 
1-10 
1-13 
1-14 

FPD 1-5 
1-7 
1-8 
1-10 
1-12 
1-14 

HCD 1-8 
1-10 
l - l l 
1-12 
1-13 
1-14 

HPD 1-7 
1-8 
1-9 
1-11 
1-12 
1-13 

St rauss 
Test 

X 

Core 
Homogeneity 

X 

X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

24 BORAX 

Bond 
Integri ty 

-V Superheat Fuel Plates 

Core 
Thick­
ness 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

Face 
Cladding 

Thickness 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

Side 
Cladding 

Width 

X 
X 
X 
X 
X 
X 

X 
X 
X 

X 

X 
X 

X 

X 
X 
X 

X 
X 

E n d 
Cladding 
Length 

N R 

X 

X 

NR 

NR 
X 

X 
X 

X 

Oxide 
Stringer 
Lengths 

X 
X 
X 

X 
X 

X 

X 

X 

X = Not Acceptable NR No resu l t s Obtained 

c. Core Instrumentat ion and Structure - The exit turbine-type 
flowmeter for the ins t rumented boiling fuel assembly has been modified 
for instal lat ion of the latch mechanism and tes ted in the BORAX V a i r -
water t es t loop. An e r r o r in indicated water flow ra te is at p resent a t t r i ­
buted to the influence of the latch mechan ism on water flow through the 
m e t e r . The latch was not instal led during factory tes t s and although test 
loop data show a deviation (5-15% fuUscale) from the original factory data, 
the cal ibrat ion is reproducible . Data obtained to date on two-phase flow 
indicate that the exit me te r has given 10% or bet ter agreement with gamma-
ray attenuator data over the range of void ra t ios from 15% to 65% and water 
flow ra tes from 30 to 500 gpm (approximately 1 to 20 f t / sec) . 

A prototype middle grid has been instal led in a dummy boiling 
fuel assembly and prepara t ions a re being made for the test ing of the effect 
of this grid on the previously m e a s u r e d vibration of the boiling fuel rods . 



A wooden mock-up of the core hold-down s t ruc ture has been 
fabricated for instal la t ion in the fuel-handling tes t tank. This mock-up will 
be used to aid in the design of the routing and support for the i n - co re i n s t r u ­
mentat ion l e a d s . 

d. Control Rods - In an invest igat ion of the 17-4 PH steel problem, 
a control rod extension shaft made of hardened 1 7-4 PH has been s t r ipped 
of i ts chrome plate , r e h e a t - t r e a t e d to Rockwell C-33, re -p la ted , and is b e ­
ing ins ta l led in a BORAX V control rod drive for wear t e s t s . New 17-4 PH 
extension shafts , hardened to Rockwell C-33, a r e being fabricated. 

e. Cr i t ica l Exper iments - Pe r fo rmance of the BORAX V cr i t ica l 
exper iments in ZPR VII i s sti l l delayed pending approval of the haza rds r e ­
port for the expe r imen t s . The BORAX V boiling fuel rods for this expe r i ­
ment a r e on hand. 

5. Operat ions 

Plans for a t ra ining course for BORAX V operating personnel have 
been p repa red and the course is scheduled to begin in Apr i l . 



II. SODIUM COOLED REACTORS (040103) 

A. General R e s e a r c h and Development 

1. ZPR-II I 

Work on Assembly 32 was completed this month. This a ssembly 
contained two columns of fuel and 14 columns of s ta in less steel in each 
core d rawer . 

Assembl i e s 29-31 had shown that the cr i t ica l i ty pred ic t ions were 
inadequate for la rge dilute power r e a c t o r s . The c r o s s - s e c t i o n for XĴ ^̂  
could be shown to account for about half the noted d i sc repanc ie s , but 
l i t t le quantitat ive information could be obtained from the bas ic aluminum 
and steel c r o s s - s e c t i o n data which seemed to account for much of the r e ­
maining d iscrepancy. There fore , ana lys is of Assembly 32, a U^̂ ^ and 
s ta in less s teel construct ion, should revea l some information on the 
adequacy of the steel c r o s s - s e c t i o n values used in the mul t igroup 
calcula t ions . 

In Assembly 32, a Ross i -a lpha m e a s u r e m e n t yielded the value, 
a = 5.37 1 0.06 X 10* s e c " ^ Assuming ^ = 0,0067 ± 0,0003, then the neu­
t ron l i fe t ime, i = 1 2 , 5 t 0.5 x 10"® sec. 

The dis t r ibuted wor ths of va r ious m a t e r i a l s in the core were m e a s ­
ured and a r e l i s ted below: 

Dis t r ibuted Worth 
Mate r ia l (ih/kg) 

Stainless Steel 6.82 
Sodium 42.8 
Aluminum 26.5 

Bunching exper imen t s showed a g r e a t e r react iv i ty gain f rom bunch­
ing of the fuel in this a s sembly than in previous a s s e m b l i e s of this size with 
different di luents . 

Work was s t a r t ed on Assembly 33 which is a modification of the 
previous a s sembly . Four •g--in. columns of s t a in less s teel in each core 
d rawer w e r e rep laced by two -j-i"-- sodium-fi l led s t a in less s teel cans . 
The c r i t i c a l m a s s of th is a s sembly was found to be 238 kg of U^̂ ^ as com.-
pa red to 227.5 kg for Assembly 32. 



The volume per cent composi t ion of Assembly 33 is as follows: 

Mate r ia l 

U235 

U238 

Stainless Steel 
Na 

Volume 
P e r cent 

9.28 
0.66 

63.56 
15.81 

Reactivity m e a s u r e m e n t s have been made for common reac to r 
m a t e r i a l s at the cen te r of the co re and for a few selected m a t e r i a l s near 
the edge of the co re . The r e su l t s a r e shown in Table II, 

Table II. Reactivity Worths in Assembly 33 

Mate r i a l 

U233 

U235 

Plutonium 
Depleted U 
Al 
St. Steel 
Na 
C 
F e 
Ni 
C r 

Reactivity Worths 
(Ih/kg) 

Center 

366.9 
196.7 
349.1 

-0.75 
23.5 

1.08 
40.5 

142.6 
-0.24 

1.35 
4.35 

Edge 

„ 

-

-

2,44 
32.0 

7.6 
60.4 

118.0 
5.1 
9.04 

11.5 

Mate r ia l 

Th 
AI2O3 

Bi°C 
Ph I 
Ph II 
P b 
Ta 
S 
Nb 
Mo 

Reactivity W< 
(Ih/kg) 

Center 

-14.1 
92.1 

-1960.0 
-0.13 
0 
1,49 

-30,5 
-1.8 

-11.6 
-6.0 

Drths 

Edge 

«. 

-

-

-

-

5.36 
-

-

-

-

2. ZPR-VI and ZPR-IX 

a. Building 315 Const ruct ion - Over -a l l construct ion of Building 315 
is complete inside with the exception of some painting and tile work on the 
f i r s t floor plus se rv ice connections to the hoods in the hot l abora tory . Out­
side construct ion of roads and sidewalks has been delayed by weather 
condit ions. 

After ins ta l la t ion of the 26-ton ex te r io r door for Cell No. 4, the 
top hinge broke while the door was par t i a l ly open. The const ruct ion cont rac tor 
will rep lace the hinge and effect be t t e r al ignment on all hinges for this door 
and the s imi l a r one on Cell No. 5. 
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b . Leak Test ing of Concrete Cel ls - The No. 5 concre te cell is to 
be p r e s s u r i z e d for test ing in a manne r s imi l a r to that used in leak test ing 
a r eac to r containment shell . Exper imenta l mechanics aspec t s of this project 
involve monitor ing the s t r a in imposed upon the cel l wal ls during p r e s s u r i -
zation. P r i o r to field tes t ing, severa l l abora tory invest igat ions were 
requi red . 

A s t r e s s - c o a t investigation was made of a typical reinforcing 
rod used in the cons t ruct ion of the Building 315 facility. The purpose of 
this study was to de te rmine the d i rec t ion and re la t ive magnitude of the 
pr incipal s t r e s s a c r o s s the a rea between r i b s . The significance of this 
tes t indicates that r emova l of reinforcing rod r ibs will not be n e c e s s a r y , 
and a smal l gage placed between the r ibs should be sufficient, 

A field instal la t ion technique for the s t r a in gages has been 
developed which is dependable and easy to follow. It is impor tant that the 
gages be dependable because the en t i re exper imenta l s t r e s s analys is is 
based upon the response of these de t ec to r s . 

Instal lat ion of ins t rumenta t ion was completed for the p r e l i m i ­
nary invest igat ion to es tab l i sh re la t ionsh ips between surface t e m p e r a t u r e 
changes and deflections of the inner sur faces of the faces of the ce l l s . 

To de te rmine the effect of t r ans i en t wea ther conditions on the 
cell volume or t e m p e r a t u r e , 26 the rmocouples a r e being used to moni tor 
hourly the inside and outside t e m p e r a t u r e dis t r ibut ion on the wes t wall . 
At the same in t e rva l s , wal l deflection m e a s u r e m e n t s a r e taken as an indi­
cation of the magnitude of cel l volume changes . Before final tes t ing of 
Cell No. 5, the sea ls on the personne l a i r - l o c k doors mus t be r epa i r ed . 
P r e l i m i n a r y checks shov/ed a high leak ra te from the space between these 
doors . 

The sur faces of the exposed re inforcement to be ins t rumented 
were sand b las ted in p r epa ra t i on for the appl icat ion of the SR-4 s t r a in 
gages. A tall m a n o m e t e r has been buil t to r e c o r d difference in p r e s s u r e s 
between the ce l l s and the outs ide. Special pro tec t ive devices , such a s pans 
which wil l p e r m i t a i r c i rcu la t ion but will p revent ra in and snow from 
reaching the outside s t ra in gages , we re made . 

c. P r o c u r e m e n t of Components - The bed and table a s s e m b l i e s 
for the ZPR-VI and ZPR-IX mach ines have been inspected at the supp l i e r ' s 
plant and both units w e r e found to conform with the specified d imens ions . 
One of the two units was opera ted with a load of 70 tons on each half and 
pe r fo rmed in a ve ry sa t i s fac tory manne r . Both a s s e m b l i e s have been a c ­
cepted, and the f i r s t is scheduled for del ivery at the end of March with 
the other following ea r ly in Apr i l . 



Discuss ions have been held with the suppl iers of the ins t rumen­
tation and consoles regarding the proposed console layout and the interlock 
c i rcu i t ry . There seems to be no se r ious problems in r ega rd to these i t ems , 
and the supplier be l ieves that he will mee t the mid-October deadline for the 
completion of the instal lat ion of the ZPR-VI control console and ins t rumen­
tation. The final design drawings for the dual-purpose control -safe ty rod 
drive mechan i sms have been checked and bids requested from potential 
vendors for the fabr icat ion of the drive mechan i sms . 

A finished safety rod of the blade type has been tes ted sa t i s fac­
tori ly. A design change was n e c e s s a r y to provide be t te r dimensional control 
during the boron filling operat ion and the e lec t ro- f i lm baking. It is hoped 
that venting will e l iminate the bulging of the blade sides due to an internal 
p r e s s u r e built up at the baking t e m p e r a t u r e s . This design modification has 
been completed and another t es t rod will be made. 

The f i r s t shipment of the s ta in less steel m a t r i x tubes for ZPR-VI 
has been made . Two of the four m a t r i x holding knees have been remachined 
in o rde r to e l iminate warpage produced by the casting operat ion. Approxi­
mately 1200 kg of depleted u ran ium has been given a protect ive coating and 
the coating machine ope ra t e s in a sa t is factory manner . 

d. Exper i inenta l P r o g r a m - In the preceding P r o g r e s s Report 
(ANL-6328), ment ion was made of exper imenta l work with a methane-f i l led 
propor t ional counter which might be inse r ted in a fast c r i t i ca l assennbly for 
spec t rum m e a s u r e m e n t s . As a r e su l t of the m e a s u r e m e n t s repor ted las t 
month, the cen t ra l wi re of the counter was replaced by one having a m o r e 
near ly c i r c u l a r c r o s s section and the resolut ion for 600 kev protons has 
been improved to about 8% from the value of 12% observed previously for 
a gas filling p r e s s u r e of slightly l e s s than 1 atm. 

The prev ious ly obse rved dependence of resolut ion on gas p r e s ­
sure suggests the need for addit ional purification of the filling gas . Conse­
quently, a smal l purif icat ion sys tem which will make possible the 
achievement of be t t e r control on the gas puri ty is now under construct ion. 
The inlet and outlet will be flanged to fit a vacuum and filling sys tem. All 
joints in the sys tem will be he l i a rc v/elded and flanged to p e r m i t easy c lean­
ing, and s ta in less s teel v/ill be used throughout the sys tem. 

Prov is ion is a lso being made to in se r t s tandard alpha sources 
into the propor t iona l counter for ca l ibra t ion . This will p e r m i t a much m o r e 
thorough study of the effect of gas p r e s s u r e , impur i t i e s , and c i rcu i t p a r a m ­
e t e r s on the pe r fo rmance . A fast spec t rum s imulator made of a s tack of 
na tura l u ran ium and placed near the leakage face of the ATSR is being con­
s idered for fur ther tes t ing of this counter . 
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Miniature fission c h a m b e r s containing U^^^, U^^^, and Û ®̂ have 
been p r e p a r e d for eventual use in the ZPR-VI facility for m.easuring the 
neutron spec t rum. Additional chamber s containing plutonium and neptunium 
will be p r epa red . Tes t s of these c h a m b e r s with a 20 ft long coaxial cable 
have shown a f i s s ion- to-a lpha signal ra t io of approximately 10. Adding a 
Philco 2N393 t r a n s i s t o r as a cathode follower reduced this rat io to about 
3. With a good p reampl i f i e r , a signal f rom one of these min ia ture fission 
counters can be t r ansmi t t ed through about 40 ft of cable without a cathode 
follower. 

e. Hazards Evaluation - The Doppler effect r e p r e s e n t s a potential 
danger for a ze ro power a s sembly because the u ran ium fuel is separa ted 
into highly enr iched p la tes and depleted uranium p la t e s . If a sharp nuclear 
b u r s t should occur in such an a s sembly the enr iched plate will heat fas ter 
than the depleted p la tes by approximate ly the rat io of the atomic fission 
probabi l i t ies . Thus it may be poss ible for the posi t ive Doppler react ivi ty 
contribution of the U^^^ to outweigh the negative contr ibution of the U^̂ ®. 

This effect has been exam.ined for ZPR-VI using the recent 
isotopic energy-dependent p a r a m e t e r s de te rmined by Nicholson in 
APDA-139.* The r e s u l t s indicate that l a rge dilute meta l - fue led ze ro 
power sys t ems a r e not dangerous la rgely because the Doppler contr ibu­
tion of each isotope depends upon the square of the isotopic densi ty, p. 
Since p^(238)/p^(235) can be approximately 50 for a l a rge sys tem, this 
tends to match , if not outweigh, the reduced Doppler coefficient for U 
caused by the low value of 0f(238)/af(235). For l a rge oxide-fueled s y s ­
t e m s , however , p^(238)/p^(235) m.ay be approximately 10 and a ser ious 
net posit ive Doppler coefficient, approaching the shutdown coefficient due 
to meta l expansion, is found for a ze ro power a s sembly . 

When sma l l e r sy s t ems approach the size of EBR-II mockups 
the p a r a m e t e r s given by Nicholson indicate that the posi t ive U^̂ ^ coeffi­
cient becomes re la t ively l a rge . In such sys tems the 0f(238)/af(235) 
rat io a lso b e c o m e s sma l l e r thus reducing the negative Û ®̂ Doppler coef­
ficient to the point v/here the total Doppler coefficient becomes posit ive 
but negligible compared to the negative coefficient due to me ta l expansion 
on heating. 

It should be emphas ized that the re is n e c e s s a r i l y a considerable 
uncer ta inty in the theore t i ca l p a r a m e t e r s used because of a lack of expe r i ­
menta l information on nuc lear r e sonances , which is difficult to obtain. 
Therefore , the re is a need for careful Doppler m e a s u r e m e n t s to be made 
on these a s s e m b l i e s . 

•R icha rd B. Nicholson, "The Doppler Effect in F a s t Neutron R e a c t o r s , " 
APDA-139, June , I960. 



3. JUGGERNAUT 

a. Construct ion - The JUGGERNAUT is a wate r -coo led and graphite 
modera ted r eac to r of the ARGONAUT type. It is to operate at power levels 
up to 250 kw and provide a ve r sa t i l e facility for nuclear r e s e a r c h and com­
ponent development. 

All seven control rods a r e now in the r eac to r and have been 
tes ted. One rod was cycled for 4,000 t imes , revealing a faulty drive motor . 
The motor was re tu rned to the manufac ture r and replaced with a spare . 
The clutch for the rod mechan i sm did not have enough c learance between 
the a r m a t u r e and s ta tor and thus caused a slight overloading of the motor . 
This condition exis ted on all the rods and was co r r ec t ed by reducing the 
d i ame te r of the a r m a t u r e . The remaining rods were cycled 500 t imes and 
all appear to be t rouble f ree . The free fall t imes were recorded to be l e s s 
than 0.45 sec . 

The nuclear c h a m b e r s have been placed and a r e operable . 

The antimony gamma source was i r r ad ia t ed in the CP-5 r e a c ­
tor for 40 Mw-days in a t h e r m a l flux g r e a t e r than 1 x 1 0 n/(cixi )(sec). 
The gamma source was instal led in its bery l l ium housing in the reac tor 
and yielded 3.6 x 10® n / s e c . With this source , and the chamber in a pos i ­
tion expected for r e a c t o r opera t ion, the sca l e r gave a count of 250 c o u n t s / 
sec with the wa te r up and 2,500 coun t s / s ec with the wate r down; the scale 
factor is about 5 n / ( c m )(sec) per count. 

The wate r in the r e a c t o r to date has a conductivity of 2 m e g ­
ohms and a pH of 6.6. Samples of the wa te r will be taken daily to de termine 
the efficiency of the cleanup sys tem. 

The Hazards Summary Report has been approved and will be 
submitted to the Commiss ion in ea r ly Apr i l . A p re l imina ry draft of an 
Operat ing Manual has been wr i t ten . The r e a c t o r design repor t has been 
s ta r ted . 

b . Cr i t i ca l Expe r imen t s - The p r o c e d u r e s for the following c r i t i ca l 
exper imen t s on the JUGGERNAUT have been completely formulated: 

1. Approach to Cr i t i ca l 

a. Location and Test ing of Neutron Detectors 
b . Fuel Loading 

2. Control System Cal ibra t ion 



Reactivity Measu remen t Methods 

a. Pe r iod Method 
b. Rod-Drop Method 
c. Subcri t ical Multiplication 

4. Measu remen t of the Effective Delayed Neutron 
F rac t ion Oeff) 

The p r o c e d u r e s for the following exper imen t s a r e in the planning 
s tage: 

5. Power Cal ibra t ion and Fl-ux Mapping 

6. Reactivi ty Effects 

a. Poison Worth 
b. Fuel Worth 
c. Void Coefficient 
d. T e m p e r a t u r e Coefficient 

B. E B R - I 

1. Operat ion 

The r eac to r was opera ted in termi t tent ly during the l a t t e r p a r t of 
the month for the purpose of niaking m e a s u r e m e n t s to de te rmine the total 
wor th of the outer blanket lead cup. Three methods w e r e employed: tv/o of 
the techniques involved slightly different ways of taking m e a s u r e m e n t s v/hen 
the cup was dropped, and the th i rd ut i l ized subcr i t ica l mult ipl icat ion. B e ­
cause of the re la t ively slow cup drop t ime (of the o r d e r of 300 mi l l i seconds) 
the ana lys i s is difficult and c o r r e c t i o n s m u s t be applied to account for the 
change in react iv i ty and power level during the drop. 

Fo r al l t h r ee de te rmina t ions , a pa i r of smal l jS i"-* d i ame te r f ission 
counte rs have been used, one at the cen te r of the core and one at a rad ius of 
1— in. In one case the f iss ion pu l ses w e r e fed into a coun t - ra t e m e t e r and 
this output in tu rn was fed to a Brush pen r e c o r d e r . Several d rops were also 
made record ing the s ca l e r pu lses d i rec t ly onto the Brush r e c o r d e r and 
switching decades manual ly . 

The second drop method was designed to supp re s s the re la t ive i m ­
por tance of the drop t ime by compar ing the count ra te before the drop to 
the total count ra te obtained after the drop. 
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The subcr i t ica l method is s imples t in theory, but is hampered by 
the poor s ta t i s t i cs accompanying the low count rate of subcr i t ical condi­
t ions. Analys is of data taken by these th ree techniques is under way. 

2. Mark IV Core 

a. Development - The EBR- I Core IV will be loaded with Pu-
1.25 vf/o Al alloy. The fuel is in the form of 0.235 in. d iameter by 
2— in. long cyl indr ica l slugs each of which weighs approximately 25 g r a m s . 
Each slug has four full length r ibs (0,030 in. wide by 0.006 in. high) which 
a r e forined by coining the injection cas t slugs in a split die. These r ibs 
serve to cen te r the slug in the jacket tube. Four of the fuel slugs a r e 
loaded into each fuel rod together with a 3.552 in. long lower and a 
7.745 in. long upper beta t r ea t ed depleted uranium blanket slug. The 
jacket cons i s t s of a 0.300 in. outside d iamete r by 0.020 in. wall thickness 
Z i rca loy-2 fuel tube. Three equally spaced 48-mi l Z i rca loy-3 v/ires a r e 
welded longitudinally to this tube to form spacer r ibs . The lower end is 
closed by a locating fitting which is he l ia rc welded to the tube A tubular 
spacer and Inconel-X spring a r e loaded into the tube above the upper 
blanket. A connnector fitting, th readed to accept a s ta in less s teel exten­
sion rod. is fusion welded to the tube after a s sembly . This fitting is 
dr i l led so that NaK may be m e t e r e d into the a s sembled fuel rod by means 
of a hypodermic needle. After NaK filling and level adjustiiient a plug is 
inser ted into the filling hole and fusion welded to the connector by means 
of a s tored energy a r c -welder. 

Thermocouple rods a r e modified fuel rods with a 0.080 in. 
d i ame te r Zircaloy thermocouple protect ion tube extending axially from 
the top of the rod to the cen te r of the lower middle fuel slug. Blanket 
rods and blanket thermocouple rods a r e s imi la r to the fuel rods except 
that two depleted u ran ium slugs rep lace the four plutonium alloy fuel 
s lugs. 

