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CHAIRMAN'S OPENING REMARKS:

Unfortunately, from my selfish point of view, it appears from
the titles and the preprints that I am the only pellet presser up
here, 1.e., fuel fabricator. This session will deal exclusively with
reprocessing. It appears that we are to be treated to a real pot-
pourri of reprocessing-related subjects. Appropriately enough, we
wlll begin with head-énd processing and we will wind up with waste
management.
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AN ESTIMATE OF THE PROCESS DECONTAMINATION FACTORS REQUIRED TO MEET
FEDERAL EFFLUENT REGULATIONS FOR THE BURNING OF HTGR FUEL ELEMENTS

J.W. Snider and R.E. Leuze
Oak Ridge National Laboratory
Oak Ridge, Tennessee

Abstract

Calculations are made of the various quantities of air required
(theoretically) to dilute 139 isotopes, present at two reprocessing times, in HTGR
fuel elements to meet existing federal effluent regulations, One isotope (Pu-238)
represents 79% of the total, calculated isotopic potential hazard from the burning

of HTGR fuel elements., The largest calculated decontamination factor required was
640,000 for Pu-238. ’ ‘

I. Introductlon

The design philosophy of a plant for reprocessing the fueled graphlte
from a high-temperature gas-cooled reactor (HTGR) will be influenced by the
existing regulations with regard to gaseous snd liquid effluents, These
regulations affect the inclusion or omission of certain process steps, gaseous
and liquid waste handling procedures, structural integrities, equipment arrasnge-
ments, etc. A useful wgy for the process designer to use the effluent regulations
is to express them as overall process decontamination factors for the wvarious
amounts of isotopes actualLy present in- the spent fuel elements at reprocessing
time.

The proposed method for reprocessing HTGR fuel consists, in part, of burning
the graphite fuel elements in"air or oxygen and separating the fissile and fertile
materials from the fission products by solvent extraction methods. The first
step in this process is unprecedented in nuclear fuel reprocessing in that the
fuel elements are prepared for dissolution by combustion, The large quantity of
carbon present in the fuel elements is converted into carbon dioxide during this
combustion step., This carbon dioxide, being formed in intimate contact with the
spent fuel, w1ll be contamlnated with fission products. :

At present it is not possible- to predict the quantities of all of the
isotopes or their chemical or physical forms in the carbon dioxide. However,
some comparative means of estimating the decontamination factors actually required -
for the various zmounts of the isotopes present would be useful in 1dent1fy1ng the
isotopes which will require the most attention during actual processing.

The isotopes that are of the most concern in HTGR reprocessing plant liquid
effluents are those the reprocessing industry is presently aware of because of
the similarity of these effluents to Light Water Reactor liquid wastes., This is
not true for the gaseous effluents., The isotopes that will be present as
contaminants in the carbon dioxide must first be identified and the appropriate
off-gas decontamination processes developed. The identities of those that will

*Research sponsored by the U,S, Atomic Energy Commission under contract with the
Union Cerbide Corporation,
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be present as contaminants in the carbon dioxide must awzait hot-cell combustion
studies using irradiated fuels, This paper presents an estimate of the overall
gaseous process decontamination factors for 139 isotopes present in HTGR fuels

at reprocessing times of 150 and 365 days after irradiation. The calculational
model assumes that the fuel is completely vaporized during the burning process and
calculates the overall gaseous process decontamination factors for this vapor. It
should be noted that the burning process itself gives high gaseous decontamination
factors for the nonvolatile isotopes.

1I. Estimation of the Signifidant Isotopes Present at
' Reprocessing Time

An estimate of the quantities of the various isotopes present in six-year-
irradiated Fort St. Vrain Reactor fuel a% Seprocessing time was made using the
ORIGEN isotope generation and decay code 1/  The ORIGEN library contains nuclear
transmutations by n-y, n-a, n-p, n-2n, n-3n, and n-fission products plus radio-
active decay by R , R*, and alpha decay and isomeric transitions. The ORIGEN code
computes the isotope inventories of more than 700 isotopes in the fuel as a func-
tion of the length of irradiation and postirradiation time, The elements whose
isotopes are included in the ORIGEN library are shown in Figure 1,

The following conditions were assumed for calculational purposes:

1. The fuel elements are of the Fort St. Vrain(z) HTGR type shown in
Figure 2.

2, The fissile material is ®®®U, and the fertile material is ®®°Th
homogeneously mixed with the carbon.

3, The carbon-to-heavy metal (U+Th) mole ratio is 150,
i, The fuel elements are irradiated for six years at an average flux of
: 6.63 x 10*® neutrons/sec-cm®., The burnup is 100,000 MWd per metric ton

of initial heavy metal.

5. The graphite block contains 1 ppm of lithium, 162 ppm of boron, 100
ppm of nitrogen, 17 ppm of silicon, and 50 ppm of iron as contaminants.

The results of the ORIGEN calculations are shown in Table 1 for 150- and
365-day-cooled fuel,

ITT, Existing Federal Effluent Regulations

Existing regulations for nuclear plant effluents are stated in Title 10,
Chapter 1, Code of Federal Regulations, Part 20 (10 CFR, Part 20). The plant
effluent concentrations at the plant boundary are specified for the various
isotopes in Appendix B, Table II, Column 1, of 10 CFR, Part 20, This regulation
limits the annual exposure from plant effluents to individuals living near the
plant boundary to not more than 500 millirems per year., Since it is difficult or
impossible to predict the exact chemical compounds that could be formed during
the burning process, the permissible effluent concentrations used for calculational
purposes is the lower of the "soluble" or "insoluble" values of Appendix B, Table
II, Column 1 of 10 CFR, Part 20,
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Table 1, ORIGEN Calculation of the Radioactive Nuclide
Concentrations Preaent at Reprocessing Time

Isotope 150 Day Cooled 365 Day Cooled
(Ci/metric ton)® _ (Ci/metric ton)®
®H _ 4.07 x 10° 3,94 x 10°
10Bg 1.49 x 1072 1.49 x 1072
14 . 5,91 x 10* ' 5,91 x 10t
32p 1.09 x 107¢ -
Slcr 1,13 x 1073 5.31 x 1078
S%Mn 9,18 x 10° ' 5.61 x 10°
B8pe 4.99 x 10° 4,27 x 10°
Bope 2,15 x 10° 7.88 x 1072
8900 2,14 x 10° 1.98 x 10°
793¢ 2,13 x 10° 2,13 x 10°
85 k. 6.56 x 10% | 6.32 x 10*
88Rb 1,97 x 10t 6,83 x 107°
89gp 2,39 x 10° 1.37 x 10*
90gp 3,06 x 10® 3,02 x 108
o0y 3,06 x 10° 3,02 x 10°
Sly 3,00 x 108 2,38 x 10*
837r 7.20 x 10° 7.20 x 10°
®67r 3,83 x 10°® ‘ 3,86 x 10%
S3TNb 1.3L x 10° 1.52 x 10°
%®Nb _ 7.17 x 10° 8.21 x 10*
85I\, 8.11 x 10° 8,20 x 10°
oMo 1.04 x 10%° _ -
997 3,38 x 10* 3.38 x 10*
88Mpg 9,90 x 10712 -
103Ry L.81 x 10* 1.12 x 10°
108y 8,25 x 10% 5.50 x 10%
lo3Mpy 1,81 x 10* 1,12 x 103
108pn 8,25 x 10% 5.50 x 10*
107pq 4.78 x 107 4,78 x 1073
1104g 1,55 x 10% 8.59 x 10°
llompg .19 x 10° 6,61 x 10*
111pg 8,81 x 1073 2,07 x 107*?
113Mog 1,93 x 107t 1,87 x 107t
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Table 1 (Contd,)

Isotope 150 Day Cooled 365 Day Cooled
(Ci/metric ton)? (Ci/metric ton)?
118M54 3.73 x 10% 1,17 x 10°
11 7Mgy 1.57 x 10 % -
llemgy 9,2 x 10° 5,09 x 10°
123msn 6,41 x 10° 1,95 x 10°
1255n 2,39 x 107 -
1265n 1,22 x 10° 1.22 x 10°
l2e g, 3.05 x 10° 2,55 x 10
125 gp 1.92 x 10* 1.65 x 10%
1265p 8,10 x 10° 1.21 x 10°
1=zemngy, 1,22 x 10° 1,22 x 10°
12730 3,84 x 1077 -
128Mre 3,00 x 10° 8.39 x 107+
1RBMTe 7,84 x 10® 6.8 x 10°
1271e 1.50 x 10* 3.82 x 10°
1=7Mpe 1.52 x 10% 3,87 x 10°
12o1e 6.37 x 10° 7.94 x 10*
129Mp, 9,93 x 10° 1,24 x 107
1321 1.70 x 1078 -
1ze1 1,34 x 107t 1,34k x 107t
181y 2,27 x 10° 2,07 x 1078
1e=1 1.75 x 1078 -
1zomye 7.0, x 107* -
151llye 3,42 x 10° 1,13 x10°°®
135%e 6,00 x 1072 -
1340g 7.L9 x 10° 6.1 x 10°
13505 9,29 x 107% 9.29 x 107*
138¢s 6,53 x 10* -
137¢s 3,25 x 10° 3,20 x 10°
137mpy 3,04 x 10° 2,99 x 10°
140y 4,99 x 10° L.39 x 1072
140149 5.7h x 107 5,05 x 107
1elce 8,82 x 10* 8.87 x 10°
14%ce 1,04 x 108 6,1 x 10°
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Table 1 (Contd,)

Isotope 150 Day Cooled 365 Day Cooled

(Ci/metric ton)® (Ci/metric ton)?@

143pp 1,03 x 10° | 1.95 x 1072
14 pp 1.04 x 108 ‘ 6.14 x 10°
147Nd ‘ 6.89 x 10* 1.02 x 107*
147py 1,18 x 10° | 1,01 x 10°
148 pp L.62 x 10* 1.33x 10°
148Mpy, ‘ 5,75 x 10° o 1.66 x 10*
+51gn 5.68 x 107 - 5,66 x 10°
162mpy 3.57 x 10° 3.45 x 10°
162y 3,57 x 10° ' 3.L5 x 10°
184py 1.27 x 10% ' 1.2 x 10*
1665y 1,07 x 10% 8.52 x 10°
+88Ey 5,79 x 10? 2,80 x 1072
18244 1,65 x 10* 1.10 x 10*
8o, 2,35 x 10° 2,97 x 10*
telmp | 1,39 x 10°° -
1e=mry 1.65 x 10* 1,10 x 10 -
20771 9,29 x 1072 1.04 x 107*
20811 ' 4.78 x 10* s.Lk x 10t
R09m] 1,62 x 1072 1.80 x 1072
209pp 9,13 x 1072 1,01 x 107?
211y, 9,33 x 1072 | 1,0k x 107t
212 1.33 x 107 1,51 x 107
R1lpj : 9,33 x 107° . 1.04 x 107*
212pi 1.33 x 10° ' 1,51 x 10°
213py 9,13 x 107 1,01 x 1072
212po : 8,50 x 10 9,66 x 10*
”13po 8,93 x 1072 ‘ 9.93 x 1073
218po 9,33 x 107° 1,04 x 107*
216 po 1,33 x 10° | 1.51 x 10°
R17p4, 9,13 x 1072 1,01 x 107*
21l8Rn 9,33 x 107 : 1.04 x 107%
220pn 1,33 x 10® 1,51 x 10°
221 pp , 9,13 x 102 1.01 x 107t

