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A B S T R A C T 

The d e v e l o p m e n t of a s o l - g e l p r o c e s s and r e l a t e d p r o c e s s e s for 
p r e p a r i n g ( U , P u ) 0 fas t r e a c t o r fuels h a s con t inued a t the B a b c o c k fk 
Wi lcox N u c l e a r D e v e l o p m e n t C e n t e r . P r o g r e s s for the 14th q u a r t e r , 
end ing J a n u a r y 3 1 , 1970, is r e p o r t e d . The p r o g r a m is s p o n s o r e d by 
the U. S. A t o m i c E n e r g y C o m m i s s i o n u n d e r C o n t r a c t N o . A T ( 3 0 - 1)-37 14. 

About 6 kg of 235U0 so l and 550 g of PuO so l w e r e p r e p a r e d by 
p r e c i p i t a t i o n - p e p t i z a t i o n t e c h n i q u e s . The u n i t - o p e r a t i o n - s c a l e s p h e r -
o id iz ing s y s t e m was o p e r a t e d wi thout the o r g a n i c r e g e n e r a t i o n s y s t e m . 
About 250 g of c o a r s e and 150 g of fine 235U0 -20% PuO m i c r o s p h e r e s 
w e r e p r e p a r e d . 

The 235U0 -20% PuO p e l l e t s and s h a r d s r e q u i r e d for the i n i t i a l 
E B R - I I i r r a d i a t i o n t e s t w e r e n e a r l y c o m p l e t e d . B e c a u s e of a d e s i g n 
change in the E B R - I I p i n s , a d d i t i o n a l U0 b l a n k e t and i n s u l a t o r p e l l e t s 
w e r e p r e p a r e d . 

F o u r c a p s u l e s in a s e r i e s d e s i g n e d to show the d i f f e r e n c e s in r e 
s t r u c t u r i n g k i n e t i c s of p e l l e t s and v i b r a t o r y c o m p a c t e d s p h e r e s and 
s h a r d s w e r e i r r a d i a t e d in the B A W T R . The e x p o s u r e t i m e v a r i e d f r o m 
3 to 81 days a t 6 to 20 k W / f t . 
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1. INTRODUCTION 

This is the 14th p r o g r e s s repor t on a continuing p r o g r a m of ex
per imenta l work on sol-gel and re la ted methods for p repar ing mixed 
uranium-plutonium oxide fuels for fast r eac to r applicat ion. The p r o 
g ram is sponsored by the U. S. Atomic Energy Commiss ion under Con
t rac t No. AT(30-1)-3714. This r epor t covers the per iod from Novem
ber 1, 1969, to January 31 , 1970. 

The work p r o g r a m for this contract es tabl ishes seve ra l technical 
t a sks , including fuel prepara t ion and fabricat ion, r eac to r testing in 
both the rmal and fast neutron fields, and analyt ical support . For FY-
19 70 the p r ime objective is the p repara t ion of fuel and the fabricat ion 
of 18 unencapsulated fuel pins for i r rad ia t ion in the EBR-II as pa r t of 
a 37-pin subassembly to be shared with ORNL. This fuel will be fully 
enriched U0-20% PuO in the form of so l -ge l m i c r o s p h e r e s , shards 
(crushed pe l le t s ) , and pe l l e t s . In addition, eight capsules containing 
U0-20% PuO in the same three fuel forms a r e scheduled for i r rad ia t ion 

z 2 

in the BAWTR at l inear heat rat ings of 6 to 20 kW/ft for 1 to 8 1 days . 
By the end of the fiscal year , 15 of 17 capsules in a s e r i e s designed to 
show the differences in r e s t ruc tu r ing kinet ics of pel lets and v ibra tory 
compacted spheres and shards will have been i r r ad ia t ed in the BAWTR. 
Five of these capsules a r e to be examined in the B&iW hot cel l facility 
in FY-1970. 

During this r epor t period the p repara t ion of 2 5U0 sol and PuO 
sol was completed and about 400 g rams of 235U0 -20% PuO m i c r o s p h e r e s 
were formed. In addition the 235U0 -20% PuO pel lets and shards for the 

2 2 

init ial EBR-II i r rad ia t ion tes t were near ly completed. Four capsules 
were i r r ad ia t ed at 6 to 20 kW/ft for 3 to 8 1 days in the BAWTR, and 
another capsule was assembled for i r r ad ia t ion at a l a t e r da te . C h a r a c 
ter iza t ion of the fuel being i r r ad ia t ed in the BAWTR during FY-1970 
is near ly comple te . P r o g r e s s in al l technical a r e a s of the p r o g r a m is 
reviewed in the following sec t ions . 

1 Babcock & Wilcox 



2. RESULTS AND CONCLUSIONS 

2 . 1 . Fuel P repa ra t i on 

About 6 kg of 235U0 sol and 550 g of PuO sol were p repa red by 
precipi ta t ion-pept izat ion techniques . The 235U0 sol was somewhat 
l ighter in color than was previous sol and had a shelf-life of less than 
a month. Difficulty in thermal ly denitrat ing the h igh-ni t ra te PuO sols 
was overcome by t reat ing the initial plutonium feed solution with H 0 . 

The un i t -opera t ion-sca le spheroidizing sys tem was operated s u c 
cessfully without the organic regenera t ion sy s t em. Additional operating 
exper ience is required to bring the regenera t ion sys tem on l ine. About 
250 g of coa r se and 150 g of fine 235U0 -20% PuO m i c r o s p h e r e s were 
p r e p a r e d . 

2 . 2 . Fuel Fabr ica t ion 

The 2 3 5 U 0 E - 2 0 % Pu02 pel lets and shards requ i red for the init ial 
EBR-II i r rad ia t ion test were near ly completed. Only a smal l quantity 
of c o a r s e shards remains to be p r e p a r e d . Because of a design change 
in the EBR-II p ins , another lot of U0 blanket and insulator pel lets were 
fabr ica ted. The density of these pel lets averaged 95.1 +_ 1.6% of theo
r e t i c a l . 