Table III shows the number of fuel e lements requ i red and type 
of slugs for each of the fuel rods . 

Table III. E B R - I Core IV Fuel Rods 

Rod Type 

Blanket 
Blanket 

Thermocouple 
Fuel 
Fuel 

Thermocouple 

No. Rods 
Required 

120 

5 
420 

10 

Fuel Slugs 
pe r Rod 

•m. 

_ 
4 solid 
3 dr i l led 
1 solid 

Depleted U 
Slugs per Rod 

4 solid 
r 3 dr i l led 
\ 1 solid 

2 solid 
f l dr i l led 
1 1 solid 



The dual frequency e lec t romagnet ic t e s t equipment was used to 
evaluate the quality of a 12-tube sample of the Zi rca loy-2 tubing intended 
for the Mark IV. These tubes were taken from 1122 feet of tubing recent ly 
rece ived from Wolverine Tube. T r a n s v e r s e sect ions were obtained at about 
30 different locat ions on the tubes to evaluate the defects d iscovered by the 
tes t equipment. Three genera l types of defects w e r e d iscovered: 

1) Sharp i n c r e a s e s of up to 10% in wall th ickness over 5° to 
1C° of the inner c i rcumference and extending somet imes up to severa l 
inches along the length of the tube. These cannot be dis t inguished from 
radial c r a c k s on the record ing produced by the tes t equipment, but seem 
to occur infrequently. 

2) Radial c r a c k s previous ly observed in Zircaloy tubing. 
Since one of the objects of this evaluation was to check the sensit ivity of 
the improved t e s t equipment to smal l radia l c r a c k s , sect ions w e r e taken 
at locat ions bel ieved to contain c r a c k s 0.003 in. deep or l e s s . Cracks of 
this size o c c u r r e d in at l eas t half the tubes . 

3) A type of defect which r e s e m b l e s a very na r row c rack on 
the o r d e r of 0.0001 in. a c r o s s . These were usually found pa ra l l e l to the 
c i r cumference of the tube, but on one occasion one of these defects was 
found that t r a v e r s e d about 90% of the wall and connected to the outside 
surface . No decis ion has been reached on how se r ious this type of defect 
i s , but p rev ious defect s tandards do not apply in this ca se . Another l a r g e r 
sample of this tubing is being evaluated. 

In the p r o c e s s of obtaining physical p r o p e r t i e s of the fuel alloy, 
t he rma l expansion cu rves have been obtained for seven alloy composi t ions 
in the " a s - c a s t " condition. At l e a s t two dilation runs were made on each 
alloy specimen. F o r alloy composi t ions above 4 a /o Al good ag reemen t 
was obtained between the expansion cu rves obtained for the f i r s t and s e c ­
ond dilation runs . On the other hand, the f i r s t expansion cu rves obtained 
for two composi t ions below 4 a /o Al exhibited many inflections which were 
not evident in the second dilation. In each of these l a t t e r composi t ions 
sa t is factory a g r e e m e n t was obse rved between the expansion cu rves of the 
second and th i rd di la t ions . F u r t h e r m o r e , the expansion cu rves obtained 
in the second and th i rd di la t ions for these lower composi t ions exhibited 
an abrupt drop at 400°C. These alloy spec imens will be homogenized at 
425-450°C for 100 hours and the i r expansion coefficients will be deternnined 
again. It is hoped that the expansion data obtained on the homogenized 
al loys v/ill help to explain the data obtained thus far on the " a s - c a s t " 
m a t e r i a l . 

b . Fabr ica t ion - Produc t ion of fuel e l ement s is in p r o g r e s s with 
587 slugs produced a s of M a r c h 17. The method developed cons i s t s of p r e c i 
sion injection cast ing nine fuel pins (18 in. x 0.234 in.) at a t ime in Y2O3 
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coated, h igh-s i l ica g lass molds . A r o d - p a r t e r is used to cut slugs from 
the cas t rods . These a r e then upset in a coining die to form the four r ibs . 
The slugs a r e machined to final length and the edges chamfered. 

A total of 2912 feet of 0.257 in. I.D. Zircaloy-2 tubing stock for 
Core IV jackets has been received. Of 2028 feet of this tubing inspected, 
63% has been accepted for fuel and blanket rod jackets . 

Over 16% of the f inish-machined rod tips a re available for 
assembly . 

Enough Zi rca loy-2 wire for 32% of the required jacket spacer 
r ibs has been fabricated by the Labora tory and eddy-current inspected. 

All of the fil ler plugs, 83% of the NaK level space r s , and 18% 
of the fuel connectors a re f inish-machined and ready for assembly. 

Machining of the depleted uranium blanket slugs from available 
rod stock has been s tar ted. 

Assenably and welding oiserations have been less thoroughly 
r ehea r sed than other operat ions because of the cr i t ica l shortage of sa t i s ­
factory Zircaloy tubing. The problem is to load the tubes, weld, fill with 
sodium and bond without exposing the exter ior of the jacket or the weld to 
contamination. The internal p a r t s a re inser ted while the jackets a re 
attached to nnultiple fittings on a vinyl pouch. The loading a r rangement is 
shown in Figure 1 and, for obvious reasons , the pouch has been named "the 

Figure 1 

Dielcctrically bt-almg a Loaded Fuel Specimtu from a 
High Level Coataniinaied Hood Line using a Multitubulaied 
Viuyl Pouch. 



The edges of the fuel tubes a re protected by a thin polyethylene funnel 
through which the in ternal p a r t s including the fuel slugs a r e loaded. A 
sectional view of this fitting is shown in Figure 2. After loading, the vinyl 
tubulation above the fuel e lement is d ie lect r ica l ly sealed and the assembly 
t r ans fe r r ed to a sodium filling and welding line where the connector is 
inser ted and the he l ia rc gir th weld is made . NaK filling is done in the 
ver t i ca l position with the rod in a vacuum p r e s s u r e chamber . A hypodermic 
filling tube is inser ted into the rod, the chamber is evacuated and a m e a s ­
ured quantity of sodium is injected while the rod is gently vibrated. The 
chamber may be p r e s s u r i z e d after filling to force the NaK into the bond 
annulus. After filling, the plug is inser ted and fusion welded to the con­
nector by an a rc d ischarged from a capaci tor bank. 

FiguTt 2 

E \ploded and Sectioned Views of Vinyl Loading 
Fitting. Spnng Hose Clamp and Polyethylene 
Fiumel used to Prevent Contammatiou ui EBR-I 
Fue Tube. 

Leak detection will be by both the p r e s s u r e and m a s s spectrom­
eter techniques descr ibed in previous r epo r t s , and the bond and NaK levels 
will be establ ished by nnethods s imi la r to those previously used. Each fuel 
e lement will be X-rayed to indicate that all components a r e proper ly pos i ­
tioned and that the des i red sodium level has been achieved. 

C. EBR-II 

1. Construction 

The following tabulation p re sen t s the approximate status of the con­
struction cont rac ts as of March 14, 1961: 

% 
Building Completion 

Power Plant (Package 2) 100 
Reactor Plant (Package 2) 100 
Sodium Boiler Plant (Package 3) 89 
Fuel Cycle Facil i ty (Package 3) 82 

file:///ploded
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a. Sodium-Boiler Plant - The P r o g r e s s Report for Februa ry 
(ANL-6238) noted the L a b o r a t o r y ' s concern that o rder ly prosecut ion of the 
EBR-II Exper imenta l P r o g r a m could hinge upon ear ly p rocurement and in­
stal lat ion of the flexible sea ls (a con t r ac to r -p rocu red i tem). This i tem, 
and all other Package 3 v/ork in the Reactor Plant , has been removed from 
the Package 3 con t rac t by change o rde r and will be per formed under Pack­
age 4. 

The ra te of cons t ruct ion p r o g r e s s is very slow. During the pas t 
eight weeks the percen tage completion has averaged about 1% per week. 
Unless the p r e sen t pace i n c r e a s e s , the Contractor will not finish this port ion 
of Package 3 by June 1 (the p r e s e n t es t imated completion date). Any sig­
nificant slippage of this schedule could have a ser ious effect upon the 
s tar tup schedule of the facility. 

2 Instal lat ion of Equipment - Package 4 

Instal lat ion work v/ithin the r eac to r plant falls into two genera l ca t e ­
go r i e s : (a) mechanica l , compr is ing approximately 70% of the total ; and 
(b) e l ec t r i ca l , approximate ly 30%, F o r convenience in scheduling and super ­
vising the v/ork in the field, the mechanica l v/ork is divided into 43 major 
jobs , or packe t s , and the e l ec t r i ca l into 5 packets . Work on 42 of the m e ­
chanical packets and al l 5 of the e l ec t r i ca l packets has been s tar ted . To 
date , approximate ly 93% of the total mechanica l work and 77% of the e l e c t r i ­
cal work has been completed, 

a. Gr ipper and Hold-down Mechanism - The function of the g r ipper 
and hold-down m e c h a n i s m is to i n s e r t and ex t rac t subassembl ies from the 
r eac to r v e s s e l . This mechan i sm p e r f o r m s its opera t ions remotely . It in­
co rpo ra t e s seve ra l design fea tu res v/hich lend added rel iabi l i ty to the fuel 
t r ans fe r p r o c e s s , such a s sensing devices , force- l imi t ing devices , and 
holddown of adjacent fuel subassennblies to prevent thei r s imultaneous r e ­
moval . The m e c h a n i s m is n e c e s s a r i l y complex and r equ i re s ex t remely 
careful alignmient and adjustnnent of many interconnected a s s e m b l i e s . 
Mechanical ins ta l la t ion of this device is essent ia l ly complete . P r e c i s e 
adjustnnent and a l ignments will be pe r fo rmed during equipment test ing and 
check-out phases p r i o r to the dry c r i t i ca l exper imenta l p r o g r a m . 

'^' Storage Rack Mechanism - The function of the s torage rack 
mechan i sm is to provide a means for t empora ry holdup of new and spent 
fuel (and blanket) subassennblies . The rack is suspended from the p r i m a r y 
tank cover , and is fully submerged in the tank sodium at all t imes to pe rmi t 
na tura l convection cooling of spent subassembl ies within it. The rack is 
cy l indr ica l , "with a capaci ty of 75 subassembl i e s . The assoc ia ted drive 
mechan i sm provides both ve r t i ca l and rotat ional movement of the rack to 
pe rmi t e i ther inse r t ion or removal of a subassembly from the rack by the 
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t ransfe r a r m . Mechanical installat ion 
of this device is essent ia l ly complete. 
As with the gr ipper and hold-down 
mechanism, p rec i s e adjustments and 
al ignments may be required la ter dur ­
ing cer ta in phases of testing and 
checkout. 

c. Reactor Vessel Cover 
Lifting Mechanisnn - In the February 
P r o g r e s s Report (ANL-6328) it was 
noted that this device was installed. 
F igure 3 shows the upper s t ruc ture 
of this mechanism being lowered into 
place over the c lus te r of control rod 
d r ives . 

d. Sodium P u r i f i c a t i o n S y s ­
t e m - A r e c i r c u l a t i n g cold t r a p s y s t e m 
is u s e d for con t inuous p r i m a r y sod ium 
p u r i f i c a t i o n . T h i s s y s t e m per imi t s the 
c o n c e n t r a t i o n of i m p u r i t i e s to be m a i n ­
t a i n e d a t o r n e a r t h e i r g r e a t l y r e d u c e d 

^ so lub i l i ty l i m i t s for t e m p e r a t u r e s j u s t 
above the m e l t i n g po in t of sod ium. Cold 
t r a p p r e c i p i t a t i o n i s effect ive in nnain-
ta in ing low c o n c e n t r a t i o n s of such 
i m p u r i t i e s a s sod ium h y d r i d e , m a n y 
f i s s i o n p r o d u c t s , and p a r t i c u l a r l y s o -

Figure J d ium m o n o x i d e . 
Iiistallatiou of Upper Structure of Reactor Vessel 

Cover Lifting Mechanism The cold t r a p c o n s i s t s of 
a 5 0 0 - g a l l o n t ank f i l led w i th Type 304 
s t a i n l e s s s t e e l w i r e m e s h to p r o v i d e 

s u p p l e m e n t a r y s u r f a c e a r e a to e n h a n c e sod ium c r y s t a l l i z a t i o n and d e p o s i ­
t ion . A r e g e n e r a t i v e h e a t e x c h a n g e r i s i n c o r p o r a t e d to r e d u c e o v e r - a l l 
hea t l o s s e s in the cold t r a p s y s t e m . The cold t r a p o p e r a t i o n a l t e m p e r a ­
t u r e of 350°F is m a i n t a i n e d by a NaK coo lan t loop . 

Two t y p e s of a n a l y t i c a l d e v i c e s a r e i n s t a l l e d in the p r i m a r y 
sod ium p u r i f i c a t i o n s y s t e m for the p u r p o s e of de te rnn in ing s o d i u m qua l i t y : 
(a) a p lugging i n d i c a t o r fo r d y n a m i c s ide s t rea im oxide m o n i t o r , and (b) a 
sodiunn s a m p l e r for p h y s i c a l r e m o v a l of sod ium f r o m the m a i n s t reann . 
The p lugging i n d i c a t o r l o o p s and s a m p l i n g p o i n t s a r e l o c a t e d on bo th the 
sod ium in le t and ou t l e t s ide of the co ld t r a p . T h e s e d e v i c e s w i l l be u s e d 
to c h e c k the ef f ic iency of the cold t r a p p i n g o p e r a t i o n s and to p r o v i d e 
s a m p l i n g p o i n t s for c h e m i c a l and r a d i o l o g i c a l a n a l y s i s of the sodiu in b e ­
fo re a n d a f t e r the p u r i f i c a t i o n c y c l e . 



The plugging indicator is a device used for monitoring oxygen 
concentra t ions in flowing sys t ems . It cons is t s of a regenera t ive heat ex­
changer , a plugging valve containing both a fluted valve stem for increased 
surface a r e a when c losed and a thermocouple , and a thrott l ing valve for 
flow control . The plugging indica tors a r e operated a c r o s s a small p r e s ­
sure difference which is used to regulate flow, and the throt t le valve is 
used for fine adjustment of flow. 

During operat ion sodium is cooled and passed through the closed 
plugging valve at a constant flow ra t e . When the saturat ion t empera tu re of 
the sodium is reached sodium oxide is precipi ta ted out on the surface a r ea 
of the orifice causing a reduction in flow. The oxide concentrat ion of the 
sodium is then de te rmined from the t empe ra tu r e solubility curve of oxygen 
in sodiura. 

The plugging indica tors used in the EBR-II a r e of ANL design, 
and pas t exper ience has shov/n that the ins t rument is rel iable and the r e ­
sults reproducible . 

The sample r in the p r i m a r y sodium purification sys tem is e m ­
ployed to ex t rac t sodium fromtlie p r i m a r y coolant s t r eam for the purpose 
of making sodium oxide de te rmina t ions below the l imi t s of detectabil i ty of 
the plugging indicator , and for physical removal of smal l sodium specimens to 
p e r m i t ana lyses of g r o s s impur i t i e s in the sodium. 

Fo r making oxide deternninations, the sample r u t i l izes the 
vacuum dist i l la t ion analyt ical technique developed at the Labora tory . A 
represen ta t ive sodium sample is introduced remote ly into a sannple cup 
lined with meta l foil and the sodium is separa ted from its nonvolatile im­
pur i t i e s by vacuum dis t i l la t ion. After a sufficient dis t i l la t ion t ime , the 
sample r is filled v/ith iner t gas and the meta l foil is withdrawn. The r e s i ­
due on the foil is then analyzed by s tandard chemical or radiological methods . 

The bulk sodium samples consis t ing of 1 cc of sodiunn me ta l will 
be withdrawn from the p r i m a r y coolant s t r e a m for the purpose of de t e rmin ­
ing the p r e sence of impur i t i e s , other than oxide, and the concentrat ion of 
these impur i t i e s by rad iochemica l , spec t rome t r i c , and wet chemica l 
techniques . 

F igure 4 is a view of the wall betv/een the sodium sampling cell 
and the sodium purif icat ion cel l . The cavity in the lower center of the wall 
is for the sodium sample r . Direct ly above and to the left is the penetra t ion 
and bal l bear ing mounting for a pe r i s cope which will be used by occupants 
of the sodium sampling cell to observe the inside of the sodium pur i f ica­
tion cel l . Above the cavity and to the r ight a r e the six manual ope ra to r s 
for sodium plugging indicator va lves . At the extreime right can be seen 
pa r t of the NaK-si l icone heat exchanger and the NaK l ines running into the 
sodium purif icat ion cel l and to the cold t r ap . 
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Figure i 

Sodium bpinplmg Cei 

T h e c o n t r o l v a l v e j u s t b e l o w t h e c e i l i n g a n d u n d e r t h e l i g h t i n g f i x t u r e i s 
a l s o in t h e N a K l i n e . A b e t t e r v i e w of t h e s e l a s t - m e n t i o n e d p i e c e s u e q u i p ­
m e n t c a n b e s e e n i n F i g u r e 5 . A l s o s h o w n in t h i s p i c t u r e a r e t h e A C - E K I 
puimp f o r t h e N a K ( to t h e r i g h t of t h e h e a t e x c h a n g e r ) a n d t h e r e t e r t i - j n b a s i n 
f o r c o l l e c t i o n of a n y p o s s i b l e N a K l e a k a g e f r o m a b o v e . 

#1 

Figure 5 

Sodium Sampling Ceil Showing AC-EM Pump and 
NaK Silicone Heat Exchanger i!' 



e. Argon Purification System - The sodium in the primary tank 
is blanketed by argon. Pressure and makeup for this blanket as well as 
cleanup are provided by the argon purification system. Figure 6 shows 
the floating head tank installed in the argon purification cell. 

f. Power Plant - The con-
gf t i nuous p o w e r supply e q u i p m e n t h a s 

b e e n r e a r r a n g e d to e l i m i n a t e o v e r ­
l o a d e d c i r c u i t s m a i n l y to the L e e d s 
and N o r t h r u p c o n t r o l p a n e l s . Th i s 
p r o b l e m w a s d i s c o v e r e d a s a r e s u l t 
of a load s tudy on the con t inuous 
p o w e r supply systenn. F i g u r e 7 
shows the b a c k view of the p a n e l s 
and e q u i p m e n t inc luding the m o t o r -
g e n e r a t o r s e t s . 

E n g i n e e r i n g 

Figure 6 

Floating Head Argon Tank 

Des i gn d r a w i n g s for mod i f i ­
c a t i o n and c o r r e c t i o n of the n u c l e a r 
c o n t r o l c i r c u i t s have b e e n i s s u e d to 
the f ie ld. T h e s e inc lude m o d i f i c a ­
t ions to the shutdown c i r c u i t such a s 
the add i t ion of a m a n u a l safety rod 
s c r a m , s c r a m on l o s s of h igh vo l tage 
to ion c h a m b e r s in C h a n n e l s 4 , 5, 
and 6, and an i n t e r l o c k to p r e v e n t 
fuel handl ing u n l e s s a l l 12 c o n t r o l 
r o d s a r e fully down. The r e a c t o r 
c o v e r swi tch h a s a l s o b e e n i n t e r ­
l ocked into the fuel handl ing c o n t r o l 
c i r c u i t . 

Mod i f i ca t ions to the n u c l e a r i n s t runnen ta t ion and c o n t r o l c i r c u i t s 
for the d r y c r i t i c a l e x p e r i m e n t a r e be ing p r e p a r e d for i s s u e to the f ie ld. 
A c o n t r o l r o d swi t ch s i m u l a t o r d e s i g n h a s b e e n i s s u e d for f a b r i c a t i o n in 
the f ie ld. T h i s s i m u l a t o r is to p r o v i d e the r e q u i r e d e l e c t r i c a l connec t i ons 
w h e n a c o n t r o l r od is d i s c o n n e c t e d o r rennoved f r o m i t s pos i t i on for the 
c r i t i c a l e x p e r i m e n t s . 



Figure 7 

Rear View of Continuous Power Supply Panels 

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 ry c r i t i c a l e x p e r i n n e n t s 
a r e now in d e s i g n , f a b r i c a t i o n , a n d / o r p r o c u r e m e n t . The l i s t in the F e b ­
r u a r y P r o g r e s s R e p o r t (ANL-6328) h a s b e e n e x p a n d e d to inc lude the 
fo l lowing: 

a. Viewing A p p a r a t u s 

(1) Two per i scopes for remote observat ion of fuel handling 
within the p r i ina ry tank during dry c r i t i ca l exper iments (and/or during 
sodium filling). 

(2) A number 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 . 

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

(4) A closed c i rcui t television c a m e r a to be mounted inside 
the p r i m a r y tank with the pan and tilt mechanism for nnonitoring operat ions. 

(5) Lighting facil i t ies requ i red for the above. 



b. Special Assembl i e s and Thimbles 

(1) One in-CO re thermocouple subassembly with the t h e r m o ­
couples at tached to the fuel e lement tubes to moni tor t empera tu re during 
the dry c r i t i ca l expe r imen t s . 

(2) Two in -co re instruiment thimbles to be located in the inner 
blanket and each containing a high tennperature fission counter and an a b ­
solute f iss ion counter . 

(3) Two neutron source th imbles , one with an inner blanket 
adapter and one with an outer blanket adapter . Each is a berylliunn b e a r ­
ing thimble for the an t imony-bery l l ium neutron source . 

(4) Several neutron source rod a s sembl i e s of var ious 
s t reng ths . 

(5) Two source shielding th imbles to provide t empora ry 
housing and to shield source rods in blanket posi t ions . These pe rmi t 
in te rmi t ten t pe rsonne l a c c e s s to the immedia te vicinity of the r eac to r 
ve s se l during shutdown per iods of the dry c r i t i ca l exper imenta l p r o g r a m . 

(6) One f ission foil t r a v e r s e subassembly for the inner and 
outer blanket , each to accommodate a number of p a i r s of enr iched and 
depleted cadmium covered uran ium foils. 

(7) An osc i l l a to r rod a s sembly and thimble based on u t i l iza­
tion of ce r t a in p a r t s of a s tandard type control rod dr ive . 

c. Special Equipment for Exper imen t s and Tes t s 

(1) Two rod drive sequence s imula to rs to satisfy operat ional 
and safety in te r locks and power and control c i rcu i t s when control rod dr ives 
a r e removed for va r ious dry c r i t i c a l exper iments , 

(2) A dry c r i t i ca l subassembly loading rig as desc r ibed and 
depicted in ANL-6299, "EBR-I I Dry Cr i t i ca l E x p e r i m e n t s . " 

(3) Control rod dr ive tes t ing equipment (and dummy control 
rod) n e c e s s a r y for complete i n - co re checkout and per fo rmance test ing of 
the rod d r i v e s . 