223y 1,07 x 1073 1.18 x 1072
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Table 1 (Contd,)

Isotope S 150 Day Cooled 365 Day Cooled °
(Ci/metric ton)@ (Ci/metric ton)2
223pa 9,33 x 1072 1,0L x 1072
224Ra 1.33 x 167 1.51 x 10°
22%Ra 9,19 x 1072 1.01 x 107*
228Ra 5.52 x 1072 5.7 x 1073
RR8pc 9,13 x 102 1,01 x 107
2R7pc 9,52 x 1072 1,05 x 107+
228 pc 5,52 x 10°% 5,75 x 1077
227 Tn 9,27 x 107 1,02 x 107
2281 1.33 x 10° 1,50 x 107
22omh 9,27 x 1072 1,01 x 107
R3OTp 9,00 x 107° 9,19 x 1072
231y 4,16 x 1072 L,16 x 107°
R32Th 9,40 x 107? 9,40 x 1077
234N 4,78 x 10* 9,92 x 107°
231pg 6,09 x 107+ 6,09 x 107+
233 pg 6,92 x 10° 3,01 x 10°
234py 4.78 x 1072 9,93 x 10°°
234mpy L.78 x 10* 9.93 x 1072
232y 2,23 x 107 2,21 x 10°
2337 1.54 x 107 1,55 x 107
R34y 3,59 x 10% 3,60 x 10t
?38y .16 x 107® .16 x 107°
238y 3,38 x 107 3.38 x 107+
R37y 2,28 x 107 ’ -
237 Np 6,61 x 107 6,61 x 107
239Np 9,87 x 10° 9,87 x 10°
R36py 5,96 x 107t 5.17 x 107
238py 1,27 x 10* 1,27 x 10%
239py 8,98 x 10° 8,98 x 10°
240py 1,76 x 10* 1.79 x 10
24lpy 7.15 x 10° 6.95 x 10°
242py 3.47 x 107t 3.47 = 107*
241 am 1,60 x 10* 2,26 x 10*
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Table 1 (Contd,)

365 Dgy Cooled
(Ci/metric ton)®

Isotope 150 Day Cooled
(Ci/metric ton)?

42 Am 3.9h x 1072

R4RMy 3,94 x 107t

2435 Am 2,36 x 10*

2420m , 2,21 x 10°

2450m : 8.76 x 10°

R440om L,02 x 10°

3.93 x 107%
3.93 x 107
1,54 x 10t
8,86 x 10°
8,59 x 10°
3.94 x 10°

Curies per metric ton of uranium plus thorium present at the start of

irradiation.
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The concentration limits according to 10 CFR, Part 20 for 139 isotopes
present in HTGR fuel from the Fort St, Vrain Reactor in significant amounts
(> 1078 Ci/metric ton) are listed in Table 2, Certain values listed were
obtained by using the decay mode and half-life (included in Table 2, for
completeness) according to instructions given in 10 CFR, Part 20,

IV, Process Decontamination Factors

A measure of the hazard of an isotope is the quantity of air required to
dilute the isotope to the concentration limit shown in Table 2, Use of this
dilution as a basis for calculating overall gaseous process decontamination
factors has simplicity and relates to the maximum value of the hazard, since no
consideration is given to the paths of travel to human beings, The dilution

values calculated for 150- and 365-day-cooled fuels are shown in Tables 3 and L
respectively,

Normalization of the gas dilution required% yields a number that is a
measure of the calculated relative gaseous potential hazard (RGPH) of the
various isotopes, One isotope (Pu-238) represents 79% of the total calculated
isotopic potential hazard (for 150-dsy-cooled fuel) from the combustion of HTGR
fuel elements, Other isotopes that are of major potential hazards are: Cm-2L)
(6%)3 Sr-90 (h%): PO'216+ (3%)3 Ce'”—lll (2%)3 PO"212+ (2%)5 Pu"2h1 (1%)3 and CS-'IBLL
(1%4). By contrast, the more volatile isotopes have the following relative
gaseous potential hazards: Kr-85 (9 x 107°%), I-131 (1 x 107%%), H-3 (9 x 107%),
1-129 (3 x 107%%), C-14 (3 x 1078%), It must be remarked that this comparison says
nothing about actual amounts contained in the burner off-gas; it compares the
isotopes to each other on the basis of the amounts in the fuel elements and
permissible discharge limits, i.e.,, decontamination of a completely vaporized fuel.

Stoichiometric combustion of the graphite associated with 1 metric ton of
heavy metal produces a minimum volume (STP) of about 5,2 x 10° ft° of carbon
dioxide. Reprocessing plant stacks can be designed to give a stack dilution of
5.2 x 1078, A 1-metric ton/day HTGR reprocessing plant with such a stack would
have a dilution of about 10-1° metric ton/ft®, Multiplication of the values
given in Tables 3 and L by 10~*® metric ton/ft® gives the overall gaseous process
decontamination factors that must be obtained during the combustion process, i.e.,
before release from the stack, The overall gaseous process decontamination
factors thus calculated are shown in Figures 3-7, Elements with overall gaseous
process decontamination factors greater than unity require decontamination prior
to release to the stack, It should be noted that, if both the overall gaseous
process decontamination factors and the calculated relative gaseous potential
hazards of the various isotopes are arranged in descending sequences, a 1:1
correspondence exists as to the location of a given isotope in both sequences.

%The normalization is carried out as follows:
X,
RGPHi = + , where Xi = gas dilution required (ft®/metric ton) for isotope i.
z X,
N &
+Po—216 and Po-212, U-232 daughters, have half-lives of <1 sec; thus a few
minutes holdup in the off-gas system eliminates them as potential hazards.
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Tsble 2, Concentration Limits in Air Above Background
for Unrestricted Areas as Specified by Appendix B,
Table II, Column 1, of 10 CFR Part 20

Isotope Half-Life? Decay Chemical® Concentration Limit
Mode Form (uCi/ml)

34 1.2x 10t y R S,I 2.x 1077
10Be 2,5x 10° v g c 1 x 107°
12 5.6 x 10° y R sub & 9 x 107e
32p T.h x 10" d R S 2 x107°
51cr 2,8 x 10+ 4 v S L x 1077
54Mn 3.0x 1R 4 - S,I 1 x107°
BBpe 2.9 x10° y EC S, I 3x 1078
59pg 4.5 x 10* d ¥ I 2 x 10™°
8000 5.3x 10° y Y I 3x 10720
795e 6.5 x 10* y R c 1 x 10°%°
85k 1.1 x 10* y B sub? 3x 1077
88Rb 1,9 x 10t 4 R I 2 x10°®
895 5.2 x 10t 4 g S 3 x 10720
203y 2.8 x 10t y g ) 3 x 107+t
S0y 6.4 x 10t h g I 3 x 107°
oy 5.9 x 10+ d R S, I 1x10°°
°37r 1.5 x 1% y R S Lk x107°
®57p 6.5 x 10t d R I 1 x10°°
83MNh 1.hLx 10t y v S L x 107°
S5Nb 3.5 x 10* 4 g I 3x10°°
S8MNb 9,0 x 10 h ¥ c 1 x 107%°
®®Mo 6.7 x 10t n R I 7 x 10°°
®ore 2,2 x 10° y R I 2 x10°°
o9mTc 6,0 x 10° h v I 5x 1077
105gpy L4,o x 10* d R T 3x107°
L08Ry 3.7 x 10° 4 R 1 2 x 107t°
103mgh 5.7x 10 m ¥ I 2 x 10°¢
106Rn 3.0 x 10* s R Subd 3x 107
107pq 7.5 x 10% y R c 1 x 10710
110pg 2.L x 10+ s R Subd 3x 1078
1iompg 2,5 x 10° 4 v I 3 x 107%°
1itag 7.5 x 10° 4 R I 8 x10°°
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Table 2 (Contd.)

Isotope Half-Iife& Decay Chemicalb Concentration Limit
Mode "~ Form (uCi/ml)

113moq 1., x 10ty R c 1 x 1070
1lsmgq L.3 x 10 4 R S, I 1 x107°
117mgy 1.Lx 10" d ¥ c 1 x 1070
1iomgy 2,5 x 10% d Y. c 1 x 1070
123Mgn 1.3 x 10% d R c 1 x 107°
1255n 9.4 x10° 4 3 I 3x107®
1265n 1.0x10° ¥ 3 c 1 x 107°
12%g5p 6,0 x 10+ d R I 7 x 107°
128 5p 2,7 x 10° y R I 9 x 107°
1285y 1.3 x 10t d R c 1 x107%°
12emgy, 1,9 x 10 m A Subd 3x 1078
1275 9.3x 10* h R c 1 x 107°
123mre 1,2 x 10° 4 ¥ c 1 x107*°
125mpe 5,8 x 10* d ¥y I L x 107°
1277 9.4, x 10° h R I 3x 1078
127mre 1.1 x 10° d ¥y I 1 x 107°
1=297g 6,9 x 10* m R I 1 x 1077
12ompe 3.h x 10t 4 R I 1 x 107°
1521 7.8 x 10 h R I L x 107°
1291 1.7x 107 y R S 2 x 107+t
1eiy 8.1 x 10° d R S 1 x 1070
1321 2,3x10°h R S x 10°°
1Romye 8,0 x 10° d ¥ c 1 x 1070
1zlmye 1,2 x 10* 4 v Subd L x 1077
138ye 5.3x 10° 4 8 Subd 3x 1077
13405 2,1 x 1% y R I L x 107%°
138¢s 3,0x 10% y R I 3x 107°
136¢s 1,3 x 10" d R I 6 x 107°
187¢s 3.0x 10t y R I 5 x 1070
137Mp, 2,6 x 10° m ¥ subd 3x 1078
140Ba 1.3 x 10 4 R I 1 x 10°°
14018 4.0 x 10* h R I L x 107°
14lge 3,3x 10t d R I 5x 10°°
14%0e 2.8 x 10% 4 R I 2 x 107%°
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Table 2 (Contd,)

