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J. A. S: one and D. R. Johns on 
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Abstract 

Laboratory-scale tests gave data on the release of tritium, 1'C , 
15 Kr, and 129 I as radioact ~ve gases from spent nuclear fuels dur i ng 
voloxidation and dissolution. Voloxidation, a proposed reprocessing 
step, is intended to remove tritium from fuel by oxidation of U0 2 to 
U30 1 ~rior to dissolution of t h e fuel with nitric acid. 1' C, 35 Kr, 
and 1 9I may be evolved in both steps. Quanti:ative data frcm t he 
tests may be used in designing off- gas treatment processes a~d equi p­
ment . The tests were performed in a shielded eel l with a combinat i on 
voloxidizer-dissolver. Wi~h a recircul!!.tin~ o :~f-gas system , tritium 
arid 1'C were trapped on molecular sieves; 1 9I was trapped en silver­
exchanged zeolite. 85 Kr was measured by online gamma-ray counting. 
Zircaloy-clad U02 fuels fr~m H. B. Robinson-2, Oconee - 1, and Saxton 
reactors, with burnups fro~ ~100 to ~28,000 MWD/~THM, were tested . 
The results confirm that v~loxidation released most of the tritium 
but only small fractions of the 1"C, 85 Kr, and 129 I; the remainder of 
these radioactive gases evolved when the voloxidized fuels were dis ­
solved . Voloxidation off-~ases typically contained >99.8% of the 
tritium, 17 to 22% of the •c, 7 to 17% of the 85 Kr, and <8% of the 
129 I . Tritium evolved as HTO, with <0.1% as HT. 

Introducticn 

In processing spent nuclear fuel to reccver fissile material, 
volatile radionuclides such as tritium, "C, ssKr, and 129 I evolve 
into the off- gas system. Technology is availa-ble for trappi:J.g the 
gaseous radioactive specie s to prevent release to the environment. (l - 3) 
However, proper design of off - gas facilities requires quantitative 
data on amounts evolved ir. each process step. 

A reference flowshe e t for head-end processing steps is shown in 
Figure 1. The spent fuel rods are sheared into short pieces, and 
then a voloxidation step drives tritium out or the fuel . The oxi ­
dized fuel is dissolved w~th nitric acid , and the clarified solution 
is fed to solvent-extract ~on steps. Most of :he gaseous radionuclides 
enter the off-gas system during the voloxidat~on and dissolution steps. 

* The information contain:d in this article was developed during the 
course of work under Co~tract No . AT(07 - 2) - l with the U. S. Depart ­
ment of Energy. 

I RRADIATED 
FUEL RODS 
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Figure 1. Head- end pro:ess oper at i ons. 

TO 
SOLVENT EXTRACTI ON 

( t,:n) voloxidation , fi:-st develo;:>ed at Oak Ridge National Labora­
tor~t. 4 U02 fuel oxidizes to U30 a at =.bout 490° C, promoting evol u­
tion of tritium as HTO (w3ter vapor). During oxidation, the fuel 
expands, disintegrates into fine powder, and separates from the clad­
ding . Tritium removal before fuel jissolution is C.esirable to avoid 
extensirij 5sotopic diluti:n by nontritiated water. Previous 
~tudies ' ) showed that even though tritium evolved quantitatively 
curing voloxidation, species such as 85 Kr and 129 I evolved incom­
J;letely. 

1, .;n this Pf~ir, new laboratory- scale measurements of tritium, 
C, Kr, and I evclved during voloxidation and dissolution of 

~rradiatet power- reactcr fuels are re];orted . We confirm t he quanti ­
tative evolution of tritium during voloxidation and report the d is­
tribution of the other s~ecies bet1•eer voloxidation and dissolution. 