(4) S t ruc tura l deflection sys tem and ins t ruments n e c e s s a r y to 
invest igate the deflection of the p r i m a r y tank cover and support s t ruc ture 
during high t e m p e r a t u r e opera t ion and sodium loading. 



(5) A t e m p o r a r y a i r c i rculat ing sys tem to be used in the 
p r i m a r y tank to a s s u r e reasonably uniform t empe ra tu r e distr ibution dur ­
ing i so the rmal t e m p e r a t u r e coefficient m e a s u r e m e n t s and other dry c r i t i ­
cal and pos t -d ry c r i t i ca l expe r imen t s . 

4. P r o c u r e m e n t 

The shield plug section of the sodium-to-sodium heat exchanger 
contains the neutron shielding m a t e r i a l , the sodium ent rance and exit 
piping, and an expansion bellows (see F igure 8, P r o g r e s s Report , 
ANL-6328). The expansion joint and the ent rance and exit piping have 
been instal led and hel ium leak tes ted at the vendor ' s shops. The internal 
piping of the heat exchanger is now complete up to the shield plug cover 
pla te . The carbon steel shielding m a t e r i a l is a lso in place and the r e ­
maining shielding m a t e r i a l is being instal led. Delivery will be made 
during Apr i l . 

Del ivery of the fuel handling cen te r from the Datex Corpora t ion is 
expected about Apri l 7. This improvement in del ivery is a r e su l t of a s s i s ­
tance by the AEC and o the r s in expediting del ivery of some of the compo­
nents . P r e p a r a t i o n of the interconnect ion d i a g r a m s for the field instal lat ion 
is p r o g r e s s i n g sa t i s fac tor i ly and will be completed in adequate t ime so as 
not to delay instal lat ion. 

The final shipment of equipment for the r eac to r plant f rom Argonne, 
Illinois to the site has been made . 

5. Reactor Analysis 

a. Hydraulic Studies of EBR-I I Reac tor and Fuel Subassembl ies -
The effect of inadver tant r e a c t o r opera t ion with e i ther a c o r e , inner blanket , 
or outer blanket subassembly omit ted has been invest igated. The inc rease 
above norraal in r equ i red pump output flow for the f i r s t two c a s e s is m o r e 
than 4.5%. The case of omiss ion of an outer blanket subassembly would not 
be observable as a change in pump flow but a 9% inc rea se in the flow to the 
r e a c t o r lower plenum would be apparent . In no case would the no rma l hold-
down force of subassembl i e s adjacent to the mi s s ing subassembly be signif­
icantly affected. 

The condition of r e a c t o r opera t ion v/ithout any subassembl ie s in 
the r e a c t o r was calculated. This opera t ion could be cons ide red for pu rposes 
of flushing the p r i m a r y flow c i rcu i t . Since the pumip d i scharge p r e s s u r e is 
only about 7.5 ps i (above hydros ta t ic ) when 9000 gpm is de l ivered by the 
two punnps, the p rope r opera t ion of the pump ' s sodium " lubr ica ted" bea r ing 
cannot be a s s u r e d . About half the total flow p a s s e s out the bottom of the 
r eac to r and sweeps the bottom of the p r i m a r y tank, which is not des i r ab le . 
This method of p r i m a r y sys tem opera t ion is the re fore not recommended. 



Calculat ions of the leakage out of the p r i m a r y sodium system 
to the bulk sodium were completed. The total leakage fronn pump discharge 
to heat exchanger outlet is 470 gpnn at 100% power with the 67-core 
geometry . 

Since the individual subassembly hold-down forces vary with 
changes in r eac to r configuration, the hold-down (or seating) forces were 
reca lcula ted for var ious pe rcen tages of flow with the 67-core geonnetry. 
None of the forces for the c o r e , inner blanket, or outer blanket subassem­
bl ies drop below the 73-lb dead weight of the individual core subassembly 
in sodium at flows up to 100% of full flow. The hold-down force of the 
outer blanket subassembly drops to 68 lb at full flow. 

b . S t r e s s Analysis - F u r t h e r investigation is being conducted on 
the spr ing- loaded r eac to r hold-down devices . Analysis includes a study 
of the s t r e s s concentra t ion a r e a s and the ove r -a l l pe r formance . 

An additional analys is has been made of the danger from m i s s i l e s 
formed by an excurs ion during the Dry Cr i t ica l Exper iments . The contain­
ment sys tem was found to be adequate . 

c. Shield Analys is - Maximum heating in the EBR-II sodium tank 
wall n e a r e s t the fuel s torage baske t was calculated. Assuming all basket 
s torage posi t ions in the two outer rows filled with core subassembl ies that 
have cooled one hour after infinite operat ion, calculat ions gave a value of 
0.23 v /a t t s /cm for the maxinnum heating in the steel of the tank wall due 
to radiat ion from the subassembl i e s . The sodium should diss ipate this 
amount of heating without any harmful s t r e s s e s being developed. 

d. Use of Boron Carbide - A r a the r extensive l i t e ra tu re sea rch 
was concluded on the subject of boron carbide and its p rope r t i e s . It is 
proposed to use boron carb ide (B4C) as a poison m a t e r i a l in ce r ta in of the 
control rods a s a method of increas ing the rod worth . In case it is found 
n e c e s s a r y or des i rab le to mainta in this feature permanent ly for actual 
operat ing condit ions, information is needed regarding stability of this 
compound under operat ing condit ions, and its compatibil i ty with sodium 
(in case of a leaky container) and var ious m a t e r i a l s which might be used 
for the container tubes . 

It was found that this m a t e r i a l is stable chennically at the t e m ­
p e r a t u r e s involved; however, t he re is the possibi l i ty that when in contact 
with some m a t e r i a l s , such as s ta in less s teel , excess carbon (which is 
always p r e s e n t to insure complete ca rbur iza t ion of the boron) might mig ra t e 
into the can wal ls causing ennbrittlennent. 



Also, when exposed to neutron bombardment , the B reac t s 
producing an alpha pa r t i c l e . The alpha pa r t i c l e s find e lec t rons to form 
helium. Theoret ical ly , the re is rooin in the lat t ice for helium generat ion 
equivalent to approximately 8% burnup which would far exceed the proposed 
lifetime for this poison loading; however , t he rmal effects andfas t neutron 
damage dislodge a port ion of the helium a toms , some of which find the i r 
way into voids and the sur roundings . This free heliunn r a i s e s the p r e s s u r e 
in the tubes . At the t e m p e r a t u r e s existing in control rod locat ions , and b e ­
cause of the heat genera t ion by the (n,a) react ion and the high flux environ­
ment , a substant ial f ract ion of the hel ium should be re leased . Stability 
with sodium, is good although under i r rad ia t ion the carbide in the form of 
hot p r e s s e d rods tends to d is in tegra te as the degree of burnup i n c r e a s e s . 
This effect is aggravated to some extent by the p re sence of sodium in the 
voids . 

Fo r actual operat ing conditions it appears that containment for 
the B4C is essen t ia l . Also, since all components m the core mtust be s tain­
l e s s steel if in contact with sodium, a protect ive covering, wrapped around 
or plated on the B4C is n e c e s s a r y to prevent carbur iza t ion of the s ta in less 
steel conta iner . The container mus t also be designed to allow for a p r e s ­
sure inc rease by helium r e l e a s e . Since the fraction of the helium genera ted 
which might be r e l eased is con t rover s i a l , it s eems advisable to design for 
100% re l ea se to be safe, although this is obviously conserva t ive . 

The select ion of tube d iamete r and wall th ickness involves con­
siderat ion of t h e r m a l s t r e s s e s , burs t ing s t r e s s e s , heat generat ion and d i s ­
sipation, t e m p e r a t u r e s , hel ium generat ion, allowable p r e s s u r e , per cent 
burnup in postulated l i fe t ime, sodium flow, and geometry . In addition, c e r ­
tain other cons idera t ions , such as end c losure configuration, welding, leak 
tes t ing, effects on the control rod s t ruc tu re , shielding, etc.3 mus t be taken 
into account. Calculat ions for burnup were made for severa l a l te rna t ive 
des igns . 

e. Effects of Fore ign P a r t i c l e s on EBR-II Fuel Element T e m p e r ­
a tu re s - Additional studies have been conducted to deter inine the probable 
effect on EBR-II co re t e m p e r a t u r e s of foreign pa r t i c l e s which might lodge 
in the core coolant p a s s a g e s . E a r l i e r work on this subject showed that 
single foreign pa r t i c l e s which a r e re ta ined individually can cause only 
negligible effects. The c u r r e n t s tudies cons idered the m o r e improbable 
situations which would resu l t if a l a rge nuraber of foreign pa r t i c l e s should 
p rog res s ive ly accumulate to form a flow channel blockage of comparat ively 
substantial s ize . 

Five different c a s e s of the l a t t e r type of blockage were inves ­
t igated and a r e d i scussed h e r e . For al l c a s e s the following conditions 
apply: 

(1) The r e a c t o r is at s t eady-s t a t e , full-power operat ion (62.5 Mw). 



(2) The maximum fuel and fuel-clad interface tennperatures 
p resen ted apply, respect ively , to the fuel elements which normally exhibit 
the highest fuel (about 1197°C) and interface (about 1060°F) t empera tu re s . 

(3) The foreign par t ic le accumulations a re assunned to have 
the same the rmal conductivity as Type 304 s tainless steel . 

(4) Under the wors t flow t rans ien t conditions envisioned (ces ­
sation of all puinping power with subsequent reac to r scrann) nnaximum fuel 
and interface t e m p e r a t u r e s never exceed those given here . Per t inent a s ­
sumptions for this t rans ien t a r e : total rod reactivity worth = 0.05 and 
initial rod inser t ion = 80%. 

(5) Fo r evaluation of the resu l t s it should be noted that the 
fuel-clad eutectic melt ing point is 1340°F. 

(6) E x c e p t for C a s e 4 , the f o r e i g n p a r t i c l e a c c u m u l a t i o n s a r e 
c o n s i d e r e d to ex t end for the e n t i r e a x i a l l eng th of the fuel e lennen t s . 

The f o r e i g n p a r t i c l e a c c u m u l a t i o n d e s i g n a t e d a s C a s e 1 i s 
shown in F i g u r e 8. The a c c u m u l a t i o n i n c r e a s e s the m a x i m u m fuel t ennpe r ­
a t u r e f r o m the n o r m a l va lue of abou t 1197°F to about 1213°F and i n c r e a s e s 
the m a x i m u m f u e l - c l a d i n t e r f a c e t e m p e r a t u r e f r o m the n o r m a l va lue of 
abou t 1 0 6 l ° F to about 1165°F. The t e m p e r a t u r e i n c r e a s e s a r e due e n t i r e l y 
to i n c r e a s e d the rnna l r e s i s t a n c e b e t w e e n the fuel e l e m e n t and the coo lan t . 

Figure 8 

Foreign Particle Accumulation (Case 1) 

F i g u r e 9 p i c t u r e s the C a s e 2 type of a c c u m u l a t i o n and i t s ef­
f e c t s on fuel and i n t e r f a c e t e m p e r a t u r e s . The ind ica t ed width of the 



covered a r e a is m e a s u r e d at the e lement clad OD. The t empera tu re 
inc reases again a r e due ent i re ly to inc reased thernnal res i s t ance between 
the fuel e lement and the coolant. 
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Figure 9 

Foreign Particle Accumulations (Case 2) and Their Effects on EBR-II Core Temperatures 

The C a s e 3 type of a c c u m u l a t i o n i s s k e t c h e d in F i g u r e 10. The 
a c c u m u l a t i o n i n c r e a s e s the m a x i m u m fuel t e n n p e r a t u r e f r o m the n o r m a l 
va lue of about 1197°F to abou t 1 2 6 l ° F and i n c r e a s e s the m a x i m u m fue l -
c l ad i n t e r f a c e t e m p e r a t u r e f r o m the n o r m a l v a l u e of abou t 1 0 6 l ° F to about 
1173°F. The t e m p e r a t u r e i n c r e a s e s a r e due e n t i r e l y to i n c r e a s e d t h e r m a l 
r e s i s t a n c e b e t w e e n the fuel e l e m e n t and the coo lan t . 

F i g u r e 11 i l l u s t r a t e s the e f fec t s on fuel and i n t e r f a c e t e m p e r ­
a t u r e s of the C a s e 4 type of accunnula t ion , w h i c h i s c o n s i d e r e d to o c c u r in 
the r e g i o n of the fuel e l e m e n t g r i d b a r s . The t e m p e r a t u r e i n c r e a s e s t hen 
a r e due e n t i r e l y to h i g h e r coo l an t t e m p e r a t u r e s , c a u s e d by r e d u c e d coo l an t 
flow r a t e s . 

In F i g u r e 12 the C a s e 5 type of a c c u m u l a t i o n and i t s e f fec ts on 
fuel and i n t e r f a c e t e m p e r a t u r e s a r e shown. T h i s type i s i d e n t i c a l to t h a t 
for C a s e 1 e x c e p t tha t a n u m b e r of b l o c k e d c h a n n e l s a r e c o n s i d e r e d to 
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occur in the same subassembly. However, no fuel element is in contact 
with imore than one blocked channel. The tempera ture increases a re 
caused both by increased the rma l res i s tance between fuel eleinent and 
coolant and by higher coolant t e m p e r a t u r e s resulting from reduced coolant 
flow r a t e s . 
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Foreign Particle Accumulation (Case 3) 
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Figure 11 

Foreign Particle Accumulations (Case 4) and Their Effects on EBR-II Core Temperature 

The resu l t s given here a r e considered conservat ive and a re 
highly r eassu r ing . It is evident that extensive accumulations of foreign 
par t i c les can be sustained within the EBR-II core without developing un-
acceptably high t e m p e r a t u r e s . 
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Foreign Particle Accumulations 
(Case 5) and Their Effects on EBR-II 
Core Temperature 
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6. Component Development - Instrumentat ion 

a. Control Rod Reactivity Generator - All drawings have been 
completed for the original ro tary design react ivi ty genera tor mechanism. 
However, it has been decided to investigate a l inear rod osci l la tor r e a c ­
tivity genera tor and the ro ta ry design has been shelved. During the dry 
c r i t i ca l exper iments the control rod to be used will be cal ibra ted by con­
necting it to a s tandard control rod drive mechanism. 

The l inear osc i l la tor mechan ism requi red for wet c r i t i ca l 
t ransfe r function m e a s u r e m e n t s is being investigated. Prelinninary design 
calculations indicate that at 2 cycles per second a 1.5 to 1.75 hp motor 
would be requi red . 

The final design of the nulling c i rcui t for the wave analyzer 
has been completed and is being fabricated. 

b. Neutron Source - An ant imony-beryl l ium neutron source is 
being designed for EBR-II . Handling problenns of a high intensity neutron 
source can be avoided if a sat isfactory method can be devised for ins ta l la­
tion of the beryl l ium in the core and finally placement of the antimony into 
the bery l l ium. 
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All of the drawings have been connpleted for the inner and outer 
blanket posi t ions and for the dry c r i t i ca l antimony s torage coffin. Two 
s ta in less steel clad antinnony rods which will be used during dry c r i t i ca l 
exper iments have been sent to MTR-ETR for i r rad ia t ion . 

c, Autonnatic Control System - A r e s e a r c h p rog ram was initiated 
to design an automatic o v e r - a l l plant control for the EBR-II r eac to r . The 
design was begun by analyzing the major systenn connponents to es tabl ish 
which of the components would l imi t the over -a l l system response^ The 
re su l t s obtained indicate that the cu r ren t ly ass igned control setting of the 
p r i m a r y sys tem pumping ra te will make the response of the prinnary flow 
sys tem the l imit ing factor in ove r - a l l sys tem control . The setting of this 
ra te control is somewhat a r b i t r a r y , however, and if a fas te r p r i m a r y flow 
response t ime is adopted, the r e a c t o r could be made to be the l imiting 
piece of equipment with r e g a r d to ove r - a l l system response . T ranspor t 
delays •were de te rmined for the intercomponent piping. 

7. Component Development - Steam Genera to r s 

The decis ion to uti l ize two evapora tors in l ieu of four superhea te r s 
as an expedient and t e m p o r a r y means of resolving the p re sen t superhea ter 
fabricat ion difficulties is being imiplemented. A spare evaporator is now 
avai lable . All m a t e r i a l and finished subcomponents for the second unit 
a r e a lso available except for the tubing. 

Base tubing for 100 additional mechanical ly bonded duplex evapora­
tor tubes for the single evapora tor to be nnade is in p r o c e s s at B&W in 
Milwaukee. The tubing has been hot rol led and has entered the cold drawing 
p r o c e s s . Delivery is scheduled for May 1, 1961. 

Twenty a s s e m b l i e s a r e ready for shipment f rom ANL to the duplex­
ing vendor to provide welding sample stock and duplex tubes to be used to 
set up the assembly p r o c e s s for this tenth evaporator unit. 

Additional welding wi re is being purchased and a 30 pound ingot will 
be vacuum cas t at ANL to provide m a t e r i a l duplicating the analys is of the 
wire yielding the bes t r e su l t s in welding the f i r s t nine evapora to r s . This 
ingot will be p r o c e s s e d to wi re by a commerc i a l vendor. 

Additional exper imen t s a r e being c a r r i e d out to de termine the feas i ­
bility of producing a sa t i s fac tory mechanica l ly bonded superhea te r tube by 
duplexing the tubes in place in the shell , after the sodium tube-to- tube sheet 
welds a r e completed. 

The expected s team t e m p e r a t u r e s which would obtain with two un­
modified evapora to r s in l ieu of four supe rhea te r s was shown in F igure 15 
of the F e b r u a r y P r o g r e s s Report , ANL-6328. These s team te inpera tu res 



can be increased by increas ing the effectiveness of the unit. This is 
accomplished by install ing a cen t ra l core within each tube to increase the 
s team velocity thus reducing the s team side film res i s tance which is the 
dominating t he rma l r e s i s t ance . 

The re su l t s of a p a r a m e t r i c study to determine the effect of c o r e -
tube d iameter on the outlet s team t empera tu re a r e shown in Figure 13. 

i 

86U 

8W) 

820 

800 

780 

78© 

_ 

-

-

-

-

CALCULATED PERFORMANCE 

X ^ ^ TWO "CORE-TUBED" EVAPORATORS VS. SUPERHEATERS 

^ V ( 1 3 / 1 6 " O.D. CORE) 

^ ^ ^ 

^ ^ ^ 

-•-SODIUM INLET TfflPERATURE 
TO SUPERHEATER = 870°F 

I I I . 
10 

POWER, i 
75 ISO 

AMMULUS LISWEHT, ^£h, in 

Figure 13 

Core Tube Performance Characteristics 



A -j^-in. d iameter core will be used, giving a steam flow annulus of about 
-T in, A resul t ing p r e s s u r e drop of about 26 ps i a c r o s s the s team side of 
the unit will be obtained. No significant change in boiler p r e s s u r e is ant ic i ­
pated as a r esu l t of this change, since the s team piping system design was 
generous . At 45 Mwt the anticipated s team t empera tu re is 790°F. A com­
par i son of F igure 13 with F igure 15 of the Feb rua ry P r o g r e s s Report , 
ANL-6328, indicates that a Y^-I^^- core in each evaporator tube inc reases 
the s team t e m p e r a t u r e s by 80°F to 90°F. A corresponding decrease in 
mois tu re in the final stage of the turbine and increased turbine life will 
be rea l ized. Various core designs a r e now being studied. 

8. Component Development - Fuel Reprocess ing Fac i l i t i es 

a. Fuel Cycle Faci l i ty Design and Testing - The construct ion of 
the Fuel Cycle Faci l i ty Building is about 80 per cent completed. Instal la­
tion of the c r a n e s and manipu la tors in the Argon Cell has begun. The b l i s t e r 
hoist which will be used for lifting manipulator c a r r i a g e s is being installed. 

Component p a r t s of two mel t refining furnaces have been o rdered 
Two panelboards which will control the operat ion of these furnaces have also 
been o rde red . High frequency inductive power will be used in the Argon Cell 
a s a heat source in the me l t refining and injection casting furnaces . P r o ­
curement of ANL supplied equipment for this installat ion has been completed 
and shipment to Idaho will soon begin. 

Eight toggle switch control boxes for the control of c r a n e s , 
manipu la to r s , and b l i s t e r have been re turned by the manufacturer after a 
cor rec t ion of defects which had made the switch boxes unacceptable. The 
switch boxes will be r e t e s t ed in the cel l mockup. 

I r radia t ion t e s t s of m a t e r i a l s which may be used in the Argon 
Cell continue. F luorescen t pa in ts , useful for covering cer ta in surfaces of 
cel l equipment, a r e being tes ted. Some fading of the paint samples has 
been noted after the samples rece ived a gamma dose of 2.7 x 10® rad. 

Test ing of Timken ro l l e r bear ings lubr icated with radiat ion-
res i s tan t g r e a s e s continues. In the cu r r en t t e s t s , the lubr icated bear ings 
a r e a l te rna te ly i r r ad ia t ed and run. The bear ings have operated successfully 
after a total running t ime of 24 hours and an accumulated gamma dose of 
3 x 1 0 ^ rad. 

b. Development of Remote Fabr ica t ion Equipment - The design of 
the refabr icat ion equipment for the EBR-II Fuel Cycle Faci l i ty is es t imated 
to be 73% complete . During the repor t ing per iod the design work was com­
pleted on the depallet ing, fuel pin p rocess ing and inspection machines . 
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The drawings a r e being checked and bi l ls of m a t e r i a l s and specifications 
a re in p repara t ion . The instal la t ion drawings , including e lec t r i ca l and 
pneumatic control d i a g r a m s , a r e approximately 30% complete and prefab-
ricat ion of e l ec t r i ca l controls is approximately 15% coinplete. 

Completion of Core I fabricat ion has allowed the testing of 
equipnnent and p r o c e s s development to be acce le ra ted . Work which is 
rapidly approaching connpletion includes the testing of differential pu l se -
type, eddy cu r r en t sodium bond and level de tec to r s . It has been found 
that this equipment produces much m o r e easi ly read and more re l iable 
indications of sodium level than the Cyclograph and is about equally s a t i s ­
factory in the detection of bond voids . 