Decay Chemical® Concentration Limit

Isotope Half-Life® Mode Form (uCi/ml)
43pn 9.} x 10* d B I 6 x 107®
ladpp 1.7x 10" m B Subd 3x107®
1%7Nd 1.1 x 10t 4 3 I 8 x 107°
147py 2,6 x 10° y R S 2x10°°®
L48pp 5.L x 10° 4 R ¢ 1 x 1070
148mpy L2 x 10* 4 R c 1 x 107%°
151 gy 8.7 x 10* y 8 5 2 x 107°
182mpEy 9.3x10° h R, EC S,I 1 x 1078
182Fy 1.2x 10ty R,EC S L x 107°
184my 1.6 x 10 y B S 1 x 10720
158y 1.8 x10° y g S, I 3x107°
186gy 1.5 x 10* d g c 1 x 1070
16209 1,.0x 10° y g c 1 x 107°
1807y, 7.2 x 10t d g I 1 x107°
161, 6.9 x 10° d R c 1 x 10720
182mrp 2,2x10° h R c 1 x 107*°
RO7M L.8 x 10° m p c 3x 108
208 3.1 x10° m B subd 3x 107
Roeqy 2,2x10% m B c 3x10°8
209pp 3.3x10° n B c 1 x10%°
*1lpy 3.6 x 10 m B c 3x10°
212 pp 7.1 x 10" h R S 6 x 1070
?11pj 2,2x10°m a c 2 x 107t
RL2pj 6.1 x 10t m a,R S 3x 107°
213pj L7 x 10+ s a c 2 x 107**
212po 3.0x 107 s a c 2 x 107
R13ps L,2 x10°¢ s a ¢ 2 x 107%¢
%L8po 1.8 x10°% s a c 2 x 107
?16po 1.5x 10 * s a c 2 x 10714
217t 1.8 x 107® s a c 2 x 1071
219Rn 3.9 x10° s a c 2 x 1072
220pn 5.5 x 10 s a S 1x 1078
221 pyp 4.8 x10° m a c 2 x 1071%
223 2,17 x10' m R c 3x10°®
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Table 2 (Contd,)

Isotope‘ Half-Life? ﬁgg:y Ch;gi;alb Conce?:gijii? Limit
?23Ra 1,2 x 10* 4 a I 8 x 107"
224pg 3.6 x 10° 4 a T 2 x 10712
?25Ra 1.5 x 10* d R c 3x 1078
?28Ra 6.7 x 10° y R I 1 x 1072
228pc 1.0 x 10t d a c 2 x 107%*
2= Ac 2.2x 10 y R S 8 x 107+
228 Ac 6.1 x 10° 4 R I 6 x 1070
2R7Th 1.8 x 10* d a c 2 x 1071*
228 1.9x10°% y a I 2 x 107%®
229y 7.3x 10°%° y a c 2 x 10724
2301 8,0x 10* y a S 8 x 1071*
231 Th 2,6 x 10" h R c 1 x 107%°
R32Th .4 x 10 y a S,I 1 x 10712
234mn 2,1 x 10t d R I 1 x10°°
231lpg 3,3x10% y a S L x 1071
255pg 2.7 x 10t d R I 6 x 107°
2B 4pg 6.7x10° h 3 c 1 x 107°
RB4Mpy 1.2x 10t y g c 3x 1078
=82y 7.2x 10t y a I 9 x 10713
=83y 1.6 x 10° y a I I x 1071%
=34y 2,5 x 10% y a I L x 10712
=28y 7.1 x 10% v a I L x 107"
=867 2. b x 107y a I L x 107"
237y 6,8 x 10° a R c 1 x 1070
257 Np 2,1 x 10 y a S 1 x 107 %°
239p 2.L x 10° 4 B I 2 x 107°
=6 py 2.9x10° 5 a c 2 x 107 +%
238 py 8.6 x 10t ¥y a S 7 x 10714
259py 2.4 x 10* y a S 6 x 107t*
240py . 6.6 x 10° y a S 6 x 107+
2¢lpy 1.3x 10 y R S 3 x 107t%
2&2py 3.8 x10° y a S 6 x 107+
241 Am L6 x10° y a S 2 x 10712
242 am 1.6 x 10* h R, EC S 1 x 107°
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Table 2 (Contd,)

Tsotope Half-Lifes - pO%% Ch;’gi;alb/ C°n°er(1:5:}£;1 Limit
24RMAy 1,5 x 10 y ¥ S 2 x 1072
243 pm 8,0 x10% y a S -2 x10°18
R420m 1.6 x 10% d a S L x 10™®
2430m 3,2x 10t y a S 2 x 10718
244Cm 1.8x 10t y a S 3 x 1072

& & = second, m = minute, h = hour, d = day, y = year,

The chemical forms indicated are those with the lowest permissible
concentration limit listed in Appendlx B, Table II, Column 1, of
10 CFR Part 20, S = soluble, I= 1nsoluble.

Concentration limits for this nuclide are not given in Appendix B,
Table II, Column 1, of 10 CFR Part 20, Concentration limits used are
based on half-life, decay mode, and chemical form according to
Appendix B, Table II, Column 1, of 10 CFR Part 20,

"Sub'" means that the values given are for submersion in a semlspherlcal
1nf1n1te cloud of airborne material,

Concentration limit is for 002.
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Table 3, Dilution Required per Metric Ton of Heavy Metal
for Six-Year-Irradiated FSVR Fuel Calculated According
to Appendix B, Table II, Column 1, of 10 CFR Part 20

Gas Dilution Required for 150-day-cooled Fuel

Isotope £1° /metric ton Isotope £t° /metric ton
1, ®38py 6,4 x 108 33, *93Ry 5.7 x 10**
2, R%*%(cp L7 x 10%7 34, *®%1pa 5.4 x 10**
3. 99gp 3.6 x 107 35, 1LR7Mpe 5.l x 10+
L, =i6py? 2.3 x 10%7 36, 1°7MBg 3.6 x 10**
5, Y%4Ce 1.8 x 1047 37, lRemre 3.5 x 10+
6, =:2py @ 1.5 x 10%7 38, =234y 3.2 x 10%*
7. R%lpy 8.L x 10%® 39, =R%Ra 2.3 x 10**
8, ®%Cs 6.6 x 10*8 - Lo, ®*Np 2,3 x 10+*
9, ©®°%r 2,8 x 108 L1, *R8mgn 2,3 x 10+*
10, =*°Th 2.3 x 108 L2, ®*=py 2,0 x 10**
11, **7Cs 2.3 x 10+ L3, %Ry 2,0 x 10**
12,  **%Cm 2,0 x 10%° Ly, 1e8Mpy . 2.0 x 10%*
13, *°°Ru 1.5 x 10*€ 45, 2B 1.6 x 10+*
1y, %%zr 1.4 x 10*8 L6, ErBpo 1,6 x 10
15, 9y 1.1 x 10*© 47. =*©Rn 1.6 x 10t*
16, 2%*°py 1.0 x 108 L8,  22°Th 1.6 x 10%*
17, *%°U 8,7 x 10*° L9, 227Th 1.6 x 10+*
18, b 8. x 10*° 50, *L7p% 1.6 x 10*%
19, =%°py 5.3 x 105 51, ®®5ac 1.6 x 10**
20, Y5*Eu 4.5 x 10'° 52, ®epji 1.6 x 10+%
21, 2*3am L2 x 10*° 53, **lpr 1.6 x 10*
0p, 23°Ppa L1 x 10%° 5L, ®*3po 1.6 x 10%*
23, °° 3,6 x 10*° 55, *5%Eu 1.3 x 10+
oL, ™Mb 2.9 x 10*° 56, 19SRh 9,7 x 102
o5,  *%1pm 2,8 x 10t° 57, =¢RMpnp 7.0 x 10*3
26, %7Pm 2,1 x 108 58, 1=8Mpe 6.9 x 10*°
27. **3Cm 1.5 x 10t8 59, ®227pc Lh.2 x 10%®
28, =°%y 1.4 x 108 60, *%OBa 1.8 x 10*°
29, 14¢%pr 1.2 x 10° 61, 127Te 1.8 x 10*°
30, =%6Ppy 1.1 x 10*8 62, 1%pn 1,6 x 10*®
31, **%% 7.5 x 10** . 63, *%sp 1.5 x 10*°
32, *lce 6,2 x 10~* 6l, TroMpg 1., x 10*®
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" Table 3 (Contd,)

Isotope £t° /metric ton ‘Isotope £1%/metric ton

65, *5tsm 1.0 x 10*3 99, 1®R°1 2.L x 10**
66, *80Tp 8.3 x 10%2 100, 23iTh 1.5 x 10%*
67, 2 7.8 x 10*2 101, 237y 8,0 x 10%°
68, 85gr 7.7 x 10%3 102, 13Mgg 6.8 x 10t°
69, %°pr 6,1 x 10*2 103, ®%2r 6., x 10%°
70, 12T 5.8 x 10*? 104, =54Mpy 5.6 x 10%°
71, *%cd 5,8 x 104% 105, =2%8T] 5.6 x 10%°
72, 1%0La 5.1 x t0t% 106, B°Fe 3.8 x 10%°
73. =%°Th .0 x 10t2 107, =8y 3.7 x 10*°
7Y%, *®=Th 3,3 x 10*% 108, =°°pp 3,2 x 10%°
75, t1oMgp 3.3 x 104 109, 10sg 1.8 x 101°
76, 2%8U 3.0 x 1042 110, =2°Np 1.7 x 10%°
77. 2% 2,9 x 10t2 111, *=%%pa 1.7 x 10t°
78, %°Te 2,2 x 10*% 112, 97p4 1.7 x 10*°
79, =*®Ra 1.9 x 10*2 113, =%*%am 1.4 x 10%° .
80, 23%*Th 1.7 x 10%? 11h, 15%MEy 1.3 x 10%°
81. **Bi 1.6 x 10%? 115, %My 1.2 x 10*°
g2, +°Mgq 1.3 x 10*® 116, 3%Cs 1.1 x 10%°
83, “*°Mre 1.1 x 104% 117, *°Be 5.3 x 10°
84, *°%Rh 8,5 x 10** 118, 2% 3.2 x 10°
gy, 811 8.0 x 101t 119, ®8gn 2,8 x 10°
86, 79Se 7.5 x 10t* 120, *%C 2.1 x 10°
87, °H 7.2 x 10** 121, *¢Mgp 1.4 x 10°
88, °°Tc 6.0 x 10** 122, *31Mge 3.0 x 108
89, ©°Fe 5.9 x 10* 123, =°Mge 2.5 x 10°
90. *%°Rn L.7 x 10t 12h, *'Po 1.1 x 10°
91. **%on L.3 x 10** 125, 2°7T1 1.1 x 10°
92, =%°Ra L.1 x 10t 126, *=%°Ra 1.1 x 10°
93, 1%8Cs 3.8 x 10** 127, 117Mgn 5.5 x 107
oL, ©°Rb 3,5 x 10tt 128,  *iag 3.9 x 107
95, ©%Mn 3.2 x 10%* 129, €imp L.9 x 108
96, 52Eu 3,2 x 10+* 130, °%p 1.9 x 10°
97. 147Nd 3,0 x 10** 131, =°°m 1.9 x 10°
98, ©°Co 2,5 x 10t 132, Sicr 1,0 x 108
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Table 3 (Contd,)

