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EXECUTIVE SUMMARY

This report discusses and analyzes information and issues regarding
tritium and tritium management. It was prepared in response to the Hanford
Federal Facility Agreement and Consent Order (Tri-Party Agreement) Milestone
M-26-05A for the evaluation of tritiated wastew: :r treatment and disposal.

The key elements of the report are summarized as follows:

Discharge of tritiated water is regulated worldwide. Dii ?:rences exist
in discharge limits and in regulatory philosophy from country to country and
from state to state in the United States. Tritium from manmade sources is
emitted into the atmosphere and discharged into the ground or directly to the
oceans and to waterways that empty into the oceans. 1In 1989, reported
worldwide emissions of tritium from nuclear power generating plants totaled

almost 1,000,000 Curies (Ci).

Tritium is a radioactive isotope of hydrogen with many properties and
characteristics similar to those of the other hydrogen isotopes. Because of
its radioactive decay, 5.5% of all existing tritium is lost each year.
Numerous processes have been developed to separate hydrogen isotopes in feed
streams where tritium is at a high level and the feed volume is low. ..ese
technologies were reviewed. Efforts to develop unique methods for separating
low levels of tritium in large feed volumes have not been fruitful. The most
used process, Combined Electrolysis and Catalytic Exchange, was evaluated for
potential in separating low levels of tritium in high feed volumes. None of
these methods are presently deemed appropriate for separating tritium from
liquid waste effluents because estimated capital and operating costs are too

high.
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1.0 IN DUCTION

This report is the first response to the Hanford Federal Facility
Agreement and Consent order (Tri-Party Agreement) Milestone M-26-05A,
Tritiated Wastewater Treatment Evaluation. It includes timely information,
summaries, analyses, and discussions on a number of aspects and issues
regarding tritium at the Hanford Site.

As the first in a series, it combines a summary of past history with an
analysis of the most current ever ; dealing wi- tritium. The body of
literature reviewed in preparing these summaries and analyses is therefore
much larger than that envisioned for subsequent annual "updates." The
restricted length of the report required that some topics be emphasized and
others be made more general. This allows future reports to build on the
foundation of this report, providing details on topics that received only
general analysis. A copy of the Tri-Party Agreement Milestone is included as
Appendix A.

This report emphasizes the topics of tritium decay, tritium separation,
and tt disposal of tritiated wastewater into the soil column at the Hanford
S° :. The report intends to communicate highly technical concepts in Tayman's
terms. But because of the technical nature of separation processes, Section
6.0 becomes somewhat complex. Consequently, this section is approached in
more of a teaching style.

Information for this report was compiled almost entirely from published,
documented materi¢ s to establish a technical basis for ongoing efforts to
understand tritium.

The "Curie" is a special unit of measure used in the U.S. to express an
amount of radiation or an amount of radicactive material based on its
radioactivity. One Curie (Ci) is 3.7 x 10'° disintegrations per second.

Of all the combinations of units possible for expressing concentrations
of tritium in water, the term "picocuries per liter" (pCi/L) seems to have
become standard terminology at the Hanford Site. It is used a st

«clusively in this report. Where regulatory limits are expressed in other
units, this port cit : the acti 1imit and in p. :ntl s gi tl
conversion to our common usage. Appendix B shows equivalencies ot
concentration measurements.

1-1
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2.0 TRITIUM

2.1 INTRODUCTION

"Tritium" is the name assigned to the third member of the hydrogen
isotope series. Its nucleus consists of one proton and two neutrons resulting
in an atomic mass of three. The symbol for tritium is "°H" but "T" is used
more often as a scientific abbreviation. Because of the high ratio of
neutrons to protons, the tritium nucleus is unstable and radioactively decays
with a half-1ife of 12.3 years. Therefore, 5.5% of all existing tritium is
lost in 1 year by radiocactive decay. The product of this decay is *He and a
low energy beta particle. Figure 2-1 and Tables 2-1 and 2-2 show the decay
rate for tritium.

Tritium occurs in nature only to the extent that it is in equilibrium
with amounts that are naturally produced by cosmic rays and are manmade as
byproducts of nuclear processes.

» The second isotope of hydrogen is deuterium. Its scientific symbol is
"“H" but the abbreviation "D" is more common usage.

2.2 PHYSICAL PROPERTIES

Relative to hydrogen, the larger atomic mass of elemental tritium causes
its physical properties to be somewhat higher than hydrogen. For example, T
boils at 25 K relative to 20 K for H,. Tritium oxide (T,0) boils at 101.5° 6
compared to 100.0° C for normal water (H,0). The specific gravity of T,0 is
1.2 times greater than that for H,0. These differences in physical properties
have been exploited for the separation of hydrogen isotopes (see Section 6.1).

