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Abstract 

This report was pre N:JCE----
sponsored by the uru':: St as an aocount of work 
the Un.ited States nor ~~~~ <?ovetnment . Neither 
Research and Development ~ted Stares Enetgy 
their empbyea, nor anAdmJrustnt.ion, nor any of 
subcontractors, or their Yemo~ theu contnctors, 
~nanty • express or implied P oyees, makes any 
liability or reJponlibility forth • or aaumes any lq:aJ 
or Utefulnea of any 1nfor .: accuracy, completene11 
Process diJclotec~ or ma n, apparatus, product or 

infringe PriYitdy ~-..n::t~:.ts that its we would not 

This study was undertaken to obtain data need e d for further 

development of a process for the e nrichment and removal of tritium 

from the water associated with li ght-water reactors, fuel-reprocess

ing plants, and tritium-handling laboratories. The approach is 

based on the use of antiwetting, hydrophobic catalysts which permit 

the chemical exchang e reactions between liquid wat e r and gaseous 

hydrogen in direct contact, thus eliminating problems of catalyst 

deactivation and the complexity of reactor desi gn n9rmally associ

ated with current catalytic-detritiation techniques involving 

gas-phase catalysis. An apparatus and procedure were developed for 

measuring reaction rates of water- hydrogen chemical exchange with 

hydrophobic catalysts . Preliminary economic evaluations of the 

process were made as it might apply to the AGNS fuel reprocessing 

plant. 

I. Introduction 

There has been a rapid increase in both the size and number of 

nuclear reactors used in the generation of elec trical energy. These 

reactors produce a larg e quantity of radioactivity primarily result

ing from the fission process. The release of radioactivity from a 

li ght water reactor is very small, and most of the fission products, 

including tritium, are transported to the fuel reprocessing plants 

in the spent fuel elements . Here the fission products are separated 

fr om the fuel which is r e cycled, and nearly all these fission pro

ducts, with the exception of krypton and tritium, are concentrated 

and store d. Current practice is to release all the tritium to the 

environment as HTO either via a stack to the atmosphere or by inject 

ing it into surface or deep well waters . The e xisting ERDA fuel 

r epro c essing plants discharge their tritium in a liquid waste stream 

t o surface waters. The AGNS plant at Barnwell, N.C., is desi gned to 

discharge the HTO throu gh a stack to the atmos phere. The NFS plant, 

· .ow undergoing modifications to increase its c a pacity, discharge s 

90 % of its tritium to surface waters and 10% through stack effluents. 

Thes e di s charges represent the largest release point for radioactive 

material in the entire fuel cycle. 

*Muund Laboratory is ope rated by Monsanto Re s e arch Corporation for 

t he U. S. Energy Researc h and Development Administration und e r 

Contract No. E-33-1 - GEN-51. 
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Because of the expanding nuclear power industry and the in
creased emphasis on minimizing release of radioactive materials to 
the environment, there is an increasing need for the development of 
safe handling and dispoBal methods for the rad io isotopes being 
produced. With the exception of tritium, all the radioisotopes 
produced in the operation of a light-water reactor are amenable to 
some form of chemical or physical separation process for removal 
from the effluent streams. Tritium, however, is generally encount
ered in the oxide form and therefore follows the natural water 
streams. The detritiation of these aqueous wastes requires isotopic 
separation processes. 

The purpose of this study is to develop a tritium separation 
and concentration process based on a H2/H20 catalytic exchange tech
nique which can be used to detritiate contaminated water from light
water reactors, fuel-reprocessing plants, and tritium-handling 
laboratory facilities. 

II. Catalytic Exchange Separation of Hydrogen Isotopes 

Work in progress is directed toward development of an improved 
version of the basic HT/H20 catalytic exchange process and demon
stration of the separation of tritium for the particular concentra
tions and types of low-level aqueous wastes (LLAW) obtained from 
light-water reactors and fuel-reprocessing plants. The process will 
also apply to the removal of tritium from heavy water (D 20) used as 
the moderator ard coolant in several research and all U.S. govern
ment production reactors. 

The improved approach to HT/H20 catalytic exchange is based on 
the use of antiwetting hydrophobic catalysts which permit the chem
ical exchange reactions between liquid water and gaseous hydrogen in 
direct contact, thus eliminating problems of catalyst deactivation 
and the complexity of reactor design normally associated with 
current catalytic ex c hange techniques ( 1 - 3 ) involving gas-ph~se 
catalysis . Use of hydrophobic catalysts was first reported \ 4 ) in 
relation to studies directed toward an improved heavy-water process. 
The catalyst consist s of platinum on an alumina substrate with a 
coating of semipermeable, water-repe llent material such as silicone 
o r Teflon. 