Eddy c u r r e n t t e s t s were a lso run on fuel e lements at room 
t empera tu re and again at t e m p e r a t u r e s between 100 and 150°C. At room 
t e m p e r a t u r e , the sodiura level is in the solid state and the ga s -me ta l 
interface was deeply indented by shr inkage. The eddy c u r r e n t signal from 
this interface was of poor resolut ion. In spite of the a t tempts to obtain 
a direct ional solidification of the sodium, the annulus between the fuel 
pin and tube contained many inconsequential shrinkage voids, which were 
shown as re jectable voids by the eddy c u r r e n t t e s t s . With the sodium in 
the mol ten condition, the sodium level was m o r e regula r and the shrinkage 
voids did not exis t to confuse the t e s t signal. Changes in t empera tu re r e ­
sulted in a base line shift of the Cyclograph but did not great ly affect the 
signal from the differential pulse eddy cu r r en t t e s t e r . 

A chass i s was mocked up to t es t the modular plug-in pr inciple 
used in the pin p rocess ing station. This chass i s included the locating de­
v ices , pneumatic connec tors , e l ec t r i ca l connec tors , and manipulator oper ­
ated locking sl ides all of which a r e integrated in the subchass is and instal led 
and connected as a unit to the machine base by manipula tor . The feeder and 
delivery cams for the depalleting station were mocked up and tes ted . 

Fuel subassembl ies from the EBR-II r eac to r core will be cut 
open with the fuel d i smant le r to reraove the fuel e l emen t s for subsequent 
decanning opera t ions . A non-opera t ional model of the d i smant le r was built 
to study spatial and functional a r r a n g e m e n t s of the var ious components . In 
conjunction with this model , m a s t e r - s l a v e manipula tors will be used to p e r ­
form and evaluate the n e c e s s a r y rennote adjustment and maintenance 
opera t ions . 

An exper imenta l device for removing the fuel e lements from 
their gr id support has been cons t ruc ted and tes ted. Modifications a r e c u r ­
rently being incorpora ted to improve its pe r formance before designing 
a prototype. 



The design of some components has been developed to the stage 
where prototypes can be fabricated. The main support beam has been de­
signed to pe rmi t cons iderable freedom in positioning the individual compo­
nents so that the m o s t appropr ia te posi t ions can be establ ished in the final 
prototype assembly . In case it is impossible to pull the hexagonal tube off 
the fuel and blanket e l emen t s , a s l i t te r is being fabricated which will cut 
the tube longitudinally. A fuel subassembly rotational drive has also been 
designed for prototype use . 

9. P r o c e s s Development 

a. Melt Refining P r o c e s s Technology - A third smal l - sca le mel t 
refining exper iment with highly i r r ad ia t ed fuel has been completed. This 
run is one of a s e r i e s of runs that is being made to determine the optimum 
conditions for the mel t refining of i r r ad ia ted fuels. The formation of an 
excess ively l a rge amount of skull m a t e r i a l during the exper iment has led 
to a re -evalua t ion of the mel t refining procedure used in labora tory studies. 
A change in the environment of the pins during storage per iods preceding 
mel t refining exper iments has been proposed as a means by which the 
amount of oxide formed by ext raneous react ions may be reduced. 

In the p r e sen t run, a 360-gram charge of ten per cent enriched 
uranium-f ive per cent f i ss ium, i r r ad ia t ed to an es t imated burnup of one 
total atom per cent and cooled for 14 days , was mel t refined for one hour 
at 1400°C. The sho r t e r holding t ime (previous holding t imes were th ree 
hours) was employed to t es t the effect of radiation on the pouring yield. 
If the increased amounts of oxide found in the preceding runs with i r r a d i ­
ated fuel resu l ted from a radiat ion- induced inc rease in the rate of react ion 
of the uranium with the c ruc ib le , the shor te r holding t ime in the p resen t 
run should have resu l ted in the production of a smal le r amount of oxide 
and a higher pouring yield. Instead, a yield of about 52 per cent was ob­
tained, and cons iderable evidence of react ion of uranium with oxygen and 
ni trogen was apparent in a visual examination of the skull ma te r i a l . 

In all the runs with un i r rad ia ted and i r rad ia ted fuel, the pins 
were s tored in a z i rconia crucible in the mel t refining furnace before being 
mel t refined. During the s torage per iod (69 hours in the p resen t run and 
shor te r per iods in preceding runs) the furnace containing the pins was sub­
jec ted to continuous evacuation. The t empe ra tu r e of un i r rad ia ted pins dur ­
ing storage was about 25°C. In the p r e sen t run, because of fission product 
decay heat, the t empe ra tu r e of the pins during the 69-hour s torage period 
var ied between 350° and 375°C. In this t empera tu re range , oxidation and 
ni t r idat ion r a t e s a r e high, and even a slight dec rease in vacuum efficiency, 
e i ther through in- leakage or back diffusion from the pumping sys tem, may 
provide an undesi rably l a rge source of oxygen and nitrogen. The presence 
of "p inshel l s" in the skull m a t e r i a l indicates that a i r leakage did occur . 
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It should be noted that the conditions prevai l ing during the 
labora tory runs do not ent i re ly simulate the conditions envisioned for the 
runs in the EBR-II Fuel Cycle Faci l i ty , where the ent i re procedure will 
be c a r r i e d out in an a rgon a tmosphere . 

The inform.ation obtained from the p r e s e n t mel t refining exper ­
iment p r e s c r i b e s an important change in the mel t refining procedure for 
labora tory runs with i r r ad ia t ed m a t e r i a l . Because of the high t e m p e r a ­
tu res that a r e at tained by the pins through fission product decay heating, 
it is essen t ia l that contact of the pins with a i r be prevented during storage 
pe r iods . Since the p rob lems of providing a re l iable leak-proof furnace 
sys tem seem excess ively difficult by compar i son , the m o r e prac t ica l solu­
tion appears to be the employment of a static sys tem in which an iner t a t ­
mosphe re , preferably under a slight posit ive p r e s s u r e , is maintained in the 
furnace sys tem during the s torage per iod. 

Exper imenta l work was completed on the ni tr idat ion ra t e s of 
un i r rad ia ted , sodium-coated f iss ium pins in a rgon-n i t rogen mix tu re s . 
This information is of in te res t since declad fuel pins will be handled in 
the argon atnaosphere of the Fuel Cycle Faci l i ty , which is expected to con­
tain smal l concentra t ions of ni t rogen. The ni t r idat ion ra te was constant 
with increas ing ni t rogen concentra t ions above about five per cent. As the 
ni trogen concentrat ion was dec rea sed below this level , the ra te of n i t r ida ­
tion dropped markedly . 

A F iber f rax cover on the mel t refining crucible is employed 
to col lect volat i l ized sodium. A brief study of the chemical react ion in­
volved indicates that it r e s e m b l e s a bas ic fusion of s i l ica te . 

b . P roces s ing of Melt Refining Skulls - The skull rec lamat ion 
p r o c e s s involves removal of a me l t refining skull by oxidation to convert 
it to a powder, select ive extract ion of noble me ta l s from a chloride flux-
oxide s lu r ry into zinc, reduction of uranium oxides by magnes ium in a 
zinc solution, two uran ium prec ip i ta t ions to p e r m i t removal of fission 
products in supernatant solutions, and a re tor t ing step to isolate a uran ium 
meta l product . 

Demonst ra t ion runs of the skull rec lamat ion p r o c e s s with 
4 0 0 - g r a m - u r a n i u m charges a r e being continued. F i s s ion product removal 
data have now been obtained for the two demonst ra t ion runs repor ted in 
the F e b r u a r y P r o g r e s s Report (ANL-6328). The data show that removals 
of ce r ium, molybdenum, and pal ladium were adequate, whereas the r e ­
movals of ruthenium and z i rconium were inadequate. However, noble 
meta l extract ion by zinc at 800°C was not employed in these runs , and its 
incorporat ion into the skull r ec lamat ion p r o c e s s should resu l t in a marked 
improvement in ruthenium separa t ion. The re la t ively low (about 50 per 
cent) removal of z i rconium requ i r e s fur ther s tudies . 



Additional demonst ra t ion runs were made during March, one of 
which incorpora ted the noble meta l extract ion step. In the noble meta l ex­
t rac t ion step, separa t ion of phases was readily accomplished by p r e s s u r e -
siphoning off the liquid zinc phase after solidification of the salt. Ninety-two 
per cent of the zinc was t r a n s f e r r e d . Analysis showed that the zinc phase 
contained only 0.4 per cent of the uranium charged. This procedure is con­
siderably more promis ing than t r ans fe r of the flux-oxide s lur ry because of 
the difficulty of keeping the oxide in suspension in the flux. Data a re not yet 
available for evaluating the removal of fission product e lements . 

Information is being obtained on uranium and fission product b e ­
havior in zinc solutions of high magnes ium concentrat ion (near 50 weight 
pe r cent). This sys tem is employed in both the blanket and skull r e c l a m a ­
tion p r o c e s s e s . The uranium solubility can be reduced to 0.1 per cent or 
below by cooling to about 400°C. Ruthenium prec ip i ta tes or coprecipi ta tes 
with the uranium. The ce r ium concentrat ion (initially at 0.2 per cent) is 
unchanged on cooling. 

Refractory z i rconium oxide, which is found in the oxidized 
mel t refining skull as crucible f ragments , is not reduced significantly by 
the z inc-magnes ium solution used for the reduction of uranium oxide. This 
z i rconium oxide is expected to remain in the fl\ix phase during the reduction. 

The agglomerat ion of uranium precipi ta ted from high magnes ium-
zinc sys t ems into la rge m a s s e s is des i rab le for product handling purposes . 
High t empe ra tu r e (about 800°C) and good agitation seem to promote 
agglomerat ion. 

c. Plutonium Recovery P r o c e s s e s - Exper iments to determine the 
feasibil i ty of separa t ing plutonium (and uranium) from r a r e ea r th me ta l s by 
making use of the known insolubility of the former in calcium a re being 
continued. Calcium alloyed with zinc, r a the r than calcium alone, is being 
used in these s tudies . The solubility of uranium at 725°, 750°, and 775°C 
in ca lc ium-zinc mix tu re s containing up to 31 per cent calcium have been 
determined. P lu ton ium-cer ium separa t ions were not obtained in this com­
posit ion range. The solubility of plutonium was found to be considerably 
g rea t e r in the ca lc ium-z inc sys tem than the solubility of uranium. In a 
31 weight per cent ca lc ium-zinc mix ture at 750°C, the solubility of uranium 
was 6 X 10~ weight per cent, whereas the solubility of plutonium was 
0.30 weight per cent. Additional studies a r e being conducted at higher 
calcium concentra t ions . 

d. Liquid Metal Reduction Studies - Uranium tetraf luoride was r e ­
duced quantitatively to uran ium meta l by a zinc-five weight per cent m a g ­
nesium solution in l e s s than 10 minutes at 750°C. A calcium 
ch lo r ide -magnes ium ch lo r ide -magnes ium fluoride flux was used. 
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e. Mate r ia l s and Equipment Evaluation - Zinc vapor was found to 
penet ra te CS grade graphi te , and the m a t e r i a l , the re fore , is considered un­
suitable for p r o c e s s use . Grades of graphi te of g r e a t e r density will be 
tes ted. P r e l i m i n a r y t e s t s of pyrolyt ic graphite and dense magnes ia in zinc 
at 850°C indicate that these m a t e r i a l s may be useful, but further evaluation 
is needed. Test ing of re f rac tory me ta l s (tantalunci, molybdenum, tungsten, 
and tanta lum-tungsten alloys) is a lso in p r o g r e s s . A vapor-depos i ted 
tungsten coating on 446 s ta in less s teel showed good adherence after 
eight t he rma l cycles between 100° and 800°C despite the relat ively large 
difference in t he rma l expansion coefficients of these m a t e r i a l s . 

Construct ion of a l a r g e - s c a l e cadinium dist i l lat ion unit is 
near ly completed. This unit will be used to denaonstrate, on an engineer­
ing scale , dis t i l la t ion and var ious liquid meta l handling opera t ions . 

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

a. Fuel Element Product ion - The manufacture of the Core I fuel 
rods has been completed, and the r equ i red number of fuel e lements have 
been cons t ruc ted (except for 3 boron-ca rb ide safety e lements) . The sum­
m a r y of the p r o c e s s yield for 10,500 fuel rods d isc loses that 8.23% were 
re jected for bonding defects giving a bonding yield of 91.7%. The ove r - a l l 
yield for the p r o c e s s was 76.2%, 

b . Fuel Prototype I r radia t ion - The prototype i r rad ia t ion sample 
CP-5-21 was loaded into CP-5 during the la t te r p a r t of Feb rua ry . The 
approxinaate maximum control meta l t empera tu re is 620°C to 650°C 
(1150°F-1200°F). The i r rad ia t ion of this sample is proceeding sat is fac­
tor i ly and it will be continued until the sample achieves 2% burnup. 

c. Reaction Rate of Uranium and Stainless Steel - Safety consid­
era t ions for EBR-II Core I operat ion requ i re information about the ra te 
of penetra t ion of Type 304 s ta in less steel jacketing by molten fuel. To 
that end a technique has been developed based on immers ing capsules of 
des i red wall th ickness into the mol ten fuel. Inside the capsule is an in­
sulated wire which is shor ted when the molten alloy b r eaks through the 
s ta in less s teel wall thus giving an indication on a high speed r e c o r d e r . 
Penet ra t ion studies of molten uranium in the tenaperature range 1150° 
and 1350°C have been made using 0.010 in. and 0.040 in. wall Type 304 
SS capsu les . The p re l im ina ry data a r e given in Table IV. Check runs 
showed that the t ime to pene t ra te 0.040 in. wall capsules was very r e ­
producible while the 0,010 in. wall capsule data had soixie sca t te r . This 
can be a t t r ibuted to g r e a t e r nonuniformity in the wall thickness of the thin 
capsules . 
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Table IV. Time (sec) to Penet ra te 0.010 and 
0.040 in. Wall 304 Stainless Steel 
by Molten Uranium 

Temp. (°C) 

1148 
1187 
1244 
1300 
1350 

0 010 

0.4 
1.9 
1.7 
-
_ 

in. 0 040 inch 

2.7 
11.5 
9.5 
9.0 
6.3 

As can be seen from the data, it takes about 4 to 5 t imes as 
long to penet ra te the s ta in less steel a t 1187°C than it does at 1148°C for 
0.010 in, as well as for 0.040 in. wall capsu les . This slower rate of 
penet ra t ion at a higher t e m p e r a t u r e was unexpected. The possibil i ty that 
heavier surface f i lms at higher t e m p e r a t u r e s slow down the rate of pene­
t ra t ion is negated by the thin and thick wall capsule tes t r e su l t s . The 
tendency for the austeni t ic s t ruc ture of Type 304 s ta in less steel to t r a n s -
forra to f e r r i t e in this t e m p e r a t u r e range is being studied as a possible 
explanation of this anomaly. 

A study of penet ra t ion of 304 s ta in less steel by U-5 w/o Fs is 
now under way. 

11. Core II Fuel Development 

a. F a s t Reactor Fuel Jacke t Development - A remel ted ingot of 
n iob ium-chromium and a quantity of niobium alloy s t r ip stock was received 
from Battel le during March . This m a t e r i a l will be used in development 
work on the fabricat ion of tubing for EBR-II Core II. 

b . Casting and Jacket ing Technology of U - P u - F s Fuel P ins -
Tv/enty-one of the 2 in. long spec imens , descr ibed in previous r e p o r t s , 
v/ere jacketed and sodium bonded into niobiunn, Nb-1 w/o Zr , vanadium, 
Inconel-X and Type 304L s ta in less s teel jackets for i r radia t ion test ing. 
A 0.0005 in. thick vanadium b a r r i e r foil was used between the fuel and 
the Inconel-X and s ta in less s teel j acke t s . To prevent external alpha con­
taminat ion of the j acke t s , a d isposable , polyethylene loading funnel was 
inse r ted into the jacket tubes and the plutonium-containing specimens 
were dropped through this funnel onto the sodium at the bottom of the 
tubes . The sodium was mel ted and an extended plug was inser ted into the 
top of the jacket and fusion welded to the tubes by the ine r t -gas - sh ie lded , 
tungs ten-a rc p r o c e s s . Satsifactory welds were produced with each of 
the m a t e r i a l s descr ibed . 



The specimens were then surveyed for contamination. One 
specimen requ i red decontamination. Leak detection was accomplished by 
the m a s s spec t rome te r method and all specimens were bonded at 400°C 
for 30 seconds in a nnachine which i rapar ted a nnechanical shock at a ra te 
of 30 shocks per second to the bot toms of the spec imens . 

X - r a y and eddy c u r r e n t inspection showed an improper sodium 
level in two spec imens , a d i sp lacement of the vanadium b a r r i e r foil in one 
of the s ta in less s teel jacketed spec imens , and a bond void in one specimen. 
Since these spec imens w e r e p roper ly identified and r ep resen ted typical 
types of fuel e lement defects , it is felt that useful information may be ob­
tained by the i r rad ia t ion of the defective as well as of the proper ly a s s e m ­
bled and bonded fuel spec imens . 

12. Dry Cr i t ica l Expe r imen t s 

The Dry Cr i t ica l P r o g r a m is sumnnarized on page 44 of ANL-6238. 
These exper iments will be conducted with no liquid meta l coolant in the 
p r i m a r y sys tem. There fo re , the following special r e s t r i c t i ons have been 
es tabl ished with r e spec t to both power level and t empe ra tu r e throughout 
the conduct of the dry c r i t i ca l experinnents: 

(1) T e m p e r a t u r e of components in the p r i m a r y sys tem shall not 
exceed 120°F at any t ime . 

(2) Fuel e lement clad t e m p e r a t u r e shall not exceed 180°F at any 
t ime . 

(3) Reactor power level shall not exceed 1 kw at any t ime . Steady-
state operat ion will be between 5 and 50 wat t s . 

The f i r s t r e s t r i c t i on is n e c e s s a r y to avoid overheating of f ission 
counters and ion c h a m b e r s for monitor ing neutron flux. The second r e ­
s t r ic t ion is made to prevent nnelting of fuel e lement bond sodium during 
the dry c r i t i ca l program.. The th i rd r e s t r i c t i ons a r e to p e r m i t extended 
per iods of operat ion without excess ive activation of fuel alloy. 

To achieve these objectives it is n e c e s s a r y to re la te accura te ly 
the r eac to r power level to the nuclear ins t rument (fission counter) response 
This will provide a ba s i s for de termining power level t r i p sett ings as well 
as for moni tor ing the r e a c t o r power level . The p r e - e x p e r i m e n t a l c a l i b r a ­
tion is de te rmined by extrapolat ing from the data obtained on the EBR-II 
mockup on ZPR-II I , a s well a s by pure ly theore t i ca l predic t ion. It was 
found that the two methods differ by l e s s than 20% in determining the 
total r eac to r power as a function of f iss ion counter response in or near the 
r eac to r co re . Therefore , it is poss ible rea l i s t i ca l ly to moni tor the r e a c t o r 
power level during the dry c r i t i ca l expe r imen t s without a detai led m e a s u r e ­
ment of the power dis t r ibut ion. 
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III. STUDIES AND EVALUATIONS (040116) 

A. Plutonium Value Studies 

A study is being made of plutonium values based on the fast r eac to r 
data p r e sen t ed in ANL-6212.* This study compared the plutonium-fueled 
r eac to r c a se s p r e sen t ed with comparable ca ses where the only change was 
to substi tute U^̂ ^ fuel for the plutonium. Plutonium production r a t e s were 
set up based on the neutron ba lances given in the reference repor t . A s s u m ­
ing that unit fuel cycle cos ts a r e identical for uranium and plutonium-
containing fuels, a value for plutonium can be determined by comparing 
uran ium and plutonium-fueled sys tems of like core volume and composit ion. 

The cases studied had core volume, f iss i le ma te r i a l , fuel clad m a ­
t e r i a l , and fuel form (either meta l l i c , oxide, or carbide) as p a r a m e t e r s . In 
the case where the init ial f iss i le m a t e r i a l was U^^ ,̂ it was a s sumed that all 
plutonium was r ecove red for sale and all f iss i le makeup in the core was 
with U . Where the core feed plutonium was pure Pu^^', any core f iss i le 
makeup was froin the plutonium formed in the blanket. Where the core feed 
plutonium was other than pure Pu^^', it was a s sumed that all plutonium 
formed in the blanket was sold and all core makeup was the same outside 
plutonium source as the initial "low quality" plutonium. 

With the assumpt ions made on fuel cycles , the significant cost 
va r i ab les were the value or p r i ce of any makeup fissi le m a t e r i a l , the renta l 
charge of f iss i le naaterial in inventory and the value of plutonium sold. The 
value of plutonium was de te rmined by having the net income (sale of plu­
tonium l e s s the pu rchase of makeup f iss i le m a t e r i a l and f iss i le renta l charge) 
frona like sys tems equal. By equating the net income from a U^^^-fueled 
case to a Pu -fueled case of l ike core volume and composit ion, a value of 
Pu could be obtained for any ass igned p r i ce of U^̂ -̂ Then, by using this 
value of Pu for b lanket -produced plutonium in cases where the core feed 
was so-ca l l ed "low quality" plutonium, a value for the "low quality" grade 
could be deternained. 

Table V l i s t s the values of plutonium de termined in these p r e l i m ­
inary calculat ions using the ANL.-6212 data which a r e for initial r a the r 
than equi l ibr ium condit ions. The ass igned U^̂ ^ p r i ce was $17/gm of U^^ ,̂ 
the a s sumed sys tem inventory was 1,5 t imes the c r i t i ca l m a s s given in 
ANL-6212 and the f iss i le ren ta l charge was 4%. The fuel clad was i ron 
and the coolant was sodium. 

*S. Yiftah and D. Okrent , "Some Phys ics Calculations on the P e r f o r m ­
ance of Large F a s t B r e e d e r Power Reactor ," ANL-6212 (December I960). 
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T a b l e V. P l u t o n i u m Va lues 

C o r e 
V o l u m e 
( l i t e r s ) 

800 

1500 

2500 

F u e l 
F o r m 

M e t a l 
Oxide 
C a r b i d e 

M e t a l 
Oxide 
C a r b i d e 

M e t a l 
Oxide 
C a r b i d e 

P u - A F e e 

31 
28 
29 

30 
27 
28 

30 
27 
27 

P u Value -

d(^) P u -

• $ / g m 

•B F e e 

39 
31 
32 

51 
31 
33 

62 
31 
35 

F i s s i l e ( ^ ) 

d(3) P u -•C Feed( '*) 

65 
36 
41 

104 
37 
44 

101 

39 
51 

^•'•/Fissile p l u t o n i u m a s s u m e d to b e Pu^^' , Pu^^^ only . 

