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Gel-Addition Process Chemical Studies
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R, V. Carlsen
Key Wards: Sol Gel, {U,Pu)0;, Fast Reactor Fueals

ABSTRACT

The development of 2 sol-gel process and related processes for
preparing 1.’U,.l?"'u]|'l]'2 fast Teactor fuels has continued a2t the Babcock &
Wileox Muclear Development Center. Progress for the 14th quarter,
ending January 31, 1970, is reported. The program is sponsored by
the UJ, 3, Atomic Energy Commission under Contract No. AT(30-1}-3714,

Abgut 6 kg of 135[_]'{12 sol and 550 g of Fuﬂz sol were prepared by
precipitation-peptization techniques. The unit-operatign-scale aspher-
oidizing system was opei-ated without the grganic regeneration system,
About 250 g of coarse and 150 g of fine ”51]02-20% FuDz microspheres
were prepared,

The 2"'51;'_102-10% F'u.v['.l2 pellets and shirds required for the initial
EBER-]I irradiation test were nearly completed, Because of a design
cEange in the EBR-II pins, additional UlZ'2 blanket and insulator pellats
were prepared,

Four capsules in a series designed to show the differences in re-
Btructuring kinetics of pellets and vibratory compacted sﬁheres and
shards were irradiated in the BAWTR. The exposure time varied from
3to 81 days at 6 to 20 kW /ft,
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1. INTROCDUC TION

This is the 14th progress report on a continuing prograrm of ex-
perimental work on sol-gel and related methods for preparing mixed
uranium-plutonium oxide fuels for fast reactor application. The pro-
gram is sponsored by the U, §, Atomic Energy Comrmission under Con-
tract No, AT{20-1)-3714, This report covers the period from Novem-
ber 1, 1969, to January 31, 1970,

The work program for this contract establishes several technical
tasks, including fuel preparation and fabrication, reactor testing in
both thermal and faet neutron fields, and analytical support, For FY-
1970 the prime objective is tha preparation of fuel and the fabrication
of 18 unencapsulated fuel pine for irrazdiation in the EBR-II as part of
a 37-pin subassembly to be shared with ORNL, This fusl will be fully
entiched UDE-ZU% Puﬂz in the foerm of sol-gel microspheres, shards
{crushed pellets}, and pellets, In addition, eight capsules containing
Uﬂ!-ZG% 13"11.;.[2'2 in the game three fuel forms are scheduled for irradiation
in the BAWTR at linear heat ratings of 6 to 20 kW /ft for | to 81 davys.
By the end of the fiscal year, 15 ef 17 capsules in a series designed to
show the differences in restructuring kinetics of pellets and vibratory
zompacted spheres and shards will have been irradiated in the BAWTE,
Five of these capsules are to he examined in the B&W hot cell facility
in FY-1970,

During this report period the preparation of EHUDz sol and F‘ulil2
gol was completed and about 400 grams of 2351_]02-20% Pu microspheres
were formed, In addition the 2351.”]!-2.0% lT"uI[.'l2 pellets and shards for the
initial EBR-II irradiation test were nearly completed, Four capsules
ware irradiated at 6 to 20 XW/{t for 3 to 8] days in the BAWTER, and
another capsule was assembled for irradiation at a later date, Charac-
tarization of the fuel baing irradisted in the BAWTR during FY-1970
is nearly complete, Progress in all technical areas of the pregram is

reviewsd in the following sections,
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2. RESULTS AND CONCLUSIONS

2.Y, Fuel Preparation

About 4 kg of 23'ELHZ'!Z sol and 550 g of Pul, sol were prepared by
precipitation=-peptization techniques,. The HSUDE sol was somewhat
lighter in color than was previous sol and had a shelf-life of less than
a month, Difficulty in thermally danitrating the high-nitrate IF"uiZ'I2 sols
was overcome by treating the initial plutonium feed solution with Hzﬂz'

The unit-gparation=scale spheroidizing system was operated suc-
cessfully without the organic regeneration system. Additicnal operating
axperience is required to bring the regeneration systemn on line. About
250 g of coarse and 150 g of fine 235{.1!]2-2[)% F’u'lil'z microspheres were
prepared,

£.2. Fuel Fabrication

The 23'ET\.II:IE--E[ZI% Fuﬂz pellets and shards required for the initial
EBR-II irradiation test were nearly complated, Only a2 small quantity
of coarse shards remaing to be prepared. Because of & design change
in the EBR-II pins, ancther lot of UEI3 blanket and insulator pellets were
fabricated, The density of these pellets averaged 95.1 + 1.6% of theo-

retical,

2.3, Irradiation Testing

Four capsules were irradiated in the BAWTR for from 2 to 21
days at & to 20 kW/ft, One of these (GA-9} was scheduled for an 81-day
irradiation at a linear heat rate of 6§ kW/ft, However, it wis removed
after five days kecause of the erratic behivior of thermocouples, which
is unexplained.