2 . 3 . I r radia t ion Testing 

Four capsules were i r r ad ia t ed in the BAWTR for from 3 to 8 1 
days at 6 to 20 kW/ft. One of these (GA-9) was scheduled for an 81-day 
i r rad ia t ion at a l inear heat ra te of 6 kW/ft. However, it was removed 
after five days because of the e r r a t i c behavior of thermocouples , which 
is unexplained. 

The s ta in less s teel tubing for the EBR-II pins has been received 
and u l t rasonica l ly inspected. The welding chamber has been modified 
to handle the 40-inch EBR-II p ins , and the welding and xenon-tagging 
p rocedures a r e near ly comple te . 

- 2 - Babcock & Wilcox 



2 . 4 . Analytical Support 

No difficulty has been encountered in complying with the quality 
a s su rance plan wri t ten for the FY-1970 fuel o r d e r . Charac te r iza t ion 
of the fuel being i r r ad ia t ed in the BAWTR during FY-1970 is near ly 
comple te . 

- 3 - Babcock & Wilcox 



3. FUEL PREPARATION 
(R. V. Car lson) 

The gel-addit ion i r rad ia t ion p r o g r a m includes the exposure of 
spher ica l pa r t i c l e s , angular p a r t i c l e s , and pellets to the f a s t - r eac to r 
conditions obtainable in the EBR-II . Eighteen unencapsulated pins a r e 
scheduled for inser t ion in July 1970 as par t of a subassembly to be 
shared with ORNL. The FY-1970 fuel o rde r for the EBR-II i r rad ia t ions 
includes 1300 g of sol-gel m i c r o s p h e r e s and 4100 g of coprecipi tated 
powder containing 20% PuO in U0 enriched to 93% 235U. 

3. 1. P r epa ra t i on of 235U02-20% PuO., Powder 

During the past qua r t e r about 4.3 kg of mixed oxide powder were 
p repa red by continuous coprecipi tat ion of ammonium d iurana te -p lu-
tonium hydroxide from a uranium-plutonium ni t ra te solution. ! This 
completed the FY-1970 mixed oxide powder o r d e r . 

3 . 2 . P repa ra t i on of 235U0-20% PuO Microspheres 

The formation of sufficient 235U0 and PuO sol to produce 1300 g 
of so l -ge l m i c r o s p h e r e s was completed. The blending and gelling of 
these sols in the un i t -opera t ion-sca le spheriodizing system are in p r o 
g r e s s . 

3 .2 . 1. P r epa ra t i on of U0 Sol 

About 6 kg of fully enriched u ran ium were converted in 
to stable U0 sols using the ORNL formate flow sheet . 2 The per t inent 
run data from the sol p repara t ions a r e summar i zed in Table 3 - 1 . 

The reduction t ime in each run was substantial ly l ess 
than normal ly observed in previous r u n s . This is a t t r ibuted mainly to 
having a u r e a / u r a n i u m mole rat io (in the init ial feed solution) of 0.8 
r a the r than the flow sheet value of 0.6. 3 In addition, a new s t i r r i ng rod 
was used in batches 158 to 173. This permi t ted more efficient mixing 
during the reduction step and a lso seemed to lower the reduction t ime . 
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Table 3 - 1 . Da ta F r o m P r e p a r a t i o n of 2 3 5U02 Sols 

B a t c h 
N o . 

145 
146 

147 
148 

149 
150 

151 
152 
153 

154 
155 
156 
157 
158 

159 
160 

161 
162 
163 

168 

169 
170 
171 
172 
173 

U r a n i u m 
r e d u c e d , g 

100.0 
200.0 
200.0 
200 .0 
200.0 
200.0 
300.0 
300.0 
300.0 
302.1 
295.2 
287.2 

294 .5 
295.2 
150.0 
255 .3 

278 .7 
299 .4 
291 .4 

298.9 
25 .3 

300.0 
300.0 
300.0 
300.0 

Input U 
c o n e , M 

0.47 
0.81 
0 .81 
0.81 
0 .81 
0.81 

0.89 
0.89 
0.89 
0.89 
0.89 
0.88 
0.88 
0.88 
0.86 

0.89 
0.87 

0.89 
0.88 
0.89 
0.72 

0.89 
0.89 

0.89 
0.89 

R e d u c t i o n 
t i m e , h 

1.7 
<i.o<a> 

2.0 
2 .3 

2 .5 
3.0 
3.6 
2.0 

1.8 
2 .1 

2.9 
2.4 
2 .4 
1.0<b> 
1.2<b> 
l . l ( b ) 

l . l ( b ) 

1.9 ( b ) 

1.2<b> 
1.3<b> 

0yb> 
2.1<b> 
2.0<b> 
1.3(b> 
2.1 ( b> 

(a) 
O v e r - r e d u c t i o n o c c u r r e d . 
New s t i r r i n g r o d , w h i c h a l l o w e d g r e a t e r m i x i n g , 
w a s u s e d . 
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B a t c h 
N o . 

33 
34 

35 t c> 
3 6 ( c ) 

3 7 lc) 
3 8 ( c ) 

39 (C» 
4 0 ( C ) 

Stock : 

P u , g/f 

25 .38 
25.37 

25.59 
25.37 
25.32 
25.32 

25.32 
25.32 

solut ion 

H + , M 

1.00 
1.00 

1.00 
1.00 

1.00 
1.00 

1.00 

1.00 

P u 
input , 

g 

101.0 
101.0 

55.1 
101.0 
119.0 

119.0 
119.0 

119.0 

Table 

4 M 
NH 4 0H, 

I 

2.85 

2.85 
1.54 

2.85 
3.40 
3.40 

3.40 

3.40 . 

3-2. 