The highest isotopic separation factors for HT/H 7 0 exchange are 
obtalned at low temperatures becaus e of the nature of the chemical 
equilibrium , 

with a value of the isotopic separation factor of about 6 at 25°C. 
The processes involving steam-hydrogen reactions in the vapor state 
require higher temperatures to preve nt water condensation and are 
faced with the resulting lower isot opic separation factors. 
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The hydrophobic low-temperature mixed-phase system potentially 
has many advantages over the gas-phase system; for example, higher 
isotopic separation factor, lower energy consumption, higher through
put rate, and simpler equipment. 

There are two major alternative applications of the HT/H 2 0 
catalytic exchange process to detritiation of LLAW. The first alter
native is to apply the process to the total waste stream and deplete 
the tritium to a degree that the resulting detritiated waste stream 
may be dispersed to the environment, This alternative has been 
referred to by Ribnikar and Pupezin~s) as the stripping scheme. The 
second alternative application would produce a similar enriched tri
tium stream, but the water is detritiited to a lesser degree and 
returned to the reactor (or plant), thus maintaining a desired steady 
·tritium concentration in accord with applicable regulations for 
in-plant exposure of operating personnel. Ribnikar and Pupezin(s) 
have called th~s alternative the recycling scheme. Of course, a 
wide spectrum of options exists within either scheme when a design 
basis for the detritiation system is selected. For example, regula
tory factors and in-plant parameters such as LLAW throughput quan
tity and tritium concentration levels could affect the size of the 
system and the necessary degree of separation and enrichment of the 
tritium. 

The throughput required for removal of tritium from LLAW could 
vary over a wide range depending on the application. Likewise, the 
degree of separation and recovery required could vary considerably. 
For example, the internal flow of water in a PWR cooling-water 
recycling detritiation application could be ·an the order of 10-50 
liters/hr with an overall separation factor requirement of 100 to 
1000. In comparison, application of the stripping scheme to the 
flow of LLAW from a fuel reprocessing plant could require a through
put of 500-2500 liters/hr with an overall separation requirement of 
10 11 to 10 13

• Since the costs associated with detritiation of water 
increase with increased throughput and also increase with the in
creased overall separation factor, the application of the stripping 
scheme to the fuel reprocessing plant would be the most costly, as 
both throughput and separation requirements are a maximum for the 
fuel reprocessing LLAW stripping application. 

The fuel reprocessing plant application of the waste water 
detritiation process was chosen for economic evaluation on the basis 
c~ being the most stringent, and most costly, application in the fuel 
cycle. 

Preliminary Economics 

A preliminary economic evaluation was made of the HT/HzO cata
lytic exchange detritiation stripping process as it might apply to 
the Allied-Gulf Nuclear Services (AGNS), Barnwell, S.C., 5-metric 
ton/day nuclear-fuel-reprocessing plant. A schematic of the strip
ping process is given in Figure 1. This processing scheme would 
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LLAW 473 1/hr 
0.2 Ci/1 
75o,ooo Ci/yr 

. T/H = 6.25 (10-8) 
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472;95 1/hr (water) 
2 (lQ-8) Ci/1 
0.075 Ci/yr 
T/H = 6.25 x 10·15 

Catalytic Exchange Column 

H2 Hydride Fixation 

Electrolysis Modules 

0.0473 1/hr 
2000 Ci/1 
749,999.925 Ci/yr 
T/H = 6.25 (lQ-4) 
Recovery 99.99999 % 

FIGURE l AGNS LLAW detritiation. 
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detritiate approximately 500 liters/hr of LLAW containing 0.2 Ci/ 
liter of tritium to an extremely stringent degree. Of the tritium 
contained in the aqueous waste stream (750,000 Ci/yr), 749,999.925 
Ci/yr would be concentrated in a quantity of water which would be 
only 47.3 cm 3 /hr, or the equivalent quantity of gaseous hydrogen 
isotopic mixture, 5900 cm 3 /hr of gas. The remainder of the 500 
liters/hr feed stream would be detritiated to such a degree that it 
would be below th~ oewly proposed EPA drinking water standard of 
20,000 pCi/liter.~ 6 J 

Operation cost estimates are given in Table 1. The operating 
cost of $1,800,000 per year may be co~pared to the projected cost or 
biological damage due to released tritium from a 5 metric ton/day 
reprocessing plant. The recent tentative assignment of $1000 per 
total-body man-rem by the NRC and the whole ~ody dose for tritium 
from a 5 metric ton/day fuel-reprocessing plant of 3,700 man-rem per 
year, as projected by the EPA,were used to obtain a cost for biolog
ical damage due to release of tritium of $3,700,000 per year. Thus 
the estimated operating cost of $1,800,000 per year is well below 
the cost-benefit balance point. Presumably, applications of the 
process in a recycling scheme or other less stringent applications 
than chosen for the-above analysis would be even more economically 
favorable. 

On the basis of the above prelim:i,.nary economic evaluation, the 
HT/H 20 catalytic exchange detritiation process is judged worthy of 
further research and development effort. 

