]

(LT ~ ¥eoad R - — (|

HEAD-END REPROCESSING STUDIES WITH IRRADIA
TEMPERATURE GAS-COOLED REACTOR (HIGR)

'Jc

1

ATED HIG:
FUELS®

C. L. Fitzgerald
V. C. A. Vaughen

Consolidated Fual Reprocessing Program
Chemical Technology Division

Oak Ridge National Laberatory’

Ozk Ridge, Tennessee 373830

MASTER

Summary aof paper for presentatiocn

at the
Topical Meeting on Fuel Cycles for the

[
[
(3]
e
rr
[
1]
1]

September 29~—Jctober 2, 1980

-~

Gatlinburg, Tennessee

By acceptance of this article, the publisher or recipient acknow

owledzes the
U.S. Government's rignt to retain a nonexclusive, rovalty-frece license in
and to any copvright covering the articie.

DUSCLAIMER

oo

Research spons
Department of
Corporation.

ored by the Division of Nuclear Power Development, U.S.
Erergy under contract W-7405-enz-26 with the Uuion Carbide

S
e

Operated bv n Carbide for the U.S. Department of Energ

-7



Y —-
n e [&]
Pl s .
Y e [ N —
[} ' et jol S 4 .-
[ ] f Q bl o ] J -~
! e o oo™ L W ad . WL by U . i . =
5] Al tn - W o 4 %) ' n bt Rel LY s - -
=) - e o it by n b b = ! 4 ® o i
o ‘ R ) B i — b4 u ) v O & hv o -
' - D 5] 1% I3 o 4 P .0 € (] el w o v
I ) aa) N ) [yl o 4 “4 -3 .3 s [ 34 (9] . [l D ¥ ¢ -
14 St o ol [ Wy Y] 2] ¥ S £ —d o sed - nJ | %) o] vl ‘. yout
= o w fia '] U o = N [&19] 3 Q W " %4 4 b4 -
jol Lt vl ey 3 o Nol W - Re) " s e w4 w [e% I $a -
Q 14 1) |9} [P —~t "3 -t pY =] o 3 1] c [
o o ¥} W ol el W i = n »Q —i &) Q —~ S 18] wn =1
i [ 3 [P [ e [} [ o [ Y] 7} Yed ) i [ [ -
el Lo} W] [ 3 red b Lia o ) v o 1 %1 | V] W02 i) —
il s ol 73] ) W 1) mw o [} - [¥] l»} P [ L ]
e i 14 " [93] ', o8 o (G} [N Q | 7 “ o, . o] -y
5 ] [o] ] IS ol o L Pl o 1" ord ¥ J ) — [24) ) ™ I'S] £ et
= et 1 b n 1Y K o N o go] e Y, |+ [ o "' oo
e . . e U . £ 4 . Y ) o Bal Kol L k- L2 o 3 =] [
Iy hw i i ,.mu ..\m. " w c A 0 o e 3 0 ﬂ .w.\; r— mn_ @] Nl o
. ' [ = s . L g A Mg o i = o3 1 =1 gl Pt . [
ww ﬂx“ m m.m o e o o« - L . 4 [ .t o o *ed b o [ I %) | ) ©
P £ K i W 9 G w o i i - £ o V) o o —~ . — b 2 .
i PR Y < U3 o ] & o kg et w [~ b O A7 o =1 = C
pad = o L 2 W U - o = ar ) W T, i- o i . o
2o P ] =t 1 4 ) e u U o i [oa] L v U o
s P 3 L o] 3 w 9o} o ] — 4] e ] V] st -t . = N}
n.\. ) 9} ey 9 1w {8 -4 4 4ot r! AL Kol o r: [ W ~1 0 i (o] -~
Egse vonl e o 9] i %) 0 It rt r " 3 [ 0 w o . o O o P o