2.3 CHEMICAL PROPERTIES

Most chemical properties of tritium are common with those of o »:r
hydrogen isotopes. Tritium gas burns in oxygen to form T,0, and it exchanges
with h: - 2n atoms of organic molecules.

The differences in chemical behavior of isotopes, called isotope effects,
are observe for the h! -ogen series. For example, free tritium exchanges
quite readily with bound hydrogen. Because the tritium atom is heavier than
the hydrogen atom, bound tritium is slightly more stable than hydrogen bound
in the same chemical environment. A comparison of the ionization constants of
T,0 and H,0 illustrates this difference. The constant for H,0 is 1 x 107" and

6 x 107 (17 times smaller) for T,0. Therefore, under conditions of
competitive exchange, tritium in the bound form is favored over hydrogen.

This difference becomes the basis for the chemical isotopic separation schemes
that are discussed in Section 6.1.3. -

2-1
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Figure 2-1. Tritium Decay.
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Table 2-1. Tritium Decay. Table 2-2. Tritium Decay.
Decay Time, Tritium
Years Remaining (%) Tritium Decay Time,
0 100. L Remaining Years
10 57.0 1.0 0
20 32.5
30 18.5 0.1 4
40 10.6 0.0l 82
>0 6.03 0.001 123
60 3.44
70 1.96 0.0001 164
80 1.12 0.00001 205
90 0.64 —_—
100 0.36
) 0.21
120 0.12
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3.0 TRITIUM IN THE ENVIRONMENT

3.1 NATURAL PRODUCTION AND OCCURRENCE

Tritium arises in nature primarily by the interaction of cosmic rays
(high energy protons and neutrons) with nitrogen and oxygen in the upper
atmosphere. The most common is the reaction with nitrogen.

4N + n - 12¢ + 37

About 4 Megacuries/year (1 Megacurie, MCi, equals 1,000,000 Ci) are
produced in this way. The accepted estimate of the steady-state global
inventory of natural tritium is about 30 MCi. This is equivalent to about 3
Kg of elemental tritium (10,000 Ci is 1.03 g of tritium). Recent calculations
indicate that this inventory could be as high as 100 MCi (Vasaru 1993).

3.2 ARTIFICIAL PRODUCTION

In addition to naturally produced tritium, artificial sources contribute
substantially to the present world inventory. From 1950 to 1963, it is
estimated that atmospheric testing of thermonuclear devices added about 120 Kg
of tritium (about 1,000 MCi) to the natural inventory (Vasaru 1993).

Tritium is also produced as a byproduct of fission in nuclear reactors.
During reactor operation, tritium is formed in the fuel element by a process
called ternary fission. In ternary fission, a nucleus is split into three
particles. In operating reactors, a ternary fission generatii an atom of
tritium occurs randomly once in just over a thousand atomic fissions.

A second source of tritium from nuclear operations occurs in heavy water
(D,0) moderated reactors. The high neutron flux in the core of these reactors
slowly converts some of the deuterium to tritium. To maintain moderator
efficiency, the D,0 is regularly processed to remove this tritium (see
Section 6.0).

Tritium, produc 1 by ternary fission in the reartnr core, mav escape into
ventilated areas and subsequently be emitted in air Tu or 1sed
tri ated water and emitted in liquid reactor efflui ! ng operations,
fue rods with stainless steel cladding may lose up to half the tritium
produced in the fuel by diffusion and permeation through the cladding. With
Zircalloy-clad fuel, essentially all the tritium is retained in the fuel rod
as zirconium tritide. Subsequent processing of the spent fuel releases T, or
HT gas to the atmosphere and dilute HTO in several aqueous process effluent
streams.

Once formed or released in the atmosphere, tritium either reacts with
oxygen or exchanges with hydrogen in water vapor to form tritiated water

3-1
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Table 3-3. Releases of Tritium at DOE Tritium Management Facilities.