The stainless steel tubing for the EBR-II pins has been received
and ultrascnically inspected. The welding chamber has been modified
to handle the 40~-inch EBR-II pins, and the welding and xenon-tagging

procedures are nearly compiete.
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2.4, Analytical Support

Mo difficulty has been encountered in complying with the guality
agsurance plan written for the FY-1%70 fuel order, Characterization
of the fuel being irradiated in the BAWTR during FY-1970 is nearly
complete,
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3, FUEL PREPARATION
(R. V. Carlsea)

The gel-azddition irradiation program includes the exposure of
spherical particles, anpgular i:articles, and pellets to the fast-reactor
conditions obtainable in the EBR-II. Eightesn unencapsulated pins are
scheduled for insertion in July 1970 as part of a subassembly to be
shared with ORNL. The FY-1970 fuel order for the EBR-II irradiaticns
includes 1300 g of sol=-gel microspheres and 4100 g of coprecipitated
powder containing 20% 1:’11.1!‘.]E in U{}z enriched to 93% %7,

3. 1. PFreparation of ”51.102-2{]% P'I.J.l?la Powder

During the past guarter about 4.3 kg of mixed oxide powder were
prepared by continuous coprecipitation of ammonium diuranate=-plu-
tonium hydroxide fram a uraninm=-plutonium nitrate solution, ! This

completed the FY<1270 mixed oxide powder order,

3.2. Preparation of 235U02-2U% Pul, Microspheres

The formatien of sufficient z”UD}_ and PuQ, sol to produce 1300 g
of sol=gel microspheres was compieted, The blending and gelling of

these sols in the upit-operation-scale spharodizing system are in pro-

gress.

3,2.1. Preparation of UIZII2 5ol

Abput 6 kg of fully enriched uranium were converted in-~
to stable UQ, sols using the ORNL formate flaw sheet.? The pertinent
run data from the sol preparations are summarized in Table 3-1,

The reduction time in each run was substantially less
than normally observed in previous runs. This is attributed mainly to
having a urea furaninm meole ratio {in the initial faed solution} of 0.8
rather than the flow sheet value of 0.6.°% In addition, 2 new stirring rod
wag ngsed in batches 158 to 173, This permitted mere efficient mixing

during the reduction step and also seemed to lower the reduction time,
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Table 3-1, Data Fram Preparation of $%U0, Sols
Batch Uranium Input U Reduction
Na., reduced, g cone, M_ - time, h
145 100.0 0.47 1.7
146 200.0 0.81 <1.0'®
147 200,0 0.81 2.0
148 200.0 0.81 2.3
149 206.0 0.81 2.5
150 200.0 0.81 3.0
151 300.,0 0.89 3.6
152 300,0 0.89 2.0
153 300.0 0.89 1.8
154 302.1 0.89 2.1
155 295.2 0.89 2.9
156 287.2 0.88 2.4
157 294.5 0.88 2.4
158 295.2 0.88 1.0P
159 150.0 0.86 1,2(P
160 255,3 0,89 1,1¢P
161 278.7 0.87 1P
162 299.4 0,89 1.91®)
163 291.4 0.88 1,202
168 298.9 0,89 1.3
169 25,3 0,72 0.7t
170 300,0 0,89 2.9
171 100,0 0.89 2,0fP)
172 300.0 0.89 1,3(b]
173 300,0 0.89° 2,11

[a}Dver =reduction occurred,

l:b:'NF.-w stirring rod, . which a

was used.

llowed greater mixing,
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Table 3-2. Summary of Batch Preparation
of Pu {IV) Sols

{”.ﬁ.nummg denityated powder ie B wi H Pu,

[h}Bileg discontinued beciuse HO, fymeg wara not observed and powder would not resuapend in water.
{e)py feed solution treated with H AL