Experimental Procedure 

.\pparc..tus 

Voloxidizer- Dissol\·er. A stc..in:_ess-steel reaction vessel, shown 
in Figure 2 , serves for b ·~th volox~dation and ::l.iss:>lution of irradi-
3ted fuel. The apparatus ~s in a shielded cell .for remote operation 
and is co~nected to off-gas collec~ion facilities. The voloxidizer­
iissolver is a 2- liter re!l.ction chamber equipped with numerous 
:J.eat ers, thermocouples , c~oling co~ls, a rotary agitator , and ori­
fice s for off-gases . The reaction chamber rotates on a horizontal 
axis to provide two operating posi~ions: 1) tilted as shown in 
Fig~re 2 for voloxidation or 2) ve~ti:ally t:pright for dissolving. 
Jases emerge through a reflux condens:r during dissolving or through 
another orifice during volox idatio~. 
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Fi~ure 2. Voloxidizer-dissolver. 

Off-Gas Szstem. ':'he vcloxid:l,zer-dissolver is coup.led to 
laboratory-scale off-gas equipment both inside and outside the 
shie~ded cell; the arrangement for voloxid~tion is shown schematically 
in Figure 3. A small pump recirculates helium carrier gas through the 
closed system. Oxygen consumed in the system is replaced to maintain 
constant oxygen content in the recirculati~g g~s. 85 Kr is measured 
by online gamma-ray counting; tritium, 1'C, anC: 129 I are collected 
on a series of rnole6ular sieve traps for; later analy~es. The off-gas 

~system was tested and celibrated with tracer amounts of radioactive 
gases. , . 

'r/OLOXIDIZER 

Outside 
of Cell 

Figure 3. Off-gas system. 
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·Particulates in the off-gas are collected on impacter plates at 
the mouth of ·:he voloxidizer. , Semi volatile elements such as cesium, 
antimony, and ruthenium may plate out along a temperature-gradient 
tube following the particulate collector. Data on particulates and 
semivolatiles are not discussed in this paper. 

I 

Three T;1pe 3A molec'ular sieve traps collect tritium as HTO. . 
One trap closely coupled/to the voloxidizer collects evolved HTO 
qua~titativel7. Water vapor introduced into the off-gas recirculation 
line carries ~he HTO. The other two traps are in a hood outside the 
shielded cell_ one upstre~rn and one downstream from an oxidizing bed 
of GuO at 300 .. C. The upstlream trap is a backup for collecting 
residual HTO, whereas the downstream trap ·collect's HTO converted from 
HT in the off-gas. Hydrogen gas introduced upstream from the CuO bed 
carries any H':'. 

Two Type 13X molecular sieve traps collect 1'C as 1'co •. These 
tra~s are alsa outside the shielded cell, one· on each side of the 
heated CuO bed. Any 1'CO in the off-gas is oxidized to 1'C0 2 and . 
collected in the second trap. Carrier C02 is added before the first 
trap, and carFier CO is added before the CuO bed. As discussed in 
the following section, separation of CO and C02 in this system is not 
entirely sati~factory. 

The off-gas circulates through ~ calibrated chamber for count­
ing the 514-ke.Y gamma ray of 85 Kr with a high-resolution Ge-Li detec­
tor. These r~pid online measurements allowed the course of voloxida­
tion and dissc-lut ion reactions to be monitored. 

A bed of silver-exchanged zeolite (Ag 0 -X) at i80°C traps iodine 
in the off-gae. During voloxidation, the iodine trap, although near 
the voloxidizer in the shielded cell, is downstream from the tritium 
trap. Because any 129 I that deposited in the upstream lines or in 
the tritium tr.ap would not have been detected, the measured 129 ! is 
possibls less than the total amount evolved. 

The arrangement of the off-gas system for dissolution is similar 
to that shown ~n Figure 3. Equipment outside the shielded cell is 
identical. Ir; the cell, dissolver"off-gases pass through a reflux 
condenser directly to an iodine trap. 

Analytical Methods 

After each voloxidation or dissolution test, tritium, 1'C, and 129 I are removed from their primary sorbents by a heat treatment. 
The methods used are summarized in Table I. HTO and 1'C02 are 
descrbed from 11olecular sieve pellets to obtain forms suitable for 
liquid scintiLlation beta-·:ounting. Used pellets are discarded·. 