Isotope £t%/metric ton Isotope £t%/metric ton
133, 133%e 7.1 x 108 136, 227¢ 1.5 x 10%
134, **7sb 1.4 x 10° 137, °*Mo 5.2 x 107+
135, %1 2.1 x 10° , 138, 9SMT¢ 7.0 x 10°°

@ Po-216 and Po-212, U-232 daughters, have half-lives of <1 sec; thus a few
minutes holdup in the off-gas system eliminates them as potential hazards.
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Table h.> Dilution Required per Metric Ton of Heavy Metal
for Six-Year-Irradiated FSVR Fuel Calculated According

to Appendix B, Table II, Column 1, of 10 CFR Part 20

Gas Dilution Required for 365-day-cooled Fuel

Isotope £t /metric ton Isotope £t2/metric ton
1, =%8py 6.4 x 108 32, 234y 3,2 x 10**
2, =*%Cm L.6 x 1087 33, oMy 2.9 x 10**
3, ®°sr 3.6 x 1047 3L, =R%Ra 2,7 x 10t*
L., 2%6po? 2,7 x 10%7 35, ™ 2.3 x 10%*
5, #2t2py? 1.7 x 10%7 36, 242py 2.0 x 10**
6, ‘*%Ce 1.1 x 07 37, i 1,8 x 10**
7. *%lpy 8,2 x 108 38, =18pg 1,8 x 10%*
8, 1%%Cs 5. x 108 39, *=1°9gp 1.8 x 10**%
9, =%8Th 2,7 x 108 Lo, =27Th 1.8 x 10**
10, 1°7Cs 2,3 x 108 L1, *7a¢ 1.8 x 10*¢
11. 2%%py 1.1 x 10%¢ L2, =R5p¢ 1.8 x 10+¢
12, 1°Ru 9,7 x 108 L3, *°Bi 1.8 x 10%*
13, =32y 8.7 x 10%% LL, 2*Fr 1.8 x 10%*
1L, =%*2Cm - 7.8 x 10%® L5, =2°Th 1.8 x 10**
15, =%°py 5.3 x 108 L6, =3po 1.8 x 10**
16, YB%Ey L. x 108 L7, 127Mpe 1.4 x 10**
17, 2*1am 4,0 x 10*8 L8, 1S8Ry 1.0 x 10%*
18, °°Yv 3.6 x 10*8 L9, 2%2Mn 6.9 x 10*°
19, 2%*5am 2,7 x 10*8 50, 123Mgy 6.9 x 10*2
20, Y*7Pnm 1.8 x 10%® 51, 98ph 6.5 x 10%3
21, 8%r 1.6 x 1016 52, 126l 6,0 x 103
22, =%5Cnm 1.5 x 10t® 53, =*7Ac 4.6 x 10t
23, =33y 1.L x 10*® 5k, =3%pa 1.8 x 10%3
oL, ©°5Zr 1.L x 108 55. *°°Ru 1.3 x 10*®
o5, °5Nb 9,7 x 10*% 56, 18lgp 1,0 x 10%3
26. 2-36Pu 9.1 x 1014 57‘ 212Pb 8.9 x 1012
27, Sty 8,4 x 10-% 58, 1ioMpg 7.8 x 10%%
28, laep, 7.2 x 1024 59, 86kn 7.0 % 102
29, *25gp 6.5 x 10** 60, **ce 6.3 x 10**
30, <%'pa 5.4 x 10 61, 48fpy 5.8 x 10*®
31, 187Mgg 3,5 x 100* 62, 127re L.5 x 10*%
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Table L (Contd.)

Isotope £t%/metric ton Isotope £t /metric ton

63, LROMTe L.L x 10*= 95, 1297¢ 2,8 x 10%°
6L, 2%°Th L1 x 10+ 96, 1o3Mpy 2.0 x 10%°
65. lBZGd 3‘9 x 1012 97. ZI‘SQNP 1.7 x 1dL0
66, &=y 3.9 x 10+ 98, 1°7pq 1,7 x 10+°
67, R®2Th 3.3 x 10-2 99, 242pp 1.h x 10t°
68, =38y 3,0 x 10+2 100, °°Myp 1.3 x 100°
69, =*°Ra 2,0 x 103 101, 1B2mpy 1.2 x 10%°
70, tteMgn 1.8 x 10+% 102, ®5¢s 1.1 x 104°
71, *2Bji 1.8 x 10+ 103, *0ug 1.0 x 10*°
72, ***%p 1.3 x 10*2 104, 188Ey 9.9 x 10°
73, b 1.0 x 10+® 105, °Be 5.3 x 10°
74, 79Se 7.5 x 10+ 106, =34Tn 3.5 x 10°
75. °H 7.0 x 10** 107, =*8ac 3.4 x 10°
75, °°Tc 6,0 x 10+* 108, **c 2,1 x 10°
77. =%°Rn 5.4 x 10+t 109, 1R8Mg, 1.4 x 10°
78, ©5°Fe 5.0 x 10+ 110, °®°Fe 1.4 x 10°
79, 1%*€Pm L.7 x 104 111, 1%0pg 1.5 x 10°
80, *2*°Ra .6 x 10+ 112, -*lpp 1.2 x 10°
81, *28gn L.3 x 10+ 113, 2°7q1 1.2 x 10°
82, ®8sp 4.3 x 10+* 114, ©SRb 1.2 x 10°
83, 15%Eu 3,0 x 10+t 115, ®RBRg 1,2 x 10°
gl, 1®3Tre 3,0 x 10+* 116, R34Tpy 1.2 x 108
85, 1=°1 2, x 10* 117, 1%3pp 1,1 x 108
86, ©°Co 2,3 x 100 118, %912 L,5 x 107
87, ®*Mn 2,0 x 10+t 119, =54pg 3,5 x 107
88, =%ITh 1.5 x 10t* 120, Ro°my 2.1 x 10°
g9, 113Mgg 6.6 x 10%° 121, %7N4 L5 x 10°
90, 29811 6., x 10%° 122, 1811 7.3 x 10°
91, 9%7r 6.5, x 10*° 123, S'Cr L.7 x 10%
92, *8Mgg b1 x 10%° 12, 131Ny 1.0 x 10°
93, =%y 3.7 x 10%° 125, *tlag 9.1 x 107
oL, =°°Pb 3.6 x 10'°

)
Po-216 and Po-212, U-232 daughters, have half-lives of <1 sec; thus a few
minutes holdup in the off-gas system eliminates them as potential hazards,
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V. Conclusions

The simple procedure of comparing the various isotopes present in HTGR fuel
elements at reprocessing time on the basis of the amount of air required to dilute
each isotope to meet existing gaseous effluent regulations provides & helpful way
of understanding which isotopes are likely to become major problems during the
actual burning of spent fuel elements, Isotopes with the larger calculated dilu-
tion volumes will require larger overall process decontamination factors in order
to meet the existing gaseous effluent regulations. The nonvolatile isotopes
will have very large decontamination factors for the burning process.

The amount of air required to dilute the Pu-238 contained in a metric ton
(preirradiation) of spent HTGR fuel is approximately twenty times that required
for diluting Sr-90, By way of comparison, the amount of w?ter required to dilute
the Pu-238 is 0.25% of that required to dilute the Sr—9O<5 . Thus, consideration
of only the isotopes that are known to be of major importance in liquid effluents
plus those that are highly volatile is insufficient for identifying potential
problems to be encountered in decontaminating the burner off-gas.

If a researcher multiplies the calculated dilution volumes by the relative
volatilities (assume rare gases = 1), then he can arrange the isotopes in a
sequence that will be representative of the actual relative hazards of the isotopes
contaminating the carbon dioxide., Such a sequence would be of invaluable aid in
trying to develop a burner off-gas decontamination process.
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DISCUSSION

ISBIN: When you present the information in this form,
aren't you opening yourself to a considerable amount of criticlsm from
the standpoint that you have not taken into account Part 20 and its
fullest implications? Aren't you misinterpreting Part 20 in the
implications of this paper? '

SNIDER: This paper did not account for the total re-
leases that are permissible in a plant according to Part 20.

ISBIN: Part 20 includes deposition and reconcentration.
You would have to go through these calculations for each one of the
isotopes to determine whether or not the concentration limits which
you took first were applicable.

SNIDER: I have consldered only what can be released at
the boundary of the plant.
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DETERMINATION OF THE RADIOACTIVE NUCLIDES PRESENT IN THE OFF-~GAS STEEAMS
GENERATED BY THE HEAD-END STEPS IN REPROCESSING HTGR TYPE FUELS

R.. 8. Lowrie, C. L. Fitzgerald and V. C. A. Vaughen
Oak Ridge National Laboratory
Oak Ridge, Tennessee

Abstract

Results of studies to determine the behavior of radicactive nuclides in the
gaseous waste streams generated during the reprocessing of spent High Temperature
Gas-Cooled Reactor (HTGR) fuel are presented. The fuel is in the form of coated
particles of uranium and thorium, bonded into fuel sticks, and inserted into holes
in large hexagonal graghite blocks. Spent fuel is reprocessed to recover the bred
233y and the unburned 35U.

Studies were performed on a small scale in a hot-cell using a generalized
head-end reprocessing flowsheet. The fuel specimens were crushed and burned to
remove as much graphite as possible, and the burner residue was separated into
appropriate size fractions. Those fractions containing TRISO~coated particles
were then ground to break the SiC coating and burned a second time. Residues from
each fraction, consisting of the uranium/thorium kernels, were leached with acid
Thorex reagent, The off-gas from each step was collected and analyzed,

Preliminary tests, primarily to measure 85ky and tritium release, were made
using Dragon fuel compacts containing either BISO-coated (U-Th)O, sol-gel particles
or both TRISO-coated ThC, and TRISO-coated UCg particles. Burning the BISO-coated
(U—Th)O2 particles released the bulk of the 83Kkr (97-98%) and the tritium (98-99%);
the remainder was released during the leaching step. The initial burning of the
mixed TRISO-coated ThC, and TRISO-coated UCy fuel released V7.4% of the 85k,
Subsequent grind-burn steps released an additional 7.4% of the 85Kkr from the ThC,
particles and 84.5% from the UC, particles.