N o . 
w a s h e s 

4 

4 

5 

5 
5 

5 
5 

5 

Summary 
of Pu (IV) 

F i n a l 
f i l t r a t e , 

p H ' 

7.3 
7.2 
7.2 

7.7 

7.9 

7.9 
7.8 

7.9 

of Bate! 
Sols 

N O j / P u 
m o l e 

r a t i o to 
pep t i ze 

1.23 
1.23 

1.19 
1.23 
1.20 

1.20 

1.20 
1.20 

h P r e p a r 

P e p t i z i n g 
t i m e , h 

0.50 

0.50 
0.50 

0.50 
0.50 
0.50 

0.50 

0.75 

at ion 

Bakin 
t inne, 

Jb> 
_(b> 

5.0 

6.0 

5.8 
1.8 
2.0 

2.0 

g 
h 

N 0 3 / P u 
m o l e 
r a t i o 

. . 
0.15 

0.12 
0.14 

0.12 

0.14 
0.13 

Yield of 
d e n i t r a t e d 
p o w d e r , g 

--

46.4 

114.7 
127.2 

133.4 

130.5 
131.1 

P u 
r e c o v e r e d , . 
a s so l , % ' 

--

71.6<d> ^ 

96.5 

90.9 
■ ■ 95 .3 

93.2' 

93.6 

(a) 

(b) 

(c) 

(d) 

A s s u m i n g d e n i t r a t e d powder is 85 wt % P u . 

Baking d i scon t inued b e c a u s e NO fumes w e r e not o b s e r v e d and powder would not r e s u s p e n d in w a t e r . 

P u feed so lu t ion t r e a t e d with H O . 
Yield d e c r e a s e d b e c a u s e of l a r g e n u m b e r of s a m p l e s r e m o v e d . 



The UO sol p repa red during the qua r t e r was somewhat 
l ighter in color than is normal ly observed . In addition the shelf-life 
was less than one month, whereas a life of up to six months had been 
previously observed . The reason for this behavior is not c l ea r , but as 
a resu l t of the short shelf-l ife, a large quantity of the sol had spontan
eously gelled before it could be run through the spheroidizing sys t em. 

3 . 2 . 2 . P repa ra t ion of PuO Sol 

About 550 g of plutonium were converted into stable PuO 
sols using the ORNL precipi ta t ion-pept izat ion flow sheet . 4 The oper 
ating procedure has been repor ted , and the run data from these batches 
a r e summar ized in Table 3-2. 

In batches 33 and 34 it was not possible to thermal ly de -
ni t ra te the dr ied powder. This problem was repor ted previously 3 but 
has not been explained. It was thought that the problem might be r e 
lated to a high Pu(VI) content in the initial feed solution. Therefore , 
the feed solution in batch 35 was t rea ted with HO to des t roy any Pu(VI) 
that might be p r e sen t . This t r ea tment involved heating the feed solu
tion (l.OM in free acid) to 70 C, adding 25 ml of 30% H 0 over a period 
of five minutes while s t i r r ing the solution rapidly, and cooling to room 
t e m p e r a t u r e . Samples of the stock solution taken before and after the 
HO t rea tment were analyzed for Pu(VI) by controlled potential cou-
lomet ry . The Pu(VI) content in both samples was below the l imit of 
detection (~1%). Never the less , no difficulty was encountered with the 
the rmal denitrat ion step in batch 35, and a stable PuO sol was formed. 
Therefore , the initial plutonium feed solution in batches 36 to 40 was 
also t rea ted with H O , and each of these runs was successful . 

3 . 2 . 3 . Microsphere Format ion 

The initial effort to p r e p a r e 235U02~20% PuO m i c r o s p h e r e s 
in the un i t -opera t ion-sca le spheroidizing sys tem was unsuccessful b e 
cause of an inability to find the proper surfactant condit ions. No dif
ficulty was observed in the l abo ra to ry - sca l e sys tem, which does not 
contain a st i l l for organic regenera t ion . Therefore , the large sys tem 
was operated with the organic bypassing the s t i l l . 
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The following procedure was used.: 

A total of 32 I of 2-EH containing 0.5 vol % 
water and the requ i red surfactant concentra
tions was placed in the sys tem at the s t a r t of 
each day's run. Then 4 ( of wet 2-EH were 
removed and 4.{.„of dry 2-EH were added to 
the sys tem every 30 minutes during ope ra 
tion. All re jected organic was pumped from 
the box to waste d r u m s . 

Using this method, sa t is factory m i c r o s p h e r e s can be formed, and it 
will be possible to have the FY-1970 fuel o rde r p repa red on schedule . 
La te r , additional runs will be made with the sys tem to de termine the 
p roper surfactant addition ra tes while rec i rcula t ing , the 2-EH through 
the organic regenera t ion sy s t em. 

About 250 g of acceptable coa r se product and 1.50 g of 
fines have been p r epa red . The remainder of the fuel o rder will be 
completed during the next q u a r t e r . 
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4. FUEL FABRICATION 
(J . M. Kerr) 

4. 1. Oxide Charac te r iza t ion (A. H. B r e m s e r ) 

Sorbed gas r e l ease values were obtained for the ORNL m i c r o 
spheres to be i r r ad ia ted in the BAWTR and for two of the three firings 
of UO blanket pel lets to be used in the EBR-II i r rad ia t ion spec imens . 
These resu l t s a r e shown in Table 4 - 1 . 

Table 4 - 1 . Sorbed Gas Release Values 

Gas r e l e a s e , cc /g 
Type of m a t e r i a l Run 1 Run 2 

ORNL m i c r o s p h e r e s ^ ' 0.016 0.016 
EBR-II blanket pe l le ts , firing 1 0.004 0.005 
EBR-II blanket pe l le t s , firing 2 0.004 0.006 

(a) 
Analysis per formed on a mixture of 73% coa r se and 
27% fine m i c r o s p h e r e s in o rde r to s imulate the fuel 
composit ion in a pin. 

