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FOREWORD 

The Reactor Development P r o g r a m P r o g r e s s Report , issued 
monthlyj is intended to be a means of report ing those i tems 
of significant technical p r o g r e s s which have occur red in 
both the specific reac to r projects and the general engineer ­
ing r e s e a r c h and development p r o g r a m s . The repor t is o r ­
ganized in a way which, it is hoped, gives the c l ea res t , most 
logical ove r - a l l view of p r o g r e s s . The budget classif ication 
is followed only in broad outline, 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 epor t only i tems of significant prog­
r e s s , not all act ivi t ies a re repor ted each month. In o rder 
to i ssue this r epor t as soon as possible after the end of the 
month edi tor ia l work mus t neces sa r i l y be l imited. Also, 
since this is an informal p r o g r e s s repor t , the r e su l t s and 
data presen ted should be understood to be p re l iminary and 
subject to change unless o therwise s tated. 

The issuance of these repor t s is not intended to constitute 
publication in any sense of the word. Final resu l t s ei ther 
will be submitted for publication in regular professional 
journals or will be published in the form of ANL topical 
r e p o r t s . 

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

January 1961 

Feb rua ry 1961 

March 1961 

April 1961 

May 1961 

ANL-6307 

ANL-6328 

ANL-6343 

ANL-6355 

ANL-6374 

June 1961 ANL-6387 
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I. WATER COOLED REACTORS (040101) 

A. EBWR 

1. 100-Mw Modifications - Reboi lers 

S t ru the rs -Wel l s rece ived the rebo i le r tubing from the tubing ven­
dor in the ear ly pa r t of July. Bending of the tubing has been completed and 
the tube bends a r e being annealed. A new procedure for fabricating the r e ­
bo i le r s has been reviewed by the Labora tory . 

Specimens of the tubing for the r ebo i l e r s a re being p repared and the 
new fabrication techniques a re to be t es ted on these specimens before p r o ­
ceeding with fabricat ion of the r e b o i l e r s . This will probably cause some 
delay in the del ivery schedule of these units . 

2. Control Rods 

a. Z i rca loy-2 Follower Control Rods - A new set of control rods 
is being fabricated. They will have bo ron - s t ee l poison sect ions and 
Zi rca loy-2 fol lowers, r a the r than fueled followers as in the set now in use . 
Development work is in p r o g r e s s to overcome cracking in boron-s tee l 
blades at the spotwelds, and de te r iora t ion of r ive t s . 

One of the Zi rca loy-2 c r o s s e s is being cor ros ion tes ted to 
a sce r t a in the quality of the spot welds. After approximately 96 hours at 
307°C the loop hea ter broke and the c r o s s was removed for examination. 
Some indications of cor ros ion near the spot welds was noted. This un­
expected cor ros ion behavior is a t t r ibuted to the fact that the welding p r o ­
cedure used deviated from that recommended. The resu l t was a hotter weld 
which expelled m o r e meta l than des i red . The c ross has been placed in an­
other loop for future cor ros ion test ing. 

Attempts a r e being made to find a heat t rea t ing facility to heat 
t r e a t one of the boron poison c r o s s e s to determine if a solution anneal will 
al leviate the spot weld cracking problem. To date no facility has been 
found which mee t s the heat t r e a t and s ize r e q u i r e m e n t s . 

b . Control Rod Drive P a r t s - The present EBWR control rod 
dr ives were manufactured to ANL design and specifications by AMF Atomics 
Division. These nine dr ives a r e of a rack-and-p in ion type. Three par t s of 
the p resen t type a r e made of 17-4 PH type steel: the rack, the pinion shaft, 
and the sea l shaft. 

This type s tee l has recent ly become suspect as a resu l t of some 
fai lures in cer ta in other applications in which c racks had developed. These 



cracks a re believed, however, to be re la ted to the highly hardened condition 
(45 Re) of the meta l produced by an aging t e m p e r a t u r e of 480°C. It is also 
now believed that this t r ea tmen t causes in ternal s t r e s s e s of sufficient mag­
nitude to initiate cracking. 

By changing the aging t empe ra tu r e to 590°C a lower hardness 
(35 Re) and lower in terna l s t r e s s levels a r e obtained. In addition, a more 
carefully controlled manufacturing p rocedure has been establ ished for 
17-4 PH pa r t s to be made in the future. 

Meanwhile, existing pa r t s of the p resen t d r ives a r e being 
checked. The above mentioned pa r t s a re being removed from the r eac to r 
control rod dr ives and individually checked for c r acks or defects in m a t e ­
r i a l by the following s teps : 

1. Zyglo (post-emulsi f icat ion type) 

2. Magnaglo (direct cur ren t ) 

3. Sonic t e s t 

These checks a r e made with chronaium plate on components . The chromium 
plate is then removed from all pa r t s e lect rolyt ical ly and they are then r e -
checked. 

The sea l shaft and pinion shaft a re again ch romium plated and 
inspection s teps 1 through 3 repeated . Immediate ly following plating the 
pa r t s a re heated to 230°C for 8 hours . 

By removing only two a s semb l i e s at a t ime the r eac to r down­
t ime can be held to a min imum. Two control rod dr ive asse inb l ies , No. 6 
and No. 8, were subnaitted to this tes t ing on July 5th. These r ep re sen t the 
f i rs t in a s e r i e s of per iodic inspect ions based on the number of hours of 
r eac to r operation. 

The Zyglo and sonic methods gave no indications of defects. 
The Magnaglo technique gave light surface indications on one par t only, 
rack No, 8. Microscopic examination of these indications proved them to 
be h a r m l e s s surface s c r a t c h e s or gouges in both hor izonta l and ver t i ca l 
d i rec t ions , 

Metal lographic examination of shafts sect ioned previously with 
s imi la r indications proved them to be very shallow indentat ions and not 
de t r imenta l to the se rv ice life of the par t . 

The two dr ive a s semb l i e s were re tu rned to the EBWR on 
July 7th for r e a s s e m b l y into the r e a c t o r . 



3. Reactor Operation 

a. Hydrodynamic Studies - A s e r i e s of t es t s have been completed 
on EBWR, during which the i n - r eac to r ins t rumentat ion for s t eam c a r r y -
under and liquid ca r ryove r was thoroughly checked out, and p re l iminary 
data obtained on the reac to r per formance cha rac te r i s t i c s with the new 
r i s e r ins ta l led. Thi r ty- two t e s t s were run covering the following reac to r 
operating conditions: r eac to r power 5-10-15-20 Mw, sa tura ted hot water 
level above the r i s e r of 3 and 12 in, (7.62 and 30.48 cm), p r e s s u r e s of 
300 and 600 psi (20.4 and 40.8 atm). The upper and lower feedwater r ings 
were used to vary the location of feedwater injection. 

The two make-up water points (upper and lower feedwater r ings) 
were used to study the effect of s t eam car ryunder on the behavior of the 
sys tem, A p r e s s u r e of 300 ps i (20.4 atm) was used to s imulate high power 
density operat ion. The ini t ial hot water level (as indicated by the water 
column) was var ied to study the effect on s team car ryunder and to obtain 
data on the difference between the water column indicated level and the t rue 
interface (void level within the r e a c t o r vesse l ) . 

The t e s t s demons t ra t ed the success of the i n - r e a c t o r ins t rumen­
tation and provided p re l imina ry data on r eac to r perform.ance. The following 
data were obtained: 

(1) a s e r i e s of differential p r e s s u r e drops in the r i s e r and 
downcomer from which s team volume fract ions were computed, 

(2) veloci t ies in the downcomer from which the total r e c i r c u l a ­
tion flow r a t e s were computed, 

(3) amount of subcooling, 

(4) interface height. 

The quantity of s t eam ca r ryunde r was computed from a heat balance on the 
downcomer using the m e a s u r e d rec i rcu la t ion flow ra te s obtained from the 
irapact me te r and the subcooling. 

F u r t h e r t e s t s will be n e c e s s a r y to verify the accuracy of the 
t e m p e r a t u r e m e a s u r e m e n t s . 

The m e a s u r e d rec i r cu la t ion flow r a t e s a re of the magnitude ex­
pected. P rev ious exper iments had indicated that the rec i rcu la t ion ra te in­
c r ea sed with increas ing power and decreas ing p r e s s u r e . In the p resen t 
exper iments , this r a t e of change of rec i rcu la t ion ra te was lower than 
es t imated . The amount of s t eam c a r r i e d into the downcomer became an 
appreciable fraction of the total genera ted . At 600 psi (40.4 atm), with the 
make -up water injected through the upper feedwater r ing, this fraction was 
about 25%. The l imiting p a r a m e t e r on power generat ion miay well be s team 
ent ra inment in the downcomer. 



b. Water Level Determinat ion - An unexplained phenomenon in 
r eac to r water level m e a s u r e m e n t has been observed during low reac to r 
p r e s s u r e operat ion at the high water levels r equ i red with the full r i s e r . 
While attempting to r each 20 Mw at 300 psi (20.2 atm) the feedwater con­
t ro l became e r r a t i c . The feedwater was taken off automatic and placed 
on manual control; the water level in the sight gauge remained e r r a t i c . 
Shortly thereaf ter the apparent water level s ta r ted to r i s e quickly and 
though the feedwater was cut back, the level continued to r i s e until the r e ­
actor s c r a m m e d due to "High Reactor Water Level ." 

Tes t s were run at 400 ps ia and 500 ps ia which showed that if 
the level was r a i s ed slowly, the apparent level s t a r t ed to r i s e quickly after 
a cer ta in level had been reached. This r i s e continued until the "High R e ­
actor Water Level" in ter lock scranamed the r eac to r . Although the phenom­
enon is not yet fully understood, one possibi l i ty appears to be that the re is 
a self-siphoning water t r ap built into the vent line. This line has been r e ­
vised and work on the problem will continue. 

c. Soluble Poison System - The piping has been slightly modified 
in the purification sys tem to provide a positive p r e s s u r e throughout the 
f i l ter- ion exchange uni ts-continuous monitor sys t em under operating as 
well as shutdown conditions. Only the No. 1 pump-heat exchanger sys tem 
was naodified at this t ime . The No. 2 sys t em will be modified when 
convenient. 

Difficulty has been exper ienced with high t empe ra tu r e water 
effluent from the purification sys tem subcoolers . The efficiency of the sub-
coolers had dec rea sed to such an extent that the water flow ra te had to be 
dec reased to about 25% of its or iginal value. The inefficiency of the sub-
coolers was t r aced to sludge and/or sca le on the shell side. This is a typi­
cal condition throughout the cooling sys tem of the EBWR plant. Chemical 
cleaning of two heat exchangers has been only par t ia l ly successful . 

It is des i rab le to i nc r ea se the flow ra te through the sys tem for 
use with bor ic acid for Core I-A. It would take at l eas t 110 hours at the 
p resen t flow r a t e to reduce the bor ic acid concentrat ion from 1.85 g m / l i t e r 
to 0.025 g m / l i t e r . At a normal flow ra te of 32 l i t e r s / m i n only 31 hours 
would be r equ i r ed to accompl ish the same removal . Other methods of 
cleaning the subcoolers will be at tempted. 

B. BQRAX-V 

1. Instal lat ion of Reactor and Components 

Bracke t s to hold th ree d i f f e ren t i a l -p ressu re probes , one Staucheibe 
tube and two r e a c t o r water sampling lines in the downcomer a r e a have been 
welded inside the r eac to r vesse l . A sampling line, a sample injection 
sparger and 8 c o r e - s t r u c t u r e guide dowels have also been instal led in the 



bottom of the ve s se l . This completes the instal lat ion of permanent com­
ponents in the r eac to r vesse l . Reassembly of the boiling core s t ruc ture has 
been completed. 

Fabr ica t ion and instal lat ion of the a l ternate auxil iary water sys tem 
prehea t piping to be used during na tura l circulat ion operation, and welding 
of the superhea ted s team line dra ins in the lower reac tor pit were finished. 
The new reac to r water demine ra l i ze r tank, f i l te rs , and associa ted piping 
were instal led in the water s torage pit. Anchoring of the boiling fuel rod 
and boiling fuel a ssembly s torage r acks completed the installat ion of pe r ­
manent equipment in this pit. 

A p re l imina ry tes t instal la t ion was made of the control rod dr ives , 
sea l housings, and motor dr ive a s sembl i e s to fix orientation. Then the 
dr ives and motor a s sembl i e s were removed to facili tate installat ion of seal 
water supply and leakoff tubing and blowdown piping. Based on calculated 
control rod wor ths , the motor dr ive a s sembl i e s a r e being modified to accept 
new change gea r s r equ i r ed to give much slower drive speeds. 

Instal lat ion of l a rge s tee l s torage boxes with dra ins was completed 
for the s torage of radioact ive control rods , hold-down boxes and chimneys 
in the old r eac to r pit. The pit was back-f i l led with sand and capped with a 
poured concre te slab to reduce radiat ion from the old reac tor vesse l . This 
completes the instal la t ion of pe rmanen t components in the old reac to r pit. 

The in te r ior of the exist ing makeup-water s torage tank was sand­
blas ted and coated with Phenoline paint. The polishing deminera l i ze r was 
connected to the s torage tank and charged with res in . The conaplete makeup-
water sys t em is now operable . 

The prefabr ica ted water sampling panel and hood was set in position 
and sampling l ines , cooling water , d ra ins , ins t rument cable, etc, a re being 
connected. 

The r e a c t o r pit working pla t form and access ladder have been fab­
r ica ted and insta l led. Pe rmanen t bolting has been instal led on the reac tor 
ve s se l naain flange. Overhauling of the turbogenera tor and associa ted 
equipment was completed. 

All de tec to r s , ampl i f iers and p reampl i f i e r s in the nuclear i n s t ru ­
ment sys t em a re in place. Cables mus t be instal led between the ins t ru ­
ment room and r eac to r pit (for loading de tec tors ) , and f rom the ins t rument 
room to t e rmina l cabinet No. 5, before checkout begins. 

Wiring between rod dr ive b rake re lays and the rod drive control 
cabinet is now completed. Cables for the radiat ion monitoring sys tem are 
now being insta l led between the r e a c t o r and turbine buildings, and cable 



for tes t thermocouples in the access shaft is a lso being instal led. Replace­
ment wiring (chromel-alunael) has been instal led for the main s team t e m ­
pera tu re thermocouple . Wiring for the forced-convect ion sys tem reac to r 
water t e m p e r a t u r e differential inter lock was completed between the t e m ­
pera tu re control cabinet and the ins t rument room. 

All t r a n s m i t t e r s in the p r o c e s s control and ins t rumenta t ion sys t em 
requir ing re locat ion and repiping have been remounted, and a re now await­
ing final welding of the connecting l ines . A new level t r a n s m i t t e r is being 
sent to rep lace a faulty unit. The supe rhea t e r - fue l - t empera tu re - ind i ca to r 
scanning a l a r m and reac to r vesse l t e m p e r a t u r e r e c o r d e r sys tems a re now 
operating. The two main s t eam back p r e s s u r e valves and the main feed-
water control valve have been modified to fa i l -c lose on loss of air and 
e lec t r ica l signal. All control valve l imit switches have been set and the 
indicator l ights now operate co r rec t ly . Checkout is proceeding on the 
cont ro l - rod-pos i t ion light c i rcu i t s and the annunciators . All a l a r m s and 
s c r a m s originating in the Control Building have been set. Checkout of 
c i rcui t s on busses CP-25 3 and 4 is now about 95% complete. 

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

a. Boiling Fuel Rods - The ent i re lot of 3,543 boiling fuel rods has 
been inspected. Ten rods were re jec ted and the r ema inde r a r e acceptable 
for use, 

b. Superheat Fuel E lements - In accordance with contractual 
agreement , AI has fabricated a second group of 24 s ta in less s t ee l -u ran ium 
oxide d i spers ion plates for ANL evaluation. Six each of types HCD and F P D 
plates were evaluated as repor ted in June. After d iscuss ion of evaluation 
re su l t s with personnel from AI, it was agreed that ANL specifications would 
be rev i sed to i nc rease allowable var ia t ion in core homogeneity and laiaximum 
length of UO2 s t r i n g e r s . Based upon the rev i sed specif icat ions, ANL has 
accepted these 12 p la tes . It is unders tood that other d i sc repanc ies noted in 
these 12 plates will be co r r ec t ed in subsequent p la tes . Six each of types 
HPD and FCD plates a re now en route to the Labora tory and will be l ike­
wise evaluated upon a r r i va l . Shipment of 80 FCD and HCD development 
plates f rom the supplier is p romised by August 3. 

Fabr ica t ion of brazing and assembly f ixtures and nonfueled 
components for the superhea te r fuel a s sembl i e s is proceeding. 

3, Reactor Components 

All 35 of the h igh - t empe ra tu r e , t an ta lum-shea thed W/W-26% Re 
ther3aiocouples, plus 8 cal ibrat ion samples , for the boiling fuel thermocouple 
rods have been rece ived from the vendor. P r e l i m i n a r y work on a s s e m b l ­
ing these thermocouples into the rods has been s ta r ted . 



The remainder of the thermocouples for the ins t rumented super ­
heater fuel assembly, and for measur ing the in -vesse l s team and water 
t e m p e r a t u r e s have been del ivered. Fabr ica t ion has s ta r ted on the coolant 
thermocouple " r ake" for the ins t rumented boiling fuel assembly and the 
s team, water and reac to r v e s s e l specimen thermocouple assembly . The 
remain ing two exit, and two ent rance turbine- type flow m e t e r s for the in­
s t rumented boiling fuel a s sembl i e s a re st i l l being fabricated by the vendor. 

Final assenably of the boiling fuel assemibly boxes has s tar ted . The 
second batch of nine s ta in less s tee l clad Boral control rod sections is now 
being autoclaved at 600 psig sa tura ted conditions, and four additional con­
t ro l rod sect ions a re being fabricated. Fabr ica t ion has s t a r t ed on the in­
s t rumented boiling fuel assenably, ins t rument hold-down boxes, and 
chimneys. Work continues on the dummy fuel a s sembl ie s , the boron-
s ta in less s teel poison rods , the void and water- f i l led rods , and the s team 
drye r . The s ta in less s tee l poison rods were finished and are ready for 
use in the c r i t i ca l exper imen t s . 

The neutron source handling tools and the long handled wrenches 
for the i n - v e s s e l coupling c lamps have been fabricated. Fabr ica t ion was 
completed on the blow-down filter which will renaove radioact ive pa r t i cu ­
la tes f rom the r eac to r v e s s e l and control rod drive seal housings blowdown 
effluent. Work on the control rod channel orifice plates continued. 

The s ta in less s tee l r eac to r v e s s e l extension spool and the additional 
depleted uran ium ring for the fuel handling coffin have been received. 

4. Design 

Detailed design was completed on the ins t rumented superhea ter fuel 
a s sembl i e s and assoc ia ted ins t rument leads and p r e s s u r i z e d t e rmina l 
boxes; the special r e a c t o r - v e s s e l - n o z z l e flange for p r e s s u r i z e d t e rmina l 
boxes; b racke t s for i n - v e s s e l downcomer instrumentat ion; a long-handled 
r ight angle drive socket wrench for i n -ve s s e l couplings; and modifications 
on the motor dr ive assembly for the control rod dr ives . Detailed design 
was also conapleted on the appara tus for the subcr i t ica l BORAX-V-type 
assenably which will be ins ta l led in the t he rma l column of AFSR and used 
to check the Cd- ra t io method of void dis tr ibut ion naeasurement . Detailed 
design work continued on the fuel handling coffin, layout of the upper r e ­
actor pit and the duplex f lux-wire counting machine. 

Detailed design was s t a r t ed on the differential p r e s s u r e probes for 
the naeasurement of downcomer w a t e r - s t e a m mixture density. P r e l i m i n a r y 
design work was s t a r t ed on a rotat ing osci l lat ing rod and dr ive, blowdown-
filter systena, and a superhea te r fuel a s sembly s torage rack. P r e l i m i n a r y 
design has also s ta r ted on two types of flow t r ansduce r s proposed for down­
comer m e a s u r e m e n t s . One unit ut i l izes the velocity head developed by flow 



around a submerged cylinder, and will r equ i re and external D / P cell . The 
second unit ut i l izes a drag disk and magnet ic systena for d i rec t flow t r a n s ­
duction to an e lec t r i ca l sys tem. 