B | 1986 T 1988 1989 1990
LLNL 1,128 2,634 3,978 2,949 1,283
LANL NA NA 10,672 13,464 6,393
Mound Plant 3,601 3,979 3,319 2,802 ), 777
ORNL 30,690 43,560 20,664 25,200 11,900
Pantex Plant 0.13 0.10 0.12 40,000 2,550
Pinellas Plant 198 181 296 117 125

SRS (H Area and 406,700 551,900 389,000 364,200 248,900
tritium

reactors)
LLNL = Lawrence Livermore National Laboratory
LANL = Los Alamos National Laboratory
ORNL = Oak Ridge National Laboratory
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4.0 HEALTH RISKS ASSOCIATED [TH EXPOSURE TO TRIT M

4.1 TOXICITY

The maximum energy of beta emission from tritium decay is 18.6 keV. This
produces a maximum track length for tritium beta travel of 6 um in water.

| :ause it can never penetrate the outer layers of skin, beta radiation from
tritium decay only inflicts damage to humans when tritium is present inside
the body. Commonly used monitors, such as film badges or thermoluminescence
dosimeters that detect and measure external exposure to radiation, do not
detect tritium in the body.

Radioactivity, by w ene / beta emission, is the only biological hazard
characteristic of tritium. Because tritium as HTO is not distinguished from
water by living systems, it does not concentrate in a specific organ as does
jodine-127 or strontium-90. Also, like hydrogen, it possesses no intrinsic
chemical toxicity.

4.2 METABOLISM

Tritiated water, which is incorporated into the body by inhalation,
ingestion, or absorption, will partition into three biological systems or
"compartments." The first compartment is the water contained within body
cells and systems.  Tritium, as HTO, has a biological half-life of about 10
days in this compartment. This is called "tissue free water" tritium (TFWT).
Organically bound tritium (OBT), the second compartment, results from the
exchange of tritium with hydrogen bound to carbon. The OBT has a biological
half-1ife of 30 days. The third compartment is the OBT present in lipids and
fatty tissue where the biological half-Tife is 450 days. The s stantially
lower exchange rate for tritium into this Tast compartment results from the
lower interaction of water with "oily" surfaces of fatty tissues and lipids.

Biological half-lives for tritium in different body systems represent

physical and chemical processes within the body and not the nuc ir decay of
tritium. As such, they represent i : rate of chemical exchangt ility of
tritium both into and out of the biological system components. Bioloaical
half-lives vary from individual to indiv ial. Tho: | ive ‘e

assumed averages for the adult male.

The first biological component, .. WT, is responsible for about 90% of a
total absorbed dose, while the second and third systems together account for
the ri  ining 10% of the tritium dose. When a person is contaminated, the
Natiol Council on Radiation Protection and Measurement recommends "oral
intake of fluid (e.g., water, fruit juice, tea, coffee, or beer) at 3 to 4
L/¢ " (Okada and Momoshima 1993) to dilute and flush tritium out of body
systems, particularly before it assimilates into the more isolated systems.

The internal hazard from exposure to molecular tritium (HT or TZ) is much
less severe than that of HTO. Only 0.004% of HT inhaled by a human is
converted to HTO and retained in the body compared to 98 to 99% retention for
inhaled HTO. Neither HT nor T, is absorbed through the skin, whereas HTO is

4-1
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5.0 REGULATION OF TRITIUM DISCHARGES

5.1 GENER/I PRINCIPLES

Radioactivity, expressed in Ci or Bq, is a measure of the rate of decay
of atomic nuclei in a radioactive substance. It is used as the basis to
tantify the energy imparted to an exposed subject. This energy is expressed
1n units of rads or gray (Gy) (100 rad is 1 Gy). Effective radiation dose,
expressed in rems or sieverts (Sv) (100 rems is 1 Sv) is the quantified effe«
of ionizing radiation on humans.

Radioactivity discharge limits are imposed either as limits to the amount
of potential exposure to radiation or as limits to the amount of radioactivity
discharged. Radioactivity exposure limits are established by ar icipating
annual total-body dose to members of the public who will Tikely be exposed to
radioactivity emitted from the reqgulated source. This is expressed as a
total-body dose 1imit in millirem/year (mrem/year). This dose 1imit may be
established for a specific radionuclide, or it may be established for a group
of radionuclides (e.g., beta  tters).

Alternatively, limits on radioactivity in discharges are expressed as
total actjvity per unit time (e.g., Bg/year) or as activity concentrations
(e.g., pCi/L).

5.2 ESTABLISHING DISCHARGE LIMITS AND STANDARDS

Discharge limits for radionuclides, whether expressed by dose or
activity, may be established as general standards (e.g., applying to all
nuclear power plants). They may also be written to apply only to a particular
1 :ility and would therefore appear as a part of a facility-specific operating
Ticense or permit. For example, the Commission of European Communities (CEC)
favors facility-specific effluent controls rather than standard uniform
emission standards (Gouvras et al. 1988). When the CEC exercises
facility-specific type of control, it is usually established as total activity
limits over time.