{d Minld decraased because of llrge number of samples remaved,

) Nﬂ;fl:"u. . )
Batch Stock '“l“‘i“"“ : inl::t. N;,‘%H, No. mF:lrﬁl r::::Bm Peptising  Daking Hr?‘;{lzu d:r;igtﬁ::d r:n:::-::redt
" Mo, Fu, gft H .M g ¢ washer pH ' phptis e tine, h tirnd, h ratie powder, g as sck, o'
33 25,38 1,00 101.9 2.85 4 7.3 L2350 -{b} -- - .-
34 25,37 1,00 1010 2.85 4 7.2 1.23 0.50 -k} s . -
CALL I T 1.00 55.) 1.54 g .2 1,19 0,50 5.0 A5 46.4 WAL
AL T 1.00 1010 2.85 5 71 1.23 0.50 6.0 .12 114.7 94.5
AL T3 100 1190 3.40 5 7.8 I.20 8.50 5.8 14 127.2 90.9
1'% 2532 1,00 119.0 3.40 5 1.9 1.20 0.50 1.8 0.12 133.4 95,3
9! a5 100 113.0 3.40 5 7.8 1.20 0.50 z.0 014 1305 93.2
al®l 2532 .00 119.0 3,40 5 19 1.20 0.7% 2.0 0.17 131.1 93.6




The U0, sol prepared during the quarter was somewhat
lighter in color than is normally abserved. In addition the shelf-life
was lesa than one month, whereas a life of up to six months had been
previously observed, The reazon for this behavior i3 not clear, but as
a result of the short shelf-life, a large guantity of the sol had spontan-
epusly gelled before it could be run through the spheroidizing system,

3.2,2. Preparation of Pu0, Sol

About 550 g of plutonium were converted into stable Fuﬂz
sals using the ORNL precipitation-peptization flow sheet,* The oper=
ating procedure has been reported,” 2nd the run data from these batches
are summarized in Table 3-2,

In batches 33 and 34 it was not passible to thermally de-
nitrate the dried powder. This problem was reported previously? but
has not been explained. It was thought that the problem might be re-
lated tc a high FPu{VI} content in the initial feed solution. Therefore,
the feed sclution in batch 35 was treated with H,Q, to destroy any Pul VI}
that might be present. This treatment involved heating the feed solu-
tion {(1.0M in iree acid) to 70 C, adding 25 ml of 30% Haﬂz over a period
of five minutes while stirring the scolution rapidly, and cooling to room
temperature, Samples of the stock solution taken before and after the
HzDz. treatment were analyzed for Pu{VI} by controlled potential cou-
lometry. The Pu(¥I} content in both samples was below the limit of
detection (=1%}, Nevertheless, no difficulty was encountered with the
thermal denitration step in batch 35, and a stable Pu0, sol was formed,
Therefore, the initial plutonium feed solution in batches 36 to 40 was

also treated with Hzﬂ'z. and =ach of these runs was successful,

3.2.3. Microsphere Formation

The initial effort to prepare z“"E'UEI‘.!-le.'.“’,?ﬁ;- 13'1'.1'.‘.!z microspheres
in the unit-operation-scale sphercidizing system was unsuccessful be-
cause of an inahility to find the proper surfactant conditions, No dif-
ficulty was observed in the laboratoery-scale system, which does not
contain a still for organic regeneration. Therefore, the large system

was operated with the organic bypassing the still,
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The following procedure was used:

A total of 32 t of Z-EH containing ©.5 vol %
water and the required surfactﬁnt'concentra-
tions was placed in the system at the start of

. each day's run, Then 4 ¢ of wet 2-EH were
removed and 4 ¢ of dry 2-EH were added to
the systemn every 30 minutes during opera-
tion, Al rejected organic was pumped from
the box to waste drumes.

Using this method, satisfactory micrespheres can be formed, and it
will be poesible to have the F¥-1970 fuel order prepared on achedule,
Later, additional rung will be made with the syétem to deterrnine the
proper surfactant addition rates while recirculating the 2-EH .thrcugh
the arganic regeneration system,

- - Abeut 250 g of acceptable coarse product and 150 g of
fines have been'i:rEPared. The remainder of the fuel order will be

cornpleted during the next quarter,

-8 = Babcock & Wilcox




4, FUEL FABRICATIOMN
{J. M. Kerr)

4,1, ©Oxide Characterization (A, H, Bremser)

Sorbed pas release values were obtained for the ORNL micro-
spheres to be irradiated in the BAWTR and for twe of the thras firings
of UD, blanket pellets to be used in the EBR-II irradiation specimens,

These resulte 2re shovwn in Table 4-1,

Table &4=1, Sorhed Gas Heleasze Values

Gas release, cefg

Type of material Run 1 Run 2
ORNL microspheres'®! 0.016 0.016
EBR-II blanket pellets, firing 1 0.004 0.005
EBE.-II blanket pellets, firing 2 0,004 0.006

(a)

Analysis performed con a mixture of 73% coarse and
27% fine microspheres in order to simulate the fuel
composition in a pin,

4.2, Fabrication of EBR-II Specimens (L, J. Ferrell)

The #*U0,-20% Pul, pellets required for the EBR-II pellet and
shard pins were pressed previnuslw_.r." During this report pariod, thay
were fired and separated into twe lots—one to be uzed in pellet pins and
one to be ¢rushed into shards. The results of statistical analyses of
the physical characteristics of these pellets are shown in Tabla 4-2,

The density of each pellet in the lot to be used in pellet pins was

measured to ensure that each wasg within the specification of 93 + 2% of

_g. Babcock & Wilcox



theoretical., These pellets will be ground, washed, dried, and loaded
into the EBR-II irradiation specimens during the next report period.