The study of the effect of heat t ransfe r on r eac to r kinetics p roblems 
has been concluded. Calculations of control rod worths under hot operat ing 
conditions have been s ta r ted . Methods of decreas ing control rod worth to 
prevent achieving cr i t ica l i ty with one rod a r e being considered and analyzed. 
Calculation of the c r i t i ca l naass of a BORAX-V fuel rod assembly in 
ZPR-VII have been completed and indicate a cold, clean, cyl indrical loading 
of about 576-645 of the 5% enriched rods , depending on the self-shielding 
factor assumed. Conaparison with exper imenta l r e s u l t s will be made. 

Resul ts of the p rob lem on t e m p e r a t u r e dis tr ibut ion in a superheated 
s t eam outlet nozzle indicate that no excess ive t e m p e r a t u r e s a r e caused by 
t he rma l radiat ion heat t r ans fe r fromi 850°F steana. However, the r e su l t s 
indicate a need for additional investigation for s t eam t empe ra tu r e s above 
850°F. 

The decision has been made to add another f ission product naonitor 
for s imultaneous monitor ing of superheated s team and sa tura ted s t eam from 
the s t eam dome during operat ion with a superheat ing core . 

5, Development and Test ing 

a. Control Rods - Nine s t a i n l e s s - s t e e l clad Bora l sect ions of the 
re fe rence control rods were autoclaved for two weeks in 600 psig, 489''F 
water . Numerous blade thickness m e a s u r e m e n t s were taken before and 
after the tes t . Seven of the rods were found to be sa t is factory with only 
an occasional few mi l s dec rea se in th ickness , p resumably due to the 
external p r e s s u r e . One c ruc i form section had swollen enough at one point 
to t ea r out a spot weld and had apparent ly exploded from in ternal p r e s s u r e . 
Another cruciforna rod had an i n c r e a s e in blade th ickness of about 0.035 in., 
but had no vis ible leak. Examinat ion of these defective rods to de te rmine 
the cause of fai lure is proceeding. 

b. In -Core Instrunaentation - Development work is proceeding on 
the p r e s s u r e sea l portion of the p r e s s u r i z e d ternainal boxes for the i n s t ru ­
mented fuel a s sembly leads and the instal la t ion of the high-temiperature 
thermocouples in the boiling fuel thermocouple rods using NIORA braz ine 
alloy. Microscopic examination of samples of tantalum sheathed t h e r m o ­
couples has revea led the p resence of surface c racks apparent ly due to 
tanta lum embr i t t l emen t by gas adsorpt ion during h igh - t empera tu re fabr ica ­
tion or test ing. A method of non-des t ruc t ive ly test ing the tan ta lum-
sheathed port ions of the thermocouples is being sought. Bids have been 
reques ted for ca l ibra t ion of 8 sample tanta lum sheathed W/W-26% Re 
thermocouples at t e m p e r a t u r e s up to 4200''F or higher in a vacuuna or 
iner t gas a tmosphere which will not embr i t t l e the tantalum. 



6. BORAX-V Superheater Cr i t ica l Exper iment 

Draft copies of haza rds studies for a proposed c r i t i ca l exper iment 
with BORAX-V superhea te r fuel subassmbl ies a re being reviewed. The 
experinaent will produce infornaation on flux and power dis t r ibut ions; r e ­
activity coefficients of void, fuel, poison, and t empera tu re ; and spec t ra l 
effects. The exper imenta l co res will include twelve BORAX-V super ­
heater subassembl ies plus sufficiently large UO2 fuel zones to attain 
cr i t ica l i ty . These co res naay be visual ized as being par t of the High 
Conversion Cr i t ica l Experinaent but with par t of the 3 wt-% or 5 wt-% en­
r iched UO2 fuel zone rep laced by highly enriched superhea ter e lements . 

During voided runs , the superhea te r fuel will be insulated f rom 
coolant and modera to r . This condition reduces the prompt negative r e a c ­
tivity coefficient of the co res involved; consequently, the 3 or 5 wt-% en­
r ichment fuel zones mus t provide the shutdown coefficients. The uncooled 
fuel may mel t during an accident but would not if it were in contact with 
coolant. For this r ea son a favorable shutdown coefficient is quite 
important . 

The haza rd of accidental flooding into a voided superhea te r is b e ­
lieved to be control lable by a sys tem of compartmentat ion and double 
water b a r r i e r s . The voided region will be divided into 12 regions which 
will not produce prompt c r i t i ca l conditions if any one should flood. The 
total void worth control led by all 12 e lements is es t imated at 4 or 5% in 
react iv i ty . 

7. Training P r o g r a m 

Editing and revis ing of the BORAX-V Operating Manual continued. 
All prospect ive Operat ions Superv isors and Opera tors have completed the 
BORAX-V Opera to rs Training Course . 



11. SODIUM COOLED REACTORS (040103) 

A. Genera l R e s e a r c h and Development 

1. Z PR-III 

a. Exper imenta l - Work was s tar ted and completed on Assembly 37 
during the month of July. This a s sembly was const ructed to m e a s u r e the 
gamma dose ra t e , neutron flux, and core t empe ra tu r e buildup as a function 
of t ime for a subcr i t ica l a s sembly fueled with plutonium. 

Each core drawer contained two columns of plutonium, three 
columns of depleted uranium and eleven columns of a luminum. The eleven 
columns of a luminum were divided into six columns of 63% AI and five 
columns of 45% AI. An a t tempt was made to duplicate as nea r ly as possible 
the core volume fractions of Assembly 2, a U-fueled c r i t i ca l assenably of 
simple construct ion. The dimensional and volume fraction p a r a m e t e r s a r e 
given for this a s s e m b l y in Table I. 

Table I. Phys ica l P a r a m e t e r s of Assembly 37 

Mass of Plutonium (kg) 

Plutonium Analysis (%) 

Core Length (in.) 
(cm) 

Core Radius (in.) 
(cm) 

Core Volume Frac t ions 

Plutonium 

Depleted Uranium 

Stainless Steel 

Aluminum 

Pu"9 

Pu2« 

20.05 

95 
4.5 
0.5 

8 

20.3 

7.68 
19.5 

0.04 

0.15 

0.12 

0.31 

Although this a s sembly had an effective k of approximately 
0.4, it was loaded as if it were a c r i t i c a l a s sembly . After each smal l 
addition of core m a t e r i a l , subcr i t i ca l counts were taken and plotted as 
inverse count r a t e v e r s u s total m a s s of plutonium in the assembly . As 
loading proceeded, the subcr i t i ca l mult ipl icat ion curve was continuously 
observed to insure that the effective k was not far different from that 
ant icipated. 
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After the a s s e m b l y was completed, gamma dose ra te measure ­
ments were naade with both Juno-type survey m e t e r s and X- r ay fi lms. 
These m e a s u r e m e n t s a r e given in Table II. 

Distance from 
Core (inches) 

front of 
detector) 

0 

3 

6 

12 

20 

29 

Table II. Gamma 

Juno 
Shielding 

7 

7 
/37 
a^7 

7 
^7 
a/37 

7 
^7 
a^7 

7 

a^7 

7 
^7 
a ^7 

Dose Rate 

Reading 
( m r / h r ) 

66* 
69 
71 

42 
43 
44 

32 
33 
34 

16 
18 
21 

9 
11 
12 

6 
6 
6 

Measurements 

X- ray Filna 

Radium 50 kvp 
Calibration Calibration 

260 21 

7 0.5 

*Surface m e a s u r e m e n t s a r e no tcomparab le . 

The la rge d i sc repanc ies between readings could be due to the 
rapidly changing efficiency v e r s u s energy of these detection sys tems in the 
energy region of in te res t . The Juno-type survey m e t e r s a r e cal ibra ted 
with a r ad ium source . The X- r ay films have been cal ibrated using both 
radiuin gamma rays and a 50 kvp X- r ay naachine. The average gamma 
energy for the gamma rays emit ted from this core is probably sonaewhere 
between these two energ ies and may be in the region of 60-70 kev. The 
open-window Juno readings should not be in e r r o r by more than 30% if the 
effective gamma r a y energy is of the o rder of 60-70 kev as anticipated. 
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The neutron flux a t var ious points between the a s sembly halves 
was naeasured using a li thium iodide c rys t a l surrounded by polyethylene 
spheres of varying d i ame te r s , a Hanson-Long counter , an RCL fast neutron 
survey m e t e r , and Eas tman Kodak neutron monitoring filnas. The re su l t s 
of these m e a s u r e m e n t s a r e given in Table III. 

Table III. Neutron Flux Measurenaents 

Distance from Core Face Ins t rument Reading 

29 in. Modified "Long Counter" 70 n f / c m ^ - s e c 
(midway between halves) 

29 in. RCL Fas t Neutron Survey 14.7 nf/cna^ - sec 
Meter 

At contact RCL F a s t Neutron Survey 42 n£/cm^ - sec 
Meter 

At contact Neutron F i lms < 40 n^/cm^ - sec 

The r e su l t s of the l i thium iodide m e a s u r e m e n t s a r e not yet 
avai lable . The wide var ia t ion in the r e su l t s of the neutron m e a s u r e m e n t s is 
felt to be indicative of ca l ibra t ion p rob lems of the types of sys tem. It is felt 
that a m o r e r igorous evaluation of the data coupled with ins t rument r e c a l i -
bra t ions may shed some light on the large d i sc repanc ie s . 

T e m p e r a t u r e m e a s u r e m e n t s were made at 36 points within the 
core at va r ious t imes with i ron-cons tan tan thermocouples to de te rmine the 
t empera tu re i nc r ea se as a function of t ime . 

Thermocouples were spaced to indicate a complete t empe ra tu r e 
profile through one plane of the cyl indr ical co re . In one of these cen t ra l 
d r a w e r s , the thermocouples were placed agains t the side of plutonium fuel 
plates to indicate the max imum t e m p e r a t u r e in the core . Two types of t e m ­
pera tu re buildup were studied. The f i rs t type was m e r e l y a m e a s u r e m e n t 
of the t e m p e r a t u r e i nc r ea se in one half of the a s s e m b l y followed to s a t u r a ­
tion t e m p e r a t u r e . The second m e a s u r e m e n t consis ted of following the 
t empe ra tu r e buildup with 3 in. of F ibe rg las insulation placed in front of the 
assembly . The p re sence of the F ibe rg las insulation will cause heat flow 
from the front face of the a s s e m b l y half to be at a minimum, duplicating 
to some extent the condition existing when both halves of the a s sembly 
a r e together . A typical t e m p e r a t u r e profile, and the t e m p e r a t u r e buildup 
data for the noninsulated condition and the insulated condition, a r e given 
in Tables IV, V, and VI. 



Table IV. Radial Temperature Distribution at Core Face (with insulation) 

Radial Distance Along 
Gore Face from Core 

Thermocouple No. Temperature - {"C) Center (inches) 

12 
23 
29 
35 

Table V. 

43.3 
43.2 
41.8 
38.8 

Temperature Measureinent 

2.54 
4.57 
6.83 
9.25 

- Assembly 37 

Temp. 
(-C) 

33.0 
36.0 
36.9 
38.1 
39.0 
39.0 
39.0 
39.2 
39.4 
37.7 
37.6 
38.1 
37.8 
37.8 

Room Temp. 
(-c) 
22 
26.5 
29.5 
30.0 
25.5 
26.0 
27.0 
27.0 
28.3 
24.0 
25.3 
27.0 
27.0 
25.0 

Temperature measurements for thermocouple No. 12 
located under Pu fuel element, using complete Pu 
loading with no insulation against face. Thermocouple 
No. 12 located in center face of drawer No. lQ-16. 

Time of Measurement (hours) 

0 
29 
99 
100 
121 
122 
124 
126 
127 
144 
146 
149 
151 
168 

Table VI. TeiTiperature Measurement - Assennbiy 37 

Temperature measurements for thermocouple No. 12 
located under Pu fuel element in center drawer 
No. lQ-16. Insulation against the matr ix face. 

Time of Measurement (hours) 

0 
1 
2 

19 
24* 
26 
92 
96 
98 

115 

*Insulation removed for 3.5 hours to add additional 
thermocouples. 

Temp. 
(°C) 

38.7 
39.3 
39.5 
40.9 
40.1 
40.8 
43.4 
43.3 
43.5 
43.0 

Room Temp. 
CO 

28.0 
28.0 
28.0 
25.7 
28.0 
29.0 
27.0 
29.0 
29.0 
25.6 
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The gamma and neutron dose r a t e s at s eve ra l of the measured 
points were a lso computed by approximate methods derived from the 
l i t e ra ture on the fuel ma te r i a l . In the calculations, the core was con­
sidered as a homogeneous cyl indrical source; the effects of the reflector 
and multiplication were not considered. The resu l t s a r e shown in Table VII. 

Table VII. Calculated Gamma and Neutron Dose Rates for Assembly 37 

Distance from Core 7 Dose ( m r / h r ) Neutron Dose ( m r e m / h r ) 

59 0 in. 
6 
20 
29 

146 
121 
10.8 
5.2 0.9 

b. Analysis - Resonance scat ter ing effects of aluminum and 
s ta inless s teel were considered in new cr i t i ca l m a s s predict ions for a few 
ZPR-III a s sembl ies (Table VIIl). The core group t r anspor t and elast ic 
removal c ros s sections were determined by use of the ELMOE Code (see 
P r o g r e s s Report , June, 1961, ANL 6387, p. 15). SNG4 cr i t i ca l mass ca l -
culculations were then ca r r i ed out using the l6-group Yiftah set with core 
t ranspor t and elast ic removal c ross sections modified. Corresponding 
c r i t i ca l m a s s e s which would be obtained if the "conservat ive" v^ values 
r e f e r r ed to by Yiftah a r e used a r e a lso listed. Recent measuremen t s of 
V^^ by A. B. Smith (see P r o g r e s s Report , May 1961, ANL-632^|r, and 
Section IV A 1 of this repor t ) suggest that the lower (d iydE)^ may indeed 
be more valid. Comparison of the r e sonance-cor rec ted , conservat ive v^ , 
calculated naasses with the exper imenta l c r i t i ca l m a s s e s show that: 

(1) the aluminum diluent assembly , No. 23, is now calculated 
of the order of 1% k overly react ive , 

(2) the s ta inless s teel diluent assembly . No. 32, sti l l is com­
puted overly react ive by about 2.7% k; 

(3) the s ta inless s tee l -a luminum diluent assembly . No. 31, is 
overly react ive by about 2.1% k. 

Table VIII. Cr i t i ca l Mas,ses (kgs U^" m Core) 

Calculated* 

Exper imenta l Regular v^ Conservat ive v 25 

ZPR-III Without With Without With 
Assembly Resonance Resonance Resonance Resonance 

No. Measured Cor rec ted Cor rec ted Correc ted Cor rec ted Cor rec ted 

23 
31 
32 

258 
463 
227.5 

271 
494 
239 

219 
387 
176 

233 
407 
197 

241 
414 
188 

257 
43 6 
210 

*Assunies shape factors of 0.94 for sphere to cyl inder . 
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It thus appea r s that the s ta in less steel , l6 -group c ross sections a r e s t i l l too 
reac t ive (by about 1 or 2% k in a s sembly No. 32). An increase in the average 
s ta in less s tee l capture c r o s s section by about 40% in the energy groups 
between 9 kev and 1.35 Mev would be n e c e s s a r y to reduce the a s sembly No. 32 
reac t iv i ty by about 1% k. 

2. ZPR-VI and ZPR-IX 

a. Control and Safety Rods - A contract for the fabrication of 
24 blade- type safety rod dr ive mechan i sms has been placed. Delivery is 
expected to be s t a r t ed in late autumn. 

b. Control Console and Ins t rumentat ion - The control console layout 
drawing has been rece ived from the vendor for approval . With some modi ­
fications it should be possible to accept his layout. The schematic inter lock 
c i rcui t d i ag rams were a l so rece ived from the vendor for approval . These 
drawings a r e now being carefully reviewed. 

c. P r o c u r e m e n t - All of the depleted uranium blanket slugs and core 
dilution plates have been received. Coating of the depleted uranium with a 
teflon m a t e r i a l is in p r o g r e s s . 

All of the control and safety rod dr ive mounting plates and 
support m e m b e r s for ZPR-IX have been received and inspected. 

d. Building - The cycle of p re s su r i z ing , s t ra in measur ing , leak 
hunting, and then sealing continues on cel l No. 5. The las t tes t reached a 
p r e s s u r e of 5 psig {-^ a tm) . At this loading the wall deformation naeasured 
with six s t r a in gauges was consis tent with the design calculat ions, but new 
leaks were found around the door f rames at the concrete interface. Humi-
Seal epoxy r e s i n was pumped into voids in the bond between the door f rames 
and concre te wall and this t r ea tmen t stopped mos t of the leaks . 

Concurrent ly , exper ience with cell No. 5 is being used to ready 
cel l No. 4 for its t e s t s . Standard g r e a s e fittings a r e being instal led on the 
door f rames now so that epoxy sea l can be injected without delay if leaks 
a r e found. 

e. Building Leak Rate Tes t s - All s t ra in gauges were applied on the 
sur faces to be tes ted. This involves the 44 act ive gauges and 44 compen­
sating. All outside gauges were insulated and weather proofed, and a l l 
inside gauges were mo i s tu r e proofed with beeswax. 

To detect any d i sc repanc ies in the readings due to t empera tu re 
var ia t ions between act ive and compensating gauges, the west wall (showing 
the l a rges t t e m p e r a t u r e changes) was thermocoupled and the t empera tu re 



var ia t ion recorded over a 29-hour continuous period. Tenaperature readings 
were taken every half hour and the r e su l t s were plotted. The l a rges t d i s ­
crepancy was observed between the re inforcement to be ins t rumented and 
the slugs provided for the compensa to r s . A maximum possible e r r o r of 
7 mic ro inches / i n . was observed. 

Such a la rge e r r o r cannot be tolerated, s ince it anaounts to 
more than 10% of the maximum anticipated s t r a in s . Thus, the slugs for the 
placement of the conapensators were abandoned. The compensators were 
mounted instead on s emic i r cu l a r plates loosely a t tached to the reinforcing 
ba r s to insure proper heat conduction. Also, it was decided to run the tes ts 
between 11 p.na. and 6 a .m. in order to reduce t e m p e r a t u r e effects to a 
minimum. 

The shel l was p r e s s u r i z e d twice (on different days) to 5 psi to 
check the c o m p r e s s o r , the p r e s s u r e gauges, the water column, and other 
devices . A number of s t ra in gauges that were operat ive at the t ime of 
p r e s su r i za t i on showed reasonable ag reemen t between exper imenta l and 
calculated s t ra ins at the seam between two pours and did not r eco rd unusual 
or unexpected s t r a ins . The final p re s su r i za t ion tes t is expected to be pe r ­
formed after the r epa i r of some heavy leaks and modification of the p r e s s u r ­
izing equipnaent. 

B. EBR-I 

1. Fabr ica t ion of Core IV Fuel E lements 

Work was completed on depleted uranium filled blanket rods . A total 
of 121 acceptable blanket rods were produced by the same techniques to be 
used for the fuel e lements . To date, 125 fuel rods have been loaded with 
plutonium-1.25% aluminum fuel alloy, NaK filled and bonded. Of these , 40 
have been accepted, 5 have been re jec ted for weld leaks , and the remaining 
80 a r e in var ious s tages of inspection. The weld difficulties were t r aced 
to an excess ive ly tight fit of the connector in the tube which caused p r e s s u r e 
to build up behind the welds. The connectors were reworked to vent the 
volume below the weld and the welding problem appea r s to be solved. 

Injection casting of fuel slug m a t e r i a l has been r e sumed to provide 
a sufficient number of slugs for completion of the o rde r . There has been 
unexpected difficulty in producing the r ibs by the upsetting operation. This 
may be due to the necess i ty of roll ing the cas t slugs to a smal le r s ize 
which produces an inc reased surface ha rdness . A slight modification of the 
upsetting procedure has resu l ted in some improvement of this operation. 