(2)pu239 _ 100%. 

(3)pu239 „ 75%. p u 2 « „ 10%; Pu24i - 12%; Pu^*^ _ 3%^ 

(4)pu239 _ 40%. pu240 _ 10%; P u 2 « - 25%; Pu^^^ _ 25%. 

The r e s u l t s a r e p r e l i m i n a r y and a r e i n d i c a t i v e only of a p o s s i b l e 
d i r e c t i o n . T h i s d i r e c t i o n c a n be s t a t e d a s f o l l ows : i n s o f a r a s f a s t r e a c t o r 
s y s t e m s a r e c o n c e r n e d , t h e v a l u e of p l u t o n i u m , r e g a r d l e s s of i s o t o p i c 
c o m p o s i t i o n , i s a t l e a s t a s h igh a s any p r i c e s e t for u r a n i u m . 



IV. REACTOR SAFETY (040117) 

A. The rma l Reactor Safety Studies 

1. Fuel -coolant Chemical React ions 

Knowledge of the na ture and extent of chemical react ions with nu­
c lea r r eac to r core meta l s that may occur in p r e s s u r i z e d water or s t eam 
is essent ia l to safe operat ion of r e a c t o r s . The pr incipal labora tory p r o ­
cedure uses a condenser d ischarge to provide a lmost instantaneous heating 
and melt ing of meta l wire in water or s team. The energy input to the wire 
indicates react ion t e m p e r a t u r e ; the t rans ien t p r e s s u r e m e a s u r e s react ion 
ra t e ; light emiss ion indicates t i m e - t e m p e r a t u r e behavior; hydrogen gen­
e ra t ed gives extent of reaction^ and par t i c le size of the res idue indicates 
the surface a r e a exposed to react ion. A second method consis ts of heating 
the meta l inductively and then subjecting it to a s t eam pulse to induce a 
m e t a l - s t e a m react ion. 

The react ion of s ta in less s teel with uran ium oxides is being studied 
by use of differential thernaal analys is 

Studies of the kinet ics of m e t a l - w a t e r react ions under r eac to r in­
cident conditions a r e being made m the TREAT reac to r . 

The s e r i e s of z i rconium runs in room tenaperature water in the 
l a rge react ion cell a re continuing Four runs with initial naetal t e m p e r a ­
t u r e s in the melt ing point region (1840°C) have shown some inc reased 
react ion. More runs will be r equ i r ed to determine if the inc rease is 
significant 

Studies of the a luminum-wate r react ion by the p r e s s u r e - p u l s e 
method a re continuing Contact t ime between the one-a tmosphere s team 
and the m.olten alum.inum has been extended to 1000 seconds. Runs at 1000° 
and 1200°C show only ve ry slow reac t ion 

Differential t he rma l analyses were made with p r e s s e d mix tures of 
s ta in less s teel and 10% of e i ther UO, or U_,Og These unfired fuel pins were 
heated to 1200°C at the ra te of 1 0®C pe r minute in a r argon a tmosphere . No 
exothermic reac t ion was noted. X - r a y diffraction analyses of the mix tures 
before and after heating indicated that the UjOg was reduced to UOj and 
that the UO2 was not reduced 

Theore t ica l calculat ions (on the analog comiputer) of the zirconium 
water reac t ion a r e based on the assumpt ion that subcooling of the water r e ­
sults m a dec reased ra te of diffusion of water vapor through the hydrogen 
film surrounding reac t ing p a r t i c l e s . It foUov/s from this that inc reased 
reac t ion would occur m a react ion cell having inc reased vapor volume and 
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that a dec rea sed reac t ion would occur m the p re sence of added iner t gas . 
Detailed compar i sons between computed and exper imenta l data a r e in 
p r o g r e s s . 

The eleventh s e r i e s of TREAT, m e t a l - w a t e r meltdown t e s t s was 
completed. Ce rme t fuel p la tes of 90 w/o SS-304, 10 w/o UO2, 93% enriched, 
gave 5.2, 9-1, and 11.0 pe r cent react ion of the molten s ta in less s teel with 
water for reac to r b u r s t s of 368, 490, and 495 megawat t - seconds respect ive ly 
(51 naill isecond per iod) . These amounts of me ta l -wa te r reac t ion a re slightly 
higher than previous r e su l t s with SS-UOg c e r m e t p ins . It is concluded, 
the re fore , that the influence of initial fuel geometry is not of major impor ­
tance in determining the extent of m e t a l - w a t e r reac t ion for these c e r m e t 
fuels. It was observed that segregat ion of the UO2 away from the SS-304 
takes place during the t r ans ien t . 

2. Kinetics of Oxidation and Ignition of Reactor Mate r ia l s 

Studies a r e being made of the oxidation and ignition kinet ics of the 
me ta l s u ran ium, z i rconium, and plutonium in o rde r to provide information 
leading to an understanding of the r eac t ions . This knowledge should make 
it poss ible to minimize the haza rds assoc ia ted with handling these nuclear 
r eac to r m a t e r i a l s . I so the rmal oxidation on mic roscope stage, shielded 
ignition, burning cu rves , ra te of propagat ion of burning foil, and burning 
t e m p e r a t u r e s a r e the techniques being used . In the continuing study of 
ignition and burning of u ran ium, z i rconium, and plutonium, m o r e emphasis 
is being placed on the burning p r o c e s s . Burning propagat ion ra te studies 
provide a useful tool to observe the effects of many va r i ab l e s . 

Studies of the re la t ionship between i so the rmal oxidation r a t e s and 
burning curve ignition t e m p e r a t u r e s a re continuing. Calculat ions of the 
burning curve were made for a high specific a r e a u ran ium sample . The 
calculated r e s u l t s , however , deviate f rom exper imenta l r e su l t s and further 
study is requi red . 

Studies of burning propagat ion along foil s t r i p s a r e continuing. Con­
s t ruct ion and ca l ibra t ion of a two-color photoelec t r ic p y r o m e t e r was com­
pleted. It is now poss ib le to m e a s u r e both the max imum t e m p e r a t u r e and 
the propagat ion ra te of burning along me ta l s t r ips with one ins t rument . 

Ignition t e m p e r a t u r e s and specific a r e a s were m e a s u r e d for u r a ­
nium monocarbide powder fractions f rom different sou rce s . Compar i sons 
based on m e s h s izes alone were not significant because of differences in 
roughness fac to r s . E s t i m a t e s of the t rue specific a r e a s of -270 +325 mesh 
powders were made by A r m o u r R e s e a r c h Foundation using a F i s h e r Sub-
Sieve Sizer . Samples having different roughness fac tors were then co r r e l a t ed 
on the b a s i s of the i r specific a r e a . Uranium monocarbide powders were not 



as pyrophoric as u ran ium powders of s imi la r specific a r ea . Uranium naono-
carbide ignition t e m p e r a t u r e s were about 40 degrees higher than uraniuna. 
F o r example, at -230 +270 mesh , u ran ium naonocarbide powder ignition oc­
c u r r e d at 290°C compared with 250''C for s imi la r ly sized uranium powder. 

B. F a s t Reactor Safety Studies 

1. Stability of F a s t Reac to r s : Calculation of Oscil lat ing Tenaperatures 
in EBR-II 

The " radia l ly lumped" pin t empe ra tu r e model d iscussed in the 
F e b r u a r y P r o g r e s s Report leads to the following express ion* for the o s ­
cillating t e m p e r a t u r e Tc(z) in the coolant for a heat source a(z) per unit 
length of pin: 

X z 

Tc(z) - Tc(o) e "" + ^ ° ,, . . r - (1) 
^ ' ^ ' XhTc(l + iCOTf) 

where : 

h is an overal l heat t r ans fe r coefficient defined so that h(Ti - T^) is 
the total heat t r a n s f e r r e d per unit length of pin, Tj being the "lumped" fuel 
t e m p e r a t u r e . 

V is coolant velocity 

03 is frequency, r a d i a n s / s e c 

Ce 
c -— , where Cc is heat capaci ty of coolant pe r unit length. 

T£ is a fuel pin t ime constant , which r e p r e s e n t s the rat io of heat 
s tored in the pin p e r unit t e m p e r a t u r e r i s e of the fuel to heat lost per unit 
t e m p e r a t u r e difference between fuel t e m p e r a t u r e and coolant t e m p e r a t u r e . 
This is r e l a t ed to the ra t io of the average fuel t empe ra tu r e (relat ive to T^) 
to the t e m p e r a t u r e at the outside of the pin (relat ive to Tc), and this ra t io 
is contained in the constant h, which can be defined as 

T ( R ) - Tc 
h = ZTTRhF • ^ ' ^^' (2) 

J-1 - J-c 

where R is the outer rad ius of the pin and hj> is the coolant fi lm heat t r a n s ­
fer coefficient. 

*F . S t o r r e r , " T e m p e r a t u r e Response to Power , Inlet Coolant Tempera tu re 
and Flow Trans ien t s in Solid Fuel R e a c t o r s , " APDA-132, June 5, 1959-



S t o r r e r ' s d e v e l o p m e n t w a s for an u n c l a d fuel p in , and for t h i s c a s e 

J_ 
h 

1 1 
8 irk 2iTRhF 

(3) 

w h e r e k i s t he t h e r m a l c o n d u c t i v i t y of the p in . Tf is g iven by C i / h , w h e r e 
Ci i s the h e a t c a p a c i t y of the p i n p e r un i t l e n g t h . X i s t h e n g iven by 

X = 
03 "̂̂ f ,. . . /, n 

1 + CD̂  Tf L ' C 
a ) + i ( i + ™ ™ + r | c B ^ ) (4) 

The E B R - I I p in m u s t be t r e a t e d a s hav ing two r a d i a l r e g i o n s , a fuel 
r e g i o n 1, and a h o m o g e n i z e d bond and c l a d r e g i o n 2. In t h i s c a s e E q u a t i o n ( l ) 
s t i l l a p p l i e s , bu t i t i s n e c e s s a r y to modi fy the def in i t ion of X to the fo l lowing: 

X = 
C0 

1 + m^rj 

© T f Tf 
+ i i ( l . ^ . a / r | ) (5) 

in which 

Tf :. 
Ci + C 2 [ ( T 2 - T c ) / ( T i - . T c ) ] (6) 

Tf = 
C, + C. (7) 

and h i s found f r o m (2) by u s i n g the two r e g i o n s t e a d y - s t a t e t e m p e r a t u r e 
so lu t i on wi th a c o n s t a n t h e a t s o u r c e in r e g i o n 1, r a t h e r t h a n by u s i n g (3). 

T h e s e d e v e l o p m e n t s a r e b a s e d on the a s s u m p t i o n tha t any d i f f e r e n c e 
b e t w e e n the p i n t e m p e r a t u r e and the c o o l a n t t e m p e r a t u r e at a he igh t z i s 
due to the l o c a l h e a t s o u r c e a ( z ) . T h e y do not r e a l l y app ly to c a l c u l a t i o n s 
of a m p l i t u d e a t t e n u a t i o n wi th no s o u r c e p r e s e n t . In s u c h a c a s e a r e a s o n ­
ab le a l t e r a t i o n of the l u m p e d m o d e l i s to s e t Ti = Tg = T ( R ) , s o t h a t Tf = Tf 
and h = 27rRhF- T h i s c o r r e s p o n d s to a r a d i a l l y c o n s t a n t t e m p e r a t u r e in 
the p i n bu t a l l o w s a t e m p e r a t u r e d i f f e r e n c e b e t w e e n coo lan t and p in which 
would not be p r e s e n t in the s t e a d y s t a t e . The a c c u r a c y of t h i s a s s u i n p t i o n 
h a s not b e e n t e s t e d , h o w e v e r . 

It h a s b e e n found in s t u d i e s of the E B R - I I f e e d b a c k t h a t p h a s e sh i f t s 
a r e v e r y n e a r l y l i n e a r in CD up to 5 r a d i a n s / s e c . T h i s i s t o b e e x p e c t e d 
w h e n t y p i c a l v a l u e s of c o n s t a n t s for E B R - I I a r e e x a m i n e d for a coo l an t 
v e l o c i t y of 537 c m / s e c , t he a v e r a g e full f low v a l u e . In t h i s c a s e 
Tf = 0.104 s e c , Tf = 0.136 s e c , T^ = 0 .0410 s e c , Tf/T^ = 3.32 

36.12 
537 

= 0.0672 s e c (for full he igh t of c o r e ) 



X for low frequency is approxinaately 

^4) 103 

the t e r m s in CD̂  being smal l . The coolant t r anspor t lag in the core is of 
the o rde r of C0[l + {'Tf/Tf^)] z / v which, for m- 1, is 0.29 sec . Lags in the 
EBR-II core and upper coolant gap a r e thus of the o rde r of tenths of a 
second. 

They a r e slightly longer in the upper blanket, but the react ivi ty 
contribution the re is smal l . 

Equation (1) with X as given by (5) was used in a calculation in 
which four axial sect ions were used in the core . Table VI shows this r e ­
sult conapared with r e su l t s of an IDO-102 calculation for the outlet t e m ­
p e r a t u r e of the core for a 1% osci l la t ion at full power. 

Table VI. EBR-II Coolant T e m p e r a t u r e s at Core Outlet Relative 
to Power for 1% Full Power Oscil lat ion 

(Full Flow: 537 cna/sec Average Velocity) 

Ampli tude, °C Phase 

03, r ad i ans , sec Eg. 1 IDO-102 

V = 270 c m / s e c 

0.1 2.721 2.824 
1.0 2.599 2.713 
2.5 2.100 2.228 
5.0 1.248 1.316 

V = 537 c m / s e c 

0.1 1.579 1.376 
1.0 1.545 1.352 
2.5 1.387 1.271 
5.0 1.033 0.953 

V = 786 c m / s e c 

0.1 0.929 0.929 
1.0 0.916 0.918 
2.5 0.852 0.898 
5.0 0.691 0.714 

Eq. 1 

- 2.4° 
-22.7° 
-52.7° 
-84.9° 

- 1.5° 
-14.8° 
-35.3° 
-61.5° 

- 1.1° 
-11.5° 
-27.7° 
-49.7° 

IDO-102 

- 2.4° 
-23.3° 
-55.0° 
-92.3° 

- 1.5° 
-14.4° 
-35.2° 
-62.4° 

- 1.2° 
-11.5° 
-28.4° 
-51.2° 



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

In-pile meltdown exper iments a re being per formed in the TREAT 
reac to r in order to survey types of fast r eac to r fuel element fai lure and 
the assoc ia ted movement of fuel element m a t e r i a l s , as well as to de te r ­
mine the mechan i sms producing such phenomena. 

a. EBR-II , Mark- I Dry Samples - A total of seven, 3% enriched 
EBR-II Mark- I e lements contained in special capsules to shape the sample 
power axially have been examined after i r rad ia t ion in TREAT. Results of 
the examination of the f i r s t sample , which did not suffer fa i lure , confirmed 
the predic ted power profile and were repor ted in the Feb rua ry P r o g r e s s 
Report . In addition, the remaining three samples of this s e r i e s of exper i ­
ments surveying the effects of an axial "chopped cosine" power shape, 
were run at TREAT and a r e being shipped back for examination. All of 
the f i r s t eight capsules were subjected to power t rans ien ts initiated with a 
per iod of 11 0 mil l iseconds and s c r a m m e d at p rede te rmined values of r e ­
actor energy r e l e a s e . The las t two were given flattened reac to r power 
bu r s t s of about 2.5 sec . 

Results of the p o s t - m o r t e m examination of the six e lements 
which failed were consistent with previous resu l t s on s imi la r e lements 
which were subjected to an essent ia l ly constant axial power profile; each 
element failed in the cent ra l region. A typical resul t is shown in Figure 14 

. ^ • \ 

Figure 14 

Sample EBR-II Mark I Piii after TREAT Exposure 

The fuel alloy was found to have been expelled upwards frona the bottom 
port ion of the element, and downwards from the top port ion, with e s sen ­
tially all the fuel dis tr ibuted within a length of crucible of about 18 cm. 
A small cylinder of fuel alloy about 1.5 cm long (presumably from one 
end of the element) was found anaong the spa t te red meltdown residue for 
a sample given an energy input approxinaately 20% grea te r than that es t i ­
mated to be sufficient to cause "extensive fai lure" in the cent ra l pa r t of 
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the sample . As the total energy input of the sanaples examined was in­
c reased , the amount of cladding remain ing dec reased and, for an input of 
about 70% grea te r than that n e c e s s a r y for extensive fai lure, only about 
one-half of the cladding remained . 

b . Development of Samples with Internal Thermocouples - One 
na tura l enr ichment EBR-II e lement containing a tanta lum-sheathed, 
tanta lum-molybdenum thermocouple has been p r epa red for a s e r i e s of 
t h r ee , p rog re s s ive ly m o r e seve re , t r ans ien t exper iments in order to tes t 
in-pi le this technique of sample tenaperature measu remen t . The element 
thermocouple has been ca l ibra ted and is being shipped to TREAT. 

c. EBR-II , Mark- I E lements in Stagnant Sodium - The four 3% 
enr iched EBR-II , Mark - I e lements encapsulated in stagnant sodium (see 
F e b r u a r y P r o g r e s s Report) shipped to TREAT at the close of the las t r e ­
por t per iod were run as planned. They have been sent back, but not yet 
examined. Tempera tu re r eco rds from these exper iments will be compared 
against the p o s t - m o r t e m r e su l t s for guidance in future thermocouple in­
s t rumenta t ion of EBR-II and F e r m i - I e lements contained in a sodium bath. 

d. I r rad ia ted EBR-II Fuel Rods for TREAT Tes t s - Four NaK 
capsules , each containing th ree re fe rence U - F s alloy fuel pins jacketed 
with 304 s ta in less s teel and bonded with sodium, have been re turned after 
being i r r ad i a t ed in the MTR. The four capsu les , ANL- 42-50, 53, 54 and 
56 a r e p a r t of the s e r i e s ANL- 42-50 through 57 which will provide i r r a ­
diated EBR-II rods for t e s t s in the TREAT reac to r . The TREAT tes t s will 
s imulate excurs ions on rods which have a l ready been i r rad ia ted . 

The four capsules have been opened, the rods examined, and 
dimensions and i m m e r s i o n volumes taken of the clad fuel for the purpose 
of providing information additional to that from the TREAT t e s t s . The in-
pile operating conditions and pe r fo rmance data a re given in Table VII. The 
examination revea led all twelve rods to be in excellent condition with no 
g ross changes evident. The data indicate successful operat ion up to 
1.5 a /o burnup at fuel core t e m p e r a t u r e s of 590°C; bulk volume i n c r e a s e s 
of about 0.3% were noted. On a pro jec ted b a s i s , the data indicate excellent 
stabil i ty of EBR-II fuel rods in the t e m p e r a t u r e range 400 to 590°C with 
volume i n c r e a s e s of l e s s than 1% A V p e r a /o burnup to be ejqjected. 

Only two of the rods indicated a change in d iameter . One showed 
a dec rea se of 0.002 inch and the other an inc rease of 0.002 inch, both values 
being close to the p rec i s ion of the m e a s u r e m e n t s which was i 0.001 inch. 
Although the data suggest no change in d iamete r of the rods , when considered 
in conjunction with the volume data, the probabil i ty of an inc rease in d iameter 
of something l e s s than 0.001 inch on mos t of the rods is indicated. 



Table H I . Irradiation Data on U-Fs and U-Fs-Zr Fuel Alloys 

Capsule 

ANl-42-53 
ANL-42-53 
ANL-42-53 

ANL-42-54 
ANL-42-54 
ANL-42-54 

ANL-42-56 
ANL-42-56 
ANL-42-56 

ANL-42-50 
ANL-42-50 
ANL-42-50 

Rod 
Number 

ET2-2 
ET2-4 
ET2-5 

ET2-6 
ET2-7 
ET2-8 

ETl-4 
ETl-5 
ETl-6 

ET2A-2 
ET2A-5 
ET2A-13 

Compo-
Slt 

5 
5 
5 

5 
5 
5 

5 
5 
5 

5 
5 
5 

lon(a) 
W/D 

Zr 

2.5 
2.5 
2.5 

2.5 
2.5 
2.5 

-
-
-

2.5 
2.5 
2.5 

Max. 
Fuel Temp. 

OC 

590 
590 
590 

540 
540 
540 

580 
580 
580 

400 
400 
4m 

Max. Jacket 
Surface Temp. 

OC 

560 
560 
560 

510 
510 
510 

550 
550 
550 

380 
380 
380 

Max. 
Heat Flux'b) 
BTU;hr-{t2 

600,000 
590.000 

mm 
540,000 
540,000 
540,000 

590,000 
590,000 

mm 
390,000 
390,000 
390.000 

Burnup'^' 
a/o 

1.5 
1.5 
1.5 

1.4 
1.4 
1.4 

0.58 
0.58 
0.58 

0.36 
0.36 
0.36 

Weight 
Change, 

mq 

-IS.? 
-28.9 
-16.0 

+ 4.2 
-13.3 
-12.8 

- 6.4 
-25.5 
-25.0 

- 2.1 
- 6.7 
-20.6 

Diameter 
Change'* 

% 
NMC 
NMC 
NMC 

NMC 
NMC 
NMC 

-1.1 
NMC 
+1.2 

NMC 
NMC 
NMC 

Bulk Volume 
Changeie) 

7. 

+0.26 
•I-0.26 
+0.35 

+0.26 
+0.26 
+0.26 

+0 25 
NMC 
NMC 

-0.26 
NMC 
NMC 

% 
Volume Change 

a/oBU 

+0.17 
+0.17 
+0.23 

+0.19 
+0.19 
+0.19 

+0.43 

-
-

+0.72 

-
-

'^'Balance is uranium. 

*)B3sed on outer surface of the jacketed assembly. 

•clPercent of total core atoms fissioned based on an analysis of cobalt flux monitors. 

'*NMC means no measurable change within the precision of the measurements which is lO 001 inch. 

' 6 )NMC means no measurable change within the precision of the measurements .vhich is i0.013 cc. 

Slight warpage prevented an accura te measuremen t of the 
length of each rod. The resu l t s obtained using a ru le r , although not accu­
ra te , indicated no detectable change in length. 