The other lot of pellets was crushed to produce the shards for the
vipac pins, but the quantity of coarse particles prepared was insuffi-
cient for the entire fuel order., Therefore, additional z“UD;Zﬂ% Puﬁz
pellets will be produced and crushed during the next quarter,

It was previously reportad that all the UG, blanket pellets for the
EBR-I! pins were fabricated and stacked.*® However, because of a pin
design change, additional Uﬂz blanket and insulator pellets were re-
quired, These were fabricated with an average density of 95.1 + 1.6%

of theoretical, All the 110, peliets will be assembled into 7-inch stacks

with an average stack ameared density between 91 and 95% of theoretical,

Table 4.2.

Statistical Analysis of Pellet Lots for EBR-II Pins

No, of pellets sampled

IMean density, % theor
Standard deviation
054, confidence interwval

Mean diameter, in.
Standard deviation
osd, confidence interwval

Mean length, in.
Standard deviation
989 confidence interwval

Mean weight, g
Standard daviation
SGE% confidence interval

Lot for
pellet pins

Lot tor
vipac pins

30

93,02
0.60
91.85-94.19

0,211
0.0015
4.208=-0.214

0.247
0.005
0,2317-0.,2587

1.452%
0.0424

1.3697=1.5361 1,3581-1,56387

10 -

30

93.78
1.35
91.13-95.4%3

0,210
3.0016
0.207=0,213

0,248
0,007
0.234-0.262

1.4484
0.0461

Babcock & Wilcox



5. IRRADIATION TESTING
{E. N, Harbinson & C, J. Baroch}

The gel-addition irradiation task, as described previously,7 is

divided into three subtasks:
1, Time required for in-pile restructuring.
2. Sorbed gas behavior,
3. EBR-II irradiation,

The scope and the progress for each of these subtasks are described in

this section.

5.1, Time Required for In-Pile Restruciuring

The effect of heat rate and tirne on the restructuring character-
istics of sol=gel Pull;-U0; spheres and on angular particles and pellets
prepared from coprecipitatad Puﬂz-U DE powder will be evaluated. A
total of 17 capsules will be irradiated in the BAWTR. The time re-
guired for restructuring at linear heat rates of about 6, 14, 15 and 20
kW/it will be determined. The program will include a comparison of
the irradiation behavior of spherical sol-gel particles prepared by
ORNL and B&W,

Four capsules (GA-6, GA-9, GA-10, and GA-12} were irradiated
during the quarter. Table 5-1 shows the conditions under which these
capsules were irradiated, as well as the data from the previously irra-
diated capsules. Capsule GA-10 contains a pellet fuel pin and two sphere-
pac fuel pina. One of these sphere-pac pins was made from spherical
sol-gel particles prepared by ORNL and the other from spherical sol-
gel particles prepared by B&W. All other capsules contain fuel pins
made from spherical particles prepared by B&W and {fromn angular par-

ticles and pellets prepared from coprecipitated powder,
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Table 5-1.

COperating Conditions for BAWTR Capsules

Capsule
Ne.,

Ga-15®
GA-12

ca-142)

GA-11
Ga-13te)
GA-2
GA-4
GA-st®
GA-10
GA-6

Ga-9tP -

Exposure
time, d

3
31['-'—':'

3

W oD W e o0 R e

Linezr heat rate,

6.2 - 7.3

kW /{1 NaK temperature, F
Design Actual Design Actual
Er 5.0.- 6.5 1040 L140
& 4,8 - 6.0 1040 1015 - 1025
10 7.5 - 10.3 1080 95Q - 1110
15 15.5 - 17.0 E100 1040 = 1060
15 15.2 - 16.1 1100 1140 - 1170

1s 15.3 - 16.7 ]lﬂﬂ_ 1480
20 17.2 - 19.6 1154 365 - 1045
20 17.0 - 19.8 1150 1050 - 1140
Z0 20,0 - 22.0 1150 1120 ~ 1164
20 17.0 = 20,0 1150 1060 - 1120
6 1040 ll4ﬂl- 1225

{a]Capsules GA=8, GA=13, GA=14, and GA=15 were irradiated simul-

taneously,

[b}Capsule GA=-9 was to be irradiated for 81 days. but it was removed
after 5 days of oparation because of indicated abnormal temperatures.