P^QpeJ^ties of Plutonium - Aluminum Alloys 

Slunap tes t s on the plutonium-1.25 w/o aluminum fuel alloy for the 
Mark-IV core have been completed. These tes ts were designed to de te r ­
mine the s lump behavior of this alloy on repeated heating and cooling in 
the t empe ra tu r e range 400-640°C, under an axially applied load of 20.3 psi . 

The tes t r e su l t s on specimens measur ing 0.205 in. in diameter by 
1.5 in. long can be summar ized as follows: 

1. An honaogenizing heat t r ea tment , c a r r i ed out under vacuuna at 
450°C for 145 hours , g rea t ly improves the load carrying abili ty 
of the alloy. Following such a heat t r ea tment specimen SB-2 
showed no tendency to s lump below 500®C. 

2. The benefits of such a heat t r ea tment a r e retained at 550°C 
for tes t per iods up to 20 hours . 

3. Approximate ly the same benefits can acc rue from a three 
hour homogenization at 550*0. 

4. With ei ther homogenizing heat treatnaent the amount of slump 
occurr ing at any t empe ra tu r e in the range 400-550°C can be 
expected to dec rea se with each success ive heating cycle. 

5. Above 550®C the amount of s lump inc reases by a factor of 
seven or m o r e for a l l spec imens r e g a r d l e s s of heat 
treatnaent. 

6. At no t ime did any specimen collapse suddenly and without 
warning even at t e m p e r a t u r e s up to 640^0. 

The benefits of a long and an abbrevia ted homogenizing heat 
t rea tment a r e i l lus t ra ted graphical ly in F igures 1 and 2. 
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ELAPSED TIME AT TEWPERATuRE IN HOURS 

Figure 1 

Decrease in Length of Specimen SB-2 with Time at Temperature 

Specimen Load, 20. 3 psi 

I - 1 4 -

! - 1 6 -

- 1 8 -

- 2 0 -

- 2 2 -

- 2 4 -

2nd CYCLE 
500 "C 

3rd CYCLE 
550 °C 

~~^ 
DECREASES , 
LINEARLY A TOTAL 
0=- l4Jr r . i l s 
66 -3 /4 hrs 

Heatinq 
Cycle' 

1 

2 

Holding 

"C 

400 
450 
500 
400 
450 
500 

?enoas 

Hrs 

2.U 
4.0 

15.0 
2.0 
3.0 

15.7 

Change-
in Length 

imjisi 

nil 
-1.0 
-1.1 
zero 
ni l 
-0 75 

Heating 
Cycle 

3 

4 

l^ltoiding Periods 

r »C ' Hrs 

400 
1 450 

300 

2.0 
2.0 
2.0 

, 550 16,5 
1 500 2.0 

550 66.8 

Cnange* 
in Length 

(miisi 

zero 
?ero 
zero 
•3.85 
ml 
14.3 

•At ^0.20 considered ni l 
1 L_ 

8 8 ID 12 14 
ELAPSED TIf.'E AT TEWPERA-IJRE IN HOURS 

Figure 2 

Decrease in Length of Specimen UH-1 with Time at Temperature 

Specimen Load,20. 3 psi 
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C. EBR-II 

1. Construct ion 

The approximate s ta tus of construct ion cont rac ts as of July 18, 1961, 
was as follows: 

Building % Completion 

Power Plant (Package 2) 100 
Reactor Plant (Package 2) 100 
Fuel Cycle Faci l i ty 93 

2. Instal lat ion of Equipment - Package 4 

a. Cleaning Operat ions - Cleaning of the secondary sodium sys tem 
has s ta r ted . The cleaning procedure consis ts of three major opera t ions : 
1. cutting open the sys tem; 2. removing the foreign m a t e r i a l f rom the piping; 
and, 3. welding the sys tem closed. The pipe cutting operat ion is about 
40 percent complete . The removal of foreign m a t e r i a l has been initiated. 
Welding has not begun. 

The pipe is opened with a cutting tool which faces simultaneously 
both sides of the cut with a 3 7 ^ welding bevel, and removes only that m.ate-
r ia l n e c e s s a r y for p roper f i t-up for rewelding. By this p rocedure no addi­
tional pipe 3xiaterial is requi red for reasse inbly of the sys tem and fit-up 
of the piping for welding is faci l i tated. The use of a cutting tool r a the r than 
a saw, slitting wheel or cutting to rch reduces to a minimum the quantity of 
foreign m a t e r i a l introduced into the piping by this operation. 

A possible cleaning technique was d iscussed in the P r o g r e s s 
Report for June (ANL-6387) which ut i l izes s tandard pipe cleaning "pigs ." 
This method is being employed. The smal l pig shown in F igure 2 of the 
June Report is used; however, the s tandard unit shown in Figure 2 is slightly 
modified. It is shor tened for e a s i e r removal from the piping and the s teel 
nose is replaced by a nylon one to avoid damage to the pipe wall . 

The modified units have been used to clean one of the two evapo­
ra tor sodium outlet h e a d e r s . F igure 3 shows the header after it has been 
opened for cleaning. This line is a typical example of the type of piping 
configuration to be cleaned. The s t ra ight 10 in. portion of the header is 
cleaned by pulling a pig through the l ine. The four "S" shaped 8 in. l ines , 
which a r e open at one end and at tached to the 10 in. header at the other , 
a r e cleaned by propel l ing the pig through the line with a i r p r e s s u r e . To 
do th is , the 8 in. pig is loaded into the open end of one of the 8 in. l ines 
followed by the pipe plug which effects a t empora ry pipe c losure as shown 
in F igure 3. The enclosed volume between the pipe plug and pig is p r e s ­
sur ized with a i r via an opening through the pipe plug. At 20 to 30 psig a i r 



p r e s s u r e the pig is propelled through the line and is stopped by the 10 in. 
header . The nylon nose pro tec ts the header from damage. The unit is 
withdrawn through the 10 in. header by pushing it through the line with a 
second pig which is manually manipulated. 

Figure 3 

Cleaning Operation Evaporator Sodium Outlet Header 

The cleaning procedure which is being used is as follows: 

1 The line is opened andmade access ible for cleaning. For 
example, the 10 m. header noted above is cut open at each end, the four Sin. 
evaporator sodium outlet l ines a re cut free from the evapora tor , and the 
header is moved to provide access to the pipe openings. The piping con­
figuration shown m Figure 3 is then ready for cleaning. 

2. The inter ior of the pipe is visually inspected through all 
openings. Any foreign ma te r i a l near an opening is recorded, photographed 
and removed. 



3. The pipe cleaning pig is put through the line a minimum 
of three t imes . If at this t ime there is evidence that foreign ma te r i a l sti l l 
exis ts in the pipe additional p a s s e s a r e made until such evidence is removed 

4. The pipe is wiped to remove loose, fine, part iculate ma t t e r . 
The wiping action is accomplished by replacing the wire brush on the pig 
with cloth ma te r i a l . 

5. The l ines a re blown c lea r with air and sealed closed to 
p r e s e r v e the state of c leanl iness . 

6. All ma te r i a l removed from the system is carefully photo­
graphed, recorded and retained. 

7. The piping is r eassembled , rewelded and s t r e s s relieved, 
if necessa ry . During this operation the piping system is flooded with iner t 
gas to facili tate welding and to prevent scaling of the pipe. 

F igures 4 and 5 show the condition of the in ter ior of two of 
the four evaporator sodium outlet nozzles pr ior to cleaning. 

Figure 4 

Interior ot One of the Four Sodium Outlet Nozzles 
Showing Scale and Nut-Bolt-Washer-Wire Assembly. 
For X-ray of This Foreign Material Refer to Fig­
ure 3 page 20 of April Report (ANL-6355). 

Figure 5 

Interior of Another of the Four Evaporator Sodium 
Outlet Showing Scale, Ashes, and Foreign Material. 



Note that in each instance the line is contaminated with a nu t -bo l t -washer -
wire a s sembly which is laying in or near a heap of ashes and /o r sca le . 
Each of these units was a t empora ry pipe plug used by the construct ion 
cont rac tor . The plug was used to effecta t empora ry blockage of the evapo­
ra to r inlet in o r d e r to main ta in an iner t gas a tmosphere within the pipe for 
welding the pipe to the evaporator nozzle . It is believed that removal of 
these plugs was intended to be via the 2 in. thermocouple well nozzle shown. 
(The thermocouple well was not in place at that t ime.) To accompl ish th i s , 
a very flexible type plug would be n e c e s s a r y to be removed through a 2 in. 
opening. Difficulty at this stage could easi ly cause the loss of a plug. In 
F igure 3 of the P r o g r e s s Report for April (ANL-6355) an X- ray photograph 
of a nu t -bo l t -washe r -wi re assembly was shown. The object in F igure 4 is 
that a s sembly . 

b. Identification of Piping Mate r ia l - Concern has existed that 
miaterial o ther than the specified 2.25 w / o Cr -1 .0 w/o Mo low carbon s teel 
had been accidental ly instal led in the piping sys tem. Unfortunately the 
situation was vague in that it was not known whether , 1) another m a t e r i a l 
had definitely been instal led, and 2) whether the sodium and /o r the s team 
piping was involved. Accordingly, both sys tems were suspect . To min i ­
mize damage to the existing sys t ems by removal of samples for chemica l 
ana lys i s , nondestruct ive techniques have been developed for identification 
purposes . During the p re sen t per iod, all the sodium piping of 4 in. d iam­
e t e r and l a r g e r has been checked with a t he rmoe lec t r i c device supplemented 
by spark tes t ing. The t he rmoe lec t r i c device was developed by the Labo­
ra tory for this specific p rob lem. After nondestruct ive checking was com­
plete, a smal l number of samples were taken for chemical ana lys is . These 
indicate that one length of pipe was slightly out of specification, and that 
some of the welding rod used is suspect . Additional sampling of the welds 
is planned. 

c. Containnaent Vesse l - As descr ibed in the preceding P r o g r e s s 
Report (ANL-6387), wa te r seepage had been d iscovered from a local ized 
a r ea of the concre te wall lining the inside of the containinent ves se l . The 
a r ea involved was located on the southeast side of the building immediate ly 
below the sub-basement ceil ing. The concre te in this a r e a had been r e ­
moved to acce le ra t e drainage of the remaining wate r t rapped in the thin gap 
between the wall and the v e s s e l . Although it was cons idered ex t remely un­
likely that this water could have en te red the building by passing through 
the containment vesse l from the outs ide, a p recaut ionary tes t was thought 
des i rab le for substantiat ion. This t e s t is now essent ia l ly completed. 

A curved t r ench about two feet wide and two feet deep was dug 
immedia te ly outside the containment v e s s e l in the southeast quadrant as 
shown in F igure 6. 
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Figure 6 

Trench Layout Employed in Fluorescein Solution Testing of Containment Vessel. 

This t rench, which encompasses the seepage a rea location, was filled with 
approximately 1200 gallons of water bearing 50-100 ppm of f luorescein. 
Fo r a period of three days, additional solution was added to make up for 
that absorbed by the ea r th and maintain the t rench filled. After one week 
with no new leakage and no t r ace of f luorescein discernible at the seepage 
a rea , additional t renches were dug surrounding the containment vesse l as 
shown in the figure. These t r enches , with the original t rench, constituted 
an almost continuous ring around the entire vesse l ; only those a reas which 
were inaccess ib le , such as at the Power Plant and Fuel Cycle Plant co r ­
r ido r s , loading dock, e tc . , were not t renched. These newer t renches were 
initially filled with approximately 6000 gallons of f luorescein solution and 
then were maintained filled over a three day period. No new seepage and 
no t r ace of f luorescein at the seepage a rea inside the Reactor Plant has 
been found to date (three weeks from commencement of the tes t ) . The 
t renches a r e now to be refilled with ea r th and the tes t considered concluded, 
except that additional checks for f luorescein at the seepage a rea will be 
made for another week or two. 



d. Leak Rate Test - A leak rate tes t was per formed on the 
Package III isolat ion valve in the suspect exhaust l ine. After a 72-hour, 
24-psi tes t , loss of p r e s s u r e was only 0.2 ps i and the valve and line to 
the building a r e cons idered leak-t ight . 

3. P r epa ra t i on for Dry Cr i t ica l Exper iments 

P repa ra t i ons for the dry c r i t i ca l exper iments by Labora tory 
personnel have been continued through the p re sen t per iod and a re now 
close to completion. As in the preceding per iod, the work of this per iod 
consis ted p r imar i l y of minor co r rec t ive actions and modificat ions, 
checking-out of the mechanica l equipment and e lec t r i ca l c i rcu i t ry , final 
al ignments and adjustments of components and equipment, etc . The 
cu r ren t status of this work is very briefly reviewed below: 

The final checkout of the ent i re fuel handling sys tem is approaching 
completion. A s e r i e s of t r a n s f e r s of subassembl ies between the s torage 
rack and var ious posi t ions within the r eac to r has been accompl ished with 
no significant difficulty, although many minor adjustments and modifica­
tions were found to be n e c e s s a r y . With the exception of a smal l amount of 
rework st i l l to be done on the t r ans f e r a r m mechan i sm, the re r ema ins only 
a fur ther s e r i e s of t r ans f e r s of subassembl ies into and out of the r eac to r 
to be accomplished successfully before the fuel handling sys tem may be 
cons idered ready for dry c r i t i ca l exper iments . 

Some difficulty has been exper ienced in obtaining smooth operat ion 
of the t r ans fe r a r m mechan i sm. Intermit tent ly "st icking" of the a r m has 
occur red , apparently because of a faulty bear ing. This is considered 
minor , because the t r ans fe r a r m is manually dr iven and is readily d i s a s ­
sembled for inspection. The a r m will be d i sassembled and the difficulty 
co r r ec t ed p r io r to s ta r t ing dry c r i t i ca l exper imen t s . 

It has been found that s eve ra l of the subassembly tubes in the s t o r ­
age basket were l a r g e r than cal led for in the design. As a resu l t the con­
t ro l rods and safety rods fit too loosely in the s torage basket tubes and a r e 
not held as close to the ve r t i ca l posi t ion as is requi red . Since the s torage 
basket is not r equ i red to se rve i ts no rmal function during the dry c r i t i ca l 
exper iments , modification to the basket will not be made until a l a t e r date. 

P repa ra t i ons have been under way for introduction of the neutron 
source into the r eac to r . One neutron source thimble and one neutron source 
shield thimble were inse r t ed in the i r p roper posit ions in the r eac to r . All 
dry c r i t i ca l , i n - co re ins t rumenta t ion has been instal led. P rac t i ce runs , 
using a dummy neutron source , have been completed to check out the p r o ­
cedure for introducing sources into the r eac to r f rom the t empora ry source 
s torage holes in the operat ing floor of the Reactor Plant . 
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A minor naodification to the lower adaptor of each of the twelve 
control rods was made to el iminate difficulty initially encountered with 
operat ion of the control rod gr ipper jaw drive. The modification consisted 
of lengthening the lower adaptor seating pin by approximately j ^ in. One 
control rod drive was tested in place, using a dummy control rod, to 
determine the s c r a m t ime-d i sp lacement cha rac te r i s t i c . Its performance 
was completely sat isfactory. 

Although the dummy loading of the reactor was completed in the 
preceding period, no photographs of the loading were available at that 
t ime. As a m a t t e r of genera l information, Figure 7 shows the reac tor 
witha port ion of the outer blanket and the centra l (thermocoupled) sub­
assembly loaded. Easi ly seen also a re the twelve control rod drive shafts 
with gr ippers attached at their lower ends, the holddown mechanism, a 
portion of a r eac to r vesse l cover lock mechanism (at the right of the 
photo), and the reac tor coolant outlet nozzle. 

Figure 7 

View of Reactor Core during Duinm\ Loading Showing the Outer Blanket and 
Central Thermocouple Subassemblies Partly Loaded. 

Minor modifications were made to the control c i rcui ts as the re­
sult of a safety review. These modifications have been checked out and 
sat isfactory operat ion of the sys tem achieved. 

A detailed checkout was also made of the shutdown system to be 
used for the dry c r i t i ca l experiment . The control functions initiated by 



Channels A and B, Channels A and B level bypass , and Key Switch No. 6 
(Reactor Startup Key) were instal led. The sys tem was operated and each 
control function checked to a s s u r e initiation of a s c r a m . 

A light panel and switch were instal led in the control room to p e r ­
form nonautomatic functions and indicate isolation valve posi t ions . A 
valve-posi t ion indicator has a lso been instal led on the ins t rument a i r 
valve to indicate position in the control room. 

The automatic data logger has been p r o g r a m m e d for those signals 
per t inent to the dry c r i t i ca l expe r imen t s . 

Systems have been placed into operat ion for opera tor t ra in ing, and 
reac to r checkoff sheets have been reviewed. 

Comimon-key switches on the operating console have been replaced 
with individually-keyed swi tches . 

Reactor Technology course for new technicians is p rog res s ing 
sat isfactor i ly and is about — complete . Technician t ra ining on the operat ion 
of the e l ec t r i ca l power sys t em is continuing. A technician t ra ining p r o ­
g ram has been s t a r t ed to t r a in technicians for the init ial sodium tank ca r 
unloading and sys tem filling. These t r a inees will u l t imately be the sodium 
sys tem o p e r a t o r s . 

4. Engineering 

A final exper imenta l flow tes t of an inner blanket subassembly has 
been completed. This t e s t was r equ i red to verify the calculated flow ra te 
ve r sus p r e s s u r e drop c h a r a c t e r i s t i c of the as -bu i l t subassembl i e s , which 
incorpora ted one final design change not previously tes ted. The change 
consis ted of a modification of the flow r e s t r i c t o r s t r ip geometry to in­
c r e a s e coolant flow ra te through the pe r iphe ra l channels of the subassembly 
The tes t was conducted in an ins t rumented water loop using an exact, full 
scale model of the subassembly , and the data conver ted analytically to the 
EBR-II sodium sys tem. The r e su l t s indicate that at full r e a c t o r coolant 
flow, the flow ra te per subassembly to be expected in each row of the inner 
blanket i s : sixth row, 30.1 gpm; seventh row, 20.3 gpm. These flow ra t e s 
a r e very sat is factory. They compare with flow r a t e s before the final modi ­
fication of 22.8 and 16.5 gpm, and with predic ted flow ra t e s of 32.2 and 
19.5 gpm, respec t ive ly . 

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

Fabr ica t ion of the sod ium- to -sod ium heat exchanger is complete 
and it is en route to the s i te . 



Manufacture of about 825,000 lbs (ten tank cars ) of sodium coolant 
is now complete. The chemical analyses of the sodium coolant have been 
received and a r e acceptable. The specified chemical composition of the 
sodium, and the resu l t s of the chemical analyses of a sample from each 
of the ten (10) tank c a r s as repor ted by the sodium manufacturer , are 
shown in Table IX. Delivery of the tank ca r s to the site is expected next 
month. 

Table H . Analyses of EBR-I Sodium Coolant 

Element 
(ppm) 

Calcium 
Carbon 
Chlorides 
Sulphur 
Boron 
Lithium 
Silver 
Gold 
Cadmium 
Indium 
Potassium 
Alkalinity, 

as Na,% 

Specified 
(ppm maxi 

10 
50 
30 
10 
5 

20 
20 
3B 
20 
30 

1000 

99.97 1 0. 

67900 

<5 
20 
2 

<2 
<1 
<1 
<2 
<2 
<1 
12 

124 

100.01 

67902 

<3 
21 
5 
2 

<1 
<1 
<2 
<2 
<1 
11 

190 

99.98 

67905 

<5 
5 
5 
1 

<1 
<1 
<2 
<2 
<1 

9 
135 

99.98 

67906 

<3 
10 
8 
2 

<1 
<1 
<2 
<Z 
<1 
13 

150 

99.98 

Tank Car GATX IMo. 