Because silver interferes with neutron-activation analysis for 129 I, the iodi~e is removed from silver zeolite as HI and resorbed 
on lead zeolite, which does not interfere. Tb5s ~ethod was adapted 
frorr the work ~f Staples, Murphy, and Thomas.< ,71 The regenerated 
silver-zeolite traps are reused. 

' .. . ,, 
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Table I. Analyses for ga·seous rad::oact.i•fe species. 

Primary 
Bakeouta 

Carrier Secon"ary 
Radionuclide ~ ~ Tra1• Anal;ttical Method 

'H 3A Yes H.o Cc:.d trapb B counting 

14c 13X Yes co. CC,mME':'c ,d B counting 

85 Kr He Online ·,- counting 

129! Ag'-x Yese H2 .Pt-X(l~0°C) Neutron activation 

e. Heat treatment at 500°C for 8 to 16 hours • 

b. Refrigerated to -50°C. 
c . Trad_ema:rk of. Amersham/Searle carbon dioxiCe trapping agent. 

d. Preceded by cold trap for :i2 0. 
e. Heated at 500°C with flowing hyd:ogen gas. 

Irradiated Fuels 

Representative fuels· with a wide -r~ng€ or burnups from three 
different light-water reactors, listed ~~~ Table II, were used for 
the tests described in thiE paper. Each cif·thef?e fuels was ::oz and 
was originally ::lad with ·zJrcaloy. Fue:::; from H. B. Robinso:-,-2 and 
Oconee-1 reactors were frorr. single rods. saxton f~BJ was contained 
in four rods with different irradiation histor~es. 

Similar unirradiated UOz fuei was tested in a control ex~eri­
ment to establish lower limits of ·detec~~on for the gaseous radio­
active species. 

Table II. Character!stics of Zircal::>y-clad U02 fuel rods. 

Burnup, Coc-lin!! Initial •' •·u 
React·:>r Rode MWD/MTHM Fer:l.od 1 .;tr Enrichment 1 l 

H. B. Robinson-2 "'28,000 3 2.55 

. Oconee-1 "'11, 000 3 2.0 

Saxton A "'6,000 5 12.5 
B "'3,000 5 12.5 
c "'3,000 5 12.5 
D '\.100 5 12.5 

a. Arbitrary designat~ons: 

----- I. 
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'Iest Co::1ditions 

V::>·cxidation. .'-t•Ot:<t 200 g Of irradiated UQ~ fuel in cladding 
and./or as loose fragm~r,ts was· charged to the voloxidizer. Cladding 
~ie::es ·11ere from 2.5 ·:eo 3.E. c:n long. l'he fuel was heated for 4 hours 
at ~90°·~ and was tumb!led with the·rotary agitator at 3.5 rpm. Oxygen 
con:ent or the recirc~lat1ng gaf? w~s nonitored periodically with an 
lnline ·:»:ygen anal;y'ze::o ar.d was helc. at a nominal 20% in most tests, 
by addi:~g oxygen as n·~eded. Elever. tests were run with irradiated 
fuels. Ctntrol tests were run with unirradiated fuel and without 
f:ueiL. 

. F.lgure 4 shows -;he behavior c-f e typical vol::>Xidation test. 
Hea:tion temperature, incremental cxygen additions, and 85 Kr evolu­
t-:1o.1 we:oe- measured as a function of time. In this exar.aple, for 
S!ax:on :'Lel,. the reac-;ion appeared to ':>e complete after one hour at 
L9o>c. Part of the added oxy5en wc:s c:>nsumed in the off-gas system 
by ::-eac-;ians in the heated CuJ bed; this fraction ~as determined in 
a s~parate blank experiment a:1d waE SL.:>tracted from the data to ob­
tai:~ the amount of ox;tgen consumed by ;roloxidation. 