I["':]'11"raulz’liati-::nrjl in progress.

Capsule GA-9 was scheduled for an 81-day irradiation in the

BAWTR at a linear heat rate of 6 KW/ ft,

During the first five days of

operation, the thermocouple in the NaK annulus adjacent to the top fuel

pin indicated a temperature of 1140 F, while the thermocouple in the

NaK annulus adiacent to the bottom fuel pin indicated 2 temperature of

1225 F.

On the fifth day of irradiation the temperature indicated by the

top thermaocouple rose from 1140 to 12703 F, while the bottom thermo-

couple reading remained at 1225 F,

Initially, this behavior was attrib=

uted to a thermocouple failure., However, approximately 10 hours later

the bottorn thermocouple reading changed from 1225 F to above 1500 F

within a period of 10 to 15 minutes.

At this point the capsule was re=

maoved from the reactoer until this erratic behavior could be underatood.

.'12-"
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After removing the capsule, the resistance of both thermocouples
was checked, and their temperature readings were compared with the
pool temperature, Each test indicated that both thermocouples were
functioning properly. In addition, neutrén radiographs did not reveal
any abnormal appearance. .

Additional tests will be performed on this capsule to determine
the reason for the erratic behavior. However, there are® no plans to
reinsert it into the BAWTR. Instead, capsule GA-12, which was sched=-
uled for a 27-day irradiation at &6 kW /ft, was substituted for GA-9 and
is operating satisfactorily. A new capsule {GA-1%) will be fabricated
and irradiated under the conditions originally scheduled for GA-12,

Capsule GA-16, fahricated during this quarter, is scheduled for
irradiation in April for 1 day at 20 kW /{ft. Like GA~-10 it containeg one
fvel pin with ORNL spheres, one pin with B&W spheres, and one pin

with pellets.

f.2. Sorbed Gas Behavior

The pressure created by the sorbed gas released from particulate
fuel during irradiation will be determined. If practicable, each capsule
will ¢contain two pins in which the gas pressure is contipuously moni-
tored. One pin will contain spherical sol-~gel particles and the other
will contain angular coprecipitated particles. The gas-release charac- "
teristics of spherical sol-gel particles prepared by ORNL and B&W
will be determined. By varying the linear heat rate, it should ke pos-
sible to determine the amount of gas released as a function of average
fuel temperature. The fusl pins will be irradiated at design linear heat
rates of 6,10, 15, and 20 kW/ft. No work has been performed on this
subtask because of funding limitations.

5.3. EBR-II Irradiations

The primary objective of the EBR-II irradiations is to obtain data
on the operational charactexistics of particulate fuels irradiated ina
fast reactor. The effact of heat rate and burnup on the overall perform-
ance of sol=-gel spherical particles and of angular particles and pellets
prepared from coprecipitated UU0,-20% Pul; powder will be compared
and evaluated, This subtask includes the irradiation of 30 fuel pins in

& 19=pin encapsulated subassembly in row 7 of the EBR-II, and the
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irradiation of 28 unencapsulated pins in a3 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 LW /{t,
respectively,

The BEW fuel pins propesed for the unencapsulated subassembly
are described in Table 5-2, A summary sheet for both the BEW and
the ORNL fuel pins to be irradiated in this subassembly is shown in
Table 5-3. All three fuel types will consist of U0;+«20% Pul;, the
U0z being fully enriched in 23817, and all fuel pins will have & smeared
density of 82 + 2% . The pellet density will be 33 + 2% of theoretical,
and the smeared density will be adjusted by varying the radial 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
stainless steel. A rnodifiad Mark-J subassembly will be used, so that
peak cladding temperatures of 1100 to 1200 F will be attained,

Approval-in-principle has been received for the EBR-II irradia=-
tion of the unencapsulated subassembly to be shared with ORNL, The
stainless steel tubing has been received and ultrasonically inspected to
a defect level of 1mil X 5 mils ¥ 30 mils. The welding chamber has been
modified te accept the 40-in, EBR-II pins for welding and xenon tagging,
and the qualification of 2 welder is in progress. In addition, the weld-
ing and xenon-tagging procedures are nearly complete. During the
next report period all 28 pins feor the unencapsulated bundle are sched-

uled for fabrication.