67907 

<5 
16 
11 
6 

<1 
<1 
<2 
<2 
<1 
12 

138 

99.97 

67908 

<:2 
26 
22 
1 
2 

<1 
<2 
<2 
<1 

8 
132 

100.00 

67909 

<2 
16 
13 
<1 
2 

<l 
<2 
<2 
<1 
11 

151 

99.97 

67978 

5 
17 
3 

<2 
2 

<1 
<2 
<2 
«1 
7 

121 

99.95 

67979 

8 
29 
3 

<2 
2 

<1 
<2 
<2 
<1 
11 

104 

99.99 

67981 

<5 
12 
13 
<2 
2 

<1 
<2 
<2 
<1 
11 

119 

99.99 

6. Component Development - Instrumentation 

All wiring revis ions neces sa ry for dry cr i t ica l operation have been 
made. Final checkout of nuclear instrumentat ion, the control rod c i rcu i t s , 
and the emergency reac tor shutdown c i rcu i t s , is being ca r r i ed out. 

a. Fuel Handling System - Field testing of the fuel handling con­
t ro l sys tem has necessa r i ly been integrated with concurrent mechanical 
testing of the mechan i sms , and other activit ies such as the loading of 
blanket subasseinbl ies . Some difficulty has been experienced with opera­
tion of the gr ipper force- l imit ing devices. Operation is satisfactory for 
dry cr i t ica l exper iments , but some modifications may be required after 
these exper iments have been completed. Circuit modifications and wiring 
to accommodate the recently added rotating plug rotational locking devices 
a re approximately 90% complete. 

b. Cable Connectors - The lOO-contact connectors used for con­
necting cables to the rotating plugs have in some cases failed to make 
rel iable contact. This is at least par t ly due to the weakness of the aluminum 
connector shel ls . Replacement shells made of steel have been ordered , 
and will be instal led as t ime p e r m i t s . 

c. Refueling Machine - The refueling machine, except for its 
associated c a r r i a g e , has been del ivered to Argonne, Illinois. The control 
c i rcui t design is being modified to accommodate the revised cooling sys ­
tem, port seal , and port seal purging scheme. 



d. Fuel Element Fa i lu re Detector - A continuous monitoring station 
for EBR-II fuel rupture has been under development for about one year . 
After the decis ion was made to base the detection scheme on delayed neutron 
monitor ing, a neutron source with appropr ia te gamma background was con­
s t ructed for test ing purposes by inser t ion of a long source containing i r r a d i ­
ated sodium into a heavy wate r jacket , so a s to s imulate the coolant bypass 
on which the actual equipment will be located. Measu remen t s were then 
made with graphite s tacks of different s ize , and with different detector loca­
tions, to a sce r t a in signal s t rength and background. Among other informa­
tion, it was thus found that it would be n e c e s s a r y to keep the detector pulses 
as short as possible in o rde r to minimize gamma pileup; fur ther , it became 
apparent that de tec tors with r a the r special c h a r a c t e r i s t i c s would eventually 
be des i rab le . Consequently, two fast , t r ans i s t o r i zed ampl i f ie rs were o rde red 

The or iginal intention of locating the graphi te s tack inside the 
sodium purif icat ion cel l was abandoned, and a sepa ra t e loop, with somewhat 
fas ter flow speed, will be instal led. This loop is expected to be uti l ized by 
other exper iments as well , and will be readily access ib le at all t imes . Some 
thought has been given to the potential benefits of increas ing the s igna l - to -
background rat io of the moni tor by means of neutron mult ipl icat ion, that i s , 
through inser t ion of f issionable m a t e r i a l into the graphi te mode ra to r . P r e ­
l iminary calculat ions suggest that a mult ipl icat ion of the o r d e r of 5 to 
10 will make a very cons iderable improvement in the o v e r - a l l re l iabi l i ty 
of the moni tor while minimizing the potential haza rds which might be 
anticipated for s t ronger mul t ip l ica t ions . With some mult ipl icat ion, im­
proved de t ec to r s , and fast e l ec t ron ics , the gamma background may even­
tually be el iminated. 

A second s e r i e s of equipment t e s t s and possibly naultiplication 
m e a s u r e m e n t s is planned for September . All the equipment will then be 
moved to the National Reactor Testing Station, where fur ther t e s t s may be 
made and the complete moni tor ins ta l led at i ts EBR-II s i t e . 

7. Component Development - Steam Genera to r s 

In the P r o g r e s s Repor t for F e b r u a r y , 1961 (ANL-6328) it was r e ­
ported that a decision had been made to use two modified evapora to rs as 
supe rhea te r s in the s t eam plant. Late del ivery of the specia l quality 
2.25 w/o Cr -1 .0 w / o Mo tubing for the second unit has delayed fabricat ion 
of the two units until this month. All of the components have now been r e ­
ceived and assembly of the units has s ta r ted . This involves modifying a 
completed evapora tor fabr ica ted as a s p a r e , and assembl ing a second unit 
f rom the s tar t ing components . 



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

a. Fuel Cycle Faci l i ty - The Fuel Cycle Faci l i ty Building is about 
93 percen t completed. Instal lat ion of se rv ices is now the main concern. 

Equipment for use within the Faci l i ty is being designed and 
fabricated. The window shut te rs for the Argon Cell a re being machined 
and assembled . The scrap-handl ing coffin has been delivered. The 
smal l scrap-handl ing conta iners which will be used for s torage of low-
level was tes have be en found sat isfactory. 

A collapsible stand for manipulator c a r r i a g e s has been fab r i ­
cated. The stand will be used to support a manipulator ca r r i age after its 
removal from the bridge for purposes of inspection and maintenance. 

F i lms have recent ly been discovered deposited on the in ternal 
polished glass surfaces of the shielding windows. This will cause a further 
delay in their instal lat ion. The new tentat ive instal lat ion per iod is between 
October 1 and November 30. 

Design of equipment for a 5-kg scale skull rec lamat ion p r o c e s s 
is continuing. 

b. Remotely Control led Methods and Equipment for Fuel F a b r i c a ­
tion - Assembly drawings were completed for two remote indicating 
balances for the mel t p repa ra t ion station. Detailing of this equipment is 
under way. Specifications were completed for the balance readout indica­
to r s and these were submitted for p rocuremen t action. Designs, detai ls 
and specifications were completed on the fuel pin process ing and inspec­
tion equipment. The fuel e lement assenably and welding station details a r e 
es t imated at 88% complete . Specifications were p r epa red and submitted 
for procuremient of the dry argon c o m p r e s s o r s requi red to power the 
argon cell equipment. 

Design work has been completed on leak detection equipment. 
Designs were 90% completed on the bonding machinery and specifications 
a r e being p r epa red . Fuel e lement construct ion and welding equipment is 
es t imated at 76% complete . 

The design of control equipment to be located in the subcell is 
es t imated at 90% complete . Instal lat ion drawings for the basement a r ea 
a re es t imated at 50% complete and of the operating annulus at 40% complete . 

The injection casting furnaces a r e being constructed by the 
Labora tory and a r e es t imated to be approximately 65% complete . The 
furnace v a c u u m - p r e s s u r e sys tem has been ordered . The vendor will 
submit manufacturing pr in ts for approval and is to del iver the sys tem 



within 60 days of rece ip t of the o rde r . Most of the component pa r t s of the 
five station leak detector have been fabricated and a r e being assembled . 
Nine of twelve cabinets for pushbutton control s tat ions in the operating 
annulus have been received. Pushbuttons and controls a r e being instal led 
in these . Two 2,000 wat t - second capacity s to red -ene rgy welding power 
supplies were a s sembled and tes ted . 

9. P r o c e s s Development 

The initial co re loading of EBR-II , which cons is t s of 50 percent en 
r iched uran ium alloyed with noble me ta l f ission product e lements , will be 
recovered by mel t refining. After the s ta in less s tee l jackets have been 
removed mechanical ly , the fuel pins a r e chopped and charged to a z i r -
conia crucible where they a r e mel ted and held at a t e m p e r a t u r e of MOCC 
for th ree to four hours . Approximately two- th i rds of the f ission products 
a r e removed by this t r ea tmen t through mechan i sms of volati l ization and 
select ive oxidation by the c ruc ib le . The purified product is collected in 
the form of an ingot by pouring the molten meta l into a graphite mold. 

A supplementary p r o c e s s involving a liquid me ta l sys tem will be 
used to recover u ran ium and plutonium from the me l t refining skul ls . 
The skull rec lamat ion p r o c e s s will also pe rmi t control of the concent ra ­
tions of noble f iss ion products in the recycled fuel. The p roces s p r e s ­
ently involves removal of a mel t refining skull f rom a crucible by 
oxidation of the skull to conver t it to a powder, se lect ive extract ion of 
noble naetals (ruthenium, rhodium, pal ladium, molybdenum, and tech­
netium, whose oxides a r e reducible by zinc) into molten zinc from a 
s lu r ry of the oxides in a molten chloride flux, reduction of uranium 
oxides by magnes ium in a zinc solution, u ran ium precipi ta t ions to en­
able removal of var ious f ission products in the supernatant solutions, 
and a re tor t ing step to isolate a u ran ium meta l product . 

A second liquid me ta l p r o c e s s will be used to concentra te the plu­
tonium from the r eac to r blanket. In the cu r ren t p r o c e s s , the about 
one percen t p lu tonium-uranium alloy is dissolved in zinc containing 10 
to 15 pe rcen t magnes ium. Additional magnes ium is then added to p r e ­
cipitate meta l l i c u ran ium. The plutonium dissolves in the magnes ium-
r ich phase and the de s i r ed separa t ion is thereby accomplished. After 
separa t ion of the phase s , the uran ium and plutonium a re r ecovered by 
re tor t ing . 

P r o c e s s s tudies include the determinat ion of chemical and physi ­
cal p rope r t i e s of subs tances of p r o c e s s in te res t , the development of 
engineering operat ions into workable p lan t - sca le techniques and demon­
s t ra t ions of p r o c e s s e s under levels of radioactivi ty anticipated in plant 
usage . Work to improve var ious p r o c e s s steps and to simplify the 
p r o c e s s e s is continuing. 



a. Melt Refining P r o c e s s Technology - A fourth mel t refining ex­
pe r imen t with highly i r r ad i a t ed EBR-II- type fuel pins has been completed. 
A 364-gram charge of ten percen t enr iched uranium-five percent f iss ium, 
i r r ad ia ted to an es t imated burnup of one percent and cooled for 35 days , 
was mel t refined in a z i rconia crucible for one hour at 1400°C. This ex­
per iment thus duplicated the conditions of the thi rd exper iment with respec t 
to holding t ime , t e m p e r a t u r e , crucible composition, and furnace atnaosphere. 
A yield of 74 percent was obtained in the fourth run as compared to a 
52 percent yield in the thi rd run. The higher yield is a t t r ibuted to ce r ta in 
precaut ions that were taken to l imit the exposure of the fuel pins to a i r 
insofar as this was prac t icab le . The pins were blanketed with argon 
whenever feasible; the si l icon carbide abras ive used to clean the pins 
p r io r to mel t refining was outgassed; the pins were sparged with argon 
during the cleaning operat ion; and the mel t refining crucible was out-
gassed for G-j hours at 860*^0 before it was instal led in the inelt refining 
furnace. Although these p rocedure s resul ted in an improved yield, it is 
recognized that the improvisa t ions which were used to s imulate m o r e 
closely the conditions within the EBR-II Argon Cell could not be ent i rely 
successful because of exper imenta l l imitat ions and that exposure of the 
pins to a i r at var ious t imes during the handling operat ions could not be 
avoided. 

Analytical r e su l t s from the second mel t refining exper iment 
with highly i r r ad ia t ed m a t e r i a l a r e in agreement with resu l t s from the 
f i rs t . The removal of f iss ion product yt t r iuin and r a r e ea r ths exceeded 
99 percent ; over 95 percen t of the te l lur ium was removed. About 18 p e r ­
cent of the z i rconium was removed; this amount is g r ea t e r than the amount 
(9.2 percent ) removed in the f i r s t run with highly i r rad ia ted m a t e r i a l . 
These z i rconium remova l s , although modest^ a re of par t i cu la r in te res t 
since they were not observed in e a r l i e r work with un i r rad ia ted and low-
activity m a t e r i a l s . Analytical data for the thi rd and fourth exper iments 
a re not yet avai lable . 

Additional exper iments were made to determine the effect of 
s torage conditions on mel t refining yie lds . F i s s i u m fuel pins were s tored 
for 24 hours at 350°C in an argon a tmosphere that initially contained six p e r ­
cent ni t rogen and 1.7 pe rcen t ni t rogen at the conclusion of the exper iment . 
The mel t refining yield was 84 percent . In compar ison, a yield of 91 p e r ­
cent was obtained with pins that were s tored under a pure argon a tmos ­
phere at the same t e m p e r a t u r e for two hours . In the EBR-II Fuel Cycle 
Faci l i ty , the argon a tmosphere is expected to contain ni trogen in con­
centra t ions up to 5 percent . 

F u r t h e r studies were made of the t r anspor t of fission product 
act ivi t ies through the off-gas handling equipment used in mel t refining. 
The only e lements found in l a r g e r than t r ace amounts were noble gases 



and iodine-131. Samples of the argon a tmosphere in the furnace at the 
completion of mel t refining indicated that about 0.01 percent of the total 
iodine-131 p re sen t was in the gas phase . 

b. Skull Reclamation P r o c e s s - In a new demonst ra t ion of the 
skull rec lamat ion p r o c e s s , successful removals of the noble meta l f ission 
products (ruthenium, rhodium, pal ladium, and molybdenum) were again 
obtained. The feasibil i ty of recycling a crucible containing a heel of 
uranium and magnes ium in zinc solution from a previous reduction step 
to the noble meta l leach step was tes ted. No prob lems were encountered 
m the recycling operat ion. 

The use of bery l l ia c rucib les in re tor t ing uranium concentra tes 
has given reproducibly high r ecove r i e s (90 to 99 percent) of the uranium 
charged to the cruc ib le . The main difficulty appears to be crucible quality. 
In the mos t recent run an i so s t a t i ca l l y -p re s sed beryl l ia crucible (about 
90 percent theore t ica l density) was evaluated in an exper iment under con­
ditions essent ia l ly the same as in the in te rmeta l l ic precipi ta t ion, decompo­
sition, and uranium re tor t ing steps of the rec lamat ion p r o c e s s . The crucible 
cracked in the side wall during the precipi ta t ion s tep; however, it r emained 
intact and readi ly r e l eased 99 percen t of the u ran ium as product. 

Labora tory studies confirmed difficulties observed e a r l i e r (see 
P r o g r e s s Report , June , 1961, ANL-6387) in demonst ra t ion runs in obtaining 
rapid and quantitative reductions of uran ium oxides with high naagnesium 
concentrat ions (12 weight percent) in the zinc phase . In addition, it was 
found that f ragments from the z i rconia mel t refining crucible a r e reduced 
under these conditions. More favorable operat ing conditions for the reduc­
tion step a re being sought. 

P r e l i m i n a r y design on integrated p r o c e s s equipment for pilot 
plant skull rec lamat ion equipment is in p r o g r e s s . The equipment would 
be contained in an argon glovebox and have a capacity of 2.5 k i lograms 
of skull oxide. 

c. Di rec t P roces s ing of Clad EBR-II Fuel Pins - Survey runs were 
made to de te rmine the feasibil i ty of dissolving s ta in less s tee l -canned 
EBR-II fuel pins in zinc and extract ing the u ran ium into a fused salt by 
means of an oxidant such as zinc chlor ide . In 10— hours at 600°C all of 
the uranium was ext rac ted by the flux while all of the iron and nickel and 
83 percent of the chromium were dissolved by the zinc. At 500°C the r e ­
action ra t e s w e r e too low and the exper iment was discontinued after 
three hours . 

d. Blanket P roces s ing - The blanket p r o c e s s which is cur ren t ly 
being demons t ra ted in s m a l l - s c a l e runs consis ts of dissolving the 1 p e r ­
cent p lu tonium-uranium alloy in a 12 pe rcen t magna s lum-zinc solution. 
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precipi tat ion of the uranium by addition of magnesiuna to 50 percent con­
centrat ion and cooling to about 450°C, and recovery of the plutonium from 
the supernatant by evaporation of the magnesium and zinc, The flowsheet 
for the blanket p rocess is shown in Figure 8. 
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Liquid Metal Process for Uranium Blanket Metal 

e. Plutonium Recovery P r o c e s s e s - Exper iments to determine 
the distr ibution of ce r ium between liquid plutonium and calcium at 860°C 
and between plutonium and ca lc ium-zinc solutions at 860°C and 705°C have 
been completed. Analytical data on cer ium distribution a re not yet avai l ­
able. It was found, however, that the solubility of plutonium in the calcium 
phase inc reases as zinc is added. 

f. Mater ia ls and Equipment Evaluation - Solution stability and 
ma te r i a l demonstra t ion runs with zinc-inagne s lum-uranium solutions 
were completed in impregnated graphite and tantalum crucibles . As in 
previous runs with other grades of graphite , some uranium was removed 
from solution by carbiding in the run made with the impregnated graphite 
crucible , thereby indicating that this miaterial is unusable for skull 
rec lamat ion p roces s c ruc ib les . The tantalum crucibles performed well 
in th ree -day long runs except that one of the crucibles failed at the weld 
around the bottom when the frozen ingot was remel ted after the run had 
ended. A pyrolytic graphite coated crucible failed because the 30-mil 
pyrolytic layer separa ted from the base ATJ graphite . 

Unalloyed molybdenum did not show promise as a container 
ma te r i a l for z inc - r i ch solutions. An a r c - c a s t molybdenum coupon disin­
tegra ted during a 500-hour cor ros ion tes t in zinc-5 percent magnesium 
at 850''C. 



g. Liquid Metal Dist i l lat ion - Four additional runs were completed 
with the l a r g e - s c a l e cadmium dist i l lat ion unit. The maximum evaporation 
ra te at tainable for the p re sen t co i l - suscep to r combination is l imi ted by the 
maximum allowable coil t e m p e r a t u r e (800°C) to 67 k i lograms of cadmium 
per hour. A graphite susceptor has been o rde red which will probably en­
able the design capacity (100 k i log rams pe r hour) to be me t . 

Equipment to m e a s u r e vapor- l iquid equi l ibr ium in liquid meta l 
sys tems has been a s sembled in o rde r to de te rmine activity coefficients in 
binary meta l sys tems such as the cadmium-magnes ium and z inc -magnes ium 
sys tems and in t e rna ry sys tems such as the magnes ium-z inc -cadmium s y s ­
tem. In a p re l imina ry t e s t of the equipment, the boiling point of cadmium 
was m e a s u r e d over the p r e s s u r e range 5 to 760 m m Hg with a prec is ion of 
+ 0.4°C. 

h. Special P ro j ec t s - The ra te of solution of par t icu la te meta l 
solutes in agitated me ta l solvents under var ious conditions of agitation is 
being studied. Analysis of data for u ran ium dissolution in cadmium indi­
cates only approximate ag reemen t with the cor re la t ions of Hixson and 
Baum for nonmetal l ic s y s t e m s . 

Measu remen t s of the diffusivity of u ran ium in liquid cadmium 
are being made in which u ran ium is diffused from a u r an ium-cadmium 
solution contained in tanta lum capi l la ry tubes i m m e r s e d ver t ica l ly in 
liquid cadmium. 

10, Fue l Development - Core II 

a. F a s t Reactor Fuel Jacke t Development - Fuel jacket m a t e r i a l 
for future fast r e a c t o r s mus t be super io r in s t rength to s ta in less s teel 
because of proposed higher operat ing t e m p e r a t u r e s . Several niobium and 
vanadium base alloys p o s s e s s some of the requ i red p rope r t i e s at t e m p e r ­
a tu res in excess of 900°C. Requi rements for these alloys a r e compatibili ty 
with sodium coolant and fuel, good weldabili ty and fabr icabi l i ty , and high 
s t rength and low c reep at e levated t e m p e r a t u r e s . Vanadium base alloys 
have been developed by Armour R e s e a r c h Foundation for fabricat ion 
development work at ANL. Commerc i a l suppl iers have been contacted to 
supply high s t rength alloy tubing or base m a t e r i a l which can be fabr icated 
into tubing. 

Of the seven niobium base alloys hot rol led l a s t month, only 
two could be fur ther fabr ica ted into 0.028-in. thick sheet by cold roll ing. 
Reductions slightly in excess of 80% were poss ible with only minor edge 
cracking. A th i rd alloy was seve re ly edge c racked after only a 10% reduc­
tion by cold roll ing. The remaining four alloy s t r ips had broken up during 



hot rolling and had to be scrapped. Fu r the r fabrication of the 0.028 m, 
thick s t r ips will take place as soon as they can be annealed. Samples of 
these alloys will be tes ted for compatibili ty with sodium and plutonium 
fuel. 