A compar ison of the p r e - and pos t i r rad ia t ion bulk densi t ies is 
given in Table VIIL 

Table VIIL Comparison of P r e and Pos t i r rad ia t ion Bulk 

Rod 
Number 

ET2-2 
ET2-4 
ET2-5 
ET2-6 
ET2-7 
ET2-8 
ET2A-2 
ET2A-5 
ET2A-13 
E T l - 4 
E T l - 5 
E T l - 6 

Density Me 

Comp( 
tion(a) 

F s 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

3 s i -

w / o 

Z r 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

-

-

-

asurements 

Bulk 
Density, 

P r e 

11.50 
11.46 
11.42 
11.53 
11.54 
11.42 
11.55 
11.21 
11.18 
11.85 
11.71 
11.74 

g/cc 

Pos t 

11.47 
11.43 
11.38 
11.50 
11.51 
11.39 
11.52 
11.20 
11.16 
11.82 
11.69 
11.73 

Change (b) 

-0.03 
-0.03 
-0.04 
-0.03 
-0.03 
-0.03 
-0.03 
-0.01 
-0.02 
-0.03 
-0.02 
-0.01 

(-^/Balance is uranium. 

V°/A change of ±0.02 g/cc falls within the p rec i s ion 
of the m e a s u r e m e n t s . 



Volume changes were de termined by iirmaersion under the assumption of 
no weight change in the specimen. The data indicate a slight inc rease in 
the bulk volume of the specimens which is very close to the p rec i s ion of 
the m e a s u r e m e n t s , i .e . , ±0.013 cc. 

The r ema inde r of the capsules in the se r i e s has been discharged 
from the MTR and is being re tu rned for d i sassembly and examination. 

3. Component Development 

a. Small Sodium Loop - The e s t ima tes of the status of the smal l 
sodium loop as of March 21, I96I , a r e as follows: 

Es t imated % 
Descr ip t ion Completion 

Construct ion detail drawings 90 
Weldment and assenably drawings 30 
Shop fabr icat ion 15 
Work by technicians 10 

It is e s t ima ted that the f i r s t loop will be a s sembled by the end 
of Apr i l , 1961. 

b . Remote Capsule Assembly - The procedure and techniques for 
the remote a s sembly of the dry capsules have been developed. The draw­
ings for the capsule modification and cask for handling the fuel specimens 
a r e a lmost completed. The as sembly f ixtures a r e being fabricated. 

c. Development of T r a n s p a r e n t Meltdown Faci l i ty - Design 
changes on the t r a n s p a r e n t slot l iner meltdown facili ty, which were begun 
at the close of the las t r epo r t per iod, were completed. Seven Zircaloy 
inner subassembl ie s of the new design were a lso fabricated, complete 
with Zi rca loy and graphite l i ne r s for secondary protect ion of the s teel 
froin molten uran ium. 



V. NUCLEAR TECHNOLOGY AND GENERAL SUPPORT (040400) 

A. Applied Nuclear and Reactor Physics 

1. Exper imenta l 

a. F a s t Neutron Capture Cross Section of Indium - The fast neu 
tron capture c ro s s section of In (nj-y) In (13 sec) was measured using 
an activation technique. The measu red c ro s s section is shown in 
F igure 15. The s ta t i s t ica l e r r o r of each point due to counting is +5% while 
the e r r o r in the absolute normal izat ion is approximately ^20%. The n o r ­
malizat ion was obtained re la t ive to the 54-minute indium activity which in 
turn was s tandardized against the known the rmal neutron activation c ros s 
section for In"^ (54 min) of 155 + 10 bn.* 
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Figure 15 

Fast Neutron Cross Section of Indium 
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b. F iss ion Cross Section Measurements - In conjunction with a 
p rec i se measu remen t of the U fission c ros s section in the neutron energy 
range 10 kev to 300 kev, it was n e c e s s a r y to determine carefully the low 
energy neutron background existing near the a c c e l e r a t o r ' s neutron produc­
ing ta rge t . Using B and Li de tec tors a careful mapping of the background 
intensity over the des i red a rea was completed. In addition it was shown 
that this background is p r imar i ly due to very low energy neu t rons . 

* D . J . Hughes and J . A. Harvey, "Neutron Cross Sect ions," ( l955). 



c. Maintenance - 3-Mev Van de Graaff Acce le ra tor - A la rge f r ac ­
tion of the month was consumed m car ry ing out major ins t rumenta l changes. 
A la rge pumping sys tem was insta l led to pe rmi t rapid serv ice of the acce l ­
e ra to r . Downt imes of 12 to 15 hours a r e now cut to 1 to 3 hours with a co r ­
responding i nc r ea se in machine duty cycle. 

The magnet ic bunching sys tem was installed and init ial t e s t s 
completed sat is factor i ly . This unit was proved capable of producing a 
1 m/is proton b u r s t having a peak pulsed intensity of > 1 ma and a duty cycle 
of up to 1%. These a r e , indeed, shor t and very intense b u r s t s . Ultimately 
this unit will i nc r ea se the efficiency of the fast neutron scat ter ing m e a s u r e ­
ments by up to a factor of ten. Simultaneously there will be a considerable 
improvement in the quality of the m e a s u r e d data. As a resu l t of the init ial 
magnet t e s t s , re la t ively minor ins t rument adjustments a r e now being ca r r i ed 
out. 

d. _Fabrideation of Nejitron Scintillation Detector - In the November, 
i960, P r o g r e s s Report (ANL-6269) mention was made of r e su l t s repor ted at 
Chalk River on a slow neutron scint i l la tor composed of a l i thium fluoride-
zinc sulphide mix ture in lucite which offered improved neutron efficiency 
and d i sc r imina t ion against gamma radiat ion. An effort has been made to 
develop a convenient manufacturing method and also to evaluate the pe r fo r ­
mance of such slow neutron sc in t i l l a to r s , A very useful method has been 
found to make a sys tem consis t ing of a corrugated scint i l lator mounted on 
a lucite light guide. The light guide is made f i rs t by heating and p ress ing 
lucite molding powder in a mold; then i ts corrugated surface is covered with 
the scint i l la tor mix ture of l i thium fluoride, s i lver -ac t iv ia ted zinc sulphide 
and lucite, and heat and p r e s s u r e is applied. The r e su l t is a scint i l lator 
d i rec t ly molded onto the surface of i ts light guide. This r e p r e s e n t s an i m ­
provement over the device desc r ibed by the Chalk River personnel in which 
the sc int i l la tor and light guide consis ted of two pieces connected with high 
v iscos i ty fluid. This p rocedure has been developed with natura l l i thium 
fluoride. Lithium fluoride enr iched in the l i thium-6 isotope has been ob­
tained and t es t s with a detector built according to the above p resc r ip t ion a r e 
expected to show an efficiency for t h e r m a l neutrons of the o rder of 20%. based 
on t e s t s pe r fo rmed to date with the na tu ra l l i thium scint i l la tor . 

®* Technique for Checking Ins t rument Functions - A nitrogen-fi l led 
ion chamber has been operated v/ith a var iab le d i rec t voltage upon v/hich was 
super imposed a 22 c y c l e / s e c r ipple . The chamber was placed in a neutron 
flux which produced a d i rec t cu r r en t of 1 2 m i c r o a m p e r e s upon voltage satu­
rat ing of the de tec tor . The a l te rna t ing r e sponse of this ins t rument and its 
a ssoc ia ted c i rcui t was m e a s u r e d on an osci l loscope. As long as the applied 
d-c voltage on the chamber was insufficient to produce saturat ion, the a l t e r ­
nating voltage component was effective in producing an al ternat ing ion cu r ­
ren t of apprec iab le magnitude through the chanaber. However, as the d i rec t 



voltage was inc reased to achieve satux-ation, the a l ternat ing component was 
observed to fall to a smal l value. The cu r ren t l imiting action of the ion 
chamber was due s imply to i ts capacit ive impedance without the effect of 
the ionization of the gas . 

This behavior suggests that an al ternat ing signal may be used 
to indicate malfunctioning of conventional power level c i rcu i t s used on r e ­
a c t o r s . If the a l ternat ing component becomes higher than a p reass igned 
level, it would provide an indication that the cu r ren t chamber is being ope r ­
ated in an under sa tu ra t ed s ta te . If the a l ternat ing cu r ren t should fall to 
ze ro , an open c i rcu i t would be suspected since even with voltage saturat ion 
there is a ve ry sma l l a l ternat ing cu r r en t . The magnitude of the a -c signal 
also va r i e s with the amount of ionization in the chamber . It is propor t ional 
to the flux, and so any warning c i r cu i t ry mus t be based on the ra t io of the 
a-c component to the d-c level . 

Thus , through a re la t ive ly simiple modification of the usual 
power level c i r cu i t s a means would be available to check continually on the 
p r e sence of high voltage applied to the detecting chamber , the degree of 
voltage sa tura t ion in the chamber , and the c i rcu i t continuity. 

f. ZPR-VII High Conversion Cr i t i ca l Exper iments - The s ta r t of 
these c r i t i ca l exper iments is s t i l l delayed, pending receipt of Commiss ion 
approval of the addendum to the ZPR-VII Hazards Report . In the mean t ime , 
p repa ra t ions a r e continuing on some of the nonroutine aspec ts of the p r o g r a m 
of m e a s u r e m e n t s planned. These include p repa ra t ions for automatic m e a s ­
u r e m e n t of control rod worth and de te rmina t ion of resonance escape p r o b -
ability by g a m m a - g a m m a coincidence counting of the Np formed by 
U^^^ cap tu re . 

The automatic control rod position indicator and the counting 
channels to be used in record ing the assoc ia ted change in flux level of the 
r eac to r have been opera ted in a co re containing no fuel. It was found that 
spurious counts a r i s e in the pulse counter channels when the control rod 
switch is opera ted . Steps have been taken to el iminate these unwanted 
counts . With the rod motor power supply located remote ly from the l inear 
amplif ier , it was found that the spurious pulses were picked up through the 
p r e - a m p l i f i e r s . Accordingly, the p r e - a m p l i f i e r s were modified by improv­
ing the grounding of cable shields and bypassing the B+ and fi lament c i rcu i t s 
to ground with ceranaic capac i to r s , thus el iminating that source of pickup. 
However, the control rod power supply is no rma l ly mounted close to the 
l inear ampl i f ie rs and so it has been re loca ted to e l iminate noise which would 
be picked up d i rec t ly in those ajaaplifiers. The equipment is now ready for 
use in the Hi-C p r o g r a m . 

Coincidences between th ree pa i r s of gamma rays assoc ia ted 
with the decay of Np have been m e a s u r e d to de te rmine the mos t favorable 
combination for the de terminat ion of u^^^ c a p t u r e s . With the window width 



set at 1%, to minimize the background due to fission product gamiaaa r ays , 
the r e su l t s of cadmium ra t io m e a s u r e m e n t s were as follows: 

Coincidences Cadmium Ratio 

106 and 103 kev 2.49 1 0.04 
106 and 226 kev 2.55 + 0.04 
106 and 289 kev 2.57 + 0.05 

These values a r e to be compared with the cadmium ra t io of 2.50 + 0.03 ob­
served for i r r ad i a t ed U^ foils from which the neptunium had been extracted 
chenaically. The r a t ios a r e seen to be in good agreement . Because of in­
tensi ty cons idera t ions , observat ion of the coincidences between the 106 and 
103 kev radia t ions is p re fe rab le for the proposed measurenaents of resonance 
escape probabil i ty . 

g. BORAX-V Superheater Cr i t i ca l Exper iment - In the Feb rua ry 
P r o g r e s s Report the r e su l t s of calculat ions on the effect of flooding of a 
cen t ra l and pe r iphe ra l superhea te r zone v/ere repor ted . Because of the 
magnitude of the reac t iv i ty effect assoc ia ted with this potential hazard, the 
core design has been modified to provide wate r - t igh t caps for each super ­
hea te r c lus te r as well as a wa te r - t igh t container for each group of th ree 
c lu s t e r s per quadrant for the m o r e reac t ive cent ra l superhea ter zone ge ­
omet ry . This will reduce the possibi l i ty of flooding severa l c lus te r s at 
once during operat ion v/ith significant void volume in the superheat region. 
The calculated magnitude of other effects has indicated that ex t r eme caution 
is r equ i red in the operat ion of the superhea te r sys tem. The re la t ively smal l 
p rompt t e m p e r a t u r e coefficient and the l imited heat t ransfe r from the voided 
superhea te r fuel to the mode ra to r during any excurs ion se rve to l imit the ef­
fect iveness of inherent shutdown mechan i sms in the event of an excursion. 
P r e p a r a t i o n s of a Hazards Sumimary Addendum covering the superhea te r 
c r i t i ca l s is near ing completion, 

2. Theore t ica l 

a. Resonance P a r a m e t e r Sy.stematics - In o rder to simplify ana l ­
ys i s of fast neutron inelas t ic sca t te r ing and capture c r o s s - s e c t i o n data, 
compilat ions of neutron s t rength functions formulated according to the 
optical model have been p r e p a r e d in both tabular and graphical form. The 
objective of this p rog ra in is the de te rmina t ion of average resonance parana-
eter sys t emat i c s with sufficient accuracy to obtain good es t imates of c r o s s 
sect ions and to deduce significant nuclear physics information from the 
naeasurements 

b . Coupled F a s t - T h e r m a l Reac to r s - A simple p r o g r a m is being 
wr i t ten for the IBM-704 in o rde r to deternaine the change with t ime of the 
concentra t ions of var ious i so topes , pa r t i cu la r ly those p re sen t in the blanket 



r e g i o n s of a c o u p l e d s y s t e m . T h e p r o g r a m i s to b e u s e d in con junc t ion wi th 
the o n e - d i m e n s i o n a l diffusion code R E - 1 2 2 . The p r o c e d u r e wi l l be s e m i ­
a u t o m a t i c so t h a t a s e r i e s of b u r n u p - b u i l d u p t i m e s t e p s can be t a k e n d u r i n g 
one s e s s i o n a t t he c o n s o l e of the c o m p u t e r . 

c . C P - 5 C o n v e r t e r P h y s i c s A n a l y s i s - The n e u t r o n f luxes a v a i l a b l e 
wi th in a n h y p o t h e t i c a l c o n v e r t e r tube a s s e m b l y l o c a t e d in the g r a p h i t e r e g i o n 
of C P - 5 h a v e b e e n c a l c u l a t e d u s i n g t h e DSN c o d e . F o r an a s s e m b l y c o n t a i n ­
ing 600 g m of U^^^ t h e t o t a l f a s t f lux i s a p p r o x i m a t e l y 6 x 10^^ n / ( c m ^ ) ( s e c ) , 
whi le t h e t h e r m a l flux can be m a d e a s s m a l l a s n e c e s s a r y by u s i n g b o r o n 
in the i n n e r m o s t t ube of t h e a s s e m b l y . The fa s t f lux c a n be i n c r e a s e d by 
i n c r e a s i n g the a m o u n t of U wi th in t h e c o n v e r t e r t u b e . H o w e v e r , the ga in 
in flux wi l l not b e in d i r e c t p r o p o r t i o n to t h e i n c r e a s e in u r a n i u m owing to 
t h e l a r g e t h e r m a l d e p r e s s i o n in the u r a n i u m . Doubl ing the a m o u n t of fuel 
wi l l i n c r e a s e the f a s t flux b y a f a c t o r of a p p r o x i m a t e l y 1,5. The r e a c t i v i t y 
effect of t h i s f a c i l i t y wi l l be s m a l l and b u r n u p of U^^^ wi l l be l e s s t h a n 
0 . 3 % / y r at a C P - 5 o p e r a t i n g p o w e r of 4 Mw. 

d. M a t h e m a t i c a l M e t h o d s - The code R E - 1 2 9 J now s o l v e s the o n e -
d i m e n s i o n a l r e a c t o r k i n e t i c s equa t i on for a l i m i t e d r a n g e input and l i m i t e d 
t h e r m a l e x p a n s i o n fo l lowed by a shu tdown d e s c r i b e d by the fol lowing 
e q u a t i o n s : 

dt ToJ^ M2 re 

V= 3.3 |1 
I n dt \ 

Jo 

I n dt / 

P(t) = 3.2 X 10̂  J l - .^^it^A)Mt)}r' n dt 

•K/f- L i t - . 
3,3 

A s e r i e s of p r o b l e m s h a v e b e e n r u n s u c c e s s f u l l y . 

T h e r e h a v e b e e n m a n y d i f f i cu l t i e s e n c o u n t e r e d in the s o l u t i o n of 
t h e coup led r e a c t o r k i n e t i c s e q u a t i o n s by t h e s t a n d a r d n u m e r i c a l m e t h o d s 
u s e d fo r d i f f e r e n t i a l e q u a t i o n s . B e c a u s e of t h e s e d i f f i cu l t i e s an a t t e m p t h a s 
b e e n m a d e to s o l v e t h e s e e q u a t i o n s by an e x t e n s i o n of t h e c o l l o c a t i o n m e t h o d 
for i n t e g r a l e q u a t i o n s d e s c r i b e d in A N L - 6 1 3 2 . The e x c e e d i n g l y c u m b e r s o m e 
e q u a t i o n s a r e in t h e p r o c e s s of s i m p l i f i c a t i o n . A l s o u n d e r i n v e s t i g a t i o n i s 
an a d a p t a t i o n of t h e s i n g l e r e a c t o r e q u a t i o n s c o n s i d e r i n g t h e r e a c t i v i t y and 
an a v e r a g e n e u t r o n l i f e t i m e which a r e func t ions of t h e coup l ing p a r a m e t e r s . 



e. Multigroup Resonance Escape Probabi l i t ies - In the case of a 
naixture of a b s o r b e r s , the following express ion is commonly used to asso­
ciate the resonance escape probabi l i ty p, the absorpt ion c r o s s section £Q_ 
and the group t r ans fe r c r o s s section -^-n'. 

E 
p . 1 . i i p . ^ 2 _ . _i _ _ (1) i - B ^ i . r i p . . . -» 

1 

The index i ranges over all m a t e r i a l s of the mix tu re . 

The following approximat ions were examined: 

1 - p. = -: ^ r (2) 
^a i + ^R 

1 - p. ^ ' (3) 

and express ions der ived for the e r r o r involved in the i r use depending upon 

whether one requ i red ^£^. - £_ or-L-*- - p . 

Whereas Eq. (1) i s consis tent with the conditions: 

2 ^ai = -a (4) 
i 

and 

n Pi = p (5) 

i 

the approximat ions (2) and (3) a r e not. 
If one a s s u m e s that Eq. (5) holds, the average of the resu l t s 

obtained from Eqs . (2) and (3) for 
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is found to be unity to t e r m s of o rde r (1 - pi)^. 

If one a s s u m e s that Eq. (4) holds, the average of the r e su l t s 
obtained frona Eqs . (2) and (3) for 

n4 
1 

differs from unity by an amount 

•^a- -^a. 

Z I T Z ^ 2 
P - 1 
2 p2 Z ^ ^ {Z^ + J R ) 

J i>J 

plus higher o rde r t e r m s . 

In e i ther ca se , the use of the average of the r e su l t s obtained 
from the approximat ions (4) and (5) reduces the e r r o r as compared with the 
use of e i ther approxinaation by itself. 

B. Reactor Fuels Development 

1. Ce ramic Fue ls 

a. Lanthana-Urania - Work on the lan thana-uran ia sys tem was con­
tinued. Mic ros t ruc tu r e s of a i r s in te red compacts subjected to 1675° C and 
1450° C heat t r e a t m e n t s a r e p re sen t ly under examinat ion. Specimens con­
taining m o r e than 60 w/o uran ia subjected to the longer heat t r e a t m e n t s 
pos se s sed high poros i ty near the exposed su r f aces . Weight los ses of these 
spec imens were appreciable in compar i son to spec imens having lower uran ia 
contents . Mic ros t ruc tu ra l changes suggest that u ran ia has volati l ized p r e ­
ferent ia l ly along the grain boundar ies . 

X - r a y diffraction examination indicated that uranium depletion 
has occu r r ed on the pel let su r f aces . Selected composi t ions were submitted 
for chemica l analys is to de te rmine me ta l concentra t ions and s to ich iomet ry 
of heat t r ea t ed s p e c i m e n s . 

A modification of the vacuum-uran ium chip anneal has been used 
in p repa r ing sanaples for chemical ana ly s i s . A fused quar tz hourg lass bulb 
a r r angemen t was made in which a sample is placed in one bulb and uran ium 
chips as a get ter m a t e r i a l in the o ther . After a heat t r ea tmen t at 900° C for 
210 h o u r s , the samples were isola ted by seal ing the cap i l la ry between the 
u ran ium bulbs . Specimens were submit ted for chemica l analys is to d e t e r ­
mine U+* content. 



b . Uran i a -Tho r i a - The investigation of the t h e r m a l expansion b e ­
havior of a i r s in te red U308-Th02 solid solutions and hydrogen s in tered 
UOg-ThOg solid solutions was ini t iated (see F e b r u a r y P r o g r e s s Report) . 
Composit ions being studied a r e ThOj, UO2J and solid solutions in the range 
of 2.5 m / o UO2 to 70 m / o UO2. 

T h e r m a l expansion is being determined by the d i la tometr ic 
method to a max imum t e m p e r a t u r e of 1600°C. The furnace is a tantalum 
r e s i s t ance element operat ing in a vacuum. In operat ion the expansion of 
the sample d isp laces the core of a l inear t r a n s f o r m e r and the output of the 
t r a n s f o r m e r is fed through an exc i te r -demodula to r to a potent iometer r e ­
c o r d e r . The magnification of sample expansion is 348X with this appa ra tus . 
M e a s u r e m e n t s a r e being made of the equi l ibr ium change in length at s eve ra l 
t e m p e r a t u r e s up to the maxinaum of 1600° C. 

c . U r a n i u m - T h o r i u m Sulfide - The t h e r m a l e x p a n s i o n s of US and 
ThS w e r e d e t e r m i n e d for the f i r s t t i m e in a v a c u u m i n t e r f e r o m e t e r a p p a r a t u s . 
The US s a m p l e w a s an o l d e r o n e , a n a l y z i n g 91,6% US p h a s e , w h e r e a s the 
ThS s a m p l e c o n t a i n e d 97 .5% ThS p h a s e . The coe f f i c i en t s a r e g iven b e l o w 
a long wi th v a l u e s p u b l i s h e d for UO2 and T h 0 2 for p u r p o s e s of c o m p a r i s o n : 

T a b l e IX. L i n e a r Coe f f i c i en t s of T h e r m a l E x p a n s i o n in i n , / i n . - ° C x 10" 

US UO2 ThS ThOz 

10.0 ( 0 - 1 0 0 ° C ) 9.1 ( 2 7 - 4 0 0 ° C ) 9.2 (0 -100°C) 7,1 ( 2 0 - 3 0 0 ° C ) 

11.2 (100-500) 10,8 (400-800) 9.5 (0-500) 9.0 (20-700) 
12.8 (500-930) 12.9 (800-1260) 10.2 (0-975) 10,4 (20-1500) 

A s e r i e s of U S - T h S m i x t u r e s h a v e b e e n p r e p a r e d and p e l l e t i z e d 
f r o m h o m o g e n i z e d p o w d e r . T h i s s e r i e s , wh ich i n c l u d e s 100 m / o US, 
75 m / o US-25 m / o ThS , 50 m / o US-50 m / o ThS , 25 m / o US-75 m / o ThS , 
and 100 m / o T h S , wi l l be f i r e d a t 1800°, 1900° and 2000° C and r u n t h r o u g h 
a n u m b e r of p r o p e r t y d e t e r m i n a t i o n s . 