2,0 

Cuml.o'Otive C,C, Evolution 

" 

~ 
"' 10 

l 
t 
j • 

Figure 4, 'l'ypical voloxida·:ior: behavior (Saxton fuel) ~ 
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Dissolution. Fuel dissolution was initiated at ambient temper~ 
ature with a batch quantity of 1 to 3M HN0 3. As the dissolution 
proceeded, 10M HN0 3 was metered in over 60 to 75 minutes, to slowly 
inc~ease acid concentration. Ninety minutes after the initial acid 
charge, the solution temperature was increased to 90°C to complete 
the dissolution. Gas circulated through the dissolver and off-gas 
·system, and radioactive species were trapped as with vc·loxidation .. 
Additional steps included leaching the spent cladding hulls and any 
undissolved residue w:ith 10M HN0 3 and then rinsing witt. 1 to 3M HN03. 

Figure 5 shows the behavior of a typical dissolution test. 
L'issol\•ed uranium concentration and 85 Kr evolution were measured as 
a function of time. The data show.that total jissolution time was 
about 200 minutes and that 85 Kr evolution correlated well with the 
fuel dissolution rate. 

Each batch of v-:>loxidized fuel ( 11 irradiated and 1 unirradi­
ated) and single batches of unvolo~idized Robinson and Oconee fuels 
were dissolved. A few experiments\5) in a glass apparatus with less 
complete off-gas facilities are reported for comparison. In a blank 
experilr.ent, dissolving operations without fuel were also performed. 

. Dissolver solutiOJ'ls were analyzed for tritium,· "c, and 129I. 
Negligible 14 C or 129 I was found in solution. The tritium decontam­
inatior;· factor (OF) for voloxidation was calculated from the amount 
of tritiur:t in the disso:lver solution. 

100 

80 " " "~ ... 
~,I ! :: " 0 

Ci 60 "''/ I !I 
;; .t I 
~ 

I 0 
I /_ 

"' UranhJD I ,o ·"Kr .. 
Dtssolutton/ / holutto~ 0 41) .. 

! I 0 
d/ 

~ , 0 

1' I Coq~leted lleter1ng 1111 tm03 ~ 20 
1 0 1 ,'/ Srut1on Heating ln1t· ated 

~ 
0 

0 200 

Tine, 11tn 

Figure 5. Typical dissolution be:1avior 
(Saxton fuel). 
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Results and Discussion 

Tritium 

Table III shows, for the cases studied, that nearly all of the 
tritium in sp=nt fuel evolved during voloxidation, thus confirming 
the effective,ess of voloxidation for tritium removal. In most of 
the tests, >9~.8% of tritium in the fuel was removed by voloxidation. 
The small amo·mt of tritium remaining in the fuel after· voloxidation 
was not· released to off-gas by dissolution; it was found as HTO in 
the dissolver solutfon. 

In two tests, the fraction of tritium evolved during voloxida­
tion was somewhat low (87 and 98% released). Conversion of U0 2 to 
U30o was inconplete in both tests. In every test with complete con­
version to U30e, the tritium OF exceeded 650. 

The total amount of tritium for each test is the sum of amounts 
found in all c-ff-gas traps and in the dissolver solution. Most of 
the total in each test was found in the trap nearest the voloxidizer, 
as expe~ted. Duplicate tests with Saxton rods gave good reproduci­
bility. Total tritium from Robins= and Saxton fuels appears to be 
correlated with burnup, but tritium from Oconee fuel is less than 
that expected on the basis of burnup. 

Table·III. Tritium distribution. 

