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L2 ACT

This report contains the 2001 biennial update evaluation of separation technologies and other
mitigation techniques to control tritium in liquid effluents and groundwater at the Hanford site.
A thorough literature review was completed, and national and international experts in the field
of tritium separation and mitigation techniques were consulted. Current state-of-the-art
technologies to address the control of tritium inw  ewaters were identified and are . cribed.
This report was prepared to satisfy the Hanford Federal Facility Agreement and Consent Order
(Tri-Party Agreement) Milestone M-29-05H (Ecology, EPA, and DOE 1996). Tritium
separation and isolation technologies are evaluated on a biennial basis to determine their
Jeasibility for implementation for the control of Hanford site liquid effluents and groundwaters
10 meet the U.S. Code of Federal Regulations (CFR), Title 40 CFR 141.16, drinking water
maximum contaminant level (MCL) for tritium of 0.02 uCi/l (~2 parts per quadrillion {107**])
and/or DOE Order 5400.5 as low as reasonably achievable (ALARA) policy.

The objectives of this evaluation were to (1) status the development of potentially viable tritium
separations technologies with regard to reducing tritium concentrations in current Hanford site
process waters and existing groundwater to MCL levels and (2) status control methods to
prevent the flow of tritiated water at concentrations greater than the MCL to the environment.
Current tritium releases are in compliance with applicable U.S. Environmental Protection
Agency, Washington State Department of Ecology, and U.S. Department of Energy requirements
under the Tri-Party Agreement.

Advances in technologies for the separation of tritium from wastewater since the 1999 Hanford
Site evaluation report include: (1) construction and testing of the Combined Industrial
Reforming and Catalytic Exchange (CIRCE) Prototype Plant by Atomic Energy Canada Limited
(AECL). The plant has a stage that uses the combined electrolysis catalytic exchange (CECE)
and a stage that uses the bithermal hydrogen-water process. The testing is still ongoing at the
time of the development of this evaluation report, therefore, final results of the testing are not
available; (2) further testing and a DOE sponsored American Society of Mechanical Engineers
(ASME) peer review of a tritium resin separations process to remove tritium from wastewaters;

and (3) completion of the design of the water detritiation system for the International
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Thermonuclear Experimental Reactor (ITER). The system uses a variation of the CECE process,

and is designed to process 20 U/hr of feed.

The primary advance in technologies to control tritium migration in groundwater are the
implementation of phytoremediation as a method of reducing the amount of trittum contamina. _d
groundwater reaching the surface waters at Argonne National Laboratory, and initiation of a

project for phytoremediation at the Savannah River Site.
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LIST OF TERMS

Atomic Energy of Canada, Limited

Brookhaven National Laboratory

Combined Electrolysis Catalytic Exchange

Combined Industrnial Reforming and Catalytic Exchange
To remove light water (H;O from heavy water (D,0)

An isotope of hydrogen — the nucleus contains one proton and one
neutron

Water which contains at least one deuterium atom
Department of Energy

Dual-temperature liquid-phase catalytic exchange

Effluent treatment facility

Water that contains 2 deuterium atoms and one oxygen atom
Height equivalent of a theoretical plate

High-level Waste

Liquid Phase Catalytic Exchange

Maximum contaminant level

A deep-rooted plant that obtains its water from the water table or
the layer of soil just above it

Remediation using plants to perform the remediation
Ordinary hydrogen — the nucleus contains only a proton
State-Approved Land Disposal Site

Solid oxide electrolyte

Savannah River Site

Tritium Aqueous Waste Recovery System

. Tritium/Deuterium

Tritium/Hydrogen
Water that contains 1 tritium atom and one ordinary hydrogen atom

A radioactive isotope of hydrogen — the nucleus contains one
proton and 2 neutrons. Tritium has a half liveof 123y .

Hanford Federal Facility Agreement and Consent Order
Tritium Resin Separation

Vapor Phase Catalytic Exchange -
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SCIENTIFIC SYMBOLS AND ABBREVIATIONS

Units of Measure

Unit Definition

Ci curie

nCi microcurie (107 curie)
pCi picocurie (107 curie)
hectare 10,000 m?