4 . 2 . Fabr ica t ion of EBR-II Specimens (L. J . F e r r e l l ) 

The 235U02-20% Pu02 pel le ts requi red for the EBR-II pel let and 
shard pins were p r e s s e d previously . 6 During this r epor t per iod, they 
were fired and separa ted into two lots—one to be used in pel let pins and 
one to be crushed into s h a r d s . The resu l t s of s ta t i s t ica l analyses of 
the physical cha rac t e r i s t i c s of these pellets a r e shown in Table 4 - 2 . 

The density of each pel le t in the lot to be used in pel let pins was 
measu red to ensure that each was within the specification of 93 _+ 2% of 

- 9 - Babcock & Wilcox 



theore t i ca l . These pellets will be ground, washed, dr ied, and loaded 
into the EBR-II i r rad ia t ion specimens during the next repor t per iod. 

The other lot of pel lets was crushed to produce the shards for the 
vipac pins , but the quantity of coa r se par t ic les p repa red was insuffi
cient for the ent i re fuel o r d e r . Therefore , additional 235U0 -20% PuO 
pel lets will be produced and crushed during the next q u a r t e r . 

It was previously repor ted that all the UO blanket pel lets for the 
EBR-II pins were fabricated and s tacked. However, because of a pin 
design change, additional UO blanket and insulator pellets were r e 
qu i red . These were fabricated with an average density of 95.1 + 1.6% 
of theore t i ca l . All the UO pellets will be assembled into 7-inch s tacks 
with an average stack smea red density between 91 and 95% of theore t ica l . 

Table 4-2 . Stat is t ical Analysis of Pe l l e t Lots for EBR-II Pins 

Lot for Lot for 
pel let pins vipac pins 

No. of pel lets sampled 30 30 

Mean densi ty, % theor 93.02 93.78 
Standard deviation 0.60 1.35 
95% confidence in terva l 91.85-94.19 91.13-96.43 

Mean d iamete r , in . 0.211 0.210 
Standard deviation 0.0015 0.0016 
95% confidence in terval 0.208-0.214 0.207-0.213 

Mean length, in. 0.247 0.248 
Standard deviation 0.005 0.007 
95% confidence in terval 0.237-0.257 0.234-0.262 

Mean weight, g 1.4529 1.4484 
Standard deviation 0.0424 0.0461 
95% confidence in terval 1.3697-1.5361 1.3581-1.5387 

- 10 - Babcock & Wilcox 



5. IRRADIATION TESTING 
(E. N. Harbinson & C. J . Baroch) 

The gel-addition i r rad ia t ion task, as descr ibed p rev ious ly , 7 is 
divided into three subtasks : 

1. Time requi red for in-pi le r e s t ruc tu r ing . 
' 2. Sorbed gas behavior . 

3. EBR-II i r r ad ia t ion . 

The scope and the p r o g r e s s for each of these subtasks a re descr ibed in 
this section. 

5. 1. Time Required for In-Pi le Res t ruc tur ing 

The effect of heat ra te and time on the r e s t ruc tu r ing c h a r a c t e r 
is t ics of so l -ge l Pu0 2 -U0 2 spheres and on angular par t ic les and pellets 
p repa red from coprecipi tated PuO -UO powder will be evaluated. A 
total of 17 capsules will be i r rad ia ted in the BAWTR. The time r e 
quired for r e s t ruc tu r ing at l inear heat r a t e s of about 6, 10, 15 and 20 
kW/ft will be de te rmined . The p r o g r a m will include a compar ison of 
the i r rad ia t ion behavior of spher ica l so l -ge l par t ic les p repa red by 
ORNL and B&W. 

Four capsules (GA-6, GA-9, GA-10, and GA-12) were i r r ad ia ted 
during the q u a r t e r . Table 5-1 shows the conditions under which these 
capsules were i r r ad ia t ed , as well as the data from the previously i r r a 
diated capsu les . Capsule GA-10 contains a pellet fuel pin and two s p h e r e -
pac fuel p ins . One of these sphere -pac pins was made from spher ica l 
so l -ge l par t ic les p repa red by ORNL and the other from spher ica l so l -
gel par t ic les p r epa red by B&W. All other capsules contain fuel pins 
made from spher ica l par t ic les p repa red by B&W and from angular p a r 
t icles and pellets p repa red from coprecipi ta ted powder. 
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Table 5 - 1 . Operating Conditions for BAWTR Capsules 

Capsule 
N o . 

G A - 1 5 ( a ) 

GA-12 
GA-14 ( a ) 

GA-11 
G A - 1 3 ( a ) 

GA-2 
GA-4 
G A - 8 ( a ) 

GA-10 
GA-6 
G A - 9 ( b ) 

Exposure 
t ime , d 

3 
81(c) 

3 
1 

3 

9 
1 

3 

3 
9 

. 5 

Linear 

Desi 

,. :....6. 
6 

10 

15 

15 
15 
20 
20 
20 
20 

6 

heat ra te , 
kW/ft 

g n A. 

5.0 
4.8 
7.5 

15.5 
15.2 
15.3 
17.2. 
17.0 
20.0 
17.0 

6.2 

ctual 

- 6.5 
- 6.0 
- 10.3 
- 17.0 
- 16.1 
- 16.7 
- 19.6 
- 19.8 
- 22.0 
- 20.0 
- 7.3 

NaK tempi 
Design 

1040 
1040 
1080 
1100 
1100 
1100 
1150 
1150 
1150 
1150 
1040 

e r a tu re , F 
Actual 

1140 
1015 - 1025 
950 - 1110 

1040 - 1060 
1140 - 1170 

1080 
965 - 1045 

1050 - 1140 
1120 - 1160 
1060 - 1120 
1140 - 1225 

'Capsules GA-8, GA-13, GA-14, and GA-.15 were i r r ad i a t ed s i m u l 
taneously. 

Capsule GA-9 was to be i r r ad ia ted for 81 days , but it was removed 
after 5 days of operat ion because of indicated abnormal t empera tu re s , 

(c) 
I r radia t ion in p r o g r e s s . 