A 10:1 m i x t u r e of H2O2/H2SO4 h a s b e e n found to be a m u c h m o r e 
s a t i s f a c t o r y e t c h a n t for US p o l i s h e d s e c t i o n s t h a n was the 6% H2SO4 in w a t e r . 
T h i s m i x t u r e e t c h e s t h e g r a i n b o u n d a r i e s and W i d m a n s t a t t e n p a t t e r n wi thout 
s t a i n i n g t h e m a t r i x m a t e r i a l a s d id t h e H2SO4 s o l u t i o n . The a c t i o n of t h i s 
n e w e t c h a n t i s p r o g r e s s i v e o v e r a t i m e p e r i o d of 45 s e c o n d s . 

T h e US W i d m a n s t a t t e n s t r u c t u r e w a s s t u d i e d a t m a g n i f i c a t i o n s 
of up to 2000X and w a s found to c o n s i s t of g r o o v e s of a s t e p p e d n a t u r e 
r a t h e r t h a n a p r e c i p i t a t e d s o l i d p h a s e a s p r e v i o u s l y s u r m i s e d . The g r o o v e s 
fa l l on s t r a i g h t l i n e s a long c r y s t a l p l a n e s excep t w h e r e t h e y t e r m i n a t e in 
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pores and become noticeably curved. This s t ruc tu re is not fully understood 
at the p re sen t t ime . Unetched ThS fired at 2000° and 2100° C shows ve ry 
large gra ins averaging 150-160 microns containing a s imi lar Widmanstatten 
pa t te rn . In this case , however, high magnification shows that the re is a 
solid phase of ThOg or ThOS precipi ta ted along the c rys ta l p lanes . 

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

a. The rma l P rope r t i e s of U-Fs - The data on specific heat, heats 
of t ransformat ion and heat of fusion as de termined bv the Universi ty of 
Denver (under subcontract to the Laboratory) a re essent ia l ly complete . 
The only exceptions a re (l) heat of fusion on the th ree fissium alloys and 
(2) some additional data on the 3 w/o alloy. Data on uranium and on 
U-5 w/o Fs a r e given in Tables X and XL 

Table X. Heat Content of Uranium 

T e m p e r a t u r e 
(°c) 

0 
200 
300 
400 
500 
600 
650 
700 

Heat Content 
(ca l /gm) 

0 
5.3 
8.7 

12,6 
16.7 
21.0 
23.2 
28.4 

+0.1 
+0.2 
+0.2 
+0.2 
+0.2 
+0.3 
+0.3 

T e m p e r a t u r e 
{°c) 

750 
800 
900 

1000 
1100 
1150 
1200 

Heat Content 
( ca l / 

30.7 
37.7 
42.3 
46.9 
51.5 
64,6 
66.4 

g m ) 

+0.3 
+0.5 
+0.5 
+0.5 
+0.5 
+0,8 
+ 1.2 

Heat of T rans fo rma t ion a =S @ 662° C, 3.3 + 0.1 c a l / g m . 

Heat of T rans fo rma t ion ^ = y (§ 772° C, 4.6 + 0.1 c a l / g m . 

Heat of Fus ion @ 1133°C. 11.0 + 0.3 c a l / g m . 

Table XI. Heat Content of Uran ium-5% F i s s i u m Alloy 

T e m p e r a t u r e 

CO 
0 

200 
300 
400 
500 
550 
600 
700 
800 
900 

1000 
1050 

a + 6 + UjRu 

0 
5.3 + 
8.3 + 

11.4 t 
15.6 + 
18.0 t 

-
-
-
-
-
-

0.1 
0 ,1 
0 .1 
0.2 
0.2 

a + 7 + UzRu 

0 
5.8 + 0.1 
9.3 i 0.2 

13.0 + 0.2 
17.4 + 0.2 

-
22.0 + 0.3 

-
-
-
-
-

7 and 7 + UzRu 

0 
5.8 + 0.1 
9.3 + 0.2 

13.0 + 0.2 
17.4 t 0.3 

-
22.0 + 0.3 
26.7 + 0.4 
31.8 + 0.4 
36.9 + 0.5 
42.0 + 0.5 
45.3 + 0.8 

Equi l ib r ium 
(constructed) 

0 
5.3 + 0.1 
8.3 + 0.1 

11.4 + 0.1 
15.6 + 0.2 
18.0 t 0.2 
23.1 + 0.7 
29.8 + 1.2 
38.6 + 1.6 
43.7 + 1.7 
48.8 + 1.7 
51.1 + 2.0 

Heat of T rans fo rma t ion a + 6 + UzRu = a + 7 + UzRu @ 560° G, 
2.8 + 0.4 c a l / g m . 

Heat of T rans fo rma t ion a + 7 -I- UjRu = 7 + UjRu @ 630° C, 
2.0 t 0.4 c a l / g m . 

Heat of T rans fo rma t ion 7+ UjRu - 7 @ about 740° C, 3.6 + 0.4 c a l / g m . 



The heat of fusion repor t ed is substantial ly lower than values 
r epor t ed in the l i t e r a tu re . There appea r s to be some reason to doubt the 
validity of the l i t e r a tu re values ; however, this d iscrepancy is being checked 
carefully. 

3. Corros ion Studies 

^' Aluminum Powder P roduc t s for Fuel Element Cladding - Under 
subcontract to the Labora tory , Armour R e s e a r c h Foundation has succeeded 
in fabricating a few inches of powder product A288 tubing, using a bridge 
type die. Dimensions (including to le rances ) were sat isfactory, and c o r r o ­
sion r e s i s t a n c e at 290^C and 360^0 (after four and five weeks, respect ively) 
is perhaps sa t i s fac tory In pa r t i cu la r , there is no preferent ia l cor ros ion 
at the junctions where the four m e t a l s t r e a m s mee t to form the complete 
tube. Tubing produced from "as -a tomized" and from 70 hour mi l led powder 
is in co r ros ion tes t ; the amount of mil l ing requ i red to produce adequate 
c r e e p p r o p e r t i e s is not yet known. 

Product ior of c lo su re s on powder product tubes p resen t s a p rob ­
lem because conventional welding would des t roy the powder product s t ruc tu re 
and there fore the s t rength of the bond. Atomics Internat ional has developed 
a eutect ic bonding p r o c e s s using s i lver . Recently the p roces s has been i m ­
proved through the use of m o r e p r e c i s e t empera tu re and p r e s s u r e controls 
However, it s t i l l has not been possible to produce c losures with consis tent ly 
sa t i s fac tory co r ros ion r e s i s t a n c e . 

b. Lightweight Alloy for Liquid Mercury - The sea rch for a c o r r o ­
sion r e s i s t a n t alloy compatible in high t e m p e r a t u r e m e r c u r y continues. Sheet 
sanaples of t h r ee me ta l l u rg i ca l types of t i tanium alloys were tes ted. At 
370°C and 100 psia (argon) under static i so the rma l condition, a be ta- t i tanium 
al loy (Ti-13 w/o V-11 w/o C r - 3 w/o Al) suffered a-n unusual cracking at tack 
in both the liquid and vapor phases of m e r c u r y . The propagation of these 
c r acks showed both i n t e r - and t r a n s g r a n u l a r paths. Slight cracking was a lso 
observed in the alpha, and alpha plus beta, t i tanium alloys (Ti-5 w/o Al -
2.5 w/o Sn and Ti-6 w/o V-4 w/o Al respec t ive ly) . Such cracking was not 
observed on the rod form a lpha- t i t an ium alloy samples (Ti-5 w/o Al-
2.5 w /o Sn) in previous t e s t s . The difference in m i c r o s t r u c t u r e and ha rd ­
n e s s between the or iginal and tes ted sheet specimens was not pronounced. It 
is not ce r ta in that a s t r e s s rel ief would improve this situation, however, 
plans have been made to invest igate this possibil i ty. 

The be ta - t i t an ium alloy has shown a higher weight loss in liquid 
m e r c u r y than ei ther alpha, or alpha plus beta, a l loys during the same period 
of exposure . This t es t r e s u l t provides the bas is for further study on the 
alpha and alpha plus beta al loys 



A t h e r m a l convection loop is being built to evaluate the m a s s 
t r ans fe r effect of the alloys in high t e m p e r a t u r e m e r c u r y . 

4. Nondestruct ive Test ing Methods 

a. Ul t rasonic Techniques - Studies of Lamb waves, mentioned in 
the P r o g r e s s Report for November , I960, (ANL-6269) have been continued. 
Attempts have been made to extend the Lamb wave attenuation studies in 
b r a s s to l a r g e r D / T ra t ios by operat ing at 10 and 20 m e g a c y c l e s . It was 
not poss ible at higher f requencies to find a mode where the phase velocity 
of the mode equals the longitudinal velocity when the frequency is 10 or 
20 megacyc l e s . To find suitable modes , it was n e c e s s a r y to opera te the 
c rys t a l off i ts resonant frequency. However, the energy obtained when the 
c rys t a l is pulsed at such frequencies is not sufficient to make Lamb wave 
attenuation m e a s u r e m e n t s . 

b . Neutron Techniques - Because neutrons have l i t t le influence on 
no rma l photographic emuls ions , it is n e c e s s a r y for detection to use i n t e r ­
mediate conver te r m a t e r i a l s next to the fi lm. These m a t e r i a l s emit photo­
graphica l ly detectable radiat ion when bombarded with neu t rons , and the reby 
improve the photographic speed of the detect ion p r o c e s s . 

One of the c h a r a c t e r i s t i c s of the var ious neutron image detect ion 
inethods which mus t be m e a s u r e d in o rde r to evaluate them proper ly is the 
image s h a r p n e s s , o r resolut ion, which can be obtained, A method of m e a s ­
uring this IS to p r e p a r e an image containing an abrupt densi ty change, and 
to m e a s u r e the change in film densi ty v e r s u s dis tance a c r o s s this edge. 
Recording m i c r o d e n s i t o m e t e r s a r e commonly used for this pu rpose . The 
commerc i a l l y obtained record ing dens i tomete r p re sen t ly available for use 
was designed p r i m a r i l y for other applicat ions and in many ways it was found 
unsa t i s fac tory for the p rob lem. To solve the immedia te problem of obtaining 
these sha rpness data , a re la t ive ly s imple photonaultiplier tube scanning unit 
was designed and cons t ruc ted . This unit employs a 931-A photonaultiplier 
tube which is manual ly scanned a c r o s s the projected image of the negative 
under study. A compar i son of seve ra l c h a r a c t e r i s t i c s of the designed unit 
ana the commerc i a l device a r e as follows: 

Developed Unit Commerc i a l Unit 

Slit Width 0.4 mi l s 0.04 mi l s 
Trave l 0.001 in. s teps continuous 
Upper Density Limit at l eas t 4.0 1.7 
Magnification 20X 

Some sha rpness data have been obtained using this developed 
unit and some p r e l i m i n a r y data can now be repor ted . The t r ans fe r method 
using gold s c r eens has yielded the best image sha rpness of the meta l 
s c r eens tes ted . Some slight sha rpness improvement was detected for the 



thin s c reens (0.003 in. and 0.005 in.) over that obtained using the thicker 
s c r eens (O.OIO in.) . The t r ans fe r method using indium sc reens yielded the 
second best sha rpness r e su l t and again the thin sc reens (0.005 in. and 
0.010 in.) showed a slight improvement over thicker ones (0.020 in. and 
0.030 in.) . 

Of the d i rec t exposure methods , rhodium showed the best 
sha rpnes s , with no change detected over the thickness range from 0.003 in. 
to 0.010 in. Silver and indium s c r e e n d i rec t exposures were next, in that 
o r d e r , with no sha rpness change noted over a s c r een thickness range of 
0.005 in to 0.030 in. It should also be noted that for both s i lver and indium 
di rec t exposures (and also for gold s c reen d i rec t exposures) there is more 
definite evidence of i nc r ea sed image cont ras t on the film placed behind the 
s c r e e n (away from the neutron source) than in the film placed on the neutron 
side of the s c r een . Cadmium and gold d i rec t exposures have yielded the 
poores t image s h a r p n e s s . In the case of cadmium s c r e e n s , the front film 
(toward the neutron source) has much be t te r sha rpness than the back film. 
This is pa r t i cu la r ly t rue for cadmium sc reen th icknesses g rea t e r than 
0.005 in. The front film sha rpnes s s e e m s to be re la t ively independent of 
cadmium thickness over the range of 0.001 in. to 0.020 in. Gold sc reen 
d i rec t exposures do not show a detectable change in image sharpness over 
the th ickness range of 0.003 in. to 0.010 in. However, some sharpness 
improvement was noticed on the back film over the front film using the 
gold s c r e e n s . 

Fu r the r efforts a imed toward confirming these data and a imed 
at explaining some of the observed effects a r e cur ren t ly in p r o g r e s s . 



C. Reactor Mater ia l s Development 

1. I r rad ia t ion Damage in Steels 

a. P r e s s u r e Vessel Steel SA-212B - The gamma spec t rum of two 
samples of i r r a d i a t e d SA-212B (MTR ANL-26 i r radia t ion) was scanned with 
a 4 in. Nal c rys t a l scint i l lat ion detector connected to a 100-channel ana lyzer 
for evidence of the the rma l neutron t r ansmuta t ions of the isotopes of i ron 
as desc r ibed in the F e b r u a r y P r o g r e s s Report . The resolvable 1.10-Mev 
gamma for Fe^ ' , which l i e s approximate ly between the two cobalt-60 gammas , 
was not observed. A manganese -54 gamma line was found. The mechan i sm 
of formation is tentat ively identified as an n-p reac t ion in the 1-Mev neutron 
energy region. 

Samples of pure cobal t - f ree i ron a r e being solici ted for a con­
tinuation of the studies of the t r ansmuta t ion mechan i sm in the isotopes of i ron 
since the end product is the t r ans fo rmat ion of Fe^ ' to Co^' which is then 
t r ans fo rmed to Co . A shor t - t ime i r r ad ia t ion in the C P - 5 is contemplated. 

b- Magnetic P r o p e r t i e s - Approximate ly a dozen i r r ad i a t ed SA-212B 
specimens with known impact and ha rdnes s p r o p e r t i e s ( remnants of mul t i -
notch impact b a r s f rom the ANL-26 i r rad ia t ion) were p r e p a r e d into 0.204 in. 
d iamete r by 0.950 in. long magnet b a r s . Uni r rad ia ted , soft and hardened 
SA-212B magnet b a r s tandards were magnet ica l ly examined in the s e m i ­
finished condition for uniformity of heat t r ea tmen t and p repa ra t ion . The 
magnet bar s tandards showed the expected var ia t ions in pe rmeab i l i ty a s s o ­
ciated with the i r h a r d n e s s leve ls ; the ha rdes t b a r s (Re 45/46) had the lowest 
pe rmeab i l i ty . 

D. Reactor Components Development 

1. Development of Manipulators for Handling Radioactive Mate r i a l s 

Cables used for the control of se rvo m a s t e r - s l a v e manipu la tors 
and slave robots mus t have many individual conductors , be durable , and 
ex t remely flexible. High flexibility is r equ i r ed so that the cable can be 
routed eas i ly and with a mininaum of fr ict ion. Since such cables a r e not 
comnaercia l ly avai lable , an exper imenta l cable was fabr ica ted and fat igue-
tes ted . 

The individual conductors in this cable a r e insulated with 0.012 in. 
of polyvinyl chlor ide and a re composed of 105 s t rands of AW6 40 ba re 
copper wi re . Twelve of these conductors were twis ted and t ied together 
with flat fabric cords to make a bundle. Seven such bundles were twisted 
together - the en t i re cons t ruc t ion being very much like that of a s tandard 
rope . This a s sembled cable of 84 conductors was lubr ica ted with ta lcum 
and then covered with a neoprene tube having a one inch inner diaiaieter 
and a -• in. thick wall . 



The cable was fatigue t es ted by pulling it around three 6 in. d iam­
e te r pulleys a r r anged so that the cable was subjected to one 180° revers ing 
bend each cycle. Tension on the cable was 60 pounds. After 150,000 cyc les , 
one conductor broke . The t e s t was continued until two more conductors 
broke at 300,000 cyc les . It is planned to tes t this type of cable further 
with the hope of gaining be t t e r fatigue c h a r a c t e r i s t i c s through the use of 
o ther l ub r i can t s . 

E. Heat Engineer ing 

1. Dynamic C h a r a c t e r i s t i c s Using Cor re la t ion Techniques 

Com.puting code RE-245 , which computes the au tocor re la t ion func­
tion and the power spec t rum of the s team void fraction on the bas i s of 
g a m m a - r a y m e a s u r e m e n t s , has been completed. The prograna was t r i ed 
on one set of data and it was noticed that in its p resen t form, it gives r e ­
sults with a l a rge sca t t e r un less a very la rge amount of input data (long 
r eco rds ) a r e used. Methods of modification a r e being invest igated for ob­
taining reasonably stable r e s u l t s with sho r t e r r e c o r d s . F o r the p r o g r a m 
th ree r e c o r d s a r e needed, one obtained during the actual run beaming the 
g a m m a - r a y s through the des i r ed point of the boiling channel, the o thers 
beaming the r ays through hot full, and empty channels . 

2. Hydrodynamic Instabil i ty Studies 

A s e r i e s of t e s t s a r e cu r ren t ly being run on a«|--in. d iamete r t es t 
section with a- | -- in. d i ame te r r i s e r . These t e s t s fit into an overal l p r o ­
g r a m measu r ing the effect of geometry , p r e s s u r e , water level , and inlet 
t e m p e r a t u r e on the power input, ampli tude, and frequency during osc i l l a ­
t ions . The automatic power control sys tem has been instal led and is ready 
for operat ion. 

The heating power to a r ec tangu la r t es t section in the smal l scale 
loop is being osci l la ted s inusoidal ly, and the void response is m e a s u r e d . 
A s e r i e s of t r an s f e r function m e a s u r e m e n t s have been taken at 41 atna for 
var ious powers , flow r a t e s , and subcooling t e m p e r a t u r e s . The taking of 
data at 41 a tm has been completed, and additional m e a s u r e m e n t s at a few 
higher and lower p r e s s u r e s a r e now being c a r r i e d out. 

3. High Void Natural Rec i rcu la t ion Studies 

This exper iment is designed to study na tura l r ec i rcu la t ion up to 
50% voids in a 12-in. r i s e r . The equipment was fo rmer ly r e f e r r e d to as 
the SLURREX naockup. Pre l imi inary t e s t s revea led that the a i r - w a t e r sep­
a ra t ion unit design r e su l t s in high downcomer void ca r ryunde r . Also insuf­
ficient d is tance was allowed between the fluid surface and the a i r exit point. 



At the high voids, the splashing violence of the fluid surface due to the bub­
bling a i r choked off the a i r exit l ine . This caused water to become t rapped 
in the exit line and occasional ly to flow out the top. A new separa t ion unit 
has been designed and is being fabr icated. 

4. Boiling Liquid Metal Exper imen t s 

a. Sodium Loop - The smal l scale loop design for studies of boiling 
liquid me ta l s is essen t ia l ly complete . Mate r ia l s and ins t rumenta t ion a r e 
being o r d e r e d and fabr icat ion of loop components is scheduled to begin in 
ear ly Apr i l . Initial t e s t s will be with sodium and will be a imed at m e a s u r ­
ing vapor volume fract ions and two-phase fr ict ional behavior in a flowing 
sys tem. 

A smal l , low t e m p e r a t u r e NaK-argon loop is being const ructed 
to tes t the feasibi l i ty of measu r ing void fract ions with an e lec t romagnet ic 
f lowmeter . 

b . Sodium Boi ler - A design study of a na tura l c i rcula t ion sodium 
boi ler was init iated. The boi ler is to provide sa tu ra ted sodium vapor at 
p r e s s u r e s up to 3 a tm for a va r ie ty of expe r imen t s . The p r i m a r y objective 
of the design study is to develop a boi ler with the capabil i ty of operat ing 
continuously for pe r iods of up to one year . The main c i rcula t ing por t ions 
of the boi le r have been sized. 

5. Heat Trans fe r f rom a Liquid-Liquid Interface 

The purpose of the exper iment is to invest igate d i rec t heat exchange 
between two immisc ib le l iquids in the absence of a separa t ing wall . It is 
hoped that the expe r imen t s will provide fundamental information about the 
p r o c e s s of nucleat ion in boiling as well as data on d i rec t contact heat ex­
change between two l iquids. 

A ve ry s imple exper imenta l appara tus has been designed. The tes t 
section is a r ec tangu la r container (6.35 cm by 7.6l cm. by 1Z.5 cm), two 
sides of which a r e made of g lass to p e r m i t the taking of motion p i c t u r e s . 
An e l ec t r i ca l r e s i s t ance hea te r is used to supply energy to the bottom of 
the tes t sect ion. The heat is t r a n s f e r r e d to the m e r c u r y , which pa r t ly fills 
the t e s t section, and then through the m e r c u r y to a l ighter liquid on top 
of it. 

The experinnental appara tus has been completed amd some p r e l i m ­
inary runs were made . However, exper imenta l difficulties were encountered 
in the t e s t s . It was known that naercury wets poor ly p rac t i ca l ly all solid 
m a t e r i a l s , but the extent of such non-wett ing was quite unexpected. Because 
of the poor contact at the solid sur faces water could run down (about 1.5 cm) 
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along the solid wall to the heated plate and boil off this surface, instead of 
the m e r c u r y - w a t e r in terface . In an effort to el iminate this difficulty, the 
bottom plate has been redesigned. 