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

BRW is moadifying its hot cell facility to accommodate the post-
irradiation examination of Puﬂ'z-U ﬂz fuel pins irradiated in the BAWTR
and EBR~II under the Gel-Addition Contract, The new alpha-contain-
ment box hasg been constructed, and Cell [ has been pi‘epa;‘ed for the
insertion of this box. Equipmeant checkout is pruceﬂdi;mg normally,

The following 10 capsules are available for post=irradiation exam-
ination: G&=2,4,6,8,%,10,11,13,14,15, All 10 ars scheduled to be
placed in the alpha-containment box in March for initiation of the hot-

cell examination.
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Table 5-2. Proposed Program for 18 Positions Allotted
to B&W in 37=-Pin Unencapsulated
EBR-II Subassembly
Position Material Bundle burnup, MWd/t x 1073

] 25 50 Th 100
1 Vipac S = T LT LT |---Pin 38--.|
2 Vipac |---Pin 2------- ceememeenaenos |--Pin 39---]
3 Sphere-pac |---Pin 3 -=coocmaaonon e | --Pin 40---|
4 Sphere-pac |---Pin 4 -cocummniiria |- -Pin 41---|
5 Sphere-pac |---Pin 5----- rrreemmcvmnsrncas |--Pin 42.--|
b Pellets |---Pin §=avecamann SRR cmeen | -Pin 43--- |
7 Pellets S =T } - Pin 44---|
8 Vipac fanunan- ~-Pin B------ By Pin 45--+----|
9 Sphere-pac |-------- -Pit 9mmmmmns e Pin 46--u-on- |
10 Pellet |<mmecmrn- Pin 10-----. | Pin 47------- |
11 Vipac [ewaanaaaanans cmmeamm “Pif Yl vm o ans pmms |
12 Vipac Jommm - Pin 2ecocmcemiaaaae -
13 Vipac |=m e e Pin 13--c-cao_- fmmmeeee- |
14 Sphere~pac [ Pin ldacec-cmaaaoanaa. -]
15 Sphere-pac |-creommocmacaooo Pin 15-ccmmameaceanmneon |
16 Sphare-pac |-+-e--ecvmcomaaaaas Pin 16— o |
i7 Pellet T T T TP Fin 17----eccccavunn- .
18 Pellet [ S Pin 18--«ccaememmeaean |

Type of fusl

Vipac
Sphere-pac
Fellet

25 50

D L [ I
™
™oL
[y R FUR T

S .

75 100

¢

Pins Removed, MWd/t X 10~?

Total number
9

11
&

Babcock & Wilcox



Table 5=3. Summmary of B&W and ORNL Programs

Pins removed, MWd/t x 10-2
Type of fuel - 286 50 - 75 100° Total

Sphere-pac.
ORNL 2 10 2 5 19
B&EW 3 2 3 3 11
Vipac
BLW 2 2 2 3 9
Pellets
CRNL O ) o 4 10
B&W 2 . 2 2 B
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6. ANALYTICAL SUFPFORT
{D). H. Schritt)

6.1, Characterization of BAWTR Fuel
{R. H, Dodd and E. J. Boden}

A complete characterization of all fuel prepared for the BAWTR
‘irradiation program {see section 5.2} is in progress. The results for
the fuel being irradiated in FY-1970 are shown in Tables 6=1 and 6-2,
The characterization of the fuel praviously irradiated will be completed

during the next quarter.

6.2, Quality Assurance Plan Compliance

6,2.1. Acceptance of Coprecipitated Fowder
{R., V. Carlson}

A grab sample was removed from each batch of coprecip-
itated powder and analyzed in quadruplicate for Pu/{Pu+U), The results
are shown in Table 6=3. To he accepted, a batch must have an average
Pu/{Pu+l) ratio of 20.0 + 0.5% . Using this criterion, batch 8-B-1 was
rejected and the remaining 14 batches were accepted.

6,2.2. Acceptance of #3500, and Pul; Sol Blends
{R. V. Carlson)

Since a lot of ¥**10; sl and a lot of Pud; acl were each
prepared by blending several individual sl batches together, 2 method
to ensure the homogeneity of each blended lot was necessary. The
tollowing method, based on the natural gamma activity of uranium and

plutonium, was chosen:
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For the 110, sol, eight samples were taken

frem a flowing stream of sol, a 10-ml aliquot

of each sample was transferred tc a smzll poly-
ethylene screw=-cap bottle, the weight of U0; sol

in @ach bottle was determined, and finzally sach
bottle wae sealed in a polyethylene bag. For the
Pud; sol, three l1-ml samples were withdrawn
from each container (one sample ¢ach freom the
top, maddle, and bottom), each saruple was

placed in a small polyethylene screw-cap bottle,
the weight of Pu0; in each bottle was detarmined,
and each bottle was sealad in two separate poly-
ethylene bags, The gross gamma activity of each
gample was measured five times for one minute
with a 3 in® 3 in, Nal{Tt} ¢cryetal, The samples
were counted in a random order from 2 stationary
platform 7 in, above the detector for the ¥¥UQ; sol
and 25 in. for the Pul; sol, For each lot of so0l to
be considered homogensous, the average measured
gemma activity of each sample had to be within 0.5%
of the average for all samplea. The data in Tables
6-4 and 6-5 show that both s¢l-lote did meet the
homogeneity criterion.