Experiments with the Recycle Test Element (RTE) fuel specimens are designed
to permit sampling the off~gas stream for both volatile and entrained fission
products. Tests have been completed on a fuel specimen which contained TRISO-
coated fertile ThC; particles and TRISO-coated fissile UCy particles, and which
had been irradiated in the Peach Bottom Reactor. The initial burning released 20%
of the tritium and less than 1% of the 85Kr. Most of the tritium and 83kr in the
fertile particles was released during the grinding step, with the remainder being
released in the subsequent burning and leaching step. Grinding the fissile parti-
cles released most of the 85Kr; the subsequent burning and leaching steps released
the tritium and remaining 85kr. About 3.5% of the gross gamma activity present
in the fuel stick was carried over by the off-gas streams during the burning tests;
this activity was associated with a variety of both volatile and entrained fission
products. Although the primary sintered metal filters collected most of this
material, vl% of the amount carried—-over passed through the filter.

*
Research sponsored by the U, S. Atomic Energy Commission under contract with
the Union Carbide Corporation, Oak Ridge, Tennessee.
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Although much more work needs to be done, particularly with higher burnup
fuels and other fuel particle combinations, some general conclusions can be
drawn. Most (98%) of the tritium and 85kyr present in spent HTGR fuel will be
released during the grind-burn steps in the head-end operations, although the
amounts released during grinding or burning will depend on the kind of fuel parti-
cle being processed. Further, small amounts of fission products do pass the pri-
mary sintered metal filter and may have to be removed by other means.

Introduction

A knowledge of the potential release of contamination to the environment is
an essential part of the siting and hazard evaluation for any plant handling radio-
active material. Studies are being performed at the Oak Ridge National Laboratory
to determine the behavior of radioactive nuclides during the reprocessing of spent
High Temperature Gas-Cooled Reactor (HTGR) fuel. This paper is primarily concerned
with the contaminants in the off-gas streams that are generated by the head-end
reprocessing steps.

The fuel cycle for the HTGRs, such as those currently being sold by Gulf
Energy and Environmental Systems, begins with a fuel containing thorium and 235y,
The thorium is converted to 233y and, when steady state of fuel recycle has been
reached, about half of the fissile material required for refueling is provided by
the 233y, Reprocessing the spent fuel will recover this 233y together with some
of the remaining 235U, The fuel is in the form of microspherical particles,
bonded into fuel sticks, and inserted into large hexagonal graphite blocks approx-
imately 31.2 in. long and 14.2 in. across the flats as shown in Fig. 1. The fuel
particles consist of kernels of thorium or uranium in either the oxide or carbide
form with either a BISO or a TRISO protective coating.

A BISO coating consists of an inner porous carbon buffer layer enveloped
by an outer isotropic pyrocarbon layer. A TRISO coating consists of the
inner porous carbon buffer layer and two isotropic pyrocarbon layers
separated by a thin SiC layer.

Fuel elements may contain all BISO-coated fuel particles, all TRISO-coated parti-
cles, or mixtures of both types of particles. Thus, in the Ft. St. Vrain reactor
both the fertile (thorium dicarbide) particles and the fissile (uranium dicarbide]
particles are TRISO-coated, whereas only the fissile particles will be TRISO~
coated in the considerably larger, 1100 MW, power reactors.

The head-end steps in the HTGR fuel reprocessing flowsheet first spearate the
fuel particles from the block graphite, then separate fertile from fissile parti-
cles and, finally, puts the thorium and uranium into an aqueous solution. This
solution is then sent to the solvent extraction step where the uranium-thorium
separation and decontamination from fission products is effected. 1In the reference
flowsheet, the fuel element is first crushed, and the crushed material is then
burned to eliminate as much graphite as possible. During this step, BISO coatings
are burned away, and the uranium/thorium kernel is exposed. Because of the high
resistance of SiC to chemical attack, only the outer graphite coating of the TRISO
particles burn away. The "burned TRISO" particles must be crushed to break the
SiC coating, and then burned a second time to eliminate the inner graphite layers:;
thus exposing the uranium/thorium kernel. As a final step in all instances, the
exposed kernels are leached with acid-thorex reagents (13 M HNOj3, 0.05 g_F_, 0.1 M
af+t+t) to dissolve the uranium and thorium. The particular series of head-end
steps used thus depends on the TRISO-BISO particle combination present in the fuel
element to be processed.

529




12th AEC AIR CLEANING CONFERENCE

IN3IW313 13Nd

Tond ¥OIH

Mo018 X3H

‘T cbra

J101L4Vd d31v0D 11-0SI¥L

530




12th AEC AIR CLEANING CONFERENCE

Experimental Equipment

The reprocessing studies are carried out in a hot cell using irradiated fuel
specimens weighing 10 to 25 grams. The burning steps are performed in a stainless
steel (Type 304) miniburner-filter assembly (Fig. 2). The burner body is placed in
a vertical furnace which both furnishes the heat and supports the assembly. The
filter holder, which has an independent heating system, will accommodate two
sintered metal filters. Burner temperatures are controlled by varying either the
oxygen content or the flow rate of the inlet gas stream. In-line infra-red
analyzers monitor'the off-gas CO and CO, content and a 400 channel analyzer monitors
the 85Kr concentration. Standard sieves are used for fuel particle separations. A
Waring blender, with the bowl modified by installing a purge gas inlet and outlet,
is used to grind the TRISO particles and break the SiC layer.

Experimental Results

The hot cell experiments can be divided into two groups, based on the source
of the irradiated fuel specimens. The earlier group of experiments utilized fuel
compacts obtained through the courtesy of the Dragon Reactor project. The current
and continuing group of experiments utilize fuel specimens obtained from a series
of Recycle Test Elements (RTE) being irradiated in the Peach Bottom Reactor. Most
of the candidate fuel particle combinations are included in these test elements.

The tests made with the Dragon compacts were designed primarily to obtain
information on the behavior of the fuel particles in the head-end step, so the
fission gas determinations involved. only the 85kr and, in some tests, the tritium
content of the off-gas, that is, as generated by each phase of the head-end step.
We have completed the experimental work on Dragon compact 413-7-22, which contained
BISO-coated sol-gel (U-Th)O; particles prepared at ORNL, and on compact 19M, which
contains a combination of large TRISO-coated ThC, fertile particles and smaller
TRISO-coated UC, fissile particles. The 413-7-22 compact was crushed, then sepa-
rated into two samples which were burned, and the burner residues then leached, in
duplicate experiments. The bulk of the 85ky (96.96% and 97.97% of the Kr in each
of the respective samples) and of the tritium (98.27% and 99.20%) was released
during the burning step; the remainder reported to the off-gas that was generated
during the leaching step.

A different experimental procedure was used for the 19M compact. First, the
compact was crushed; then it was divided into two samples which were burned in
duplicate experiments. The burner ash from each experiment was sieved into a fer-
tile particle fraction (+20 mesh), a fissile particle fraction (-20, +42 nmesh] and
a fine fraction (-42 mesh) that contained the Al,03 bed material plus broken
particles. Each fertile and fissile fraction was ground, burned, and the residue
leached; the fines residue was only leached. Only the 85kr release data are avail-
able (Table 1).

In this test, 7.35% of the total 85Kr found was released during the initial
burning, and 0.57% was released during the leaching of the fines fraction. Most of
the 85Kr in the fertile fraction was evolved in about equal amounts during the
grinding step (3.77% of the total Kr) and the burning step (3.63%). Grinding the
fissile fraction released 75.48% of the 85Kr with most of the remainder (9.02%)
reporting to the burner off-gas.
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Table 1. 85Kr Release During the Processing of an Irradiated 19-M

Dragon Compact with ThC2 TRISO - UC2 TRISO Fuel Particles

85
Operation Kr Release
(% of total)
Initial Burning 7.35
Residue leach (-42 mesh) 0.57

Fertile fraction (+20 mesh)

Grinding » 3.77
Burning 3.63
Leaching 0.06

Fissile fraction (+42 mesh)

Grinding 75.48
Burning 9.02
Leaching 0.10
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Experiments with the Recycle Test Element fuel specimens were more compre-
hensive than those with the Dragon compacts and were designed to permit sampling
of the burner off-gases for both volatile and entrained fission products. Figure
3 shows a schematic flow diagram of the off-gas sampling train. The off-gas from
the burner first passes through two 20u porosity, sintered Ni filters, held
at 500°C (900°F); then, after cooling, it passes into the Fiber Filter holder
containing four grades of fibrous filter media. The filtered gas stream passes
into a 6 M HCl (refluxing) scrubber, then into a cold (cell temperature) 4 M NaOH
scrubber. The gas leaving the NaOH scrubber is dried, filtered to remove desiccant
dust, and passed through the in-line 85Kr, CO and CO, monitors. It is finally
caught in the gas collection bag.

Experimental work has been completed on the first irradiated fuel specimen
from RTE-7. The fuel stick (0.5-in.-diam x 2-~in.-long) contained TRISO-coated ThC
fertile particles and TRISO-coated UC, fissile particles and had been in the Peach
Bottom Reactor for 252 effective full power days; it had then cooled for 236 days
before the experiment started. The fuel stick was placed in the mini-burner on an
Al;03 bed and burned (initial burn) to remove the binder carbon and outer pyrolytic
carbon coatings. The burner residue was separated into three fractions: a fertile
fraction consisting of all particles greater than 42 mesh, a fissile fraction
containing all particles less than 42 mesh but greater than 80 mesh, and a minus 80
mesh fines fraction consisting of the A1203 bed material and broken particles. The
fertile and fissile fractions were ground to break the SiC coating, burned, and the
burner residue leached; the fines fraction was only leached.

The fission gas release for all grind, burn, and leach steps is shown in
Table 2. About 20% of the total tritium and less than 1% of the 85kr were released
during the initial burning. Most of the tritium and about half of the 85kr asso-
-ciated with the fertile particle fraction was released during the grinding step;
the remainder came off during the subsequent burning and leaching steps. Grinding
the fissile particle fraction released most of the 85kr and very little of the
tritium. The burning step released most of the remaining 85kr and a little more
tritium. Most of the remaining tritium and 85Kr was released during a 12 hr (750°C)
"soaking" period in an oxygen atmosphere. A small amount of tritium and 85y (from
broken particles) was released when the fine fraction was leached. 1In essence, 98+
percent of the tritium and Skr were released during the grinding and burning steps
and will be found in the combined carbon dioxide rich (90%) off-gas stream.

The distribution of other fission products along the off-gas train for the
initial burn, the fertile particle fraction burn, and the fissile particle fraction
burn is shown in Table 3. About 3.5% of the gross gamma activity present in the
fuel stick was carried over by the off-gas streams. 8Six isotopes, 95zr, 95Nb, 106gy,
134cs, 137cs, and 144Ce accounted for “v90% of this activity. Fission products were
found on the metallic filter, on the fiber filters and in the scrubber solutions.