Tritium, Ci/MTU Voloxidation 
Voloxid·izer · Dissolver Tritium Tritium, J HT, 

Fuel Off-gas Solution Total ___QE__ of Total ~ 
Robinson 133 0. 004 133 33,150 >99-9 0.03 

b,c 250 250 

Oconee 6 0.91 7 ad 87.5 0.05 
16 0.002 16 6,560 >99-9 0.02 
27 0.013 27 2,170 >99-9 0.01 
7 0.035 7 195 99-5 0.07 

b 35 35 
b,c 7 7 

Saxton 
A 31 0.57 32 55d 98.2 0.01 
B 25 0.027 25 925 99-9 0.1 
8 29 0.044 29 665 99-8 . 0.1 
c 28 0.00~ 28 8,450 >99-9 0.05 c 28 0.007 28 4,150 >99-9 0.03 
D 10 0. 012 10 805 99-9 0.02 

Unirradiated 0.2 0.033 0.2 

Blank 1.2 0.008 1.2 

a. Upper limit. 
b. Unvoloxidiz-~d uo. fuel. 
c. Dissolved i~ glass apparatus (Reference 5). 
d. Incomplete oxidation. 
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Tritium in irradiated fuel arises princi~ally from ternary 
fission and activation of 6 Li impurities. rhue, :;otal triti'.1m will 
depend upon the lithium im~urity level and upor irradiation history 
of the fuel. A calculatio~ with the ORIGEN coce(,) for Robi~son fuel 
predicted about 470 Ci/MTU of tritium from fiseio~ and a comparable 
amount from activation. Observed amounts are less. Possible sources 
of variation in the results include: loss of tritium in earlier 
operations, such as shearing and storage; differences in burnup along 
a fuel rod; migration of .tritium within a rod~ be~ause of thermal 
gradients; tritium trapped in the cladding. 

Carbon-14 

From 17 to 22% of the total ''c in tt.e fuels evolved during 
voloxidation i~ most of the tests (Table IV). The remainder of the 
1 'C was released to the off-gas system during dissolution. The 
amounts found were 1000 times greater than the limit of dete~tion for 
''c, as determined by the control experime~ts. Duplicate tests with 
Saxton fuel showed that the measurements we·re ::oeproducible. 

. Somewhat less than the cypical ~20% of t~e ''c evolved during 
the two voloxidation tests with incomplete con•ersion to U30e; about 
9% was released in these tests. Saxton fu~l wltt very low turnup was 
another exception, evolving only 2% during vol·)Xidation. 

Table IV. Carbon-1~ distriJution. 

"c Ci/MTU Vc'loxidation 

Fuel 
Vclox1d1zer Dissolver 111(, % HCO 

Off-sas Off-Gas Total of 'lotal L 
Robinson 0.066 0.2~3 0.309 21.3 59 

Oconee 0.010 O.D~ 0.11~ 9-lb 22 
0.025 0.12~ 0.1~9 16.8 27 
0.02~ 0 .10~ 0.128 18-7 2 
0.035 0.1~ 1 0.176 19-7 51 

0.031 0.081 

Saxton 
A 0. 0037 0.0389 o. 0426 8 7b 0.07 
B 0.0055 0.0235 0.0290 19 1 75 
B 0.0068 0-0234 0.0302 22 4 51 
c 0.0053 0.0216 0.0269 19 7 64 
c 0.0047 d d d 69 
D 0.00001 0.0005 0.0005 2 0 76 

Unirradiated 0.000005 0.00005 0.00005 50 

Blank •), 000005 0.00003 0.00003 50 

a. Upper limit {see text). 

b. Incomplete oxidation. 

c. Unvoloxidized uo, fuel. 

d. Not determined. 

Dissolution 
-~. 

...!:__ 

0.0~ 

72 
65 
3~ 
24 

0.2 

0.14 
29 
58 
29 

d 
~ 

55 

2J 
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1 "C in irradiated fuels is forme: primarily by the 1 'N(n,p) 1 'C 
reaction on nitrogen impu::-ities in the fuel and seconda::-ily by the 
17 0 :~,a) "c reaction. Th•..ts, the amount of "c produced depends upon 
the amour.t of nitroger,· im;:>urity and up:n fuel t-urnup. A typical cal­
culated value is 0. 5 C i/MTU for :'uel with 20-ppm nitrogen irradiated 
to about 30,000 MWD/MTHM. The amounts of 1 'C measured in Robinson, 
Oco:1ee., and Saxton fuels .ire correlate:. with the burnups and are in 
tne range expected for 10 to 20 ppm ni-t-rogen in the fuels. 