It should be noted that the gamma-counting technique used
for proving lot homogeneity is relatively simple and rapid, and its pre-
ciglon ia cornparable to that of other techniques which are tedious and
time consurning. The precision of the technigue is limited mainly by
the statistical nature of radicactive decay processes and the variation
of the sample position relative to the detector, The errors in the av-
erage c/minfg shown in Tables 6-4 and 6-5 were calculated on the basis
of the deviation of each individual count from the zveraps for sach sam-
ple and therefore include all randomn errors, The error due to count-
ing statistics is equal to the square root of the total counts accumulated’
and averaged about iZ‘-} c/min/g (0,25%} for the 510, samples and

+440 c/min/g {0.19%) for the Pull, samples. These could be reduced by

accumulating a larger number of counts, The statistical difference be~
tween the total error and the counting error {about 0.3% {for the B35
samples and 0,9% for the Pul; samples) is primmarily caused by the
non-reproducibility of the sample position for each count. Althowgh
sample placernent at essentisally the same distance from the crystal for
cach count presented no preblem, maintaining & constant "sample thick-
ness' was difficult because of the presence of the plastic bags {{for con-

tarmination control), which tended to tilt the sample bottle, BEEause of
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sell-absorption of the low-energy gamma rays from these samples, the
count rate ie extremely sensitive to slight chanpes in "sample thick-
ness. ' The data show that this problem was pgreater for the PuQ; sam-
ples, which were encloged in two separate bags., If gamma-counting of
25 and Pu samples was done routinely, a technique could be devised
that would essentially eliminate the 2ample positioning error.

The results of this work show not only that the two sol lots
were homogeneous, but alse that the natural radicactivity of plutonium
and uranium can be used advantageously in performing rapid and precise

analyses,

6.2.3., Acceptance of EBR-II Fuel Pellets
(L. J, Ferrell)

The density of all fired pellets was measured. To be
accepted, the pellet density must be 93 + 2% of theoretical and the pellat
diameter must be 0,206 + 0.001 mil. A histogram of the density dis-
tribution for the accepted pellets 15 given in Figure 6-1,
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Tablae 6-1. BAWTR Fuel Characterization

(U, Pu)b; (a} ORNL (U,PujO, mmraspherea':a:'

(I, Pul {1, Pu)d microspheres -

Analysis _pellets(a} (a) _shardsfal (420-590p) 420-590p <25p
Pu/{PutU), wt % 19.9340.66 19.93+0.66 19.00+0.11 20.7440.08  20.01#0.15
235'i.T content, wt % {D.?:b] «‘:ﬂ.'i'{b] 19.68+0.02 2'11*.11&":1I ZU.GB{':}
0/M, atom retio 1,975+0,006 1.97740,007 1.97440,003 1.99440,001  1,997+0.003
Moizture, ppm oxide 4,6+0,7 l?.&i&.i 11.645.4 7.041.2 67+15
Sorbed gas, ccfg 0,013 0.094 0.053 ﬂ.ﬂlﬁ"d:' 0. ﬂlﬁid}
Density, % thear 91,3 - 95,3 -- Qﬁ.z_tﬁ.'} 97.140.1 --
Nitrogen, ppm metal Z1+11 14+5 12 +4 1243 1842
Carbon, ppm metal ﬁ4i13 38+16 12 +2 1043 2145
Chloride, ppm metal 5.042.7 5.5+2,2 6.0+2.2 5.3+0.7 9.7+1.3
Fluaride, ppm metal 5.1+1.1 4.540.6 ¢.5+0,2 0,7+40.3 0.9+0.8

{a:lEr:r-::rs are for 95% confidence limits on the mean,
{b) #1 content wag not determined but should be less than normal,
{€)issyy content determined by ORNL,

{d]SGrbed gas analyses were performed on & mixture of 73% coarse and 27% fine microsphares in order
to simulate the fuel composition in 2 pin.



Table 6-2.