The off-gas from the initial burn was only filtered through one sintered Ni
filter. The high percentage of 134cs (19.8%) and 137Cs (14.3%) found on the filter
apparently came from surface contamination rather than from broken fuel particles.
The amount of activity found on the off-gas train after the fertile particle burn
was less than 1% of the total activity carried over, in part due to the fact that
the fertile particles only contribute 1 to 2 % to the total fission product content
of the fuel stick. Most of the activity which was carried over during the fertile
particle burn passed through the filters and was found in the scrubber solutions.
The filters were much more effective during the fissile particle burn. Most of the
activity carried over during the fissile particle burn was found on the sintered
metal filters. Nevertheless, small amounts of activity passed through the filters
and were found in the scrubber solutions.
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Table 2. Fission Gas Release for RTE-7 ThC2 TRISO-UC2 TRISO Fuel

Percent of Total Percent of Total
Operation 3H Released 85Kr Released
Initial burn 20.562 0.135
Fertile (+42 mesh) fraction
Grind v 33.771 » l.263
Burn 2.685 0.989
Leach 0.008 0.106
Total 36.464 2.358
Fissile (+80 mesh) fraction
Grind 1.431 70.072
Burn® 4.594 25.696
SoakP 35.803 1.565
Leach 0.042 0.091
Total 41.870 97.424
Fines (-80 mesh) fraction
Leach 1.104 0.083

a . . .
Three-hour active burning period.

b
Held for 12 hr at 750°C after completion of burning.

536




Table 3. Distribution of Fission Products in the Off~Gas Trains from RTE-7 Tests

106

144
Percent of total Gy 952r 95Nb Ru 134Cs 137Cs Ce
carry-over during (%) (%) (%) (%) (%) (%) (%)
Initial burn 7.91 0.052 0.019 0.534 19.82 14.34 0.081
Fertile fraction burn
Metal filter-1 0.0261 0.006 0.007 0.107 0.02° 0.019 0.008
Metal filter-2 0.0007 0.0001 0.0001 0.003 0.001 0.0006 0.0006
Fiber filters ——— - ——— 0.010 0.0003 0.0002 0.0001
Acid scrub 0.720 ——— —_—— - 0.519 0.989 0.010
Base scrub 0.100 0.004 0.0009 0.011 0.243 0.188 0.007
Subtotal 0.850 0.01 0.008 0.131 0.794 0.196 0.026
Ul .. .
Eﬁ Fissile fraction burn
Metal filter-1 85.11 82.81 88.40 75.20 73.09 77.90 82.79
Metal filter-2 5.96 17.03 11.32 23.98 6.07 6.24 16.98
Fiber filters ——— 0.001 —— 0.182 0.0005 0.0002 0.0006
Acid scrub 0.05 0.024 0.087 0.039 0.042 0.033 0.060
Base scrub 0.10 0.007 0.005 0.010 0.240 0.178 0.007
Subtotal 91.23 99.872 99.812 99.339 79.410 84,454 99.888
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Conclusions

Much more work needs to be done, particularly with higher burnup. fuels and
other fuel particle combinations, before the fission gas release and fission pro-
duct carry-over patterns are fully characterized. However, some general conclusions
can be drawn: Most of the 85kr (98%) present in HTGR fuels is easily released
during the burning and grinding steps. While 98-99% of the tritium will be released
during the burning and grinding steps, the tritium release rates during burning may
be slower than those for 85Kr, thus requiring longer processing time. Finally,
small amounts of fission products do pass through the sintered metal filters and
may have to be removed by other means.
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DISCUSS]ON

WITTE: I notice that on the krypton release, the
figures don't add up to 100%. Where did the rest go? You showed us
some figures whilch went up to four decimal places; how did you com-
pute such exact numbers?

LOWRIE: The flgures do not add up to 1007 primarily
because of rounding-off errors and other errors in the analysis. As
to the very small amounts, this 1s a calculation with a computer and,
therefore, vou can get a long string of figures. I think the major
thing vou need to realize is that they just show trends. You should
not put a great deal of reliance on the accuracy of the total amounts
at this particular time. Primarily because this is, as I said, a
fuel stlick which had been irradiated to only a fourth of normal total
burnup and, therefore, vou can expect to see better figures come
along later.

LASER: We have had experience burning HTGR fuel elements.
We agree with you that nearly all the krypton and tritium are emitted
in fuel burning. Additionally, we have found ruthenium, cesium,
cerium and selenium-75 emission. Ruthenium release was 0.01% of the
ruthenium that was present; cesium release was approximately 2.2%,
and that of cerium was 0.01%. With oxide fuel elements, krypton and
fritium emissions were In the range of 10 to 50%. Xrypton emission
was approximately 8%; ruthenium, 0.003%; cesium, approximately 0.5%;
and cerium, 0.003%.

LOWRIE: Thank you, Dr. Laser. We have been watching your

experiments in Germany. We are happy to see that our figures are
correlating at least reasonably well with yours.
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AN INORGANIC ADSORBER MATERIAL FOR OFF-GAS CLEANING
IN FUEL REPROCESSING PLANTS

J.G. Wilhelm and H. Schiittelkopf

Radiation Protection and Safety Department/Chemistry
Karlsruhe Nuclear Research Center, Karlsruhe, Federal
Republic of Germany

Abstract

An inorganic iodine adsorber material on the basis of AgNO, -impreg-
nated, amorphous silicic acid was developed for use in off-gas cleaning
systems of fuel reprocessing plants.

Extensive experimental work was performed to evaluate the removal
efficiency of this material from off-gas containing NO, for elemental
iodine and methyl iodide. Experimental data are given on the influence
exerted by relative humidity, temperature, amount of NO, in the off-gas,
granule size of the adsorber material, and iodine loading, on the
performance of the inorganic iodine adsorber material. Also some data
will be given on this material concerning the iodine loading capacity and
desorption behaviour of iodine at high temperature. The extent and
consequences of isotopic exchange between iodine in the form of AgI on
the surface of the inorganic adsorber material and iodine in the gas
phase will be briefly discussed with respect to the performance time of
the adsorber material; also the effects of radiation exposure are
indicated.

Moreover, data will be furnished on the removal efficiency of the
inorganic adsorber material in the real off-gas of a fuel reprocessing
plant; the operating conditions of full-sized iodine filters for fuel
reprocessing plants and the price for off-gas cleaning with the inorganic
adsorber material will be discussed.

I. Introduction

Adsorber materials are needed for the removal of fission product
iodine from the off-gas reprocessing plants. These materials should be
resistant against NO_ and higher temperatures because condensation of
nitrous and nitric atid has to be avoided. For use in the reprocessing
of short cooled fuel, the adsorber materials should be resistant against
irradiation up to high doses. Because the bulk amount of the fission
product iodine on the adsorber material will be '2?I, the final chemical
compound of the adsorbed iodine should be resistant against chemical
decomposition and provide an extremely low vapour pressure. The loaded
adsorber material should be in a form ready for final waste disposal.

The iodine removal efficiencies needed today will be between 90 and
99,9 %, depending on cooling time of the fuel, the capacity of the
reprocessing plant and the local conditions. For short cooled fuel, an
overall decontamination factor between 10® and 108 will be needed.
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The total release of iodine to the off-gas (before filtering) from a
reprocessing plant may be several 10 % of the inventory of the fuel, there-
fore the iodine adsorber material has to provide a high loading capacity.
The results of({iref tests on different inorganic adsorber materials are
given earlier '~v 2/, The inorganic adsorber materials for which data are
reported here are composed of amorphous silicic acid. They have a broad
spectrum of pores and a porosity of 700 (KTB) and 980 mr’ /g (KTC). The
surface area (BET) is 110 (KTB) and 185 m? /g (KTC), the granule size

1 - 2 mm. Of all impregnating compounds tested, only AgNO; provided useful
decontamination factors. Impregnations between 60 and 80 mg Ag/g KT-material
were used normally. The AgNO, -impregnated KTB-material (Ag-KTB) is now
available from Bayer in Leverkusen, Germany, under the preliminary product
number AC 6120. The removal efficiencies of Ag-KTB and Ag-KTC are
approximately the same (with the same amount of AgNO, ~-impregnation). Because
the KTB-material has higher mechanical strength and abrasion resistance,

the final selection for use in reprocessing plants is Ag~-KTB.

II. Performance of Ag-KT Materials as a Function of :
Different Operational Parameters

Penetration of CH; I through Ag-KTC Filter Beds as a Function of the
Relative Humidity

The removal efficiency of all iodine adsorbers, especially for CH,I,
is strongly dependent on the relative humidity of the sweep gas. In
Fig. 1 the penetration of CH; I through test beds of Ag-KTC is given as a
function of relative humidity and bed depth. For lower bed depth and higher
penetration, the plot shows a slight S-shape; in the region of penetrations
< 10 % there are obviously effects from a penetrating impurity which
superimposes this effect.

10° -
N BED DEPTH(cm)
10'
%>\ The test conditions for all

. ’ experiments represented in
Fig. 1 are:
10° - '

Sweep gas: Air of atmospheric
A \Q&\; ‘ D\\\ %0 pressure and 30°C, superfi-

. cial air velocity 15 m/min.
0 N N Duration of air flow: Pre -
\ N humidification =22 h, CH; I-
. - injection: 1 h, air flow
] 25 continued for additional
o \ a a = 20 h. The specific loading
. o : was 1.5 + 0.5 mg/g Ag-KTC,
- calculated for 10 cm bed
depth.

CH,] PENETRATIONIN */
L

-1 10.0

100 %0 80 70 60 50 40 30 20
RH{*)
Fig1 Penetration of CH; 1 through Ag-KTC

as a function of the relative humidity

541




12th AEC AIR CLEANING CONFERENCE

From Fig. 1 the conclusion can be drawn that for economical reasons
the relative humidity should be limited to approximately 70 % for the use
of Ag-KT materials. This can easily be provided by heating of the off-gas
stream.

Influence on the Removal Efficiency Exerted by Temperature

In reprocessing plants mostly washers are provided to recover part
of the NO, . To avoid condensation of water and acid on the surface of the
adsorber material, the off-gas has to be heated. A series of experiments
with wet air, dew point at 30°C, and addition of 10 % NO, to the sweep gas
were performed in the temperature region from 80 - 200°C. The data indicated
an increase of the removal efficiency for CH; I between 80 and 125°C. Between
125°C and 175°C no change of removal efficiency with temperature was
detectable, at 200°C a slight increase in removal efficiency was recognized.
For practical reasons (energy for off-gas heating, choice of material for
gaskets etc.) a temperature of 150°C was chosen as operating temperature
for a reprocessing plant iodine filter. ’

Penetration of Ag-KTB Filter Beds as a Function of NO, -Concentration in
the Sweep Gas

Fig. 2 shows the penetration of CH; I through Ag-KTB as a function of
the NO, -concentration in air for different filter bed depths. At the test
temperature of 150°C, there is only a small influence in the region between
1 % and 10 % NO, . This seems to be important, because their will be a wide
variation of the NO -content in the dissolver off-gas from a reprocessing
plant. To show the Exact experimental data, the differential and integral
removal efficiencies and the complete experimental conditions are given
in Tab. I.

