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Terms
Atomic Energy of Canada, Limited

Argonne National Laboratory
Brookhaven Linear Accelerator Isotope Producer
combined electrolysis catalytic exchange

Comprehensive Environmental Response, Compensation, and Liability
Act of 1980

decontamination factor

U. S. Department of Energy
drinking water standard

Electric Power Research Institute
Effluent Treatment Facility

fiscal year

GE-Hitachi Nuclear Energy
International Thermonuclear Experimental Reactor
liquid phase catalytic exchange
Modular Detritiation System
monitored natural attenuation
mechanical vapor recompression
number of theoretical plates
Petersburg Nuclear Physics Institute
Resource Conservation and Recovery Act of 1976
record of decision

State-Approved Land Disposal Site
Savannah River Site

Tritium Resin Separation

Viscous Liquid Barrier

Water Detritiation System

Wolsong Tritium Removal Facility
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2  Summary

Separations based processes to reduce tritium levels in Hanford groundwater below the DWS of 20,000
pCi/L have not been demonstrated for the scale and conditions required for treating Hanford Site
wastewater. Available cost data indicate that treatment costs for such processes will be substantially
higher than for discharge to the SALDS or other typical pump and treat projects at the Hanford Site. The
total cost for processing wastewater through the ETF is less than $1/gal. Cost for SAL  disposal is
estimated to be less than $0.01/gal.

To determine if new technologies may be technically and economically feasible to reduce tritium in the
Hanford ETF outfall, a literature search was conducted to update information in earlier reviews.
Separation processes were evaluated for application to ETF effluent. Other potentially applicable methods
for mitieation of tritium contaminated wastewater or groundwater at the Hanford Site were also

conside e conclusions from this review are that S& GWR tritium separations technology has
advanced, but nothing has materially changed that would make alternate technologies preferable to
SALDS discharge for handling the ETF effluent.

The ETF outfall is characterized as a high flow (5 to 28 Mgal/yr) low tritium concentration wastewater.
Peak tritium concentrations of 450,000 to 550,000 pCi/L occurred periodically in 2009 through 2013
during treatment of K-Basin water and the 242-A Evaporator process condensate. This is down from the
previous five year period where the peak tritium concentration was 2 to 3 million pCi/L during 2004
through 2008. To meet the current DWS (20,000 pCi/L), a nominal 100-fold reduction (dec a1 ation
factor [DF] = 100) in tritium concentration is required.

Currently, there are no technologies available that can selectively remove the trace amounts of tritium
from the ETF outfall in a single simple step. Rather, complex multistage separations processes are
required because only a small degree of tritium separation can be achieved in a single stage. Conventional
heavy water production methods (e.g., distillation, combined electrolysis and catalytic exchange [CECE])
are highly energy intensive, and the high costs cannot be justified for recovering a small amount of tritivimn
from the ETF outfall.

Development work since the last update report has continued in support of heavy water reactors and
slear fusion reactors which entail tritium removal from lower volume, higher contamination level

streams. Most of the work is focused on incremental improvements to the existing technologies in use,

such as separations processes based on water distillation, CECE, improved catalysts, and membranes.

Atomic Energy of Canada Limited (AECL) has successfully demonstrated the CECE and cryogenic

dis ation process for heavy water detritiation in semi-industrial scale (TalkNuclear, 2011, CNA Visits

AECL’s Xver Laboratories PART TWQO; Rodriquez, 2013, Tritium Production Analysis and

A e rategies for a Fluoride-salt-cooled High-temperature Test Reactor (FHTR); Ionita, 2013,

Experimental Tritium Removal Facility an example/support for national/international collaboration).