Four other niobium base alloys were cas t , jacketed in 304 
s ta in less s teel , and hot rol led at 1150°C. The alloy s t r ips have been r e ­
moved from the cans and a re in the p roces s of being cold rolled into 
sheet. 

Strips of 0.025 in. thick Rene 41 sheet have been formed into 
3 

T in. O.D. tubes. The tubes a re now waiting to be welded pr io r to being 
cold drawn. 



III. 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 
nuclear reac tor core meta l s that may occur in p r e s s u r i z e d water or 
s team is essent ia l to safe operat ion of r e a c t o r s . The pr incipal l abora ­
tory procedure uses a condenser d ischarge to provide a lmost ins tanta­
neous heating and melt ing of meta l wire in water or s t eam. 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 r a t e ; light emiss ion indicates t i m e - t e m p e r a t u r e ; 
hydrogen generated gives extent of react ion; and par t ic 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 subjecting it to a s team pulse 
to induce a m e t a l - s t e a m react ion. A levitation method for studying me ta l -
water react ions is being developed because the condenser d ischarge method 
fails when applied to a luminum. Steam is passed over levitated inetal 
spheres in this p rocedure . 

Studies of the kinet ics of me ta l -wa te r react ions under r eac to r 
incident conditions a r e being made in the TREAT r e a c t o r . 

The s e r i e s of condenser d ischarge runs with uranium wires in 
water at 100°C was completed. It was not possible to study the react ion in 
water above 100°C because of rapid co r ros ion . Reaction reached 100 p e r ­
cent in heated water when the ini t ial me ta l t empe ra tu r e was 3000°C at a 
mean par t ic le d iamete r of 200 /i. Runs in room t empe ra tu r e water gave 
only 40 percent react ion under identical conditions. 

A brief study of the sod ium-s team react ion at 200°C by the 
p r e s s u r e - p u l s e method was begun. It was assumed that the ra te of the 
sodium react ion would be l imited only by gaseous diffusion and mixing 
p r o c e s s e s with the react ion cel l . Rates with sodium at 200°C were only 
slightly g rea te r than those with uranium in the 1200-l600°C range suggest­
ing that observed uranium ra t e s were also diffusion l imited. Rates with 
sodium were considerably above those previously repor ted with aluminum. 
The aluminum data a r e therefore not l imited by diffusion in mixing. 

In further s tudies of me ta l - s t ea in and me ta l -wa te r react ions by the 
levitation melting method, improvements in the two-color pyromete r have 
been achieved. Exper iments have demonst ra ted the feasibil i ty of cooling 
the levitat ion-induction coil with flowing oil at 110°C, thus avoiding the 
condensation of s team on the cold inlet side of the coil . 



Prepa ra t ions were completed for a s e r i e s of exper iments in TREAT 
on uranium dioxide core , s ta inless s tee l -304 fuel pins . The p a r a m e t e r s to 
be studied a re the behavior of a water- logged core and of fuel pins with a 
high-densi ty core (as a function of the r eac to r period). 

An out-of-pi le tes t was made to check the rel iabi l i ty of an autoclave 
to be used in future work on fuel meltdowns in water at a high p r e s s u r e . 
The water in the autoclave was maintained at 1000 psia (corresponding to 
t e m p e r a t u r e s of 285°C for water) for six hours . The t empera tu re control 
was sat isfactory and the re was no indication of leakage. 

Measurements and calculat ions were made on the internal p r e s ­
su re s generated in oxide core fuel pins during reac tor t r ans i en t s . It 
appears that a possible mechanism of impor tance is the p r e s s u r e from the 
gas retained in the pores of the ce ramic co re . At high t empera tu re , this 
gas p r e s s u r e can cause swelling, or possibly rupture , of the cladding. 

Computations were made on the IBM-704 to give es t i inates of the 
t empe ra tu r e as a function of t ime and radia l position in an oxide core fuel 
pin during a r eac to r t r ans ien t . The re su l t s indicate that a t rans ien t on a 
60 mil l isecond per iod is fast enough so that the cent ra l core t empera tu re 
can be calculated assuming an adiabatic p rocess using the measu red f i s ­
sion energy input. These computer calculat ions also showed the presence 
of a t empe ra tu r e lag between the clad and core and steep t he rma l gradients 
near the edge of the co re . The problem of flux depress ion was evaluated 
for the case of a 17.7 percent dec rea se in flux fronn the surface to the cen­
te r of the co re ; with this self-shielding of the neutron flux, the point of 
maximum t empera tu re did not occur in the center of the fuel pin (as it did 
with uniform heat generation) but at a point of approximately one-half of 
the radius of the co re . However, the total t empera tu re difference with and 
without attenuation of the neutrons was only about lOO'C so that the influence 
of flux depress ion is quite smal l . 

2. Kinetics of Ignition and Oxidation of Reactor Mater ia ls 

Studies a r e being made of the oxidation and ignition kinetics of the 
meta l s uranium, z i rconium, and plutonium in order to provide information 
leading to an understanding of the r eac t ions . This knowledge should make 
it possible to minimize the haza rds associa ted with handling these nuclear 
reac to r m a t e r i a l s . I so thermal oxidation on microscope stage, shielded 
ignition, burning cu rves , rate of propagation 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 uranium, z i rconium, and plutonium, more emphasis 
is being placed on the burning p r o c e s s . Burning propagation ra te studies 
13rovide a useful tool to observe the effects of many var iables . The effect 
of the p resence of halogenated hydrocarbons on the burning of uranium foil 
in a i r i s being invest igated. 



In theore t ica l s tudies to re la te i so the rmal oxidation ra t e s to observe 
ignition behavior i so the rma l oxidation r a t e s of uranium were obtained in the 
region from 300" to 500°C. 

Ea r l i e r studies showed that the addition of halogenated hydrocarbon 
compounds to air causes a marked d e c r e a s e in the burning propagation ve ­
locity of uranium foil s t r i p s . Studies of the effects of these additives on 
ignition t empe ra tu r e s showed that CF3CI and CHsBr lowered ignition t e m ­
p e r a t u r e s while CHF3 did not. This finding suggests that the exothermic 
react ion between CI or Br with UO2 may be involved. 

Studies of ignition of z irconium powder in the vacuum-shie lded 
apparatus have shown that the ignition t empera tu re of 270/325 mesh spher ­
ical z i rconium powder is between 275° and 325°C. This is approximately 
350 degrees lower than observed for single foil (l mi l thick) which has a 
s imi la r specific a r e a . 

An electronic device for t r ansmi t t ing the t e m p e r a t u r e of a sample 
without interfering with s imultaneous operat ion of an analytical balance 
has been tes ted and proven to be adequate for anticipated plutoniunn oxida­
tion and ignition exper imen t s . 

B. Fas t Reactor Safety Studies 

1, Core Meltdown Studies - TREAT P r o g r a m 

TREAT in-pi le meltdown exper iments a re being performed on fast 
r eac to r fuel samples in o rde r to obtain information on the types of sample 
fuel movement and fai lure, and to survey the mechan i sms producing such 
phenomena. 

a. Oxide Sample Exper iments - The f i rs t two meltdown t rans ien t s 
on oxide fuel were repor ted in the June, 1961, P r o g r e s s Report , ANL-6387, 
Both t e s t s were per formed on a cylinder of fuel (about 1 cm long) inside 
an EBR-II s teel jacket . Subsequent inspection showed that the sample had 
melted, but that the re was no evidence for fuel fragmentation or explosive 
rup tu re . Steel cladding around the fuel section had mel ted . More detailed 
examination of the specimen is underway to attempt to de te rmine the exis t ­
ence of zones of fuel-cladding in terac t ion and possible oxide movement 
inside the cladding r e m a i n s . 

Four additional exper iments on full EBR-II length oxide 
samples clad with s tandard EBR-II s teel tubes were run. The exper i ­
menta l conditions were as follows: 
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Sample 

2 
3 
4 
5 

No . 

Reactor 
Energy 
Release 

44 
62 
84 

117 

Maximunn 
Cladding 

Tempera tu re 

900°C 
1200 
1375 
1500 

E s t 
Temper 
Claddin 

. Max. Fue l 
ature (Based on 
g Tempera ture ) 

1450°C 
1950 
2280 
2475 

Sample t e m p e r a t u r e s were m e a s u r e d by two or four P t - P t Rh t h e r m o ­
couples welded to the cladding. P r e l i m i n a r y analysis of the t ime vs . t e m ­
pe ra tu r e curves indicates that effective fuel-cladding interface the rma l 
conductance was of the o rde r of 0,1 watts/(cm^)(°C). P re -expe r imen t 
calculations of sample t e m p e r a t u r e s had covered the range of 0.04 to 
0.2 wa t t s / ( cm )(°C). Direct calculation of this pa r ame te r would requi re 
knowledge of the detai ls of surface contact between the fuel and cladding, 
and is being t r ea ted at p resen t as a p a r a m e t e r to be obtained from the 
exper iments . 

Samples 2 and 3 have been inspected. In both cases , the 
cladding appeared to be undamaged. No fuel cracking was observed, 
although slight surface roughness was noted for sample 3, P ieces from 
the two elements were taken for meta l lographic examination, 

b . EBR-II Elements in Stagnant Sodium - Three capsules of the 
thi rd s e r i e s of exper iments on meltdown in stagnant sodium were run. A 
fourth capsule , ins t rumented with a p r e s s u r e t r ansduce r , had been stored 
t empora r i l y at TREAT, pending specification of new t ransient se t t ings . It 
was d iscovered that the t r ansduce r had been damaged in shipment. Speci­
fication of t rans ien t conditions for this capsule will be changed, based on 
examination of t rans ien t r e c o r d s from the three tes ts completed. It had 
original ly been planned for the capsule to be given a t rans ient identical 
with that used for a s imi la r sample ins t rumented with an in te rna l t h e r m o ­
couple instead of a sodium bath p r e s s u r e t r ansduce r . Assembly of the 
fifth capsule , containing the cas t - in tantalum-molybdenum thermocouple 
was delayed, and it is now anticipated that this capsule will be shipped to 
TREAT during the next month. 

c. Photography of Dry Meltdown Exper iments - The f i rs t two 
t r anspa ren t capsules of the c u r r e n t exper imenta l s e r i e s have been received 
at TREAT. Each contains a 10% enr iched, half-length F e r m i - I sannple. The 
remaining th ree capsules (two containing 6% enriched EBR-II e lements , and 
one containing a 6% enriched EBR-II pin clad with niobium) a re being 
shipped. In conjunction with the t e s t s , special smal l charcoal adsorber 
t r aps will be inser ted into the gas purge sys tem to test the adsorption of 
gas -borne f ission product activity by t r a p s operating at higher gas flow 
ra t e s than used previously . Both room tempera tu re and liquid ni t rogen-
cooled t r aps will be tes ted. 



d, P r e - i r r a d i a t e d EBR-II Fuel - Seven of the 5 wt-% fiss ium 
cast EBR-II bonded and clad fuel e lements i r rad ia ted in the MTR to 
burnups in the range of 0.5 to 2 a tom-percen t were removed from the 
capsules and examined. No cladding deformation or swelling was found. 
These seven samples will be s to red for use in the future TREAT ex­
per iments on p r e - i r r a d i a t e d fuel, 

e. Package Sodium Loop - A prototype of the package sodium 
loop designed to fit inside the volume of a TREAT fuel element has been 
filled with sodium and given flow t e s t s . Excess ive oxide precipi ta t ion 
occur red at low te inpera ture (~200°C), and plans a re being made for in­
corporat ion of a device to remove oxygen from the loop sodium after fill­
ing. Work is underway to ins t rument a second prototype with minia ture 
p r e s s u r e t r a n s d u c e r s . 



IV. NUCLEAR TECHNOLOGY AND 
GENERAL SUPPORT (040400) 

A. Applied Nuclear and Reactor Physics 

1. 3.0-Mev Van de Graaff 

a. Deter in ination of dTydE for U^^^* - These measurement s were 
completed throughout the energy range from 40 kev to 1.58 Mev. The final 
r esu l t s a re given in F igure 9 which shows 

l/(U"^) = 2.43 +0.10 E (Mev) 

and 

dv 
dE 

(U"^) = 0.10 + 0.07 Mev"^ 

All of the measu remen t s were relat ive to the t he rma l U^^^~v value of 2.43. 
The di7/dE value obtained from these measu remen t s (above) is signifi­
cantly sma l l e r than the value of about 0.14 Mev" previously used in 
reac tor calculat ions . This smal le r value is expected to extend from 
the rma l to about 6 Mev where second chance fission becomes appreciable . 
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j J to r U as a Function ot Neutron Energy 
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The exper imental apparatus is being utilized for studies of the 
F" of other f issi le m a t e r i a l s . 

b . Delayed Neutron Measurements - A careful examination of 
delayed neutron emiss ion from û '*'* fission is in p r o g r e s s . The resul ts 
a r e of considerable in te res t froin the applied point of view and are 

*!' is defined as the average number of neutrons emitted per fission. 
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significantly re la ted to the theory of f ission. The m e a s u r e m e n t s thus far 
completed indicate that the re is a sharp dependance of the U delayed 
neutron yield on the energy of the incident neutron in the region of the f i s ­
sion threshold . Indeed, the total delayed neutron yield changes by approxi­
mately 50% in going from incident neutron energ ies below the "knee" of 
the fission c r o s s sect ion to neutron energ ies corresponding to the plateau 
port ion of the c r o s s sect ion. Such abrupt shifts could be quite important 
in fast r eac to r sy s t ems containing large amounts of U ^. They also in­
dicate that sub- threshold f ission is cha rac t e r i zed by a considerably 
different fragment m a s s and /o r charge dis t r ibut ion due to the effect of 
penetra t ing the f ission b a r r i e r . 

c. F a s t Neutron Scat ter ing, U '̂̂ ^ - Studies of the e las t ic and in­
e las t ic sca t te r ing of fast neut rons from u^^^ have s t a r t ed . The f i r s t 
naeasurements indicated a quite c lear res idua l nuclear level s t ruc tu re at 
~ 50 kev. Measuremen t s such as these , which c lear ly define ine las t ica l ly 
sca t t e red neutron groups , have not previously been made . As a r esu l t the 
inelas t ic sca t te r ing c r o s s section of U^̂ ^ has been uncer ta in . The work 
now in p r o g r e s s will provide grea t ly improved elast ic and inelas t ic c r o s s 
sect ions for u"^. 

d. Scat ter ing from Th^^^ - The e las t ic and inelas t ic sca t te r ing of 
neutrons froin thor ium have been studied throughout the incident neutron 
energy in terva l 0.3 Mev to 1.6 Mev. F a s t t ime-of-f l ight techniques were 
ut i l ized in conjunction with an e lec t romagne t ic pulsing and bunching s y s ­
tem for the production of shor t and very intense neutron b u r s t s . The 
differential e las t ic c r o s s section was de te rmined as a function of incident 
neutron energy. The c r o s s sect ions for inelas t ic sca t te r ing resul t ing in 
the excitation of r e s idua l nuc lear levels at 50 ± 2 , 170 ± 1 0 , 720 + 20, 
790 + 20, 820 + 20, 1050 + 50, and 1150 ± 50 kev were m e a s u r e d . The 
angular dis t r ibut ion of ine las t ica l ly sca t t e red neut rons resul t ing in the 
excitation of the lower two res idua l nuclear levels was also de te rmined . 
The m e a s u r e d individual inelas t ic excitat ion functions may be combined 
to obtain the total inelas t ic sca t te r ing c r o s s sect ion as a function of in­
cident neutron energy. The exper imenta l r e s u l t s a re being compared with 
theore t i ca l calculat ions of the H a u s e r - F e s h b a c k type and with the r e su l t s 
of other expe r imen t s . 

2. Argonne T h e r m a l Source Reactor (ATSR) 

An at tempt to es tabl ish the re la t ionship between reac to r drif ts and 
modera to r t e m p e r a t u r e s is being made . Thermocouples were placed in the 
dump, core , and shield tanks of ATSR. Two all day runs have been made 
in which the t e m p e r a t u r e changes and automatic control rod drifts have 
been observed and r eco rded . Considerable difficulty has been encountered 
in maintaining the ca l ibra t ion of the six thermocouples being used and a 
new set of thermocouples will probably be n e c e s s a r y . 



3. ZPR-VII Faci l i ty 

a. High Conversion Cr i t ica l Experiment - The initial loading of 
3 wt-% enr ichment (Hi-C) UO2 fuel was replaced by a loading of 4,95 wt-% 
enr ichment (BORAX-V) UO2 fuel. Cri t ical i ty was obtained with 715 fuel 
e lements loaded in a 21 x 35 row a r r a y and spaced 1.27 cm (0.5 in.) center 
to center , and having a volume rat io of H2O/UO2 of 1.5/1. Twenty lat t ice 
posit ions a re occupied by control e lements , one five-fingered element 
remaining 33 cna withdrawn and the o thers completely withdrawn at c r i t i ­
cali ty. The UO2 pellet d iameter is 0.871 cm (0.343 in.), and density is 
10.29. The fuel is stacked in 61-cm columns inside Type 304 s ta in less 
s teel tubing of 0.876 cm (0.346 in.) ID and 0.038 cm (0.015 in.) wall th ickness . 

A cyl indr ical core of 6Z1 BORAX-V elements was c r i t i ca l 
without the top ref lec tor , in compar ison with the predict ion of 625 elements 
fully ref lected. The predict ion was based on a th ree -g roup computation, 
and smal l co r rec t ions a r e needed to take account of a measu red UO2 pellet 
density of 10.29 ra ther than the expected value of 10.2. 

Exper imenta l work on the 621 element core includes relat ive 
dis tr ibut ion m e a s u r e m e n t s of neutron density, U fission, and U fission, 
and absorpt ion. Reactivi ty worths a r e being measu red for core components 
including H2O, Type 304 s ta in less s tee l , and UO2 of 0.22, 4.95, and 9.9 wt-% 
enr ichments . 

F u r t h e r examination of data from the 3 wt-% enrichment UO2 
core indicated that a b a r e c r i t i ca l cylinder would requi re about 985 fuel 
pins if loaded on 1.24 cm (0.488 in.) c en t e r - t o - cen t e r square la t t ice . This 
spacing yields a volume rat io of H2O/UO2 of l / l , or 3/1 atomic rat io of 
u/u"^. Measurements of control rod worths gave 1.73% p and 1.48% p for 
the five-fingered and the blade rods , respect ively . About 0.28% p of the 
f inger - rod worth was the resu l t of water displacement . Removal of a 
cen t ra l fuel pin resu l ted in a gain of 0.056% p. This may indicate an unex­
pected dependence on ep i thermal in te rac t ions . 

4. Exper imenta l Reactor Physics 

a. T h e r m a l Reactor Spectra - An investigation on optimizing the 
design paramieters for neutron choppers has been completed. One in te r ­
esting conclusion is that it is not des i rab le to cover a large energy interval 
at a single chopper speed. The optimum is a design objective of about 
1.7 runs per energy decade, which cor responds to changing the rotor speed 
by a factor of two from one run to the next. 

b . Pi le Noise Technique - The pile noise technique for effective 
beta m e a s u r e m e n t s has been found to be valid for s imple two-group and 
reflected reac tor kinet ics models , provided that measu remen t s a re made 
in the t h e r m a l group and in the co re . A new preampli f ier requi red for 
this technique has been built and checked out. 
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c. F i s s ion Neutron Yield for U^̂ ^ _ Measurements were made of 
col l imator absorpt ion of f ission neutrons , and the main s e r i e s of m e a s u r e ­
ments using a manganese bath at C P - 5 were per formed. In this s e r i e s 
four different fission c h a m b e r s , with backing of either U^̂ ^ or depleted U^^ ,̂ 
were used. The fission channel included a fast preampl i f ie r , A-159 
ampl i f i e r -d i sc r imina to r , and 20-megacycle sca le r . The total counting 
efficiency of this channel will be de te rmined in a coincidence exper iment , 
which will be the las t of those m e a s u r e m e n t s requir ing the t h e r m a l column 
of C P - 5 . 