°K Kelvin (absolute temperature)
1 liter

m meter

mm millimeter (10 meter)

Elements and Compounds

Hydrogen Isotopes Atomic Mass

H (‘'H) protium 1.008

D (?H) deuterium 2.014

T (H) tritium 3.017

D, deuterium molecule

DO deuterium oxide (heavy water)
DT tritiated deuterium

DTO tritiated deuterium oxide

H; hydrogen molecule

H;0 water (light water-protium oxide or protinated water)
HD deuterated hydrogen

HDO deuterated water

BT totiated hydrogen

HTO tritiated water

T tritium molecule

Elemental Bonds

C-H carbon-protium bond

C-T carbon-tritium bond
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1.0 INTRODUCTION

Tritium was generated as a by-product in reactor fuel at the Hanford site by the U.S. Defense
Program in nuclear reactor operations from 1944 to 1989. The bulk of this tritiu  was released
to the ground from fuel reprocessing facilities on the 200 Areas plateau in the form of tritiated
water in process condensates. Tritium releases to the ground have greatly decreased since the
last fuel was processed throug* the fuel separations plant in 1989. Tritium in ~ :se previously
discharged liquid effluents ha. .aigrated into the groundwater toward and into the Columbia
River. Tritium decaye with a 12.3-year half-life, and it is estimated that the tritium inventory at
the Hanford site f 1, ._cessed fuel has decayed to about 1.6 x 10° Ci to date (based upon decay
from value in 1997 report (Jeppson 1997)).

Significant tritium inventories exist in Hanford site facilities, such as in the underground waste
storage tanks, Hanford site spent-fuel storage basin waters, and water stored at the Liquid
Effluent Retention Facility. Since 1995, a state-approved land disposal site (SALDS) has
received effluents from the Hanford site Effluent Treatment Facility (ETF) 1t are free of all
contaminants except tritium. The tritium comes from process condensates from the

242-A Evaporator when it is processing wastes from underground storage tanks, N Basin water
stored at the Liquid Effluent Retention Facility (LERF), and other miscellaneous wastes. Water
from fuel-storage basins is expected to be processed through the ETF as part of the Hanford
cleanup. If a viable tritium removal process can be identified, evaluation for implementation at
Hanford will be recommended.

The SALDS is the prescribed location because it has been determined, by groundwater st Hle
results evaluation and groundwater flow modeling, that the tritium at the 500-pCi/l level or
above will extend a maximum horizontal distance of less than 1.5 km from the SALDS location
(Bamnett et al. 1997). In 1991, the U.S. Department of Energy, Richland Operations Office (Site
Technology Coordination Group [STCG]), issued a notice of the need to reduce tritium
concentrations in Hanford site wastewaters from 2-3 pCi/l to less ~ an 0.02 pCi/l (RL-MW023,
Technology Needs/Opportunities Statement [HST 1991]). The goal was to implement the
technology in 2004 to correspond with thel scheduled startup of the Hanford site I * "i-level waste
vitrif  lonf )

A Hanford site F 1 Year 1999 .. uste Tank Science Need, RL-WT047-S (RL 1999), was
issued, that called for identification of viable processes for reducing tritium concentrations in
Hanford site wastewaters. These wastewaters include (1) pool water from spent-fuel storage
basins, (2) Effluent Treatment Facility effluents, and (3) Hanford site groundwaters at the

200 East Area cribs and in the groundwater plume from the 200 East Area to the Columbia
River. Each of the spent-fuel storage basins contains 3.8 to 5.8 million liters (1 to 1.5 million
gallons) of tritium-contaminated water. Groundwater in the 200 East Area has been sampled and
analyzed and was found to have tritium concentrations of up to 3.4 uCi/l near cribs that received

' The startup of the HLW vitrification process has been delayed and is now scheduled for hot commissioning in
2008 with start of hot services in 2011 (DE-AC27-01 RV14136, 2001).
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process water from the fuel reprocessing facility. The groundwater tritium concentrations near
the Columbia River from the old Hanford town site to the 300 Area are at >0.02 pCi/l.

The status of tritium mitigation technology reviews was documented in previous Hanford site
reports DOE/RL-94-77 (Allen 1994), DOE/RL-95-68 (Allen 1995), and DOE/RL-97-54, Rev. 0
(Jeppson et al. 1997), and DOE/RL-99-42, Rev. 0 (Jeppson 1999).

This document provides a status of previously identified technologies along with any new
technologies. Separation technology development for removal of tritium from wastewaters tc
meet environmental release limits is being conducted in several countries. Work is currently
being done in Canada by Ontario Hydro and Atomic Energy of Canada, Limited (AECL), in
Japan by Nagoya University and the Japan Atomic Energy Research Institute, and in the U.S. vy
MS], Oak Ridge National Laboratory (ORNL), and at the Savannah River Site.
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2.0 IOVAL AND MITIGATION N OGIES FOR TRITIUM IN
WASTEWATERS

Tritium separation technologies are split into two areas for discussion. Section 2.1 discusses
large-scale industrial processes for separation of hydrogen isotopes from water. Section 2.2
discusses pilot-plant and laboratory-scale process~« for separating tritium ~ »m protinated water
(H;0). Other tritium mitigation technologies for x:vundwater are included 1n Section 2.3.