Tab. I CHy I REMOVAL EFFICIENCY OF Ag-KTB IN AIR~NO, MIXTORES
OF VARIOUS CONCENTRATIONS & %

Adsorber material Ag-KTB; AgNO, -impregnation: 86 mg Ag/g KTB (as
delivered)

Sweep gae air, atmospheric pressure, 150°C (dew point 30°C)
mixed with NO, , superficial gas velocity: 25 cm/a
Duration of gas flow: Preconditioning: 24 h
CHy I-injection: 1 h
Gas flow continued for additional 20 h
Test medium: Mixture of 1.5 + 0.3 mg CH,'2?I and 5 - 9 pCi CH,'3'I
per g Ag-KTB (calculated for 10 cm of bed depth)

CHy; I Removal Efficiency in %

\
1 - \ j
Bed depth in cm
NO, {(vol. %)
in sweep gas 2.5 5.0 I 7.5 I 10.0
39 N Stay time in s
. 0.1 0.2 0.3 0.4
.2 NO, CONCENTRATION
10 1 98.4

99.9981 | 99.99940 | 99.99961
2.5 , 98.5 99.9971 | 99.99907 | 99.99936
+*
[ 98.1 99.986 | 99.9972 99-9980

5
N \f% 10.0 * 96.7 | 99.973 |99.995¢ | 99.9973

59/, NO, (vol. %) CH, I Removal Efficiency (%) for each
of the 4 succeasive Ag-KTB Beds

W - / 1 98.4 99.88 68.9 36.2

\55'/- 2.5 ) 98.5 | 99.81 | 67.9 31.5

. 5.0 * 98.1 | 99.30 | 78.2 27.3

BED DEPTH IN cm 1 10.0 *? 96.7 | 99.2 83.2 43,4

T Y T ) J
0 25 S 75 10 +)

Fig.2 Penetration of CH;l through Ag-KTB as a
function of the NO, concentration in air

CH,1 PENETRATION IN*/s (150°C, DEW POINT:30°C})

3

Average of 2 runs
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Influence of Granule Size on the Penetration of CH I through Ag-KTC

Previous experiments showed that a granule size betwee? } and 2 mm
for the Ag-KT material will give good removal efficiencies 1), This granule
size can also be handled easily with reaspect to the adsorber-bed screens.
The pressure drop through 10 cm of bed depth at a surface velocity of
25 cm/s is approximately 50 mm of water (for air as sweep gas,

atmospheric pressure, room temperature). The granules have almost an ideal
ball shape.

‘Because there were some problems in the reproducibility of the
experimental results and a certain degree of separation of different
granule sizes within the test beds could not be avoided, penetration tests
with test beds from 3 sieve fractions between 1 and 2 mm diameter were
performed. The results are given in Fig. 3. For 2.5 and 5.0 cm of bed depth
the decrease of penetration with smaller granule size is clearly seen. In
the region <10 “% of penetration, again some irregularties can be observed
which we relate to impurities in the CH; I-sample used. Ag-analysis showed
that the Ag-inventory of the different granule fractions increased slightly
with decreasing diameter (from 60 mg Ag/g KTB to 64 mg Ag/g KTB), although
the different granule fractions were impregnated in one batch.

The test conditions in all experiments, given in Fig. 3, are: Sweep
gas at atmospheric pressure and 150°C (dew point 30°C), mixed with 2.5 %
NO, , superficial gas velocity 25 cm/s. Duration of air flow: pre-
conditioning: 24 h, CH; I-injection: 1 h, gas flow continued for additional
19 - 21 h. The loading was approximately 1.5 mg CH; I/g Ag-KTB, calculated
for 10 cm of bed depth. ‘ -

Influence of the lIodine loading on the Removal Efficiency of Ag-KTB

Experiments were performed with increasing loadings of CH; I and I,
near the saturation of the first of four successive test beds. The
experimental results are given in Figs. 4 and 5 and in Tab. II and III.
The data represent removal efficiencies integrated over the total loading
time and a period of approximately 20 h, in which the sweep gas flow was
continued after loading. The experimental conditions are given completely
in Tab. II and IIT.

BED DEPTH{cm)

.-
K-}

- z Z 100

g 1 ; &

Z 10 ow

g 25 b

2] z

in / x

‘: ) Q &

g 10 el

(=2 i
.2 “ 0] BEDDEPTH:
s 5 50 < 8210
z 10'_ Z 10.0 cm
z . = 0= 75em
= , ] o= 50cm
Y - _
E ‘ T [ / ;m 0= 25em
2 T B B e s aaal r—r et
W] el 0o | 100 "' 10? 10°
- 1 SPECIFIC LOADING IN mg CH,i/g Ag KTB
f ] Pes
ATy . Fig- 4 Removal efficiency of Ag-KTB for CH,1 as a

8 - - . ‘

0'112‘1'/.'1'5'. . N .
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Fig.3 Penetrationof CH,l through Ag-KTC asa
function of the granule size
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BED DEPTH
5;100— & a=100cm
z
SR n= 7.5cm
w
N 1 o= 50cm
Y
] 1 0= 25 ¢m
50

CH,1 REMOVAL EF FICIENCY IN /s

——r T

T

0 T T
10! 10? 10°
SPECIFIC LOADING INmg 1,/g Ag-KTB
Fig-5 Removal efficiency of Ag-KTB for 1, as a
function of the specific loading

Tab. II REMOVAL EFFICIENCY OF Ag-KTB FOR CH; I IN AN AIR-NO, MIXTURE
AS A FUNCTION OF THE SPECIFIC LOADING

Adsorber waterial: Ag-KTB; AgNO; -impregnation: 76 mg Ag/g KTB (as
delivered)

Sweep gas: air, atmospheric pressure, 150°C (dew point 30°C),
. mixed with 2.5 % WO, .
Duration of gas flow: Preconditioning 2 24 h
CHy I~injection: 1 - 2 h
Gas flow continued for additional 20 h

Test medium: Nixture of =20 uCi CH,'*'I and CRy'*7I

CHy I Removal Efficiency in %
Teat |Specific Loading
No. {mg CHy I/g Ag-KTB Bed depth in cm
(calculated for
10 ¢ of bed depth) | 2.5 [ 5.0 1 7.5 l 10.0
Stay time in s
0.1 0.2 0.3 0.4
1 1.1 99.72 | 99.9957{ 99.9976 99.9985
2 9.2 75.7 99.46 99.9923 99.9968
3 41 24,2 63,0 84.0 96.0
4 89 18.4 35.9 52.5 67.6
S 156 11.6 23.0 3h.4 45.9
Tesat CHy; I Removal Efficiency (¥) for each
No. of the successive Ag-KTB Beds
Bed 1 Bed 2 Bed 3 Bed 4
1 99.7 | 98.5 44,2 36.0
2 75.7 97.8 98.6 57.9
3 34,2 43.7 56.7 ?75.3
b 18. 4 21.4 25.8 1.8
5 11.6 12.9 k.9 17.6

Tab. III REMOVAL EFFICIENCY OF Ag-KTB FOR I, IN AN AIR-NO, MIXTURE
AS A FUNCTION OF TEE SPECIFIC LOADING

Adsorber material: Ag-KTB; AgNG, ~impregnation: 63 wg Ag/g KTB (as

delivered)

Sweep gas: air, atmospheric pressure, 150°C (dew point 30°C),
mixed with 2.5 % No,

Duration of gas flow: Preconditioning X 2k h
I, -injection: main amount in appr. 2 h
Gas flow continued for additional 20 h

Test medium: Mixture of > 6 pci 1311 ang 1277,

I, Removal Efficiency in %
Test |Specific Loading
No. |mg I,/g Ag-KTB Bed depth in cm
(ealculated for
10 cm bed depth) 2.5 J 5.0 l 7.5 J 10.0
Stay time in s
0.1 0.2 l 0.3 o.h
1 20 55.9 91.0 99.83 99.956
2 91 20.9 40.5 59.1 76.0
3 111 143 | 28.8 43,4 57.5
Test I, Removal Efficiency (%) for each
No. of the 4 successive Ag-KTB Beds
Bed 1 Bed 2 Bed 3 Bed 4
1 55.9 79.5 98.1 73.7
2 20.9 24,7 3.4 41.3
3 14.3 | 16.8 20.5 24.9
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Desorption Behaviour of Jlodine from Ag-KT Materials at High Temperatures

The desorption of iodine from Ag-KTB and Ag-KTC was tested at a
temperature of 300°C (Fig. 6). The test beds of 10 cm depth were loaded
with a mixture of CH;'>'I and CH;'271 and the penetration of '>'I was
measured by means of downstream charcoal traps cooled to room temperature.
In addition to the very low penetration during loading, practically no
desorption could be detected over a period up to 33 days of continuous air
flow at 300°C. After this period, the experiment was finshed with respect
to the decay of the '>'I on the test bed. The superficial air velocity
was 25 cm/s during these experiments.

164 a Ag-KTB
0 Ag-KTC

o D - S - W1 -3 o Q.

IODINE PENETRATION IN */

10" Bermprperee T
5 10 15 33

20
DESORPTION TIME (d)
Fig.6 lodine desorption from different
Ag-KT materials at 300°C

Isotopic Exchange with Ag '271 on the Surface of Ag-KTB

Some CH; I removal experiments at 150°C were performed with Ag-KTB,
preloaded with CH;'271 so that the AgNO; -impregnation was partly converted
into Ag'27I. The data for the removal efficiencies, given in Tab. IV, were
unexpected high. Experiments with Ag-KTB test beds, in which the AgNO;
impregnation was nearly converted in total to Ag'27I, still furnished
considerable removal efficiencies. The unimpregnated KTB-material does not
show any removal efficiency under the same conditions, so that the data
given in Tab. IV could be discussed as the result of an isotopic exchange
reaction of the type:

Ag'?71 + CH; "I ===4Ag'?'I + CH;"%71.

In Fig. 7 the penetration of CH;'>'I through preloaded Ag-KTB test
beds (2.5 cm bed depth) is given as a function of silver residue still in
the form of AgNO; (Agsol). From an extrapolation of the drawing it can be
seen that still after complete conversion of the AgNO; into Ag'?71I the
penetration of the test bed will be only around 30 %. It may be mentioned
that the remaining amount of 3.6 mg Agg,;/g KTB could not be converted into
Ag'?71 with CH;'271 in considerable excess during the preloading period.

In further experiments one more order of magnitude of '>'I was removed
by the preloaded Ag-KTB test bed than could be related to the chemical
reaction of the test medium of CH;'>'I and CH;'271 with AgNO; . The
conclusion can be drawn that at elevated temperature Ag-KT material with
an impregnation converted to AgI from off~gas iodine could be reused after
radioactive decay of the '>'I and so extended service time could be reached.
This procedure may be limited by the need for '2%1I removal.
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Experiments to evaluate the isotopic exchange at room temperature
showed a reaction rate too low for practical filtering purpose.