Experimental 

A bench-scale experimental apparatus was built for operation in 
a controlled glovebox under recirculating helium atmosphere. 
Figure 2 is a RrhRmRtic of the experimental apparatus. 
. . 

The experimental system is comprised of a low-temperat4re 
(20-70°C) r2actor (3.8 em i.d. x 28 em), a high temperature (100-
5000C) reactor (3.8 em i.d. x 28 em), support equipment, and analy
tical instruments .. The low-temperature reactor packed with hydro
phobic platinum-coated catalyst (0.48 em diam.) was designed for a 
liquid gas ~ountercurrent flow, aq.d tritium is enriched in the 
liquid water (i.e., H20(1) + H'l' ctld HTO(l) + H2) .. 'l'he high
temperature reactor wjth regular nonhydrophobic platinum-coated 
catalyst (0.32 em diam. x 0.32. em) was built for a gas-gas cocurrent 
flow, and the tritium was depleted from the water vapor (i.e., 
H20(g) + HT hit HTO(g) + H2 ). Hence, with these two reactors 
comb1ned in a sy~tem consisting of an evaporator, condenser, 
phase separator, pumps, etc., a complete closed-loop experimental 
apparatus involving gas-phase and liquid-phase tritium exchange 
reactions is obtained. This apparatus is capable of continuous 
recycling.of the enriched and depleted water and hydrogen streams. 
Operating parameters, such as flow rate and temperature, may be ad
justed and steady state conditions may'be obtained. Reaction rates 
are then measured. 
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TABLE l Operation cost estimate AGNS LLAW_detritiation. 

Detritiated Water- 3.75 (10 6
) liter/yr 

750,000 Ci/yr @ 0.2 Ci/liter. 
On Stream· 330 days/yr 
Recovered Tritium 749,999.925 Ci/yr 
375 liter/yr @ 2000 Ci/liter 

Item Quantity/yr 

Variable Costs: f 

60,300 kgal 

Electricity 4 .17 ( 10 7 ) kWhr . 

Catalyst 950 lb 

Total Variable Costs 

Fixed Costs: 

Direct Labor 8,760 man hr @ $6.00 
Supervision @ 20% DL 
Maintenance @ 4% PI 
Supplies @ 10% Maintenance 
Payroll Burden @ 30% DL 
Taxes and Insurance @ 3% PI 
Depreciation 10% Straight Line 

Tqtal Fixed Costs 

Total Operating Costs 

Cost/unit 

$ 0.02 

0.025 

20.00 

Unit Investment: 
On Site $ 

Off Site 

Total $ 

Cost/yr 

$ 1,000 

1,043,000 

19,000 

$1,063,000 

$ 53,000 
10,000 

153,000 
15,000 
19,000 

114,000 
.3822000" 

$ 746,000 

$1,809,000 

3,817,000 
1,336,000 

5,153,000 

Cost/Ci 

$ 1.417 

$ 0.995 

$ 2.412 
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Tritiated H 10 
(0. 1 lO!J(I em') 

Low T emperoh ·e 
Reactor Liquid

Gas Countercurrent 

.-High Temperature ~ 
Reactor Vessel / 

- Furnace 

LLC 

All Vapor Co-Current. 

PI 
Ovcrholf 
I on 
Chombc1 

Liquid Scintillation Flow Cell 

·--Water !Tr~t1otedl 

Mixture H ~· H 10, Gas and Liquid 

----H 1 Gas 

FIGURE 2 Experimental system for measuring reaction 
rates of water-hydrogen chemical exchange. 
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This apparatus is being used for catalyst evaluation tests; 
the first catalyst to be evaluated is an Engelhard Minerals and 
Chemicals Company hydrophobic catalyst consisting of platinum on 
an alumina substrate ·with a semipermeable coating of a proprietary 
water-repellent material. 

Experimental Results 

The height of one equilibrium stage has been calculated from 
the data to be 18 ft. Since the preliminary economic evaluation 
(Table 1) was conducted with an assumed height of 20 ft, the 18-ft 
height calculated from the data would enhance the economic evalua
tion. The hydrophobic catalyst, therefore, appears to be propa
gating the liquid-gas chemical exchange effectively. 

Discussion 

The experimentation is continuing in order to generate data 
at different parameters of flow rate, temperature, and tritium con
centration. The development of the mechanism of the exchange, as 
well as the optimum operational parameters, is to be completed. 
This information will be used to scale up to a pilot-plant exchange 
system. 

Conclunion 

Kinetic and thermodynamic performance data will be obtained 
and evaluated not only on thP. Eneelhard catalyst, but also on a 
catalyst developed by Atomic Energy of Canada, Ltd., who have an 
interest in the catalytic exchange detritiation process for their 
heavy-water reactor program. In 1975, an agreement was initiated 
between ERDA and AECL for a cooperative program to share information 
concerning the catalytic exchange detritiation process. Work on the 
process will continue. 
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