Capsule GA-9 was scheduled for an 81-day i r rad ia t ion in the 
BAWTR at a l inear heat ra te of 6 kW/ft . During the f i r s t five days of 
operat ion, the thermocouple in the NaK annulus adjacent to the top fuel 
pin indicated a t empera tu re of 1140 F , while the thermocouple in the 
NaK annulus adjacent to the bottom fuel pin indicated a t empera tu re of 
1225 F . On the fifth day of i r rad ia t ion the t empe ra tu r e indicated by the 
top thermocouple rose from 1140 to 1270 F , while the bottom t h e r m o 
couple reading remained at 1225 F . Initially, this behavior was a t t r i b 
uted to a thermocouple fa i lu re . However, approximately 10 hours la ter 
the bottom thermocouple reading changed from 1225 F to above 1500 F 
within a per iod of 10 to 15 minu te s . At this point the capsule was r e 
moved from the reac to r until this e r r a t i c behavior could be unders tood. 
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After removing the capsule , the res i s t ance of both thermocouples 
was checked, and their t empera tu re readings were compared with the 
pool t e m p e r a t u r e . Each tes t indicated that both thermocouples were 
functioning p roper ly . In addition, neutron radiographs did not revea l 
any abnormal appearance . 

Additional tes ts will be per formed on this capsule to de te rmine 
the reason for the e r r a t i c behavior . However, there a r e no plans to 
r e i n se r t it into the BAWTR. Instead, capsule GA-12, which was sched
uled for a 27-day i r radia t ion at 6 kW/ft, was substi tuted for GA-9 and 
is operat ing sa t i s fac tor i ly . A new capsule (GA-19) will be fabricated 
and i r r ad ia ted under the conditions originally scheduled for GA-12. 

Capsule GA-16, fabricated during this qua r t e r , is scheduled for 
i r rad ia t ion in Apri l for 1 day at 20 kW/ft. Like GA-10 it contains one 
fuel pin with ORNL sphe re s , one pin with B&W s p h e r e s , and one pin 
with pe l l e t s . 

5 . 2 . Sorbed Gas Behavior 

The p r e s s u r e crea ted by the sorbed gas re leased from par t icula te 
fuel during i r rad ia t ion will be de te rmined . If p rac t icab le , each capsule 
will contain two pins in which the gas p r e s s u r e is continuously moni 
to red . One pin will contain spher ica l so l -ge l pa r t i c les and the other 
will contain angular coprecipi ta ted p a r t i c l e s . The g a s - r e l e a s e c h a r a c 
t e r i s t i c s of spher ica l sol -gel par t ic les p repa red by ORNL and B&W 
will be de te rmined . By varying the l inear heat r a t e , it should be p o s 
sible to de te rmine the amount of gas r e l eased as a function of average 
fuel t e m p e r a t u r e . The fuel pins will be i r r ad ia t ed at design l inear heat 
r a t e s of 6, 10, 15, and 20 kW/ft. No work has been per formed on this 
subtask because of funding l imi ta t ions . 

5 . 3 . EBR-II I r radia t ions 

The p r i m a r y objective of the EBR-II i r rad ia t ions is to obtain data 
on the operat ional cha rac t e r i s t i c s of par t icula te fuels i r r ad ia ted in a 
fast r e a c t o r . The effect of heat ra te and burnup on the overa l l p e r f o r m 
ance of so l -ge l spher ica l pa r t i c les and of angular pa r t i c l e s and pel le ts 
p r epa red from coprecipi ta ted U02-20% Pu0 2 powder will be compared 
and evaluated. This subtask includes the i r rad ia t ion of 30 fuel pins in 
a 19-pin encapsulated subassembly in row 7 of the EBR-II , and the 
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i r rad ia t ion of 28 unencapsulated pins in a 37-pin subassembly to be 
shared with ORNL. The heat rating for the encapsulated and unencap
sulated fuel pins will be approximately 8 to 10 kW/ft and 14 to 16 kW/ft, 
r espec t ive ly . 

The B&W fuel pins proposed for the unencapsulated subassembly 
a r e descr ibed in Table 5-2 . A s u m m a r y sheet for both the B&W and 
the ORNL fuel pins to be i r r ad ia ted in this subassembly is shown in 
Table 5 -3 . All three fuel types will consis t of U02-20% Pu0 2 , the 
U02 being fully enriched in 235U, and all fuel pins will have a s m e a r e d 
density of 82 + 2% . The pellet density will be 93 + 2% of theore t ica l , 
and the smeared density will be adjusted by varying the radia l gap. The 
fuel column length will be 13.5 inches with a total pin length of 40 inches . 
The fuel pins will be clad with 0.250-in. OD X 0.016-in. wall Type-316 
s ta in less s tee l . A modified M a r k - J subassembly will be used, so that 
peak cladding t empera tu re s of 1100 to 1200 F will be at ta ined. 

Approval- in-pr inciple has been received for the EBR-II i r r a d i a 
tion of the unencapsulated subassembly to be shared with ORNL. The 
s ta in less s teel tubing has been received and ul t rasonica l ly inspected to 
a defect level of 1 mi l X 5 mi ls X 30 m i l s . The welding chamber has been 
modified to accept the 40- in . EBR-II pins for welding and xenon tagging, 
and the qualification of a welder is in p r o g r e s s . In addition, the weld
ing and xenon-tagging procedures a r e near ly comple te . During the 
next repor t period all 28 pins for the unencapsulated bundle a r e sched
uled for fabricat ion. 

5 .4 . Status of Hot Cell Modification (W. S. Thomasson) 

B&W is modifying its hot cell facility to accommodate the pos t -
i r rad ia t ion examination of PuO -U0 fuel pins i r r ad ia ted in the BAWTR 

2 2 r 

and EBR-II under the Gel-Addition Contrac t . The new a lpha-con ta in 
ment box has been const ructed , and Cell I has been p repared for the 
inser t ion of this box. Equipment checkout is proceeding normal ly . 