ol ‘e = - PR ¥ 4 rJ (o] ot o1 ) o % ! o3 3 [ B v Ko
o ot Rel <3 @] [ - w Q M) 3 S « - ! (3} o v o w el
e . N i ored Mc x = M R ot i o o) ~ 3] Cu o °s 0y ] vy o ..1 "
£ ez S 3 ] ] e R &) L “ B =] . A Q ~— i - B - .0
N o ) et} '3 o i 49} (o] T o] > i i: [N o X QO . L Yed had —t e
Ve to .0 u EH ot ¥ < n a ol - o8| r &0 3] Y] Iy i, %] " b ) . e
VTR ST Lt e [g¥ 0. L I 3 o 9] b O +d i o -~ L : A o =2
vy Pt i Ll ) ! = . " £ s ] - o 3] K " b = et
Pl .r.u ot = o v] 8 ] et 1 ¥ 3y - /8 3 54 D C " |1 L o o N
Pt Dm oo w ot f= Y oped <l be om M U A fu] . W ] sl o
~ oo ) 4 (v} - -~ Ve e K4 J &4 —i o ool Q red 2 oo " oo
R~ ot —t [ @] g] 11 . [+ U U - b ) Ko el N o 2
= R ¢ . . i ! et 178 0 ; W o o] =] [ i ] o : = EE
o = e o bt o e 8] th o By £ r. o ] i srd f e RN
. = - o 4l Kt v ) [ - — -, 1w, i [ b ) Xl nu . 1
- = T 5 b - L b o B b . 5 o o w I8 14 o
oo o Yia Iy e oJ [ S z & o r ) o o oy} S - o O : = e
- i SR S R CE L B B < I IR S N oo e < B 3
e PR I = a1 o %] & Cu o 1 N (=] o o] - . oo} by} d P
o Y ] W g a S} f &) 0 -1 - - C. oA - - -t g
o ;! [ = t t ) ¥ 9] 1] . [ L 9 & N — R ta
I [ jael " . o] 0y Q t (o] s v N s n b - ' J o = w "
o e w 4] rJ [ ¥ w oo 1] e b o] o -t K ¥ 1. -4 o =
&n e 2 2 4 ot o i o~ ¥, ot e % 8! y s . o
Bl 0w o o~ r " i 13 R o f ) ) — v ot " -
e « 1 thet u o] ol N fet L o ") ! R 4 v, b | b .
T .o - m_. » ~ n. 3 [ & ~ e & n < . o
e » ~ i fsat [ fw ) U 1J (@) 3K} Yt , 1 3 i (" (54 - i
e 23 o e e I b . - v § b 1 . . n
e mu Lt o T U - U . S b gl [ - w2 ) o —
n\m S I ] . [ ad v [} W] ol (=8 L] 3 o~ I [ !
S .ﬁ_ i Y 3 " - u £ b ~ s ] o o I vt " ) u .
I t o i - b s o ] U o " ) i RN ) e .
ChN w3 - W T 1 R N i A S
bt 9] o bt e wiel "3 et " | | 8] b4 — oo Lt -t
foird [ I it vl K & [} ol | ¥} [ o] Y Yo o ] N
ead n S o) ) ) r: y ] o] i o ' .0 e ! el
¥ Fo] ] i ~ P K¢ [ 2 o4 ' ted ] o b E o fo) = !
rd e I [} [®] (o] U f. o 1N S : . - ;
Y] ¢! K W 147] t ) X o] (5] i &} ] - 34 o Y] s '
ol (] L j o) 0N “w [ wd c 12 W S . o ul [y Rt - - . 1
[l ¥ [} O =) o¥) o r—i - 3 poiv i o] @] 0 o jge] £ N el L]
O = J et Ui J ot [+ M S o< < o o — by iy | @
4] (8} 0 aJ | v ol ] =) O] ] o) R i . Y
g o o] o e = w Cis e} b Q [} — 3] ) c o VD e
e g W o8 &8 w6 = uw o Y S B e 3] SR e 8
b ol T. a = ] (o] (3] K 0 n. [N - V) =) 0] () £ O ' e



was & peak of 7.11% with & mean velue of 5.64%. Fifty fuel rods, 421.0 2z,
were used for this stud