2.1 HYDROGEN-ISOTOPE SEPARATION T THNOLOGIES ED BY INDUSTRY
ON A LARGE SCALE

Hydrogen-isotope-separation technologies used on an industrial scale include ose hydrogen-
isotope-separation processes that separate deuterated water (HDO) from H ~ and/or tritiated
water (HTO) from HDO. There are no industrial scale processes operating 1or removing HTO
from H,0.

2.1.1 Water Distillation

Water distillation for separation of HDO from H;O is a safe and well-establ’ - d process that has
been used on an industrial scale for many years. Water-distillation facilities have operated to
deprotinate heavy water in the United States, Canada, and Europe. Water distillation also is used
on a large scale to remove HTO from HDO in large-scale industrial applications. Isotope
separation by water distillation is based on the differences in vapor pressure for the various
waters.

Since the process is relatively simple and well-established, no ita was found beyond that given
in the 1999 evaluation report, DOE/RL-99-42, Rev. 0 (Jeppson 1999).

2.1.1.1 Process Description. The process was described in detail in the 1999 evaluation report
(Jeppson 1999). Therefore, it will not be described in detail again.

2.1.1.2 Application at the Hanford Site. Thee =~  nin .._9 was base ")pon a tritium
concentration in the water of 2,000,000 pCi/l. H . the latest estimate __- the waste from
ETF is 5,000,000 pCi/l. And, although the concentration in many of the groundwater sampling
wells during Fiscal Year 2000 were about 2,000,000 pCi/l, several wells showed greater
contamination, with the worst contamination being approximately 8,300,000 pCi/l

(Hartman 2001).

This means the facility would need to be designed to achicve a decontamination factor of
approximately 420 rather than 100 to allow the drinking water standards to be met. Note that the
increase in column height required to achieve the larger separation factor would significantly
increase the cost of the columns.

2-1
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The feed for this process will need to be water that has been processed to remove organic and
inorganic contaminants The water that has been processed at ETF should work well as a feed
because the contaminants other than tritium have been removed.

2.1.2 Combined Electrolysis Catalytic Exchange

The combined clectrolysis catalytic exchange (CECE) process has a high isotopic separation
factor and near-ambient teroperature and pressure operating conditions. The CECE process is
based on a catalyst-enhanced equilibrium reaction (Eq. 1) that favors the formation of HTO, a
type of tritiated water, when liquid H2O is contacted with tritiated hydrogen (HT) gas
(Sienkiewicz and Lentz 1988). The hydrophobic catalyst (platinum coated with Teflon’) was
developed by AECL and the Chalk River National Laboratory (CRNL).

HT (g) + H20 (1) & HTO (1) + H (g)- (1)

This process requires the electrolysis of all feed water plus some deionized water used for
stripping (approximately 1.4 times the feed flow is electrolyzed). An early version of this
process (Ellis et al. 1982) was used to remove tritiated water from liquid wastewaters to react
discharge-level concentrations of <0.02 pCi/l in the Tritium Aqueous Waste Recovery Syster..
(TAWRS) at the U.S. Department of Energy (DOE) Mound Facility.

One type of CECE pilot plant was built and operated in Japan to recover tritium om light water.
The plant capacity was 3.6 l/day of feed, and HTO was concentrated by a factor of 10* (Isomura
et al. 1988). This type of process was used in connection with the FUGEN fusion reactor
(located in Japan) for 13 years. A larger version of this plant has been designed for use with tne
International Thermonuclear Experimental Reactor (ITER), a fusion reactor. The facility will
use 2-10 cm diameter columns, and is designed to operate at a feed rate of 20 I/h. The facility
location and the construction schedule for the Water Detritiation System for ITER are not
finalized at this time. Construction will probably be during or after 2003.

Ano rvariation of the basic CECE process, which uses Vapor Phase _ .italytic E:

(VPCE) is used by AECL. The AECL uses the process in two heavy-water plants to remove
tritium from deuterated (heavy) water. One plant is at Darlington in Ontario, Canada, and tt.
other is in Grenoble, France. AECL claims that the process can achieve a tritium
decontamination factor of 10” and a volume reduction factor of 100.

AECL has constructed and is performing tests of a CECE pilot plant as part of its Prototype
CIRCE Plant (PCP) demonstration project. The pilot plant uses a 7.5 kA electrolysis cell and a
2-inch diameter column with a total water flow of approximately 1.5 I/h, but, further data was
not provided. During testing, for maximizing detritiation, a detritiation factor exceeding 30,000
has been achieved (Miller 2001). However, at this time, the testing is not complete, and has not
been officially documented.

? Teflon is a trademark of E. 1. duPont de Nemours & Company, Inc.
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cost of about $0.05/1 ($0.2/gal). A market for this hydrogen would have to be established before
credit could be assumed for this potential by-product.