The following 10 capsules a r e available for pos t - i r r ad ia t ion exam
ination: GA-2, 4, 6, 8 ,9 , 10, 11, 13, 14, 15. All 10 a r e scheduled to be 
placed in the a lpha-containment box in March for initiation of the hot-
cell examinat ion. 
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T a b l e 5 - 2 . P r o p o s e d P r o g r a m f o r 18 P o s i t i o n s A l l o t t e d 
t o B&tW i n 3 7 - P i n U n e n c a p s u l a t e d 
E B R - I I S u b a s s e m b l y 

P o s i t i o n 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 
13 
14 
15 
16 
i7 
18 

M a t e r i a l 

Vipac 

Vipac 

S p h e r e - p a c 

S p h e r e - p a c 

S p h e r e - p a c 

P e l l e t s 

P e l l e t s 

Vipac 

S p h e r e - p a c 

P e l l e t 

Vipac 

Vipac 

Vipac 

S p h e r e - p a c 

S p h e r e - p a c 

S p h e r e - p a c 

P e l l e t 

P e l l e t 

Bundle b u r n u p , M W d / t X 10" 

0 25 50 75 100 

- - - P i n 1 | - - - P i n 3 8 - - -

- - - P i n 2 - - - | - - P i n 3 9 - - -

- - - P i n 3 | . - - P i n 4 0 - - -

- - - P i n 4 |. - - P i n 4 1 - - -

- - - P i n 5 - - - - - | - - P i n 4 2 - - -

P i n 6 | - - - P i n 4 3 - - -

P i n 7 |-- - P i n 44 

.pin 8 | P i n 45 

P i n 9 | - - P i n 46 

P i n io | P i n 47 -

P i n 11 

P i n 12 

P i n 13 

P i n 1 4 

P i n 15 

P i n 16 

P i n 17 

P i n 18 

P i n s R e m o v e d , M W d / t X 1Q-3 

Type of fuel 25 50 75 100 T o t a l n u m b e r 

Vipac 
S p h e r e - p a c 
P e l l e t 

2 
3 
2 

2 
2 
2 

2 
3 
2 

3 
3 
2 

9 
11 

8 
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T a b l e 5 - 3 . S u m m a r y of B&W and O R N L P r o g r a m s 

Type-of fuel 

S p h e r e r p a c -

O R N L 
B&W 

Vipac 

B&W 

P e l l e t s 

O R N L 

B&W 

P i n s 

25. 

2 
3 

2 

0 

2 

i r e m o v e d , 

50 

10 

2 

2 

6 
2 

75 ■ 

2 
3 

2 

0 

2 

M W d / t X 

100 

5 
3 

3 

4 

2 

i o - 3 

Tota l 

19 
11 

9 

10 

8 
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6. ANALYTICAL SUPPORT 
(D. H. Schmitt) 

6. 1. Charac te r iza t ion of BAWTR Fuel 
(R. H. Dodd and R. J . Boden) 

A complete charac te r iza t ion of al l fuel p repa red for the BAWTR 
i r rad ia t ion p r o g r a m (see section 5.2) is in p r o g r e s s . The resu l t s for 
the fuel being i r rad ia ted in FY-1970 a r e shown in Tables 6-1 and 6-2. 
The charac te r iza t ion of the fuel previously i r rad ia ted will be completed 
during the next q u a r t e r . 

6 .2 . Quality Assurance Plan Compliance 

6 .2 . 1. Acceptance of Coprecipi tated Powder 
(R. V. Carlson) 

A grab sample was removed from each batch of coprec ip 
itated powder and analyzed in quadruplicate for Pu/ (Pu+U). The resu l t s 
a r e shown in Table 6 -3 . To be accepted, a batch must have an average 
Pu/(Pu+U) rat io of 20.0 + 0.5% . Using this c r i t e r ion , batch 8 -B- l was 
re jected and the remaining 14 batches were accepted. 

6 . 2 . 2 . Acceptance of 235U02 and Pu0 2 Sol Blends 
(R. V. Carlson) 

Since a lot of 235U02 sol and a lot of Pu0 2 sol were each 
p repa red by blending severa l individual sol batches together , a method 
to ensure the homogeneity of each blended lot was n e c e s s a r y . The 
following method, based on the natural gamma activity of uranium and 
plutonium, was chosen: 
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For the TJ02 sol , eight samples were taken 
from a flowing s t r e a m of sol , a 10-ml aliquot 
of each sample was t r ans fe r r ed to a smal l poly
ethylene s c r e w - c a p bot t le , the weight of U02 sol 
in each bottle was de te rmined , and finally each 
bottle was sealed in a polyethylene bag. For the 
Pu0 2 sol , three 1-ml samples were withdrawn 
from each container (one sample each from the 
top, middle , and bottom), each sample was 
placed in a sma l l polyethylene s c r e w - c a p bott le, 
the weight of Pu0 2 in each bottle was de termined, 
and each bottle was sealed in two separa te poly
ethylene bags . The gross gamma activity of each 
sample was measu red five t imes for one minute 
with a 3 in X 3 in. NaI(T£) c r y s t a l . The samples 
were counted in a random order from a s ta t ionary 
platform 7 in. above the detector for the 235U02 sol 
and 25 in. for the Pu0 2 sol. For each lot of sol to 
be considered homogeneous, the average m e a s u r e d 
gamma activity of each sample had to be within 0.5% 
of the average for all s a m p l e s . The data in Tables 
6-4 and 6-5 show that both sol-lots did meet the 
homogeneity c r i t e r ion . 