6. Packed Bed Studies 

The p rob lem of shutdown cooling for a packed bed i r rad ia t ion ex­
pe r imen t was examined in some detail . The prob lem is apparent for an 
accidental loss of coolant, and because of the requ i red l imited duration of 
coolant flow it is des i rab le to re ly on cooling by radiat ion and conduction 
as soon as poss ib le after normal shutdown. In this connection a survey of 
the l i t e r a t u r e revea led exper imenta l high t e m p e r a t u r e t he rma l conductivity 
data for beds of UOg powders (in the size range of in teres t ) in hel ium, argon, 
ni t rogen, he l i um/a rgon and xenon/krypton m i x t u r e s . It was found that most 
of the data could be reasonably well co r r e l a t ed by the express ion 

^eff 

kg 

^0.43 

= 1.8| m 
where 

kg££ = bed conductivity 

•̂ g - g^-s conductivity 

kp = pa r t i c l e conductivity. 

This re la t ion was used to p red ic t the conductivity of a U02-Th02 bed in 
stagnant s t eam over a range of t e m p e r a t u r e s . 

It is ant ic ipated that a mechanica l disconnect joint may be used on 
the high t e m p e r a t u r e s t eam side of the experinaent. It was de te rmined that 
couplings of the type being cons idered have been a s sembled and the rma l 
cycled at t e m p e r a t u r e s to 650°C by ORNL. The leak r a t e s encountered 
with hel ium were ex t r eme ly smal l (on the o rde r of lO"-^" c m y s e c at 25 a tm 
p r e s s u r e ) indicating usefulness for the p r e s e n t application. 

All components a r e completed for a second power feasibi l i ty study 
of induction heat ing for heat t r ans fe r to packed beds . The coil and t r a n s ­
miss ion line is fabr ica ted, h igh-pur i ty i ron pa r t i c l e s have been obtained, 
and a fast r e sponse thermocouple is being fabr icated. 

F . Separa t ions P r o c e s s e s 

1. Fluidizat ion and Fluor ide Volatility Separat ions P r o c e s s e s 

a. Direct F luor ina t ion of Uranium Dioxide Fuel - Pilot plant 
fluorination of a s ix- inch bed of hydrogen-f i red u ran ium dioxide pel le ts 
was c a r r i e d out in a t h r e e - i n c h d iame te r column. Operat ing conditions 



during the run were u ran ium hexafluoride product ion r a t e , 560 g /hr ; fluo­
r ine ut i l izat ion, 55 per cent; inlet fluorine concentrat ion, 42 per cent (in 
ni t rogen) . This is the highest ra te and efficiency obtained so far for 
hydrogen-f i red pe l le t s ; however , the ra te was l imi ted by re la t ively poor 
heat t r ans fe r due to pa r t i a l caking. Center of bed t e m p e r a t u r e control was 
maintained within 10 degrees of 530°C by regulat ion of the amount of inlet 
f luorine. 

Tes t s were made in a glass mockup sys tem of the new off-gas 
f i l ter systena. Separate s in te red nickel bayonet f i l te rs were naounted in 
close-fi t t ing chamber s connected to the column with a one-inch pipe. No 
accumulat ion of fines was observed in a prolonged tes t ing (—8 hr) of the 
automatic blowback sys tem. The sepa ra t e a r r angemen t would facil i tate 
f i l ter r ep lacement in a radioact ive p r o c e s s application. 

b . P r o c e s s i n g Sta inless Stee l -Clad Fuel E lements - A two-zone 
fluid-bed r eac to r is being used to study chlor inat ion and fluorination r e a c ­
tions for the decladding and dissolut ion of s ta in less s t ee l - c l ad uraniuna 
dioxide fuel e lements . The s t a in less steel cladding is r eac ted with chlo­
r ine in the lower zone. The chlor inat ion products formed in the lower zone 
p a s s into the upper zone where they a r e conver ted to the te t ra f luor ide by 
reac t ion of hydrogen f luoride. Complete reac t ion of 35-mil type 304 s ta in­
l e s s s tee l , c losed end, tube spec imens was demons t ra ted in l e s s than four 
hours using 87 and 43 mole p e r cent chlor ine in ni t rogen at 625°C. Stain­
l e s s s tee l (304, 35-mil) spec imens ignited in 87 mole pe r cent chlor ine 
gas at 645''C and caused s in ter ing of the nonvolatile chloride and bed 
naater ia l . 

P r ev ious runs had shown an adherent nonvolatile chlor ide sca le 
inhibited chlorinat ion. Two runs were made at 580°C in which chlorine and 
s team were cycled in an effort to conver t the adherent nonvolatile s ta in less 
s teel chlor ides to a powdery oxide, thereby increas ing the effective ch lor ina­
tion r a t e . However, pene t ra t ion r a t e s of only 3.8 and 2.5 m i l s / h r were ob­
tained in five- and four-hour t e s t s . 

Analys is of the off-gas scrub solution f rom previous u ran ium 
dioxide chlorinat ions showed a negligible total u ran ium los s of 0 .007pe rcen t 
of the u ran ium dioxide charged. 

c. Steam Hydrolys is of UF^ to UO2F2 - Shor t -dura t ion runs a r e 
being made to study the format ion of fines encountered in the s t eam hydro l ­
ys is of u ran ium hexafluoride in a fluid bed. Norm.al growth r a t e s were ob­
se rved with s ta r t ing beds of 200|x and c o a r s e r ; f iner beds showed fines 
format ion shor t ly after the hexafluoride was introduced or after a per iod 
of l i t t le pa r t i c l e s ize change. 
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d. Plutonium Fluoride Studies - Plutonium hexafluoride r eac t s 
with bromine between 30° and 180°C to produce plutonium tetraf luoride and 
bromine pentafluoride as the major p roduc ts . Bromine tr i f luoride is a lso 
formed as a side r eac tan t . It has been dejaaonstrated that the react ion in ­
volving the reduct ion of plutonium can be ut i l ized to separa te u ran ium hexa­
fluoride from plutonium hexafluoride. 

The gamma radia t ion decomposit ion of plutonium hexafluoride 
is being invest igated. I r rad ia t ion of gaseous plutonium hexafluoride indi ­
cates that the decomposi t ion ranges frona approximately th ree per cent for 
a dose of 2.3 x 10 rad to about 13 per cent at 1.3 x 10 rad . 

Work on the k inet ics and mechan i sm of plutonium hexafluoride 
decomposi t ion has been completed. The ra te constants obtained at 140°, 
I 6 l ° and 173°C have been used to obtain the exper imenta l activation e n e r ­
gies of 15.9 t 1 .5 and 19.6 i 0.7 k c a l / m o l e for ko and kj , respect ive ly , 
which apply to the r a t e equation -dp/d t = k© + kj p . The ra te equation is 
descr ip t ive of a concurren t he terogeneous and homogeneous mechan i sm 
for the reac t ion PuFfe (g) —*-PuF4 (s) + Fg (g). 

2. Chemica l -Meta l lu rg ica l P r o c e s s Studies 

a. Liquid Metal Solvent Studies - The solubility of lutet ium and 
chromiuin in liquid cadmiuiaa may be r ep re sen t ed by the empi r i ca l equations 

lu te t ium (324°-557°C): log ( a tomper cent) = 7.328 - 7630 T " H 1 .745 x 10^ T " ^ 

chromium(450°-650°C): log (atom pe r cent) =0.3994 - 2605 T " ^ 

The par t i a l mole.! heat of solution AH and excess entropy of 
solution ASjjs of chromium, manganese and cobalt in liquid cadmium have 
been computed from the t e m p e r a t u r e var ia t ion of the solubil i t ies of these 
me ta l s in cadmium. The values of these par t ia l molal quantit ies at infinite 
dilution a r e as follows: 

Solute AHOO (kca l /mole) ^^xs^ (cal /deg mole) 

Chromium 8.04 -9-40 
Manganese 4.19 -1.09 
Cobalt 22.9 3.06 

Phase s tudies of the u r a n i u m - s i n e syotem confirm the exis tence 
of a eutect ic between the delta u r a n ium-z inc in te rmeta l l i c phase (UjZnjy) 
and u ran ium. A mix tu re of s ine and u ran ium (35 weight per cent uranium) 
was heated to 970°C under t h r e e a tmosphe rec p r e s s u r e in a tanta lum c r u ­
cible . The ingot that formed on cooling contained extensive regions of 



eutectic s t ruc tu re . The two phases in the eutectic s t ruc tu re were identified 
as alpha uran ium and the delta u ran ium-z inc phase . No in termedia te phases 
between the delta composit ion and pure u ran ium were observed 

The t r ans fo rmat ion of the epsilon uraniu in-z inc in te rmeta l l i c 
phase (UZnii_5) to the delta phase has been observed to occur at 880°C but 
not at 830° or 780°C. These observat ions a r e in agreeraent with t h e r m a l 
analys is data which place the pe r i t ec t i c t e m p e r a t u r e at 844°C On the bas i s 
of cu r ren t infornaation, it is not c lear whether the delta and epsilon phases 
exist as two dist inct phases at all t e m p e r a t u r e s , or if the delta phase exis ts 
as the h igh - t empera tu re laiodification of the epsilon phase . Studies d i rec ted 
toward the clar i f icat ion of the re la t ionship between the two phases a r e being 
made . 

Values of the coprecipi ta t ion coefficient for thor ium and p r a s e ­
odymium when c a r r i e d by the in te rmeta l l i c conapound CeCdn from liquid 
cadmium a re 1.08 and 0.631, respec t ive ly . The coprecipi ta t ion coefficient 
of c e r i um v/hen c a r r i e d by the in te rmeta l l i c compound GdCdg from liquid 
cadmium was found to be 0.34. 

The vapor p r e s s u r e of c admium-u ran ium alloys has been m e a s ­
u red as a function of composi t ion using the continuous record ing effusion 
appara tus . The vapor p r e a s u r e - c o m p o s i t i c n pa t t e rns indicated the exis tence 
of a single in te rmeta l l i c compound corresponding to the empi r i ca l formula 
UCdii and were in complete ag reement with the r e su l t s p rev ious ly obtained 
by conventional methods for phase s tudies . This exper imenta l p rocedure 
is now ready for use in invest igat ing other l e s s well-known s y s t e m s . 

P r e l i m i n a r y m e a s u r e m e n t s of the magnet ic suscept ibi l i ty of 
the u r a n i u m - c a d m i u m in te rmeta l l i c phase , UCdji, f rom room t e m p e r a t u r e 
to the boiling point of hel ium indicate that the suscept ibi l i ty follows a C u r i e -
Weiss r e l a t ionsh ip [x = C/( T-ii)] with A = -29°K and C =̂  1.21,. The effec­
tive Bohr magneton number for the u ran ium is 3.12. This value is reasonably 
close to 2.85, the value expected for spin only coupling in a sy s t em of two 
unpai red e l ec t rons . Whether these two e lec t rons occupy 51 or 6d orb i ta l s 
has not been de te rmined . 

The influence of magnes ium on the dis t r ibut ion coefficient of 
u ran ium betv/een the two pa r t i a l ly immisc ib le liquid me ta l s zinc and lead 
has been m e a s u r e d . At 601°C, the following p r e l i m i n a r y values of the d i s ­
t r ibut ion coefficient (weight pe r cent u ran ium in z inc - r i ch phase / \ / e igh t p e r 
cent u ran ium in l e a d - r i c h phase) were obtained: 1077, 286, 250, and 217 
with magnes ium concentra t ions (in weight p e r cent) in the lead phase of 0, 
0.14, 0.27, and 0.75, respec t ive ly . The dis t r ibut ion of the magnes ium favored 
the zinc phase over the lead phase in roughly a two to one propor t ion . 



Attempts a r e being made to improve the p re l imina ry value for 
the s tandard heat of formation, AH£, of UF6(g) by obtaining additional in­
formation concerning the composit ion of the res idual products fornaed during 
the combustion. P r e l i m i n a r y exper iments have demonst ra ted that about 
98 per cent of the u ran ium that r eac ted formed uranium hexafluoride. The 
other two per cent of uran ium most ly formed UF3 and UF4, with very small 
amounts of U4F17, U2F9, and UF5 also being formed. 

Inaproved boron ni t r ide combust icns in fluorine were achieved 
by using sapphire discs for sample suppor ts . A disc of optically polished 
s ing le -c rys t a l a luminum oxide (Linde Co. sapphire) was found to be cona-
pletely iner t to f luorination in the exper iments with boron n i t r ide . 

Sat isfactory techniques have been developed for combustions of 
tantalum and niobium. 

G. Advanced Reactor Development 

1. High Pov/er Density Fuel Element Design Studies 

Exper iments v/ere pe r fo rmed on a high power density flat plate 
fuel box ( P r o g r e s s Report , January , 1961, ANL-6307, p . 61). The plates 
began to deform near the p red ic ted divergence velocity. Non-l inear hydro-
dynamic fo rces , coupled with the sma l lnes s of the plate spacing compared 
with the e las t ic p r o p e r t i e s of the p la tes , kept the pla tes from receiving a 
pe rmanen t set . At higher veloci t ies the plates began to a r r a y thenaselves 
in groups of th ree r a t h e r than two and at the l imit of the test, 1 0 . 5 m / s e c 
maximum box flow ra t e , in groups of four. 

2. Conapact High Power Density F a s t Reac tors 

The purpose of this work is to develop an efficient, compact fast 
r eac to r sys tem using sodiuna vapor as the working fluid in a d i rec t cycle 
sys tem. 

As pa r t of the p r o g r a m a turbine unit using a simple uncooled wheel 
has been designed to invest igate blade m a t e r i a l s , bea r ings , and shaft s ea l s . 
A combinaticn axial and labyrinth seal using sodium liquid as a lubricant 
on the axial side with a rgon buffer between the air side is proposed. Stand­
a rd ball bear ings lubr ica ted with an oil mis t a r e tc be used. Tentat ively, 
t i tanium carbide has been se lec ted for the seal s ta tor and tungsten carbide 
for the seal runner . 

The second phase of the turbine tes t p r o g r a m would use a turbine 
wheel with hollow blades cooled by flow from a feed line in the shaft. Tem­
p e r a t u r e drop a c r o s s the blades will be m e a s u r e d by thermocouples that 
ternainate on a s e r i e s of slip r ings on the turbine shaft. 



3. F a s t Reactor Tes t Faci l i ty 

As p a r t of an advanced fast r eac to r p r o g r a m , a survey is underway 
to deternaine the need and potential value of an exper imenta l facility for 
the evaluation of key p a r a m e t e r s of new concepts . Pre l ina inary studies in­
dicate that such a facili ty should be ve r sa t i l e enough to cover the following 
design conditions: 

a. 50 Mwt total power . 

b . Power densi t ies ranging from 0.1 to 1 Mw/ l i t e r . 

c. Core composi t ion including uran ium al loys, oxides, c e r m e t s , 
and p lu tonium-f iss ium. 

d. Maximum operat ing t e m p e r a t u r e s that a r e at leas t comparable 
to the highest s team conditions used in the most modern power 
s ta t ions . 

Although the exper imenta l facility would be designed initially for 
sodium as r eac to r coolant, the heat re jec t ion systena and control room 
would be common to poss ib le future reac tor sys tems uti l izing other 
coolants . 

4. Direct Convers ion Studies 

a. Ces ium P l a s m a Cell - In seve ra l recen t Monthly P r o g r e s s Re­
por t s work on a ces ium cell for d i rec t convers ion experinaents has been 
d iscussed . This cel l is shown schemat ica l ly in F igure 16. Ces ium vapor 
is supplied to the cel l f rom specia l conta iners and the vapor p r e s s u r e in 
the cell is de te rmined by its t enapera ture . The t e m p e r a t u r e of the cell and 
vapor is regula ted by c i rcula t ing heated si l icone oil. The era i t te r is made 
from UC(40%)-ZrC(60%). It is separa ted from the col lector by a distance 
of 0.6 m m . The col lec tor has an a r e a of 0.3165 cm^ and is sur rounded by 
a guard r ing. 

F o r a re la t ive ly constant value of cesiuna p r e s s u r e and a p a r ­
t icular emi t t e r t e m p e r a t u r e (determined by optical py rome t ry ) , the voltage-
cu r ren t c h a r a c t e r i s t i c of the cel l is de termined. Data naust be taken with 
a f a s t - r e s p o n s e r e c o r d e r v/ithin a per iod of a few seconds during which 
the emi t t e r t e m p e r a t u r e and e lec t ron emiss ion can be held approximate ly 
constant 

In F igure 17 th ree se ts of r e su l t s a r e shown. The i n se r t at 
the r ight of each cu r ren t -vo l t age t r a c e shows the vol tage-power re la t ion­
ship. The power max imum and max imum power density is shown for each 
set of p a r a m e t e r s . 
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Figure 16 

Plasma Cell with Test Instrumentation, 
Lamp Loads, and D. C. -A.C. Converter 

The e l e c t r o n c u r r e n t i s coun ted a s p o s i t i v e in the d i r e c t i o n 
f r o m the e m i t t e r to c o l l e c t o r . The vo l t age i s m a r k e d p o s i t i v e if the c o l ­
l e c t o r i s m o r e p o s i t i v e t han the e m i t t e r . It is s e e n tha t the vo l t age and 
c u r r e n t have the s a m e d i r e c t i o n at p o s i t i v e v o l t a g e s . At n e g a t i v e vo l t ages 
the e l e c t r o n c u r r e n t f lows a g a i n s t the r e t a r d i n g po t en t i a l and can d e l i v e r 
p o w e r into a load . Only t h i s p o r t i o n i s t h e r e f o r e u s a b l e for e n e r g y 
c o n v e r s i o n . 

F i g u r e 17A shows the ce l l c h a r a c t e r i s t i c s at a r e l a t i v e l y low 
e m i t t e r t e m p e r a t u r e . At +4 vo l t s the c u r r e n t i n c r e a s e s r a p i d l y , p r o b a b l y 
due to the f i r s t i o n i z a t i o n p o t e n t i a l l eve l of c e s i u m , which i s at 3.8 v o l t s . 
The c u r r e n t r e m a i n s n e a r l y c o n s t a n t f r o m +4 vo l t s down to - 1 . 5 v o l t s , 
t hen d r o p s r a p i d l y to z e r o , and at about - 3 . 5 vo l t s it goes to a nega t ive 
v a l u e . At a n e g a t i v e va lue the ces iuna ion c u r r e n t e x c e e d s the e l e c t r o n 
c u r r e n t . 
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6 -

Figure 17 

C s - P l a s m a Cell Voltage - Cur ren t and Voltage Power Charac t e r i s t i c s 



Curves 17B and 17C a re for higher emi t te r t e m p e r a t u r e s . The 
inc rease in cu r r en t output follows the Richardson equation. At negative 
voltages the cu r r en t has no flat port ion, but dec rease s constantly. Also 
the power naaxima a re shifted to lower values . This indicates l o s ses due 
to e lec t ron sca t te r ing and absorpt ion, and lower energy lo s ses within the 
p l a sma . The hump shows that a region of negative res i s t ance exis ts and 
may produce osci l la t ions . 

Table XII p r e s e n t s m e a s u r e d values for emi t t e r t empe ra tu re , 
ces ium p r e s s u r e , shor t c i rcu i t cu r ren t density (i.e. emi t te r and col lector 
at the same potential) , power density maxinaum, and the voltage at max i ­
mum power. 

Table XII. Measured C h a r a c t e r i s t i c s of the Cesium Vapor Cell 

T, °C 

1490 
1560 
1630 
1690 
1810 
1890 
I960 
2110 

1610 
1650 
1845 
1900 
2005 
2085 

C e s iuna 
P r e s s u r e , 

mna 

5.2 x 
6 5 
6.5 
8.0 
9.0 
1 15 
1.8 
2.0 

2.1 
4.5 
8.2 
2,0 
1.2 
1.2 

x 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Hg 

10-3 
10-3 
10"3 
10^^ 
10-3 
10"^ 
10"^ 
10-^ 

10"3 
10"3 
10-3 
10"2 
10-2 
10-2 

Cur ren t 
Density, 
m a / c m ^ 

1.18 
5.00 

18.2 
36,3 

183.5 
664.0 
950.0 

4100 

21 8 
117.0 
435.0 
824.0 

2530 
8200 

Maximumi Power 
Density, 

wat ts /cm^ 

0.001 
0.011 
0 035 
0.078 
0.335 
1.21 
1.81 
7.18 

0.039 
0 260 
0.515 
1.59 
5.06 

10.18 

Voltage at 
Power 

Maxinaum 

2.5 
2.5 
2.5 
2.25 
2.25 
2.00 
2 00 
1.75 

2.25 
2.50 
2.25 
2.25 
2.00 
1.75 

The output c u r r e n t densi t ies of the ces ium cell at high emi t t e r 
t e m p e r a t u r e s r each many a m p e r e s while the voltages obtainable at power 
max ima a r e l e s s than 2 vol t s . At high c u r r e n t s t r a n s m i s s i o n lo s ses can 
become prohibi t ively high. The t r a n s i s t o r i z e d D.C.-A.C. conver te r in­
dicated in F igure 1 6 is used to convert the cell output to a high voltage and 
low cu r ren t . 

F igu re 18 shov/s the c i rcu i t of the conver te r . No moving p a r t s 
a r e involved. The output for s eve ra l hundred volts consis ts of square waves 
of 600-700 cps . A convers ion efficiency of 60 to 70% has been obtained; 
however , with new semiconductor const ruct ions an improvement up to 90% 
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is expected. As shown in F igure 16 lamp loads with low voltage rat ings 
were used in di rect connection with the collector and high voltage lamps in 
connection with the conver te r . 

TRAM5IST0RIZED- D.C. A.C. CONVERTER! 

IHPUT VOLTAflEi 2V. D.C. 10 AMP MAK 
OUTPUT VOLTASE! 2 x lOOV. A.C. km. 500 cps 

CORE! STW35 D2 
AMOLD EHQ. 

SORE: 516110 D2 
ARNOLD EMS. 

1I30T #2 * 

H30T « » 

Figure 18 

D. C. -A.C, Transistorized Converter 

In a p o t e n t i a l r e a c t o r d e s i g n n u c l e a r f i s s i o n would supp ly the 
h e a t for the e m i t t e r . F u e l r o d s of h igh conduc t iv i t y a r e n e c e s s a r y . While 
u r a n i u m m o n o c a r b i d e h a s a conduc t iv i ty a p p r o a c h i n g tha t of a m e t a l , the 
m a t e r i a l is v e r y b r i t t l e . P o s s i b l e d e s i g n s involve shea th ing of the UC with 
t a n t a l u m and d e p o s i t i n g the e l e c t r o n e m i t t i n g m a t e r i a l on the t a n t a l u m 
s u r f a c e . I n s u l a t i o n and s t r u c t u r a l c o n s i d e r a t i o n s , a s we l l a s r a d i a t i o n hea t 
t r a n s f e r c a p a b i l i t i e s , a r e l i m i t i n g f a c t o r s in the des ign . 
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