The fission chamber s mentioned above a r e double hemispheres 
of 0.007 in. thick magnes ium; two of these have a spacing between hemi ­
spheres of 0.125 in. and two have a spacing of 0.062 in. The fissionable 
coating on the inner e lect rode was vacuum-deposi ted for two of these and 
painted on for the other two. All chambers turned out to have surpr is ingly 
good resolut ion; pulse r i s e t imes were observed to be between 10 and 
15 nanoseconds, adequate for our purpose . The vacuum deposited coatings 
were evaporated from a U^^^-charged tungsten sp i ra l with the inner e lec­
t rode of the fission chamber rotat ing on an axis pa ra l l e l to the sp i ra l , while 
a mask of suitable shape, interposed between source and ta rge t , ensured 
uniform deposition over the whole surface . This technique appears to work 
ra the r well but is t ime consuming, since three to four charges a re required 
to put on 100 m i c r o g r a m / c m . The heavier coatings were therefore 
painted on. 

d. Analog-to-Digi tal Techniques for Auto- and C r o s s -
Corre la t ion of Reactor Dynamics Data - Six REDCOR Model 361 amplif iers 
have been received to rep lace the Beckman amplif iers for input to the 
ADC unit. A s e r i e s of t e s t s (noise, drift, l inear i ty , frequency response , 
and common mode rejection) have been made and the ampl i f iers were found 
to meet specif icat ions. Two power supply ca rds of the above amplif ier 
were found defective and sent back to the manufacturer for rep lacement . 
The ampl i f ie rs have been instal led in the ADC unit. 

e. Reactivity Measurement in Subcri t ical Cores - A l i t e r a tu re 
survey was completed and the var ious possible methods of subcr i t ica l 
react ivi ty m e a s u r e m e n t s a re being examined. 

5. Theore t ica l Reactor Phys ics 

a. CP-5 Hot Spot Fac to r - A further analysis of the design 
p a r a m e t e r s (see P r o g r e s s Report , ANL-6343, March, 1961) of a conver ter 
tube for use in C P - 5 has been completed. It was recommended that the fuel 
loading be inc reased to 1200 gm of U^^ ,̂ This would resu l t in a 50% gain in 
fast flux compared to a facility containing 600 gm U^^ .̂ The total fast flux 
( E > 9.12 kev) at the sample will be 10^^ n/(cm^)(sec); and the flux with an 
energy g rea t e r than 1.35 Mev will be 0.25 x 10 n/(cm^)(sec) . 
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The the rma l neutron flux within the exper imental space can be 
reduced to about lO'̂  n / ( cm )(sec) by inser t ing inside the fuel sleeve a 
0.32 cm thick s ta in less s tee l sleeve containing 2 wt-% B . 

b . Analysis of Moderator Scattering from Experiment - Additions 
have been made to a set of p r o g r a m s which p rocess the data from the 
modera to r sca t te r ing law exper iment . The p rog rams now include routines 
which compute the Scattering Law S((X,|3) which r ep resen t s the differential 
c ro s s section, in t e r m s of a = absolute value of momentum change, and 
/3 - energy change. They also include routines for computation of s tandard 

deviations on both the co r rec t ed t ime of flight distr ibutions and the S(0G,|3). 

More data for H2O, DgO, Be, BeO, and UO2 have now been 
accumulated and p roces sed . The major port ions of the p rog rams can now 
be operated independently. 

c. Mathematical Numer ica l Methods Analysis - In connection with 
the developirtent of methods for computing the e lementary functions on a 
computer with automatic square root and with significance control , approx­
imations to the function f(x) = tan x /x have been investigated. Sin 2x, 
cos 2x, and tan 2x can be obtained frona this function by no more than one 
square root, one division, and two addit ions. It was found that for 
-7T/8 ^ x^ 71/8, the approximation 

f*(x) = ^0 +-
^1 

x^ + ^1 + a 2 

+ ^2 

with p a r a m e t e r s 

i a. Ai 

0 - 0 .00711 63123 97111 485 

1 -0 .85129 77476 368449 +2.12722 27085 48637 

2 20.99432 39488 2288 -7,03416 51669 79883 

agrees with f with a maximum deviation of l ess than .31 x 10" . Since, for 
this range, f l ies between 1.0 and 1.1, the re la t ive accuracy of this approxi-
miation is acceptable for a computer with a 40-bit fraction. 



B. Reactor Fuels and Mater ia l s Development 

1. Cor ros ion Studies 

a. Cor ros ion of Sintered Aluminum Powder Tubing - Armour 
Resea rch Foundation powder tubing extruded through a br idge die has now 
been exposed to water at ZgO^C (as atomized, for 120 days and at 360°C 
and milled - 70 hours) for 126 days . There have been no additional tubing 
fa i lures , even though meta l lographic examination of extruded tubing r e ­
vealed defects at the junction where the me ta l s t r e a m s join. The pieces 
of the mil led powder tubing (which had failed after 92 days) have been 
continued in tes t for a total exposure to date of 106 days at 290°C, As of 
this t ime , the m a t e r i a l being tes ted at 290°C revea l s only a slight hint of 
end swelling. The phenomenon of end swelling (associated with porosity) 
is a sensi t ive indication of m a t e r i a l quality, and powder m a t e r i a l previously 
produced has been badly swelled after about 90 days . Tubing under t es t thus 
r e p r e s e n t s the bes t m a t e r i a l made to date . 

The eutectic bonded (Atomics International) plus "motor a r c " 
welded tube end c losu res have been exposed for an additional 31 days 
(total t ime is 77 days except for one tube which has an exposure of 81 days) . 
[Note: The exposure t imes given in the las t P r o g r e s s Report (ANL-6387) 
were slightly in e r r o r , being shor t e r than the actual t ime by about four 
days. ] As of this t ime the re have been no additional g ross fa i lures but 
smal l b l i s t e r s have appeared on two of the powder tube c lo su re s . Addi­
tional samples will be p repa red using powder product plugs and perhaps 
s t ronger tubing. 

b . Zirconium Alloys for Superheated Steam - Alloys containing 
copper, iron, and nickel have been exposed in various conditions of heat 
t r ea tmen t for per iods varying from about 36 to 45 days to s team at 540°C 
and 600 ps i . Rates a r e re la t ively insensi t ive to heat t r ea tmen t and com­
posit ion. In all c a se s the ra te is decreas ing with t ime and in many 
ins tances cor ros ion behavior can be expressed by the equation W = Kt . 
Fo r the most par t K is in the range 60-80 and n in the range 0.30-0.35 
(W in mg/dm^ and t in days) . Rates are thus about 2 mdd after 40 days 
exposure . 

These alloys a re also being tes ted (as hot rol led and quenched 
from 900°C and this heat t r ea tmen t followed by aging at 700°C) at 650°C 
and 600 ps i . Exposure has reached 15 days and under these conditions the 
cor ros ion ra te is much m o r e sensi t ive to composit ion and heat t r ea tmen t . 
The bes t alloys a re those containing 1) 3.1 Ni-0,6 F e ; 2) 2.1 Ni-0.6 F e ; 
3) 1.1 Cu-0.7 Fe ; and 4) 1.1 Cu-1.2 F e . Only two observat ions have been 
made, so r a t e s cannot be d iscussed quanti tat ively. Within these l imitat ions 
it appears that r a t e s a r e about th ree t imes higher than at 540°C and 600 psi 
and that the aged samples a re corroding about 30% fas ter than the quenched 
s ample s . 



A new group of alloys has been fabricated in an attempt to 
reduce the absorpt ion of cor ros ion product hydrogen, and to reduce the 
cor ros ion r a t e . These alloys contain t i tanium to promote electronic con­
duction in the oxide, platinum to d i scharge corros ion product hydrogen and 
molybdenum or tantalum (in equiatomic concentration to the titanium) to 
immobil ize vacancies caused by the t i tanium. After seven days exposure 
at 540°C and 600 psi the best alloys a r e Zr-0 ,02 w/o Ti-0.04 w/o Mo and 
Zr -0 .02 w/o Ti-0.076 w/o Ta-0.21 w/o P t . Their appearance is com­
parable to the copper - i ron-n icke l alloys d iscussed previously ( lustrous 
film) but the slope of the log-log plot (weight gained ve r sus t ime) is up to 
Z-j- t imes g r e a t e r . Duplicate samples of these alloys are now in tes t at 
650°C and 600 ps i . 

2. Improved Fabr ica t ion P rocedure for Zirconium Alloy Tubing 

Zirconium alloy tubing is a des i rab le s t ruc tu ra l m a t e r i a l for use 
in t he rma l r e a c t o r s which a re light or heavy water cooled or modera ted . 
Systems have been designed which r equ i re tubing for coolant water , mod­
e ra to r columns, fuel j acke ts , and ins t rumentat ion. Large d iameter thin 
wall tubing and sound smal l d iameter tubing a re not commerc ia l ly 
avai lable . 

Defect-free zirconium alloy tubing is available in many s izes down 
to about g in. OD. However, careful inspection is required to separa te the 
defective m a t e r i a l from commerc ia l ly produced lots of tubing in order to 
a r r i v e at defect-free tubing. The reduction of tubing to d i amete r s less 
than g-in. .pr incipal ly by sinking, r e su l t s in increasing roughness of the 
inner surface and in numerous though in termit tent c r a c k s . These cracks 
a r e oriented pr incipal ly along radia l p lanes . Cracks which s t a r t at the 
ID surface vary in depth but may penet ra te to -j of the wall thickness or 
even further . 

An at tempt is being made to de te rmine the mechanism responsible 
for initiation and propagation of in terna l c racks and to devise methods for 
eliminating this phenomenon. The p re sen t goal is to produce a smal l 
d i ame te r , (0.080 in. OD x 0.015 in. wall), tube with a sat isfactory inside 
surface free from cracking. 

Although commerc ia l ly available 0.299 in. OD tubing which is free 
from indicated defects has been used for development work, the complete 
fabrication background from s tar t ing ingot stock to finished product should 
be known. For this r eason base extrus ions from ingot stock and forged 
slab have been p repa red as s tar t ing m a t e r i a l . 

Six Zi rca loy-2 hollow bi l le ts were successfully extruded into tubing 
fromi powder meta l lurgy product ingots p repa red by the General Elect r ic Co., 



Detroit , Michigan. The powder ingots were produced by a modified 
vacuum ho t -p ress ing technique. The ingots were machined to 0.934 in. 
d iameter b i l le t s , jacketed in copper , and extruded at 725°C. The extrusion 
ratio was 10:1 and the extruded Zi rca loy-2 tube m e a s u r e d 0.314 in. ID x 
0.411 in. OD. 

The extruded tube with the copper jacket was drawn on a relat ively 
soft, solid, copper rod "co re" which coelongated with the tube. This p r e ­
vented the excess ive wall thinning associa ted with drawing on a mandre l or 
a rod. Drawing was continued with and without low t empe ra tu r e in termedia te 
anneals at 500-600°C. After reducing the tube to size and final annealing, 
the completely softened core was s t re tched plast ical ly by pulling the ends 
and was freely removed from the tube. 

Tubes finished to 0.080 in. OD and 0.058 in. OD with 0.011 in. wall 
by this p r o c e s s have been free from apparent OD and ID c r a c k s . Additional 
tubes a r e being p repa red for fabricat ion in this manner using different 
s tar t ing m a t e r i a l and varying the reductions in o rder to control the final 
OD and wall th ickness and to comipare var iab les introduced in the s tar t ing 
m a t e r i a l . 

3. Examination of I r radia ted EBR-I Mark III Fuel Elements 

A pos t i r rad ia t ion examination of two EBR-I Mark III fuel rods , F53 
and F72, which received r eac to r exposures of 1625 and 2682 Mwh, r e s p e c ­
tively, was conducted in o rde r to de te rmine if the observed d iameter in­
c r e a s e in the fuel section was due to high t empera tu re mechanica l 
deformation such as compress ive c reep or due to fuel swell ing. Since 
rod F72 was operated for 1269 Mwh in the sheared condition (stabilizing 
r ibs removed) an analysis was also possible of the influence of r ibs on 
radia l r e s t r a i n t . 

Density m e a s u r e m e n t s by i m m e r s i o n were per formed on one-inch 
sections cut from the fuel port ion of each rod and the resul tan t percent 
density changes were then calculated using a p re i r r ad ia t ion figure based 
upon the density of the bottom port ion of the fuel. Volume changes r e s u l t ­
ing from d iameter i n c r e a s e s (assuming no change in length) and from 
density d e c r e a s e s were calculated and plotted as a function of distance 
along the fuel port ion of the rod. These a r e shown in F igu re s 10 and 
11 for rods F53 and F72, respec t ive ly . Strain levels imposed upon the 
Zi rca loy-2 cladding along the length of the fuel due to d i ame t ra l expansion 
a re i l lus t ra ted in F igures 12 and 13. The values of the density d e c r e a s e s , 
d iameter i n c r e a s e s , volume changes, and cladding s t r a ins a r e given in 
Table X. 



C
LA

D
D

IW
G

 
S

T
R

A
IN

, 
pe

rc
en

t 
V

O
L

U
M

E
 

C
H

A
N

G
E

, 
p

e
rc

e
n

t 

50
 

•?
 

t—
i 

§:
 

p
 

X
' 

t-
H

 ^ n
, 

•n
 

a
i 

C
O

 

o
 

p
j 

f,
i ^ to
 n
 

IB
 

1
_ a
. 

O
Q

 

P
 s* 3"
 

-n
 

C
LA

D
D

IN
G

 
S

T
R

A
IN

, 
p

e
rc

e
n

t 

7 
B

 
o

 

£
, 

O
Q

 

O
Q

 

5
-|

o 

" 
s 

S-
s-̂

 
(-»

 
o 

tn
 

O
J 

n
 Q

 

S 
(g

 T
O

 

i!!
 

t^
 

c 
o 

•n
 

-J
 

to
 

•T
l 

6
-

" 

O
Q

 

s 3 re
 

5.
 

V
O

L
U

M
E

 
C

H
A

N
G

E
, 

p
e

rc
e

n
t 

T
—

1
—

I
—

I
—

r 
-i

—
I—

i—
I—

I—
1 

I 
I 

1 
r 

\\1
 

i^
 

CR
 

-J
 

O
) 

r 
8 

1 
&

 

\ 
\ \
\ f 

\ 
- 

1 
s 

/ 
V

 

i 
V

, ̂ ^̂
^ 

r B
 

"&
 

•X
) 



50 

Rod 
No. 

F53 

Table X. P o s t i r r a d i a t i o n Data on EBR- I Mark III F u e l E l e m e n t s F53 and F72 

Pos i t ion f rom Top of 
Fue l to Cen te r of 
Specimen ( inches) 

F 7 2 

1 / / 
I - 9 / 1 6 

5 /8 
11/16 
3/4 
13/16 
T/S 
15/16 

7/8 
•7/8 
•7/8 
•7/8 
•7/8 
•7/8 
•7/8 
•7/8 

Densi ty 
( g m s / c c ) 

15.2108 
15.0170 
15.2781 
15.3166 
15.3516 
15.4072 
15.3930 
15.4820 

15.6059 
15.6635 
15.6839 
15.6532 
15.7078 
15.8027 
15.8272 
15.8371 

Density-
D e c r e a s e 

(%) 

1.75 
3.00 
1.32 
1.07 

.84 

.48 

.57 

-

1.46 
1.22 

.97 
1.16 

.82 

.22 

.06 
-

AVf^^) 
{%) 

1.78 
3.09 
1.33 
1.08 

. 85 

.48 

.57 

-

1.48 
1.23 

.98 
1.17 

. 83 

.22 

.06 
™ 

AVd(b) 

(%) 

3.0 
5.5 
3.0 
1.4 
1.0 
0 .5 
0 .2 
0 .2 

17.0 
9.1 
4 . 5 
2 .5 
1.5 
1.0 
0 .7 
0 .7 

Diamete r l c ) 
I nc r ea se 

(mils) 

6 
11 

6 
4 
1 

1 
0 .5 
0 .5 

33 
18 

9 
6 
3 

z 
1.5 
1.5 

Cladding 
St ra in 

(%) 

1.5 
2 .7 
1.5 
1.0 

.5 

.2 

.1 

.1 

8.2 
4 . 5 
2 .2 
1.5 

.7 

.5 

.4 

.4 

3-AVf = Change in volume due to dens i ty d e c r e a s e s where Ay = A p, 1-Ap. 

^AVd = Change in volume due to d i a m e t e r i n c r e a s e s a s s u m i n g al l expansion 
was d i a m e t r i c a l . 

"-Diameter i n c r e a s e s taken from d i a m e t e r profi le cu rves by F . D. McGinnis , 
F e b r u a r y I960 (F53) and R. G. Matlock and J . D. Leman , December I960 (F72). 

Although rod F72 was in the reac tor for a total of 2682 Mwh 
(approximately 0.18 a/o burnup) and rod F53 was exposed for 1625 Mwh 
(approximately 0.13 a/o burnup), the density changes in rod F72 were only 
half as seve re . This may be re la ted to the fact that rod F72 was located at 
2.06 in. from the reac tor center , compared to 0.90 in. for rod F53 . Hence, 
it operated at a lower burnup ra te and at a lower t empera tu re (465°C vs . 
415°C, see Figure 18, ANL-6301). In addition, the g rea te r amount of up­
setting in rod F72 (see Table X) may have caused a collapsing of the voids 
formed in the upper regions of the fuel during i r radia t ion , result ing in a 
lowering of the actual observed fission product induced density d e c r e a s e s . 
The large amount of upsetting in rod F72 occur red when the rod was 
operated for the last 1269 Mwh in the reac tor in the sheared condition. 

The d iameter changes were almost twice as great for rod F53 and 
nine t imes as great for rod F72 as that which would have resul ted from 
dec reases in density. This indicates that the d iameter inc reases in the 
fuel were due more to elevated t empera tu re mechanical deformation 
than to fission product induced swelling. The g rea t e r amount of deforma­
tion observed in rod F72 as compared to rod F53 was probably due to the 
absence of radia l r e s t r a in t caused by the pa r t - t ime operation of the rod 
without its r ibs , as mentioned previously. 



The level of s t ra in imposed upon the Zircaloy-2 cladding by 
diamietral expansion was approximately 8.2% for rod F72 and 2.7% for 
rod F53 . No splitting of the cladding due to these s t ra in levels could be 
observed visually, although the actual p resence or absence of c racks in 
the cladding will not be known until metal lographic examination is com­
plete . The per formance of the Zi rca loy-2 was quite good considering the 
d iamete r inc rease which had occur red and the subsequent level of s t ra in 
imposed upon the cladding. 

4. Behavior of Braze Mater ia l in Superheated Steain 

Stainless Steel (Type 304) a s sembl i e s brazed with Coast Metals 60 
(Ni-20 w/o Cr -10 w/o Si-3 w/o Fe) and Nioro (82 w/o Au-18 w/o Ni) a r e 
being tes ted in superheated s team at 540°C and 650°C (600 psi in both cases ) . 
The joints appear to be in good condition after the exposure t imes indicated 
below: 

Temp. , °C 

Mater ia l 540 650 

Coast Metals 60 68 days 20 days 

Nioro 30 days 20 days 

5. Lightweight Alloy for Liquid Mercury 

The surface t r ea tmen t of t i tanium has been continued. 

The effect of localized at tack on the cor ros ion behavior of anodized 
t i tanium was observed in m e r c u r y at 370°C. It was found that t he re was no 
acce le ra ted at tack on the sc ra tched and bent a r ea s of the t i tanium specimens 
during 336 hours of exposure (s tat ic) . A se r i e s of anodized films of dif­
ferent th ickness on titaniuin is now being p repared . 

Titanium was also ni t r ided in purified ni trogen at 850°C. P r e l i m i n ­
ary r e su l t s revealed that ni t r ided t i tanium was immune to m e r c u r y at 
370°C after 336 hours exposure under s tat ic conditions. These samples 
a r e now being observed in m e r c u r y at higher t e m p e r a t u r e s . 

Metallographic examinations of these tes ted specimens a r e i n p r o g r e s s . 