t:rpton-E 5 

Tat·le V shows that, in most of tlbe tests, 7 t:o 17% of the total 
~ 5 K~ in the fuels evolved during voloxidation. The dissolution tests 
confirmed that the major fraction of 85Kr remained in voloxidized 
fue·l but was totally rele€-sed by dissc:..ving. Duplicate tests with 
1;.axton fuel agreed well. Again, some'lihat lower results .(4 to 6% _ 
releasej during voloxidat:ion) were obtained for the two tests with 
inc::mplete conversion to ll 30a. 

The small fraction of 85Kr from y~loxidation agrees with results 
C•f cthe1r workers with dif.ferent fuels.· ) Apparently, krypton from 
:'is::.ion is dispersed tt~aughout the f~:el as individual atoms rather 
t.har. accumulated as butbles at the gra 1n boundaries. Oxidation of 
liO:t do~ not release much of the krypton from :;he natrix, even· though 
a ~ry fine U30 8 powder is formed. SJnce tritium is released com­
pletely under the same ccnditions, the results imply that krypton 
dif:fuses much slower thar. tritium in L'le U30s -~rystal lattice. 

Table .v.-' Krypton-85 distribution. 

asKr Ci/MTJ 'loloxidation 
Voloidize::o Dissol01er 15Kr, % 

Fuel Off-Gas Off-G<Is T·Jtal of 'l'otal 

Robinson 137. 1651 1788 7.7 

Oconee 41 969 DlO 4.la 
123 1087 1210 10.2 

77 1011 1088 7.1 
115 1058 1173 9.8 

b 1070 107C 

Saxton 
A 52 944 lOOE 6.2 

a 

B 75 377 45< 16.6 
B 62 396 45~ 13.5 
c 60 . 38H 44€ 1~.4 
c 61 c c . c 
D o.; 5.1 ~-8 11.3 

Unirradiated 0.07 LC-<• 1.07 

Blank 0.07 0. Cf: 0.15 

a. Incomplete c·xid•tion. 
b. Unvoloxidized 'JJ, fuel. 
c. Not determined. 
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?otal 85 Kr in fuel is related to burnup, cooling period, and 
>:erhaps previous thermal history. A calculation with the ORIGEN code 
predicted about 7000 Ci/MTU of 85 Kr for the Robinson fuel. The 
amounts of .a 5 Kr measured in Robinson, Oconee; and Saxton fuels cor­
relate well with burnups but are somewhat lower than calculated 
values. An unknown a~ount of krypton may have been released on 
initial puncture of the rods and subsequent storage of the fuel. 

Iodine-129 

~able VI gives results for 129 I collected during voloxidation 
and/or dissolution of the fuels. The data are less consistent than 
for the other radioactive gases, possibly. beca·1se of experimental 
difficulties. We conclude from our experience with these tests that 
separate experiments designed specifically to measure iodine will · 
yield more.accurate results. 

In all of the tes~s, very little 129 I (from 0.02 to 1.7 g/MTU) 
was collected durin~ yoloxidation. These amouots also were small 
fractions of total 2 ·I found, ranging from 0.~ to 7.9% evolved 
during ~ost of the voloxidation tests. In two tests, the fractions 
from voloxidation were 59 and 84%; however, material balances for 
iodine in these two tests did not agree well with amounts expected. 

Fuel· 

R·:>binson 

Oconee 

Saxton 

A 
B 
c 
c 
D 

t:nirradiated 

E-lank 

Table VI. 

Voloxidizer 
Off-fjaS 

0.18 
a,b 

0.03 
0.76 
1.7 
a,b 
a,c 

1.5 
C.l6 
(.03 
C.02 
1.1 

0.007 

0.014 

Iodine-129 distribution. 