It should be noted that the gamma-count ing technique used 
for proving lot homogeneity is re la t ively simple and rapid, and its p r e 
cision, is comparable to that of other techniques which a r e tedious and 
t ime consuming. The prec i s ion of the technique is l imited mainly by 
the s ta t i s t ica l nature of radioact ive decay p r o c e s s e s and the variat ion 
of the sample position re la t ive to the de tec tor . The e r r o r s in the av
erage c / m i n / g shown in Tables 6-4 and 6-5 were calculated on the basis 
of the deviation of each individual count from the average for each s a m 
ple and therefore include all random e r r o r s . The e r r o r due to count
ing s ta t i s t ics is equal to the square root of the total counts accumulated 
and averaged about +29 c / m i n / g (0.25%) for the 235U02 samples and 

+440 c /min /g (0.19%) for the Pu0 2 s a m p l e s . These could be reduced by 
accumulat ing a l a rge r number of counts . The s ta t i s t ica l difference b e 
tween the total e r r o r and the counting e r r o r (about 0.3% for the 235U 
samples and 0.9% for the Pu0 2 samples) is p r i m a r i l y caused by the 
non-reproducibi l i ty of the sample position for each count. Although 
sample placement at essent ia l ly the same dis tance from the c rys ta l for 
each count p resen ted no p rob lem, maintaining a constant "sample thick
n e s s " was difficult because of the p resence of the plas t ic bags (for con
tamination control) , which tended to tilt the sample bot t le . Because of 
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se l f -absorpt ion of the low-energy gamma rays from these samples , the 
count ra te is ex t remely sensi t ive to slight changes in "sample thick
n e s s . " The data show that this problem was g rea t e r for the Pu0 2 s a m 
ples , which were enclosed in two separa te bags . If gamma-counting of 
2 5U and Pu samples was done routinely, a technique could be devised 
that would essent ia l ly el iminate the sample positioning e r r o r . 

The resu l t s of this work show not only that the two sol lots 
were homogeneous, but also that the natural radioact ivi ty of plutonium 
and uranium can be used advantageously in performing rapid and p r e c i s e 
ana lyses . 

6 .2 . 3. Acceptance of EBR-II Fuel Pe l l e t s 
(L. J . F e r r e l l ) 

The density of all fired pellets was m e a s u r e d . To be 
accepted, the pel le t density must be 93 + 2% of theore t ica l and the pel let 
d iameter must be 0.206 + 0.00 1 mi l . A h is togram of the density d i s 
tr ibution for the accepted pellets is given in Figure 6 - 1 . 
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Tab le 6 - 1 . BAWTR F u e l C h a r a c t e r i z a t i o n 

o 

Analys is 

P u / ( P u + U ) , wt % 
235 

U c o n t e n t , wt % 

0 / M , a t o m r a t i o 

M o i s t u r e , p p m o x i d e 

S o r b e d g a s , c c / g 

D e n s i t y , % t h e o r 

N i t r o g e n , p p m m e t a l 

C a r b o n , p p m m e t a l 

C h l o r i d e , p p m m e t a l 

F l u o r i d e , p p m m e t a l 

( U , P u ) 0 2 
p e l l e t s ( a ) 

19 .93+0 .66 

<0.7<b> 

1 .975+0.006 

4 .6+0 .7 

0 .013 

9 1 . 3 - 9 5 . 3 

21 + 11 

64+13 

5 .0+2 .7 

5 .1+1 .1 

( U , P u ) 0 , 
s h a r d s ' 3 - ' 

19 .93+0 .66 

<0.7<b> 

1.977+0.007 

19 .8+6 .1 

0 .094 

- -

14+5 

35 + 16 

5 .5+2.2 

4 .5+0 .6 

( U , P u ) 0 2 
m i c r o s p h e r e s 

(420-590jx) 

19 .00+0 .11 

19 .68+0 .02 

1 .974+0.003 

11 .6+5 .4 

0 .053 

9 6 . 2 + 0 . 9 

12+4 

12+2 

6 .0+2.2 

0 .5+0 .2 

O R N L ( U , P u ) O z 

420-590p . 

2 0 . 7 4 + 0 . 0 8 

2 0 . l 6 ( c ) 

1.994+0.001 

7 .0+1.2 

0 . 0 l 6 ( d ) 

9 7 . 1 + 0 . 1 

12+3 

10+3 

5 .3+0 .7 

0 .7+0 .3 

m i c r o s p h e r e s ' 3 - ) 

<25|JL 

2 0 . 0 1 + 0 . 1 5 

2 0 . 0 8 ( c ) 

1.997+0.003 

67 + 15 

o.o~i6<d> 
- -

18+2 

21+5 

9 . 7 + 1 . 3 

0 . 9 + 0 . 8 

CO 
fi> 
cr o o o 

| 
o o 
X 

(a) 
E r r o r s a r e for 95% confidence l imi t s on the m e a n . 

U content was not d e t e r m i n e d but should be l e s s than n o r m a l . 

(C>235 U content d e t e r m i n e d by ORNL. 

(d) Sorbed gas ana lyses were p e r f o r m e d on a mix tu re of 73% c o a r s e and 27% fine m i c r o s p h e r e s in o r d e r 
to s i m u l a t e the fuel composi t ion in a pin . 



Table 6-2. Trace Metal l ic Impur i t ies in 
BAWTR Fuel<a) 

E l e m e n t 

A l u m i n u m 

B e r y l l i u m 

B i s m u t h 

B o r o n 

C a d m i u m 

C a l c i u m 

C h r o m i u m 

C o p p e r 

I r o n 

L e a d 

L i t h i u m 
M a g n e s i u m 

M a n g a n e s e 

M o l y b d e n u m 

N i c k e l 

S i l i c o n 

S i l v e r 

S o d i u m 

T i n 

T i t a n i u m 

V a n a d i u m 

Z i n c 

( U , P u ) 0 2 
p e l l e t s 

>500 

<0.5 

<1 

<0.5 

<0 .5 

9 
27 

170 

39 
2 

- -
48 

3 

<34 

<11 

28 

<0 .5 
45 

10 

<5 
<1 

<10 

( U , P u ) 0 2 
s h a r d s 

>500 

<0.5 

<1 

<0.5 

<0.5 

<11 

<23 

86 

36 

6 
- -

21 

5 

<34 

<11 

7 

<0.5 

<4 

2 

<11 

<1 

<10 

( U , P u ) 0 2 
m i c r o s p h e r e s 

( 4 2 0 - 5 9 0 ^ ) 