6. Ce ramic Fuels 

a. Plutonium Carbide Melting - Six additional mel t s of plutonium 
carbide were p repa red and the at tempt was made to cas t these into 0.144 in. 
d iamete r graphite molds . The PuC lacked fluidity to fill these nnolds. 
There also appeared to be surface react ion between the graphite and the 
PuC. Tes t s of mold and crucible coatings continue. 



b. Uranium-Plutonium Carbide - An investigation is being made 
into possible p r o c e s s e s for the prepara t ion of high density solid solutions 
of UC-PuC. One method involves the s imultaneous react ion of UOg and 
PuOz with carbon, using pet ro leum pitch as the carbon source . A mixture 
of UO2, PuOg and petroleuin pitch was reac ted in the form of a loose powder 
at 1400°C in vacuum. The reac ted powder was p r e s s e d into pel lets and 
s in tered at 1750°C, The fired pieces had a geometr ic density of approxi­
mately 80% of theore t ica l . 

c. Uran ium-Thor ium Sulfide - Work has continued on the 
determinat ion of p roper t i e s of US, ThS and solid solution bodies . 

The most recent batch of US is the best produced to date, 
analyzing 99-8 w/o US phase and only 0.2 w/o insoluble UO2 res idue . The 
improvement is at tr ibuted to multiple hydriding of the U turnings in the 
low t empe ra tu r e sulfiding s tep. 

Groove etching of US, descr ibed in the March P r o g r e s s Report 
(ANL-6343 page 65), is now bet ter unders tood. It is thought that the grooves 
resu l t from the select ive etching of stacking faults which occasional ly 
occur in face centered cubic s t ruc tu re s when the c lose-packed ( H I ) planes 
fault from the ABCABC cubic sequence (US) to the ABAB close packed 
hexagonal sequence (7US2). The apparent stepping of the wider grooves 
was found to be purely an optical effect and the curva ture of the grooves 
toward the pores is believed due to surface rounding of the r a the r porous 
speciinens during polishing. 

The oxidation behavior of a US sample of 92% theore t ica l 
density in a ir at one a tmosphere was observed . A thin surface coating 
was formed which appeared black at 250^0 and seemed to protec t the 
sample from further oxidation until 460°C when the sample ignited to form 
a mix ture of UOS and UO2. A more refined oxidation study will be run in 
a differential t he rma l analysis apparatus which pe rmi t s the Og p r e s s u r e 
to be var ied over a wide range . Steam cor ros ion t e s t s will also be made 
in this appara tus . 

Vicker ' s ha rdness at a 100 gm load was m e a s u r e d . The US 
phase in different samples showed a ha rdnes s varying from 228 to 
2 76 gnn/mrn^ while ThS was only slightly softer at 219 to 246 gm/mm^. 
The smal l oxysulfide a r e a s gave values ranging from 325 to 500 g m / m m . 
These values indicate that the monosulfides a re re la t ively soft m a t e r i a l s 
with some p romise of machinabil i ty. In support of th i s , a half inch long 
US sample of 92% theore t i ca l density was dr i l led through, turned and faced 
on a lathe and smoothly filed, using considerable c a r e . 



ThS-US mix tures having mola r ra t ios of 0:100, 27:75, 50:50, 
75:25 and 100:0 were fired in vacuum for one hour at 1815°, 1935* and 
2050°C. Densi t ies ranged from 79.7 to 83.7% of the theore t ica l density 
at 1815°C, 81.6 to 87.6% of the theore t ica l density at 1935''C, and 72,5 to 
97.4% of the theore t i ca l density at 2050°C. 

At 1815°C, lat t ice p a r a m e t e r s showed negative deviation from 
Vegard ' s law up to about 30 m / o ThS and positive deviation at g rea t e r 
than 30 m / o ; at 1935°C these deviations remained to a much l e s s e r extent, 
and at 2050°C essent ia l ly a s t ra ight line re la t ionship between US (ao = 5.491 A) 

o 
and ThS(ao = 5.685A) was achieved. Two things were shown: (1) a connplete 
s e r i e s of solid solutions can be formed between US and ThS, but, in this 
ca se , not until 2050°C, and (2) ThS is more easi ly soluble in US than is US 
in ThS. 

Modulus of rupture m e a s u r e m e n t s on the solid solution s e r i e s 
showed a steady i n c r e a s e in s t rength from US to ThS, The 1815" and 1935°C 
s e r i e s both showed values increas ing from about 20,000 psi for US to 
30,000 psi for ThS. The 2050°C s e r i e s had too wide a density range to be 
of significance. 

E lec t r i ca l r e s i s t iv i ty m e a s u r e m e n t s did not show a l inear 
d e c r e a s e from US to ThS as might be expected. The 1815°C s e r i e s in­
c r ea sed from a value of 158 m i c r o h m - c m for US to 227 mic rohm-c in 
for Uo.50 Tho,5oS, then dropped to 22 m i c r o h m - c m for ThS. The 1935°C 
s e r i e s showed s imi la r values but reached a maximum at U0.75 Tho.25S. 
The 2050°C s e r i e s had much higher values for the solid solution m e m b e r s . 

7. Differential T h e r m a l Analysis Investigations 

The oxidation behavior of oxides containing uranium is being 
invest igated using differential t h e r m a l analysis (DTA) techniques. 

P r e l i m i n a r y exper iments a r e concerned with the surface a r ea and 
composit ion of powdered samples , as well as the gaseous environment in 
which the samples a r e t e s ted . F igure 14 for example, i l lus t ra tes the effect 
of dynamic gas flow of oxygen and ni t rogen through a UO2 sample with 
r e spec t to the normal ly repor ted s ta t ic a i r DTA curve . The DTA curve in 
s tat ic a i r was quite s imi la r to those repor ted by other inves t iga tors . 
DTA peaks were observed at 225° and 370°C. The introduction of flowing 
ni t rogen changes the DTA curve sl ightly. The ni trogen probably provides 
a slight oxidation b a r r i e r to the sample thus broadening and shifting the 
peaks to 257° and 400°C. The DTA curve under a dynamic oxygen flow 
also gave the two c h a r a c t e r i s t i c peaks for UO2 oxidation. The f i r s t peak 
was observed to shift from 225° to 245°C whereas the second peak t e m ­
p e r a t u r e remained constant at 370°C. The peak shape of the second, how­
ever , was much sha rpe r and m o r e v igorous , indicating rapid oxidation of 
the sample to U3O8 over a na r row t empe ra tu r e range . 



Figure 14 

DTA Curves for Spencer "Ceramic Grade" UO2. 06 
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8. Nondestructive Testing 

a. Ultrasonic Techniques - The work d iscussed in the June 
Monthly Report is being continued. The t es t s on the 0,030 in. thick Al 
plates a re complete. The s e r i e s of ar t i f ical flaws were 1.0 in, long, 
0.032 in. wide and had depths varying from 0.001 in. to 0.009 in. After 
the tes t s were completed, the depths of the nominally 0.001 in. and 
0.002 in. deep flaws were measured with a mic roscope . They were 
found to have actual values of 0.0004 in. and 0.0014 in., respect ively . 

The plate was positioned so that the defects were not facing 
the t r ansducer ; they were thus simulating inner surface defects . All 
these defects were easily detected using Lamb waves. F u r t h e r m o r e , in 
this ideal situation (i .e. , the flaw always oriented perpendicular to the 
plane of the plate) there is a cor re la t ion between annplitude of the r e ­
ceived pulse and the depth of the flaw. Using shear waves, the smal les t 
defect that could be found was 0.00 3 in. deep. In cases where the defect 
can be found with both types of wave motion, the amplitude of the received 
signal is always much grea te r with Lamb waves than with shear waves. 

When the plate is r eve r sed in position so that the flaw is facing 
the t r ansducer , all flaws a re readily and easi ly detected by both methods, 
and there appears to be no advantage in using Lamb waves when looking 
for outer surface defects . 

9bO 

700 

400 

350 

300 

250 

200 

150 

100 

50 

150 

— 
-

-

-
-
-

-

-
-

r 

100 L 

50 

n 

-

1 725MV 

FLOWING OXYGEN 
- 2 5 cc/min 

. yv, J 
FLOWING NITROGEN 

~25 cc/min 

— 1 " i r-—•" 

VL 

A /v, 
!00 

50 



Additional plates were made with na r rower and shor te r flaws. 
These had 0.002 in. widths, 0.5 in. lengths, and depths varying from 
0.001 in, to 0,009 in. The same resu l t s as given above were found with 
these sma l l e r flaws. However, on these smal le r flaws, there is a much 
grea te r difference in the response of Lamb waves and shear waves to a 
defect. On the 0.009 in. deep flaw the shear wave gave a response of 
3.1 volts and a Lamb wave a response of 16.0 volts at the same gain 
se t t ings . 

b . Neutron Techniques - Continuing the study of X-radiographic 
intensification methods as applied to neutron radiography, it has been 
found that the use of a single lead s c r e e n does offer some intensification 
with all the meta l neutron conver te r s c r e e n s . The lead sc reen data r e ­
ported las t month indicated that sandwiching film between 0.005 in. lead 
sc reens resul ted in a g r ea t e r neutron radiographic speed only with cadmi­
um and gadolinium conver ter s c r e e n s . Rhodium, indium and si lver used in 
this manner d e c r e a s e the speed. The apparent reason for this loss in 
speed is that the beta emiss ion resul t ing from neutron activation of the 
conver te r sc reen is absorbed in the lead sc reen between the conver ter and 
the film. Some verif ication for this is found in the present ly repor ted data 
which involve the use of film sandwiched between the conver ter screen and 
a single lead sc reen (0.005 in. thick) . 

Neutron radiographic speed inc reases over the use of only the 
conver ter sc reen and film have been found for cadmium and gadolinium 
(approximately 50%) and for rhodium, indium and s i lver (10 to 2 0%). There 
appears to be no significant loss in image quality with the use of the lead 
sc reen . 

The recording of neutron diffraction pat terns on film has 
advantages under some c i r c u m s t a n c e s . An init ial effort to r eco rd such 
data has been made by photographing a reflection from a single c rys ta l 
of alpha u ran ium. The method employed a B-10 loaded scint i l la tor and 
Type F X- r ay film. A good exposure was obtained in 30 seconds. F u r ­
ther studies of this method of recording neutron diffraction pa t te rns a r e 
planned. 



C. Reactor Mater ia ls Development 

1 . Radiation Damage in Steel 

The problem of radiat ion damage to p r e s s u r e ves se l s teel is of p r i ­
m a r y impor tance to the industry , in par t icu la r in the design and safety 
evaluation of wa te r -modera t ed power r e a c t o r s . Realizing that a c lear ex­
planation of radiat ion embrittleiment will r equ i re bridging of many gaps in 
cur ren t technology, work has been proceeding on three phases of the problem. 
These a r e descr ibed below. 

a. Theore t ica l Model - A theore t ica l model of the damage miecha-
n ism is needed which will yield a general ly applicable method of repor t ing 
neutron exposure , taking proper account of differences in neutron spec t ra . 
While the s imple model in which damage production is proport ional to the 
incident neutron energy and effective scat ter ing c ro s s section appears 
reasonable , it lacks exper imenta l verif icat ion. The model has been revised 
to provide m o r e detail in the high energy region of the spec t rum and calcula­
tions of damage r a t e s in different facili t ies a r e being made . These will be 
applied to exper imenta l r e su l t s to see if cor re la t ions can be obtained. I r ­
radiat ions a r e being planned for C P - 5 , and dos imet ry capsules a r e now 
being exposed in EBWR in p repara t ion for i r rad ia t ion during high power 
operat ion. 

b . Bri t t le F r a c t u r e - Since embr i t t lement is the most feared p rop­
er ty change due to i r rad ia t ion , t e s t s involving this p roper ty a r e used to 
evaluate radiat ion damage . A review has been s ta r ted on the theory of b r i t ­
tle failure and methods of tes t ing . It is proposed to evaluate test ing methods 
now in use and invest igate new methods . Should a new technique appear suf­
ficiently a t t r ac t ive , exper imenta l work would follow on un i r rad ia ted ma te r i a l , 
with the hope of ul t imate application to i r r ad ia t ed s a m p l e s . 

c. Magnetic and Dynamic P r o p e r t i e s - Radiation-induced changes 
in these p roper t i e s would be of grea t in te res t and prac t ica l value. If co r ­
re la t ions could be developed between these p rope r t i e s , i r rad ia t ion exposure , 
and mechanical p r o p e r t i e s , i r rad ia t ion t e s t s could be per formed non-
des t ruct ive ly and on smal l samples to m e a s u r e damage r a t e s at points of 
in te res t in r e a c t o r s . 

Work on magnetic p rope r t i e s has been d i scussed in the las t 
severa l P r o g r e s s Repor t s . Current work involves m e a s u r e m e n t s of coercive 
force and magnetic inductance on un i r rad ia ted hea t - t r ea t ed , and i r r ad ia ted 
specimiens of p r e s s u r e vesse l s teel SA-212B. 

Eight magnet bar specimens were p repa red from unused 
EBWR SA-212 plate through the 4- in . gauge thickness direct ion to de t e r ­
mine the influences of machining, and location within the gauge th ickness . 



57 

Measuremients with the inductance compara tor bridge on all eight ba r s were 
equal to that for an identical specimen which had been fully annealed by slow 
cooling from 1 550° F /1 575°F. 

The coercive force of SA-212B of the hea t - t r ea ted ba r s descr ibed 
in the May 1961 P r o g r e s s Report (ANL-6374, p. 46) was measu red . This 
m e a s u r e m e n t (the magnet ic field s t rength requi red to r e s to r e the res idual 
magnetizat ion to zero) confirms the previous findings of the lOO-cps bridge 
compara tor m e a s u r e m e n t s . In both m e a s u r e m e n t s , the mechanical ly ha rde r 
m a t e r i a l s were also magnet ical ly h a r d e r . Both sets of measu remen t s in­
dicated that the steel was magnet ical ly ha rde r than fully annealed ma te r i a l 
for all annealing t e m p e r a t u r e s up to and including 1350°F, and independent 
of the rmal heat t rea t ing t ime up to 3 hours at t e m p e r a t u r e . 

Inductance compara to r bridge measu remen t s of 34 additional 
samples of SA-212B cut fromi unbroken i r r ad ia ted specimens (ANL-26 i r ­
radiat ion in MTR, descr ibed in the June P r o g r e s s Report , ANL-6387, p. 55) 
showed that the magnetic p roper t i e s at 100 cps were that of fully annealed 
(from 1 550°F/1575°F) and un i r rad ia ted SA-212B. Prepara t ions a re in p rog­
r e s s for the m e a s u r e m e n t of the d-c coercive force of these b a r s , which in­
clude specimens exposed to four levels of i r rad ia t ion . At a l a te r date, these 
i r r ad ia t ed b a r s a r e to be the rmal ly heat t rea ted and examined magnet ical ly 
for clues to the pos t - i r r ad ia t ion t he rma l heat t r ea tment r e - embr i t t l emen t 
phenomena. 

2. I r rad ia ted Boron-Sta inless Steel 

Samples of chips and cores from impact slug remnants of i r r ad ia ted 
2% boron-s ta in less steel (from the ANL-30 i r rad ia t ion in MTR) were ana­
lyzed for l i thium and boron to check the burnup of the B isotope. The con­
centra t ions of boron in the surface region and the core were lower in two of 
the three slugs analyzed; the l i thium analyses showed a higher concentrat ion 
in the surface region as would be expected from the g rea te r burnup of the 
boron-10 . Li thium-7 is found as a r esu l t of the n ,a nuclear react ion on B . 

The thi rd sample shows a pecul iar i ty which is asc r ibed to the acc i ­
dental inclusion of Type 308-L meta l used in joining the welded tool plate . 
The assuinption of the p resence of austenit ic weld metal is s trongly sup­
ported by the order of magnitude g r e a t e r radiation levels of the samples 
t hemse lves . Similar m e a s u r e m e n t s of activity levels between i r r ad ia ted 
Type 304 s ta in less steel and the 2% boron-s ta in less steel were recorded 
in routine cave moni tor ings . The r e su l t s of the analyses a re summar ized 
in Table XI. 

The boron analyses show that the original 2.26% boron-s ta in less 
s teel was a lmost completely depleted of its B^° isotopic content. The Li^ 
concentra t ions a re compara t ive ly low and indicate that a leaching of the 
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light alkali meta l from the boron-s t a in les s s teel ma t r i x by the NaK coolant 
took place during the i r r ad ia t ion . It is concluded that the ANL-30 i r r a d i a ­
tion did indeed burn out all of the B^° isotope original ly p resen t . 

Table XI. Analyses of I r rad ia ted Boron-Sta inless Steel Samiples 

Sample 

1 - surface chips 
1 - core 
2 - surface chips 
2 - core 
3 - surface chips 
3 - core 

Weight 
(gms) 

0.3437 
0.6431 
0.3080 
0.7230 
0.3571 
0.7165 

Li 

(%) 

0.084 
0.080 
0.040 
0.029 
0.048 
0.042 

B 

(%) 

1.83 
1.93 
0.61 
0.39 
1.87 
1.95 

Radiation Level, 
at 2 in. 

Hard-Soft 

160 
250 

1300 
4000 

130 
250 

Hard 

110 
190 

1100 
3100 

100 
200 

D. Heat Engineering 

1 . Double Tube Burnout Test 

A double tube burnout t es t section which will pe rmi t burnout data to 
be taken at constant quality is being cons t ruc ted . This will pe rmi t burnout 
data to be taken while maintaining constant flow conditions in the channel 
during the burnout t r ans i en t . A loop has been modified to accept the new 
tes t section and a s e r i e s of t e s t s have been run to pick the optiraum location 
of the burnout t aps , and to verify that the burnout detector t ru ly m e a s u r e s 
the temiperature excurs ion at burnout . 

2. Hydrodynamic Instabil i ty 

A dual purpose p r o g r a m to reduce raw data to useable form and to 
compare the reduced data with p resen t co r re la t ions has been p rog rammed 
and debugged. The data for the s e r i e s of runs on the 1 .6 cin ID tes t section 
and r i s e r has been reduced. 

The t rans ien t behavior of the loop following a step inc rease and a 
step dec rea se of power has been m e a s u r e d . A tes t of the loop operat ion 
during sinusoidal var ia t ion of power will be per formed and the r e su l t s of 
all th ree t e s t s will be compared with an analog model of the loop 
hydrodynamic s. 

3. High Void Natural Circulat ion Study 

The flow c h a r a c t e r i s t i c s and hydraul ic r e s i s t a n c e s for a high void 
natural c i rcula t ion loop a r e being evaluated. Exper iments were completed 



using f i rs t one downcomer and then two downcomers , thus giving two sets of 
condit ions. Three orifice plates of var ious d iamete r s were added in the 
downcomer to vary the s ingle-phase flow res i s t ance for each condition above. 

4. Boiling Liquid Metal Exper iment 

The smal l scale loop designed for measu remen t of vapor volumie 
fractions and two-phase frictional behavior of flowing alkali meta ls is still 
under construct ion. Fabr ica t ion of loop components is near ly complete . 
All auxi l iary equipment and ins t rumentat ion has been received with the ex­
ception of the p r e s s u r e and differential p r e s s u r e t r a n s m i t t e r s . The vendor ' s 
or iginal del ivery date has been delayed by fourteen weeks. Tempora ry equip­
ment will be used in the i n t e r im . 

5. Packed Bed Reactor Studies 

Design and selection of components for a smal l in-pile loop for 
packed bed fuel studies is continuing. The hea r t of the helium loop design 
is a small o i l - f ree , "maintenance f ree" commerc ia l ly available ro t a ry com­
p r e s s o r . This machine introduces a prac t ica l l imit on the systemi p r e s s u r e 
loss of about 0.8 a tm which must be apportioned among the l ines , va lves , 
d isconnects , flow m e t e r , heat exchanger , packed bed and f i l ter . This limiit 
is in opposition to r e s t r i c t ions imposed by the in-pi le thimble size as well 
as the des i re to keep the sys tem smal l to minimize dump tank size r e q u i r e ­
men t s . The final solution (which will dictate maximum power of the exper i ­
ment) has not been reached and is dependent upon the loss cha rac t e r i s t i c s 
of the coinponents se lected. 