12 9 I I fi/MTU 
Dissolver 

Off-fjaS Total 

58 58 
171 171 

27 27 
31 32 
20 22 

104 104 
102 c 

27 28 
0.03 0.] 9 

c c 
c c. 

0.8 1.5 

0.016 O.C23 

0.009 O.C23 

a. Dissolved in glass apparatus (Reference 5). 
b. Unvoloxidized U02 fuel. 

c. Not determined. 

• 

Voloxidation 
12 91, % 
of Total 

0.3 

0.1 
2.4 
7.9 

c 

5.4 
84 

c 
c 

5·9 
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Also she-wn in Table VI are previously reported results(S) for 
Robinson and C•conee fuels dissolved in a glass apparatus; the iodine 
was collected in an NaOH off-gas scrubber. About three times more 
129 I was obtained with the· glass apparatus than with the metal equip­
ment used in this work. Reasons for the difference have not been 
determined, a]though results from .the glass apparatus are believed 
to be more accurate. The earlier work showed little difference in 
129 I evolved curing dissolution of voloxidized or unvoloxidized 
Ocooee fuel; this is consistent with the fraction of 129 I·evolved 
dur!.ng voloxidation being small. 

Total 12
'
9I should be proportional to burnup. only.. A typical 

calculated vallle for Robinson fuel is 187 g/MTU. 

Chemical Speci~s 

Upper li~its on the amounts of tritium evolved as HT and ''C 
evolved as ''C) were determined fron tritium or ''c found in the 
traps dc-wnstre.3.m from the oxidizing bed of CuO. Table III gives the 
fraction of trltium from voloxidation found in the downstream tritium 
trap. Table I7 gives similar information for ''c from both voloxida-
tion and disso~ution. · 

The resu~ts show that nearly all of the tritium from voloxida­
tion was in the form of HTO, as expected. Less than 0.1% could have 
been in the fo~m of HT. Although these amounts are 10 to 100 times 
greater than tbe backgroun·d level of the system, they are within the 
range of possit·le leakage from upstream traps and therefore should be 
rega~ded as upper limits for HT. From dissolution of voloxidized · 
fuel, no tritium as HT was observed; only background levels of trit­
ium were found in the downstream trap. 

The distribution between ''C0 2 and ''CO is uncertain. During 
the required ccnditions of prolonged flow, some C0 2 desorbed from the 
upstream trap and collected in the downstream trap. This effect was 
shown in a calibration test with 1 'C0 2 ; the .\ •c was found equally 
distributed between the two traps even though no ''CO was in the 
system. In voLoxidation tests, up to 76% (in a test with Saxton fuel) 
of the ••c was found in the downstream trap. In dissolution tests, 
up to 72% (in a test with Oconee fuel) of the ''C was found in the 
:iownstream trap·. Because an unknown part of the 1 'C on this trap was 
originally ''C0 2 and not ''CO, the values shown represent only upper 
limits on ''CO; the actual amounts could have been much less. In one 
test with Saxto~'l fuel, only about 0.1% of the "c from either volox­
idation cr diss)lution appeared as ••co. Total 1 'C evolved was accu­
~ately measured because the total capacity of the upstream and 
downstream trap.s for C0 2 was adequate for the quantities involved. 

/ 
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Conclusions 

From the data of Tables III - VI, we cor .. =Llde the folloving: 

• Voloxidation of spent nuclear fuel releaeeE. tritium to the off-gas 
s~stem quantitatively but releases on~· S111E.11 fractions of ~he 
1 C, 85 Kr, and 129 I in the fuel. 

• Dissolution of voloxidized fuel in nitric e.c 1.d release's the 
remaining 14 C, 85 Kr, and 129 I to the off-g~:> :system. 

• Typical values for the fractions evolved dtU"ilng voloxidation are 
>99.8% of the tritium, 17 to 22% of tte ''~, 7 to 17% of the 85Kr, 
and <8% of the 129 I. 

• Tritium is evolved as HTC during volo~idat~~r; less than 0.1% is 
HT. 

. . 
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