The fuel rods were visuallv inspected, crushed, and burned in :the
fluidized-bed primary durner at 873°C in 932 32-53 02 gt a fluidizing velociczy
of 0.8 m/s. The crclone finas and filcer fines, collacted from ch2 oil~-gas
during the burni operation, were weighed gnd znalwvzed. The burner product
was weighad, and the fertils fraction (bare 1":102 microspherss) was separatad

P 235 . . .

from the fissile fraction (SiC coated UC2 particles) by dissolwizng io 13 M
HNO,-0.1 A13+-0.03 F (Thorex reagent). The insclubls fracction was sisved
througn a 60-mesh sisve (250 _m) to rescover the coated particles Irom the
insaluble fission products. The imsolubla frzacrion zné samples of the dissolvar
solution wera znalwzed. The cozted particles were processad by crushing in oz
roll crusher with & 230 um 2ap and 5v burning ia rhe fluidized-%ed secondary
buyranar at 3753°C in 807 N,-20% 0, at a veloelty 0f 0.76 m/s. The burn2r product
was weighed and dissolve. in Thorex reagent. TIrhe imsoluble residuez was driad
and weizhzd. Samples of the dissolver solution and vesidue were submitted Ior
analwvssas.

The experiment was analvzed b thrae methods: (1) weight balances measured
for eacn operation, (2) ecarbon balance czlcularions based on in-line {low and in-
line €O and C02 analvzers, and (3) heavy metazls and fission preoduct data cbtzined

b analvytical wethods. The results of rhese metheds wer

and with the expected values based on

irradiation nistory.

Calculations of carbon balances from on-line instru
307.8 g of carbon could te accounted for in the off-gase
burnar. The expected weight loss was 303 g. The primar

however, was about 20 2 shor:t of the expected value

€ compared with each other
arameters imnd the
mentation shewed that

2}
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fracticn was within 1.3% of the expected value after dissolution. Analyvsis

of the dissolved fertile ash indicatsd that the ThO2 content was about 20 3
short. The missing 20 grams of material was accounted for in the next

experiment, so it was clear that a temporary holdup was experienced in our

equipment.
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The crushed SiC_.rcoatad fissile particlas were burned. Analvses o
secondar¥ burner off-gases accountaed for 112% of the expected carbom. The
secondary burnaer product was 94.3% of the ewxpected valuee, and the dissclver

residue (SiC hulls) was 86% of the expected resulc. These rasulcs indicate

that the SiC coated particles centained slightly wmore carbon, and less SiC,

than expected from fuel fabrication parameters. All thr other data agree wit!

=

expected results within about 3%5. We conclude that good control wa

71}

experienced in these experiments.

The analysis of the data generzted by analytical methods can be
facilitated by separating into the fertile and fissile groups. Two solid
samples, the cyclone fines and filter fines, are included with the fertile
fraction.

The recovered values of heavy metals averaged 2.0l g Th and 0.33 z U per
fuel rod for the fifty rods in this experiment. These rasults can be
comparad with end of life (EOL) calculations, based on the irradiation

history and average beginning of life (20L) metal loadi

3

ags, which predicted
values of 2.54 g Th and 0.39 g U per fuel rod. Our experimental values

represent 80 to 847 of the predicted values for the heavv metals.



The measured isotopic uranium distribution agrees very wsll w

[N

th
calculations and analyses of the fertile dissnlver solution clearlvy shows that
only about 3% of the coated fissile particles had been broken up to the time
of leaching. The distribution of fission products also supports this
conclusion, and in addition shows that about 40% of the ruthenium is contained

in the insoluble dissolver residues. The recovered totzls of fission

products agreaes with previous non-destructive znalvses done at ORNL on

1y

rad

s

similar fue

17

from the same test element.

In summarv, our experiments with FTE-4 fuel have been ceoasistent with
predictions, in general, and the measurad internal consistency of the data
provide reasonable assurance that the raprocessing of TRISO-BISO fuel can be

accomplisned by the proposed flowsheet steps,
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