305 

<0.5 

- -

1.7 

<1 

- -

<20 

46 

620 

<1 

- -
<2 3 

3 

<2 5 
<20 

<250 

<1 

24 

3 

<15 

<1 

<20 

O R N L ( U , P u ) 0 2 

4 2 0 - 5 9 0 ^ 

11 

<0 .25 

<1 

<0.4 

<0 .5 
21 

<9 
<2 

26 

-\ 
<0.5 

<2 .5 

<1 

100 
<10 

33 

12 

<1 

4 

<5 

<1 

<50 

u (a) 
m i c r o s p h e r e s 1 ' 

<25|i 

31 

<0 .25 

<1 

3 

4 

115 

>100 

20 

106 

<1 

<0.5 

6 

3.5 

4 

58 
120 

11 

<1 

42 

20 

<1 

<50 

(a) V a l u e s g i v e n a r e in p p m of m e t a l a n d the a v e r a g e of f o u r d e t e r m i n a t i o n s . 
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Table 6-3 . Quality Assurance Data for 
Coprecipi tated Powder 

Batch 
No. 

8-A-91 
8-A-96 
8-A-97 
8-A-98 
8-A-99 
8 -B- l 
8-B-2 
8-B-3 
8-B-4 
8-B-5 
8-B-6 
8-B-7 
8-B-9 
8-B-10 
8-B-13 

Pu/(Pu+U), % 

20.16±0.08 
20.17±0.04 
20.05±0.09 
20.20±0.08' 
20.09±0.05 
23.00±0.08 
20.20±0.24 
20.12±0.06 
20.14±0.04 
20.24±0.05 
20.14±0.15 
20.33±0.03 
20.36±0.06 
20.32±0.08 
20.29±0.03 
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Table 6 - 4 . Qual i ty A s s u r a n c e Data for 2 3 5U0 2 Sol Lot 

UJ 

*> 

o o 
X 

S a m p l e 
N o . 

1 
2 
3 

4 

5 
6 

7 

8 

S a m p l e 
wt , g 

13.2525 
13.3005 
13.2741 
13.3061 
13.2884 
13.2823 

13.2925 

13.2795 

Count 1, 
c / m i n / g 

11,445 
11,392 

11,319 
11,384 
11,405 
11,380 

11,287 
11,382 

Count 2 , 
c / m i n / g 

11,371 
11,400 

11,337 
11 ,356 
11,319 
11,403 

11,334 
11,382 

Count 3 , 
c / m i n / g 

11,320 
11,413 

11,417 

11,391 
11,431 
11,360 

11,328 

11,394 

Count 4 , 
c / m i n / g 

11,468 

11,475 
11,327 

11,305 
11,374 

11,369 
11,350 
11,422 

Count 5, 
c / m i n / g 

11,428 
11,493 

11,416 
11,311 

11,419 
11,402 

11,415 
11,473 

A v e r a g e , 
c / m i n / g 

11,406 ± 60 
11,435 ± 46 

11,363 ± 49 

11,349 ± 40 
11,390 ± 45 

11,383 ± 22 

11,343 ± 47 

11,411 ± 38 

O v e r a l l a v e r a g e = 11,385 c / m i n / g . 
A c c e p t a b l e s a m p l e a v e r a g e = 11,328 - 11,442 c / m i n / g . 

O r d e r in which s a m p l e s w e r e coun t ed : 

03 Count 1—4, 3 , 2 , 1, 5, 6, 7, 8 
a-o o o 

Count 2— 6, 5, 7, 4, 2 , 3, 8, 1 
Count 3 — 4, 3, 1, 2 , 6, 8, 5, 7 
Count 4 — 2 , 5, 1, 4, 6, 3, 8, 7 
Count 5 — 2 , 7, 6, 5 , 8, 3 , 1, 4 



Table 6 - 5 . Qual i ty A s s u r a n c e Data for P u 0 2 Sol Lot 

S a m p l e 
N o . 

8 - B - 2 2 
8 - B - 2 3 
8 - B - 2 4 

8 - B - 2 5 
8 - B - 2 6 

8 - B - 2 7 

S a m p l e 
wt , g 

1.2100 
1.2104 

1.1909 
1.2136 
1.2260 

1.2055 

Count 1, 
c / m i n / g 

232,749 
233,325 
233 ,344 

232,032 

230,857 

233,795 

Count 2 , 
c / m i n / g 

231 ,823 
233 ,966 

230 ,498 
230 ,690 

232,622 

233 ,901 

Count 3, 
c / m i n / g 

232 ,946 
234 ,987 
237,115 

228,776 
232,822 
229,032 

Count 4 , 
c / m i n / g 

235 ,473 
236 ,583 
235 ,611 
236 ,111 

233 ,987 

235 ,677 

Count 5, 
c / m i n / g 

236 ,886 
233,219 
236 ,694 

236 ,454 

232 ,765 
230,912 

A v e r a g e , 
c / m i n / g 

233 ,975 ± 2116 
234,416 ± 1401 

234,652 ± 2816 
232 ,813 ± 3374 

232,609 ± 1 1 1 9 
232 ,663 ± 2653 

O v e r a l l a v e r a g e = 233 ,521 c / m i n / g . 
A c c e p t a b l e s a m p l e a v e r a g e = 232 ,353 - 234 ,689 c / m i n / g . 

O r d e r in wh ich s a m p l e s w e r e c o u n t e d : 

Count 1 — 2 2 , 2 3 , 2 6 , 2 7 , 2 5 , 24 

Count 2 — 2 7 , 2 4 , 2 3 , 2 2 , 2 5 , 26 

00 Count 3 — 2 4 , 2 1 , 2 5 , 2 7 , 2 3 , 26 

o Count 4 — 2 6 , 2 3 , 24 , 2 5 , 27 , 22 
o 
Sr Count 5 — 2 3 , 2 5 , 26 , 2 7 , 22 , 24 
8° 
3 



Figure 6 - 1 . His togram of EBR II Fuel Pe l le t Density 
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