Kurion introduced a new tritium removal technology in October 2013 (Kurion, 2013a, Kurion Introduces
Tritium Removal Technology to Limit Release of Radionuclides into Environment). The industrial process
of removing tritium from water has historically focused on cleaning highly contaminated heavy water for
recycling back into nuclear reactors. However, this technology is prohibitively expensive for use with
light water reactors. Kurion claims that their new Modular Detritiation System (MDS) (Kurion, 2013b,
Modular Detritiation System ™ (MDS ™)) builds upon proven heavy water solutions and makes advances
in throughput and efficiency where the tritium removal occurs. Kurion suggests that they are using a
derivative of the technology used in Canada to remove tritium from heavy water that moderates the
Canada Deuterium Uranium reactors used there. However, their claim has yet to be proven on a large
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detritiation in semi-industrial scale (Boniface et al., 2010, 4 Smail Closed-Cycle Combined Electrolysis
and Catalytic Exchange Test System for Water Detritiation; INFO-0796, Evaluation of Facilities
Handling Tritium Part of the Tritium Studies Project; Rodriquez, 2013; Ionita, 2013).

These developments have been achieved through the experience gained from tritium handling and
engineering in facilities. Though the AECL CECE technology has been demonstrated, an extensive
research program has been ongoing to advance this technology further, particularly in electrolysis cell
materials (Ana et al., 2013, Construction and Commissioning of a Hydrogen Cryogenic Distillation
System for Tritium Recovery at ICIT Rm. Vlacea; Suppiah et al., 2010, Tritium and Technology
Developments for its Management A Canadian Perspective).

The experimental industrial plant for hydrogen isotope separation on the basis of the CECE process has
been operating safely and reliably for 15 years at the Petersburg Nuclear Physics Institute (PNPI)
(Alekseev et al., 2011, “Fifteen Years of Operation of CECE Experimental Industrial Plant in PNPI”).
La  scale studies of hydrogen isoto ratior © rebeenor i 1 ° 2NPI;™ ' e1995.
Through plant operation, the studies have shown a high efficiency or 1sotope separation by the CECE
process, and the process is considered to have promise for the industrial use, particularly water
purification from tritium. The plant processing output has nearly doubled since startup and is now at
nearly 9.0 kg/day (about 2.3 gal/day) and has demonstrated a tritium DF of 1,000 when operated with
heavy water (a more difficult separation than with light water). Multiple operating modes and conditions
have been tested.

The Water Detritiation System (WDS) test facility called TRENTA that applies the CECE process has
been installed and is currently operating at the Tritium Laboratory Karlsruhe in Germany. The WDS is
required for the International Thermonuclear Experimental Reactor {ITER) tritium plant in order to
process tritiated water which is accumulated within the plant. The WDS plant was designed and
commissioned to perform various experimental campaigns to investigate and optimize operational
parar to achieve the highest DFs, in view of different operation scenarios. The plant combines two
well-established methods for the CECE process, which appear to be the most suitable process for water
detritiation and tritium recovery. These methods involve the electrolysis of tritiated water, followed by a
liquid phase catalytic exchange (LPCE) column. The WDS has demonstrated that the CECE process is
capable of processing tritiated waste in larger amounts (greater than 2,000 gal/year) with tritium content
in the range of about 0.01 Ci/L. However successful, the throughput is significantly short of the
throughput required for Hanford Site water. Besides the ongoing research and development work, the
current status of the TRENT A facility provides the option to utilize WDS for processing tritiated water
(Michling et al., 2013, “Water Detritiation Processing of JET Purified Waste Water using the TRENTA
Facility at Tritium Laboratory Karlsruhe™).

Detritiation research has seen activity with the successful design, construction, and commissioning of the
Wolsong Tritium Removal Facility (WTRF) in Korea. The WTRF uses an LPCE and cryogenic
distillation process (Han, 2013, Operating Experience and Effect of Wolsong Tritium Removal Facility).
Romania has constructed a pilot plant that uses similar detritiation technology as the WTRF in Korea.
Both facilities are designed for low volume (<5 gal/hour) and very high tritium concentration (over

8 Ci/L). The Romania pilot plant has main goals of developing the heavy water detritiation technology
and monitoring the behavior of various materials and equipment working with tritium (Stefan, 2009,
Detritiation in Romania; Zamfirache et al., 2013, Research Activities Related to Water Detritiation at
ICIT Rm Valcea).

Kurion introduced a new, patent pending tritium removal technology in October of 2013 (Kurion, 2013a).
The Kurion MDS is based on advancements in the CECE process tailored for | it water detritiation.
Kurion claims that the unique electrolyzer and column design provides the highest possible throughput
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