Trace Metall
BAWTE Fuel

c Impuritias 1n

{U, Putd: U, Pull; m:{i::::'uiiu ORNL (U,Pu}d; microsphe rest®)
Elsrrane prllats ghards (420-590u) 420-590, <29
Alvrminum =500 =500 305 11 i1
Bearyllium «0.5 0.5 =0.5 «0.25 <02h
Bismuth =1 =1 -- =1 <1
Boren <0.5 <0 .5 1.7 <0.4 3
Cadmiam <0.5 <0.5 =1 <0.5 4
Calcium a <]l - 21 115
Chrominm ) =23 <Z0 <9 =100
Copper 170 86 44 <2 20
Iron 39 36 620 et 106
Lead A & | -1 <1
Lathinm -- - -- <0.5 <0.5
Ma grasim 48 Z1 w23 <25 b
Manganese 3 5 E <} 3.5
Melvbdenum <34 <34 <25 1Q0 4
Nickel <11 =11 <20 <10 55
Silacon 28 7 <250 33 120
Silver <{,5 <f).5 <1 12 11
Sadium 45 <4 24 <1 <1
T 10 2 3 4 42
Titanium <5 <11 <15 <5 20
Vanadiam <l <1 =1 <1 <1
Zinc <10 <10 <21 <50 <50

IIEl:.‘lul"a_'lt.uts given are 10 ppm of metal and the average of four determinations,

- 21 -
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~ Table 6-3. Quality Assurance Data for

Coprecipitated Powder

Batch
No.

8-A-91
8-A-96
B-A-97
B-A-98
§-A-99
8-B-1
g=B-2
§=-B=3
§-B-4
8-B-5
B-B-6
8-B-7
E-B=-9
3-B~10
8-B=-13

- 22 «

Puf{Pu+ll), %

20.1610.08
20,170,004
20,.0510.09

20,2010.,08

20.0910,05
23.00£0.08
20.20+0.24
20,1210.06
20.1410,04
20,2420,05
20,1420,15
20,3320,03
20,3610,06
20,3210,08
20.2910.03

Babeock & Wilcox
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Table 6-4. Ouality Assurance Data for 2**UQ; Sol Lot

Sample Sample Count 1, Count 2, Count 3, Count 4, Count b, Average,
No. wt, g efminfg c/min/g c/minfg c/minfg c/min/g c/min/g
1 13,2525 11,445 11,371 11,320 11,468 11,428 11,406 = 60
z 13,3005 11,3%2 11,400 11,413 11,475 11,493 11,435 + 44
k] 13,2741 11,319 11,337 11,417 11,327 11,416 11,363 + 49
4 13.3061 11,384 11, 356 11,391 11,305 11,311 11,349 + 40
5 13,2884 11,445 11,319 11,431 11,374 11,419 11,390 + 45
6 13.2823 11,580 11,403 11,360 11,369 11,402 11,383 + 22
7 13,2925 11,287 11,334 11,328 11,350 11,415 11,343 + 47
B 13.2795 11,382 11,282 11,394 11,422 11,473 11,411 + 3R

Overall average = 11,385 c¢/minfg.

Acceptable sample average = 11,328 - 11,442 ¢/min/g.

amm — m m m e Em moE A A Em o W om d gy m oy m — i o m = w W oW ™ — m oW om ow o om om W o ol moEm o om oW Om owom o moEm oamom o am o oam m omom o a — m

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

- W g )
N -
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Takle &-5, Quality Assurance Data for Puﬁ; Sl Lot

Sample Sample Count 1, Count 2, Count 3, Count 4, Count 5, Average,

No. wt, g cfmin{g c}'minf_E cfminf_g_ -::fmin.f_’g“ c.r"minIE cf'rnin!g
B-B-22 1.21%0 232,749 231,823 232,946 235,473 236,886 233,075 £ 2116
8-B-23 1,2104 233,325 233,966 234,987 236,533 233,219 234,416 + 140]
8-B-24 1.1909 233,344 230,498 237,115 235,611 236,694 234,652 + 28146
8-B-25 1.2136 232,032 230,690 228,776 236,111 236,454 232,813 + 3374
8-B-24 1.2260 230,857 232,422 232,822 233,987 232,765 232,609 + 1119
B-B-27 1.2055 233,795 233,501 229,032 235,677 230,912 232,663 + 2653

Overall average = 233,521 ¢ /min/g,

XOIM 3 J200qeg

Acceptable sample average = 232,353 - 234,689 ¢/min/g,

Order in which samples were counted:
Count 1 —22, 23, 26, 27, 25, 24
Count 2 —27, 24, 23, 22, 25, 2b
Count 3—24, 21, 25, 27, 23, 26
Count 4— 26, 23, 24, 25, 27, 22
Count 5 —23, 25, 26, 27, 22, 24
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Figure 6-1. Histogram of EBR II Fuel Pellet Density
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