Figure 1. Combined Electrolysis Catalytic Exchange Process.
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2.2 HYDROGEN-ISOTOPE SEPARATION TECHNOLOGIES ON A
LABORATORY OR PILOT-PLANT SCALE

The following technologies are in the laboratory or demonstration stages of development for
separation of tritiated water from protinated water.

2.2.1 iquid Phase Catalytic Exchange with Solid Oxide Electrolyte

This process, which is a vaniation of the CECE process, was described in the 1997 and

1999 evaluation reports (Jeppson et al. 1997, Jeppson 1999). The process was stated to be
effective and have low total energy consumption. The solid-oxide electrolyte (SOE) cell does
not require energy for electrolysis and recombination but does require energy to vaporize water
and heat it to a high temperature of 1198 °K (925 °C). The specialized catalyst and the high
temperature are used to drive the thermodynamics to allow the water to be electrolyzed. Overall,
it uses considerably less energy than standard electrolytic cells. However, this process uses a
costly hydrophobic catalyst to allow the electrolysis to occur.

The 1999 evaluation report (Jeppson 1999) stated that the process had been demonstrated only
on a very small scale (2 | of water feed at 500 uCi/l to give a depleted stream of 0.005 pCi/l an”
an enhanced tritium concentration stream of 50,000 pCi/l). The 1999 report also stated that a
larger scale liquid-phase catalytic exchange (LPCE) with the SOE system had been designed and
was scheduled to be demonstrated. Although research into this technology is continuing, no
further information could be obtained for this technology.

2.2.1.1 Process Description. The 1999 evaluation report (Jeppson 1999) provides a description
of the process.

2 Applicatic at the Hanford Site. The proi  : has not been demonstrated at a size
beyond laboratory scale. The process would have to be demonstrated at a larger scale to be
considered a viable process for use at the Hanford site. Also, there are safety concerns
associated with the high temperature and moderate _  ssure required to allow the catalytic
electrolysis to proceed.

2.2.2 Tritium Resin Separation Process

The tritium resin separation process developed by Molecular Separations Incorporated (MSI) has
generated much interest since it was initially discussed in the 1999 evaluation report

(Jeppson 1999). The process methodology has changed from that provided in the 1999 report.
However, the basics of the process remain the same. The company reported the process
flowsheet was currently in the process of revision. Therefore, a flowsheet diagram will it be
provided. However, the basics of the process will be discussed.

Essentially, the process uses an exchange material that has large values for the water of hydration
and the sites for the water of hydration are selective for tritiated water over protinated water.

2-8
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After regeneration, the column would be placed back into service as the final column in the
series.  le cycling with the most recently regenerated column as the final column in the series
maximizes the removal of tritium.

2.2.7 ~ Application at the Hanford Site. Due to changes in the process, the process is not at the
point where scale-up and cost estimation are possible. In addition, there are currently many
unknowns associated with the technology. Therefore, the ASME Peer Review Panel
commissioned by the DOE to review the technology developed by MSI (ASME 2001)
considered the technology to be in an early stage of research and development, requiring
significant development to be completed for the technology to mature and prove itself.

The feed for this process will need to be water that has been processed to remove organic and
inorganic contaminants. The water that has been processed at ETF should work well as a feed
because the contaminants other than tritium have been removed. However, the resin is
susceptible to competing ion exchange, if the feed contains active cations such as sodium in
groundwater. The resin could be occluded with colloids and would adsorb certain organic
compounds if they were present in the feed stream, which would reduce the overall effectiveness
of the resin. Therefore, the feed stream must be cleaned of other contaminants, such as
radionuclides, sodium, and organics, or must be cleaned before it is processed for tritium
removal. However, the required feed purity has not been defined.

2.2.3 Dual Temperature Liquid Phase Catalytic Exchange

This process was discussed in the 1999 evaluation report (Jeppson 1999). There have been no
updates on the research associated with this process. Therefore, it will not be discussed further

2.2.4 Membrane Mediated Separation

No new information w fow ““Seyond at ’ren in the 1999 evaluation report (Jeppson 1999

2.2.5 Laser-Induced Tritium Separation

No new information was found beyond that given in the 1999 evaluation report (. _, »son 1999

2.2.6 K tic Isotope Effects Methodology for Tritium Separation

There has been some work during the past two years to develop new technologies for separation
of tritiated water from normal water using kinetic isotope effects. The new technologies use a
formic acid/benzyl alcohol separation. The Tritium/Deuterium (T/D) separation factor appeai

to be about 38, and the Tritium/Hydrogen (T/H) separation factor is about 300. However, onc €
the developers of the method stated that he feels that the process would be acceptable for pilo.
plant scale separation, but not for large-scale separation.
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