General ized p r e s s u r e drop cha rac t e r i s t i c s of the packed bed and 
for var ious heat exchanger passages have been calculated and work has be ­
gun to de te rmine what type of gas filter and /or fission gas adsorber is r e ­
quired, and where it can be located in the sys t em. The problem of 
disconnecting the external loop from the radioactive in-pile equipment 
appears to have a solution in the use of sel f -seal ing, quick-connect unions, 
which would allow a minimumi of manual effort and gas spillage during the 
disconnect operat ion. The design philosophy with respec t to flow and p r e s ­
sure ins t rumenta t ion has been to avoid extending small d iameter p r e s s u r e 
leads beyond the in-pi le thimble or the main coolant l ine. Commerc ia l 
turbine- type f lowmeters and minia ture s t ra in gauge differential p r e s s u r e 
t r a n s d u c e r s satisfy this c r i t e r ion . 

E. Separat ions P r o c e s s e s 

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

The volat i l i t ies of uranium and plutonium hexafluorides a r e the bas is 
of schemes being considered for r ep rocess ing power reac tor fuels. Emphasis 
is now on the development of the Direct Fluorination Volatility P r o c e s s appli­
cable to the process ing of typical oxide fuels. 



The direct fluorination of high-densi ty , s in tered uran ium dioxide 
pellets in an iner t bed of fluidized solids is being investigated to study prob­
lems of heat r emova l , react ion r a t e , fluorine util ization efficiency, and 
general behavior of the sys t em. 

P r o c e s s e s for recover ing uran ium from z i rcon ium-enr iched uranium 
alloys a r e being developed. Use of hydrogen chloride for z i rconium removal 
and decladding followed by d i rec t fluorination of uran ium is being t r ied . The 
reac t ions between var ious alloys and zi rconium te t rach lor ide a r e being ex­
amined in cor ros ion s tudies . 

The chemis t ry of plutonium hexafluoride is being invest igated in 
o rder to obtain information useful in establishing p rocess flowsheets as 
well as information of a more fundamental na tu re . 

a. Direct Fluorinat ion of Uranium Dioxide Fuel - Most of the p r e ­
vious fluorinations of uran ium dioxide pellets have been made on unclad 
pe l le ts . Two fluorination runs have been made in the 3-inch diamieter column 
in which the pel lets were contained in one-inch long open-end pieces of 
Zircaloy tubing to s imulate chopped fuel e lements . The conditions for both 
runs were as follows: bed t e m p e r a t u r e , 500°C, off-gas recycle at 
0.6 cu f t /min. The feed s t r e a m was pure fluorine, but the off-gas recycle 
contained oxygen produced in the react ion which acted as a fluorine diluent. 
One run was made with a fluidized bed of alundum grain and the other with­
out a fluid bed. While appreciable fluorination was c a r r i e d out, operational 
difficulties appeared in both runs due to ignitions of the Zircaloy and t e m ­
pera tu re s u r g e s . In the case of the fluid-bed run, severe caking developed 
due to sintering of the bed m a t e r i a l . 

The ra te of fluorination of uranium dioxide pel lets was observed 
as a function of t empe ra tu r e in the range of 350° to 500°C. Both oxygen and 
nitrogen diluent (~ 80% diluent) exper iments were made; an alundum grain 
fluid bed was used in all c a s e s . Although the t empera tu re effect on the 
fluorination ra te was the same for both gas diluents, the absolute r a t e s for 
oxygen dilution were about 5 t imes higher than those for ni t rogen dilution 
over the range of exper imenta l condit ions. The UF^ collection ra t e rose 
from 10 g /hr at 350 °C to 230 g /hr at 500°C for ni t rogen diluent; from 100 to 
700 g /hr for oxygen diluent. For the ra te constant expressed as a function 
of t empera tu re in the form 

. . - E V R T 
k = Ae ' , 

values of E of about 14 kca l /gmol were indicated for both the ni trogen di l­
uent runs and for the oxygen diluent r u n s . These t empe ra tu r e coefficients 
agree with those obtained in ea r l i e r labora tory exper i inents . 



b. Halogenation Studies on Uranium-Zirconium Alloys - Engineering-
scale studies on a fluid-bed volatil i ty p rocess for recover ing uranium from 
enriched u ran ium-z i r con ium alloy fuels a r e being resumed in view of favor­
able r e su l t s obtained in recen t l abora tory exper iments . The f i r s t s tep, 
d i rec t hydrochlorinat ion of the alloy, conducted in fluidized beds of iner t 
solids for heat removal has been demonst ra ted in the two-zone react ion 
s tudies . Adequate u ran ium removal from the bed by fluorination, here tofore 
not at tained for r easons at t r ibuted to the presence of z i rconium tetraf luoride 
and the type of bed solid, is expected to be achieved by changes in the p r o c e s s . 
These changes involve use of specific bed ma te r i a l and complete removal of 
the z i rconium as the volati le t e t r ach lo r ide . During hydrochlorination the 
uran ium reac t s to form the solid t r ich lor ide which is expected to be re ta ined 
in the fluid bed or in packed beds of alundum. 

Fur the r l abora to ry work has shown that pure crys ta l l ine alumina 
is a suitable iner t solid for use as a fluidizable medium in the fluoride vola­
til i ty process ing of enriched uran ium, zirconium alloy fuels. Three grades 
of Norton 's Alundum (crystal l ine aluminum oxide) were investigated for use . 
Best r esu l t s were obtained using Norton 's "Blue Label" Grade RR 60 mesh 
Alundum. An average of 99.5 percent removal of uranium was obtained on 
fluorination of the fluid bed following the hydrochlorination step for 5 hours 
at 350°C. The uran ium concentrat ion in the initial sample was between one 
and two percent . The exper imenta l procedure was represen ta t ive of what 
would be used in p r o c e s s application. 

c. Corros ion Studies - A para l le l study has been initiated to pe r ­
mit evaluation of meta l filter m a t e r i a l s and potential ma te r i a l s of cons t ruc ­
tion for use in this work. P r e l i m i n a r y resu l t s of bomb-type cor ros ion 
exfjeriments in which specimens were exposed to z i rconium te t rachlor ide 
vapor at about 3 70°C and 2000 m m Hg p r e s s u r e showed cor ros ion equivalent 
to 0.3 to 0.4 m i l / m o in 35 hour t e s t s and 0.1 or l ess m i l / m o over a 1 70 hour 
period for A-nickel and Inconel, somewhat higher values for s ta inless steel 
and Monel. A single t es t of s in tered nickel, using the apparent surface a r ea 
ra ther than the actual a r e a (these may differ by a factor of ten) gave a co r ­
rosion ra te of 2 to 4 mi l s /mon th for a 170-hour t es t . 

d. Plutonium Fluoride Studies - Labora to ry - sca le fluorinations of 
solid solutions of uran ium and plutonium dioxides mixed with solids which 
a r e being cons idered for use as iner t ma te r i a l in a fluidized-bed fluorinator 
a r e being continued. P u r e c rys ta l l ine aluminum oxide has been shown to be 
a suitable for use as an iner t solid. In duplicate s ta t ic-bed exper iments at 
a s tar t ing concentrat ion of 1.4 percent plutonium and 27 percent uran ium the 
solids were fluorinated for 10 hours at 450°C. The plutonium was 
98.5 J 0.4 percent removed and the concentration of plutoniumi in the res idue 
was 0.03 percent . The concentrat ion of uranium in the res idue was 
0.006 percen t . These res idual concentrat ions a r e identical with those found 
ea r l i e r in runs at fluorination t e m p e r a t u r e s of 350° C. A grea te r retention 
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of plutonium in the alumina res idue r e su l t s at a fluorination t empera tu re of 
550°C, at which t e m p e r a t u r e an average of 93 percent of the plutonium is 
fluorinated from the solid m i x t u r e s . 

2. General Chemis t ry and Chemical Engineering 

The at ta inment of lower cost nuclear power depends on the develop­
ment of more economical methods of m.anufacture of nuclear fuel m a t e r i a l s . 
Resea rch and development for devising new chemical methods of improving 
chemical engineering techniques or equipment is being conducted. 

The fluid-bed convers ion of u ran ium hexafluoride into uranium 
dioxide is an a l ternat ive miethod for the production of enr iched oxide for 
nuclear r eac to r fuels. The p r o c e s s involves ei ther a s ing le -s tep pyrohydrol 
ysis and reduction using s team and hydrogen s imultaneously, or a two-s tep 
p rocess using a l ternat ively s team or hydrogen, followed by the other 
reac tan t . 

A smiall d iameter fluid-bed calciner is being developed for the d i rec t 
conversion of plutonium ni t ra te to plutoniumi dioxide. 

Conditions for liquid meta l reduction of the oxides of uraniumi, plu­
tonium, and thor ium a r e being explored. P repa ra t ion of r e f r ac to ry uran ium 
and plutonium compounds is being invest igated. 

a. P repa ra t ion of Uranium Compounds - The comipound UBg was 
p repared by react ion of dissolved uran ium with a l a rge excess of boron in 
a zinc-9 weight percent magnes ium solution for 6 hours at 800°C. 

Refractory compounds p repa red to date by syntheses in liquid 
meta l media include the following: UC, USis, U3Si2, UB2, PU2C3, and CeCs. 

b. Liquid Metal Reduction Studies - The effect of f lux/meta l ra t io 
on the reduction of u ran ium oxides by magnes ium-z inc solutions was inves t i ­
gated. Using a calc ium ch lo r ide -magnes ium ch lo r ide -magnes ium fluoride 
flux (47.5, 47.5, 5.0 mole percent ) , increas ing the f lux/meta l ra t io inc reased 
the reduction ra te and reduced the u ran ium loss to the flxax. 

3. Chemica l -Meta l lurg ica l Studies 

Continued p r o g r e s s is being made in the development of new pyro -
meta l lurg ica l methods for r ep rocess ing nuclear r eac to r fuels . Important 
to the development of these methods a r e fundamental studies of liquid meta l 
sys tems that a r e being used as media in the var ious p r o c e s s s teps . M e a s ­
urements of solubil i t ies in liquid meta l s of f issionable and fission product 
e lements and of the e lements of container m a t e r i a l s a r e yielding in forma­
tion that a r e bas ic to the development of new p r o c e s s e s . The work that is 



being done in delineating the phase d iagrams of the uran ium-z inc and the 
u ran ium-magnes ium-z inc sys tems is providing information of fundamental 
impor tance to the development of pyroiTietallurgical p roces se s for the EBR-II 
fuel cycle . Also of p rocess in t e re s t is the information that is being obtained 
from studies of the distr ibution of e lements between immisc ib le liquid meta l 
p a i r s . The evaluation of thermodynamic functions for e lements in liquid 
meta l solvents and for the m o r e impor tant solid in termeta l l ic phases is add­
ing to the fund of information needed for a thorough understanding of the 
p roce s se s under study. Effusion studies a r e yielding useful information 
concerning binary sys tems in which one of the components is volat i le . The 
p r o g r a m in ca lo r i ine t ry cons is t s of determinat ions of heats of formation 
by means of oxygen bomb ca lo r ime t ry and fluorine bomb ca lo r ime t ry . The 
la t te r is being used for the combustion of re f rac tory m a t e r i a l s and gives 
p romise of overcoming many of the gaps in information that have existed 
in t he rmochemis t ry because of the difficulties that h i ther to were encountered 
in making the n e c e s s a r y m e a s u r e m e n t s . 

a. Liquid Metal Solvent Studies - It has been found that over the 
t empe ra tu r e range 450° to 650°C the solubility of vanadium in zinc ranges 
from 0.16 to 0.7 weight pe rcen t . There is evidence for r e t rog rade solubility 
above about 690°C, but this has not yet been firmly es tabl ished. Several 
new in termeta l l ic solid phases have been found; the most z inc - r i ch phase 
is probably VZn3 which is i so s t ruc tu r a l with NbZns- Work is continuing on 
the charac te r iza t ion of VZn3 and identification of the other phases in the 
sys tem. 

Crys ta l s of the epsilon z inc-uranium phase (UZnii.5) and uranium 
were compacted by powder meta l lu rgy and subjected to prolonged exposure 
to elevated t e m p e r a t u r e s . The delta z inc-uranium phase (UZng.s) formed 
after four weeks at 600°C, but did not forna in three weeks at 500°C. 

A 25 weight percen t u ran ium-z inc charge was heated for 17 days 
at 875°C. The product was identified as the delta phase with res idual zinc. 
Chemical analys is of the delta c rys t a l s showed the z inc:uranium atom rat io 
to be 8.75. 

The effect of the addition of magnesium on the distr ibution of 
uran ium between liquid zinc and lead has been determined. Magnesium 
additions i nc r ea se the mutual solubil i t ies of zinc and lead and consequently 
dec rea se the distr ibution coefficient of the uranium. Values of the d is t r ibu­
tion coefficient (weight percent uran ium in z inc- r ich layer /weight percent 
uraniuin in l e a d - r i c h l ayer ) at 650°C var ied with the magnesium concentra­
tion of the zinc phase in the following manner : K - 226, % Mg = 0; K = 55, 
% Mg = 1 .5; K = 24, % Mg = 2.9; and K = 9, % Mg = 4 .3 . 

The lanthanum-zinc and praseodymium-z inc sys tems a re being 
invest igated bv means of the effusion method. 



b. Ca lo r ime t ry - Exper imenta l study of the combustion of t i tanium 
in fluorine in the ca lo r ime te r has been completed. P r e l i m i n a r y studies of 
combustion techniques for burning tantalum and niobium in fluorine have been 
completed. Such studies for vanadium a re cur ren t ly being done. 

Exper iments for determining the heat of formation of boron 
ni tr ide a re continuing. 

Explora tory studies of the combustion of sil icon in fluorine have 
been s ta r ted . 

Prel imiinary exper iments on the combustion of zirconiumi dihy-
dride in oxygen a r e complete and a s e r i e s of ca lo r ime t r i c runs with both 
ZTH.2 and ZrDj a r e to be s ta r ted . 

F . Advanced Reactor Concepts 

1 . Fas t Reactor Test Faci l i ty ( F A R E T ) 

The genera l engineering p a r a m e t e r s for an exper imenta l facility to 
tes t advanced fast r eac to r co res a r e being examined to prove the feasibility 
for such a device. 

A conceptual design for a safety rod drive mechan i sm that can be 
adapted to a va r ie ty of core geometr ies has been completed. Located at the 
r eac to r top, the drive uses a rack and pinion for accura te position control . 
Pneumatic boost is used to reduce the gravi tat ional s c r a m t ime . 

The versa t i l i ty demanded of the tes t facility a lso r equ i r e s that the 
method for changing fuel be adaptable to a var ie ty of core configurations. 
The proposed layout for handling the FARET fuel e lements emphas izes 
s imple manual techniques to gain flexibility. 

Still in the headache stage of conceptual design is the problemi of 
making FARET suitable for new exper iments which may requ i re different 
coolants and consequently different s t ruc tu ra l m a t e r i a l s . No easy solution 
has been found. Of severa l possible schemes examined, it appears that the 
cheapest way to make the changeover is s imply to rep lace the or iginal p r e s ­
sure vesse l and assoc ia ted p r i m a r y piping. Other equipment such as the 
heat sink, cont ro ls , containment and handling devices would be re ta ined . 

A s e r i e s of c r i t i ca l radius computations for var ious volume fractions 
of a uran ium (93% enriched) carbide fuel, sodium cooled and niobium clad 
sys tem have been completed for the FARET study. The r e su l t s a r e presented 
in Table XII. 



Table XII. Cr i t ica l Radius Calculations 

Volume 
Frac t ion 

UC/Na/Nb 

50/25/25 

40 /35 /25 

30/45/25 

Core 
Radius 

(cm) 

42.1 
24.8 
21.7 

49.3 
32.2 
26.2 

50.6 
33.6 

Core 
Height 
(cm) 

30 
45 
70 

35 
45 
70 

45 
70 

Diameter ; 
Height 
Ratio 

2.81 
1.1 
0.62 

2.82 
1.43 
0.75 

2.25 
0.961 

Volume 
of core 
( l i ters) 

167 
87.1 

103.8 

267 
146.6 
151.2 

362.5 
248 

Cri t ical Mass 
kg of 

U(93% enriched) 

916 
478 
569 

1170 
645 
664 

1193 
816 

A study of the theore t ica l ly allowable specific power (Mw/kg) in fuel 
based on high t empera tu re c r e e p p roper t i e s of cladding ma te r i a l s such as 
niobium al loys , molybdenum, Inconel X, Hastelloy and SS 347 is presented 
in Table XIII. The computations assume that the specific power depends on 
the t he rma l s t r e s s in the clad. The specific powers a r e tabulated for a clad 
having the dimensions of the EBR-II fuel pin. 

Table XIII. Allowable Specific Power, Mw/kg 

Clad Surface 
Tempera tu re 

(°C) 

600(1100°F) 
650(1200°F) 
700(1300°F) 
760(1400°F) 

SS 
347 

1.16 
0.78 
0.54 
0.14-
0.28 

Hastel loy 

— 

1.18 
-

0.48 

Nimonic 
80 

2.38 
1.85 
1.36 
0.72 

Inconel 
X 

4.72 
3.72 
2.60 
1.60 

Mo -0.5% Ti 

-

22.0 
-
9.8 

Nfc 

-

24 
-

10 

2. Direct Conversion Survey for Mobile Systems 

As a f i rs t approach to find new ways to use nuclear energy for su r ­
face t ranspor ta t ion , r e a c t o r s for the production of chemical fuels suitable 
for ei ther in ternal combustion engines or fuel cel ls a re being considered. 

Most of the abundant chemical compounds which contain elements 
suitable for l a rge scale fuel production a re found in nature in forms which 
a r e the resu l t of exothermic r eac t ions ; for example, light metal oxides and 
n i t r i d e s . Reduction of these compounds by e lec t ro lys is at cent ra l station 
nuclear plants is one obvious way to uti l ize nuclear energy for the produc­
tion of chemical fuels. 



A potentially m o r e efficient scheme is the d i rec t use of fission heat 
to make the r e v e r s e endothermic reac t ion . Also, ionizing radiat ion may 
enhance react ion ra t e s but probably not enough to i nc rease conversion 
significantly. 

As an in t e r im m e a s u r e to extend the supply of fluid fuels, the well-
known miethods for production of gasoline or synthetic gas from coal a r e 
possible applications for nuclear heat . Some work in this direct ion is under ­
way at the Bureau of Mines. But when fossil fuels becorae s c a r c e (or more 
valuable for other purposes) it will be n e c e s s a r y to synthesize a l te rna te fuels 
to sustain m a s s t ranspor ta t ion . 

The l a rge energy s torage capability that we now enjoy with hydro­
carbon fuels - 10.4 kcal/gmi for gasoline - can be matched with some of 
the l ighter elem.ents. Three with high oxidation energ ies a r e boron, l i thium 
and a luminum. Of these , a luminum is of pa r t i cu la r in te res t because it i s 
re la t ively abundant in the ea r th ' s c r u s t . Boron hydr ide , on the other hand, 
is also of in te res t because of i ts high energy to weight ra t io . Efforts a r e 
now directed toward screening the light element compounds for their pos­
sible production in r e a c t o r s and thei r subsequent utili ty as power sources 
for t ranspor ta t ion . 

3. Compact High Power Density Reac tors 

A cost es t imate has been completed for the equipment requi red to 
modify EBR-I to tes t a compact , 11 l i t e r co r e . This exper iment would sup­
ply information on the physics and engineering needed to develop a fast r e ­
actor which would use sodium vapor as the working fluid in a d i rec t power 
cycle. 

4 . Resea rch and Test Reactor Design 

As pa r t of a continuing in t e r e s t in improved r e s e a r c h r e a c t o r s , some 
work was done to investigate the use of D2O ref lec tors with light water mod­
era ted , flux t r a p c o r e s . The usual objections to such a sys tem a r e that it 
r equ i r e s a high degree of s t ruc tura l integri ty and a second independent heat 
removal sys tem that can make D2O inventory costs prohibi t ive. To el iminate 
these p rob lems a canned D2O ref lector without external circulat ion was con­
s idered . The ref lector heat sink in this case was the inlet header bringing cold 
water to the c o r e . Heat t r ans fe r calculat ions indicate that it is feasible to 
cool the D2O by na tura l c i rculat ion although hot spots may be encountered 
at points of high gamma heat generat ion, such as beam hole l i n e r s . 
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