Tab. IV REMOVAL EFFICIENCY OF PRELOADED Ag-KTB FOR '>'I
(IN THE FORM OF CE,'?'T1)

10° CHy1 LOADING : o appr. 50 mg
1. o appr ,700"‘9 Adsorber material: Ag-KTB; AgNO, ~impregnation: 69 mg Ag/g KTB gaa )
elivered
] Sweep gas: air, atmospheric pressure, 150°C (dew point 30°C),
mixed with 2.5 % NQ,
—O\ Duration of gas flow: same as in Tab. II
2 Test medium: 2 2.4 pCi CH,'>'I/g Ag-KTB, mixed with appr.
. ] 1.5 mg CH,"?71/g Ag-KTB (total loading appr.
z 50 mg CH, I per run)
]
5 10‘: '311 Removal Efficiency in %
= p AgNO; reacted | Residual amount
= , to Ag'271 of AgNO, in
w during pre- ng Ag/g Ag-KTB . Bed depth in cm
E loading
. in % 2.5 I 5.0 I 7.5 | 10.0
Ex”‘ Stay time in s
S 0.1 0.2 0.3 0.4
4
of 295 BIZ 133 I§L 3 26 328 410 $10 57 T:*Aﬂ?lsot' 0 62 - [98.3 [ 99.9949 | 99.9977 | 99.9983
10 + $ 4 + + 4 } 58.0 26 82.8 | 97.8 99.73 99.966
36 0 6 20 26 30 L) 50 62 70
73,9 16 75.1 | 95.1 99.05 99.88
mg Age, /g Ag-KTB 94,2 3.6 69.5 | 93.0 98.6 99.71
. . L 1]
Fig.7 Penetration of CH, 1 through preloaded Ag-KTB 942 3.6 % 25.9 | 46.3 | 60.6 72,4
as a function of Agin soluble form

+) Test medium: 48 mg CH; I/g Ag KTB (total loading appr.

1700 mg CHy I for this run).

Effect of Irradiation Exposure of Ag~KTB

Ag-KTB was irradiated with a ¢°Co source up to 8.6 - 10® rad. It was
assumed that radiolytical decomposition of AgNO; to Ag, Ag, O and NO_ would
seriously reduce the removal efficiency of the material. Some previous remo-
val tests yielded poor results when the AgNO; impregnation of the Ag-KTC was
converted in to Ag and Ag, O by chemical reaction. The data from the removal
efficiency tests with preirr diated Ag-KTB are given in Tab. V. There are
some unexpected variations in the removal efficiencies which, obviously,
do not depend on irradiation dose, but the overall picture does not show a
definite trend. The effect of the irradiation dose seems not to be
significant in this region.

Since the Ag-KTB was preconditioned with an air-NO, mixture for 24 h
before the removal efficiency tests, one could expect that some of the
Ag or Ag, 0 from radiolytical decomposition will react back to AgNO; . This
would result in better removal efficiencies. Therefore, samples of Ag-KTB
which were irradiated up to a dose of 8.6 . 10® rad were analyzed for the
amount of water soluble impregnation. The data obtained were similar to
those of unirradiated Ag-KTB. In addition, no AgNO, could be detected in
the water leach.
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Some CH; I removal experiments were performed with sweep gas without
NO, (Tab. VI). The data do not show a unique trend depending on the
irradiation dose.

From all experimental data it can be concluded that there is no

important influence on the removal efficiencies of Ag-KTB from irradiation
up to 8.6 - 10%rad.

Tab., V. CH, I REMOVAL EFFICIENCY OF IRRADIATED Ag-KTB IN AN AIR-NG,
MIXTURE AS A FUNCTION OF §°Co IRRADIATION DOSE

Tab. VI  CH, I REMOVAL EFFICIENCY OF IRRADIATED Ag-KTB IN WET

Adsorber material: Ag-KTB; AgNO, -impregnation: 67 mg Ag/g KIB (as AIR AS A FUNCTION OF °Co IRRADIATION DOSE

delivered)
° t 30°C)
Sweep gaa: air, atm:;izgr::tﬁrﬁgf‘:r:Gpizgii1§i°;,§°i:1021ty 25 cm/s Adsorber material, impregnation: same as in Tab. V
Duration of gas flow: Preconditioning 22k h Sweep gas: air, atmospheric pressure, 30°C, 70 % R.H.
CH; I-injection: 1 h = Duration of gas flow, CH, I-injection: same as in Tab. V
‘ Gas flow continued for additional 20 h Test medium: 1.5 + 0.5 mg CH,'271 and =9 pCi CH; ">’ I per g Ag-KTB
Test medium: > 2 pCi CH,'>'1/g Ag-KTB, mixed with CH; %271 (calculated for 10 cm bed depth)
CEy I Removal Efficiency in %
Irradiation |Specific Loading CHy I Removal Efficiency in %
before test |mg CH, I/g Ag-KTB Bed depth in cm -
run in rad (cnlctzlated for Irradiation before Bed depth in cm
10 cm bed depth) | 2.5 | 5.0 ] 7.5 I 10.0 test run in rad 2.5 ] 5.0 J 7.5 I 10.0
Stay time in s Stay time in s
6.1 | 0.2 0.3 0.4 0.1 0.2 0.3 0.4
. . 107 1. o. 8.6 |99.9963 | 99.99910 | 99.99948
1.05 - 10 5+ 0.5 9 0 88.1 | 99.15 | 99.94 | 99.9963
1.05 - 107 " 98.5 | 99.9960 | 99.9979 | 99.9990 .
1.05 » 10 87.5 99.23 | 99.84 99.950
1.0 - 10°% " 99.75 | 99.9988 | 99.99942 | 99.99965 1.05 - 107 87.8 99.08 | .67
1.0 - 10® " 98.0 | 99.957 99.9983 99.99920 - * N *
1.0 . 10® 86.5 98.0 99.89 99.9926
3,0 - 10® " 95.4 | 99.945 99.9980 99.9989 o
" 671999931 | 99.9971 | 99.9981 1.0 n e S| 99.0 | 99.95 | 99.978
8.6 - 10° 99- : : : 3,0 - 10° 82,0 | 98.1 | 99.63 | -
1,05 . 107 47 + 5 32.7 | 61.2 82.6 96.1
3,0 - 10° " 34,0 | 63.5 84.8 96.6
8.6 - 10° " 20.7 | 58.3 8L.5 94.8

IXI. Removal of Iodine from Reprocessing Plant Off—gas

Samples of Ag-KTB were tested in by-passes to the off-gas ducts in a
reprocessing plant, using the Purex process. The sample stations were
situated behind the washers (water) for the dissolver off-gas and the
off-gas from solvent and waste tank. The off-gases are filtered by HEPA-
filters before reaching the samplers. Upstream of the Ag-KTB test beds
the off-gases are heated to 150°C; at the same temperature, the test beds
are operated. Dissolver off-gas and tank off-gas are treated by different
samplers of the same type. After various periods of time the test beds
were removed and the '29I in the Ag-KTB test beds was measured in the form

of '3°1 after neutron actlvatlon. Also chemical analysis was performed for
comparison.

In Figs. 8 and 9 the cumulative removal efficiencies as a function of
the specific iodine loading are given for three test periods. The total
amount of iodine in the off-gas of the dissolver was higher by factors
between 10’ and 10°, compared with the iodine amount in the tank off-gas.
On the basis of equal loading, the Ag-KTB beds showed better performance
in the dissolver off-gas than in the tank off-gas. The decontamination
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factor reached for test beds up to 7.5 cm are relatively high with respect
to the specific iodine loading of the Ag-KTB. The calculated loading for
the sum of 29I and 271 is appr. 20 % higher than for '2°I alone. In all
runs the superficial gas velocity was 25 cm/s and the impregnation

86 mg Ag/g KTB (as delivered).
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Fig.8 Removal efficiency of Ag-KTB for iodine in the off-gas from
solventand waste tanks as a function of the specific loading
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w Tab. VII  AMOUNT OF '!°I IN OFF-GAS SAMPLERS
2 BED DEPTH a
S 0 =75c¢cm
5 & = 50em Run |Penetrations [1271 in sampler |'2°I in sampler
o O =25cm No. |given in {dissolver off-gas)| tank off-gas
) Fig. No. in mg in =g
5 ) 5 0 s 1| 10 19 0.16
SPECIFIC LOADING IN mg2®1/g Ag-KTB 11 11 171 0.32
Fig.9 Removal efficiency of Ag-KTB for iodine in the dissolver 111 12 1?73 5.0

off-gas as a function of the specific loading

In Figs. 10, 11 and 12 the penetration of iodine as a function of
the bed depth is given for the three runs reported. The total amount of
1237, trapped in the samplers including one additional "safety trap", is
given in Tab. VII.
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Fig.12 Penetration of iodine from reprocessing off - gas
through Ag-KTB as atunction of the bed depth

For a proposed full-sized prototype iodine filter, the operating
conditions with respect to temperature and superficial gas velocity will
be the same as given for the Ag-KTB samplers. At present, we suppose to
have a bed depth of approximately 30 cm which will result in a pressure
drop of 120 - 200 mm of water. The filter material will counterflow the
off-gas and the iodine-saturated Ag-KTB will be removed discontinuously.
The price for the Ag~-KTB adsorber material is now around 15 $ per kg. Under
the given corditions, we expect that per g of iodine to be removed appr.
0.9 g of silver will be needed and a DF > 99.9 % will be reached.
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PENCE: Unless I misinterpreted your paper or made an
error in my calculations, I conclude that your minimum concentrations
in these tests were about 10 to 100 micrograms per cubic meter; 1is
this correct? And, 1f so, dild you conduct any tests in which you
looked at lower concentrations?

WILHELM: Which kind of teSts do you mean; in the labora-
tory or in-place tests?

PENCE: In the laboratory.

WILHELM: There was a rather wlde range of concentrations

covered. I don't know to which experiment you refer at the moment.

PENCE: I was looking for general effects at low
concentrations. I would expect this type material to be less effec-
tive than others in removing radioiodine at lower concentrations. I
am curious about the minimum initial concentrations.

WILHELM: Normally, we had a concentration in these exper-
iments of 3 milligrams per cubic meter. We went higher in the
experiments where we checked the capacity of the material. In earlier
experiments, reported at the 1llth Air Cleaning Conference, we showed
results with practically the same material down to a concentration
range of at least four orders of magnitude and there was no difference
in the removal efficiency.

KOVACH: Have you checked the penetration figures to de-
termine if penetration occurred in one particular downstream path of
yvour beds?

WILHELM: Yes, we did that in experiments reported at the
11th Alr Cleaning Conference. We tried that because we assumed that
the penetrating component, or whatever else you like to name it, may
have been in particulate form. Putting a HEPA filter between the
third and fourth test beds didn't alter the removal efficlency of the
assembly. Therefore, we could not make sure that this penetrating
material 1s in the form of particles. _
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