An additional factor verning releases of triti.. - - @ 1ir it
involves making the radiation dose or activity level discharge ALARA.
Technical and economic feasibility, as well as background radiation levels,
are factored into this concept. Even when an uj :r activity limit for
discharge is established, a facility may be required to not only stay below
that Timit, but to achieve even lower release levels to the extent that the
balance between cost and benefit can be optimized.

5.3 U.S. TRITIUM DISCHARGE LIMITS

The air and liquid emissions from commercial nuclear power plants in the
U.S. are governed by ny federal and state regulations. Only those that
apply to liquid discharges are discussed below. Table 5-1 presents the
general dose and activity regulatory standards for water discharges.

5-1
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Tritium and strontium-90 are set aside and given a limit for the "average
annual concentration assumed to produce a total body or organ dose of
4 millirem." For tritium, that concentration Timit was set at 20,000 pCi/L.

Chapter 173-200 Washington Administrative Code (WAC), Water Quality
Standards for Groundwaters of the State of Washington contains the « teria
for ambient groundwater quality developed by the Washington State Department
of Ecology (Ecology). The activity level for tritium is 20,000 pCi/L, the
same as the EPA interim primary Drinking Water Standard.

Permanent standards for drinking water have been proposed and published

in the Federal Register (July 18, 1991; Vol. 5, No. 138, | 33050-33127).
1e proposed new contaminant level for beta and photon emitter activity

remains at 4 mrem/year, but a recalculation of the tritium dosimetry equation
increases the concentration level for tritium to 60,900 pCi/L. Three years
have passed since these proposed star irds were published, and the rule has
not yet been finalized. Therefore, it is uncertain if final adoption will
include these increased levels for tritium. '

5.3.4 40 CFR §190, Environmental Radiation Protection Standards
for Nuclear Power Plant Operations

The annual dose Timits given in Table 5-1 above apply to total
emissions, including both air and water discharges.

5.4 RADIATION DOSE AND TRITIUM DISCHARGE LIMITS FOR OTHER COUNTRIES

For the countries in Europe, a common framework for regulation is
provided in Chapter III of the Treaty establishing the European Atomic Energy
Community. In addition, all countries listed (except the fo. :r Soviet Union)
are member states of the Organization for Economic Cooperation and Development
and the Nuclear Energy Agency. These bodies provide overarching policy for
limiting radiation exposure to the public. However, the procedures and
methods for limiting the discharges vary from country to country (Gouvras et
al. 1988). These variations depend on whether radiation control is enforced
facility by facility or established by general numerical Timits set for a
geographical area or political ji sdiction.

In most countries, the procedure for licensina a facility and setting
discharge limits begins with proposed discharge 1 ts based on histor 1]
performance of similar facilities. To apply for regulatory authorization, the
operator must show that the predicted discharge levels from the proposed
facility would result in radiation doses below the regulatory dose Timits. As
part of the process of plant approval, the licensing authority conducts its
own evaluation of the prc )sed discharge levels. They examine the proposed
plant design, assess the "radiological capacity" of the receiving environment,
and account for releases from other existing or planned facilities into the
same environment (Gouvras et al. 1988).

The most important advisory body for international radiation protection

is the International Commission on Radiological Protection (ICRP). This
organization is a body of recognized experts from various countries and not a

5-3
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5.4.4 Canada

Liquid discharge of tritiated water in Canada is regulated by Health
Canada. The present limit for tritium is 40,000 Bg/L (1,080,000 pCi/L). This

may be reduced to 7,000 Bq/L (190,000 pCi/L).

5.4.5 Russia

No information was available regarding radiation dose or tritium
discharge Timits for Russia.

5.4.6 Japan

No information for Japan limits was available when this section was
prepared.

5-5
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7.0 TRI1 JM AT THE HANFORD SITE

7.1 TRITIUM CONTAMINATION IN HANFORD SITE GROUNDWATER

Reports on the environmental monitoring of the Hanford Site are issued
each year. The Hanford Site Environmental Report 1992 (Woodruff and
Hanf 1993) contains most of the information that is summarized and analyzed in
nis section. Ad tionally, specific reports on groundwater monitoring
(Dresel et al. 1993) and Columbia River monitoring (Dirkes 1993) are published
by PNL. Each report includes data and discussion regarding the presence of
tritium in the environment of the Hanford Site.

7.1.1 Source of Tritium in Groundwater

Past disposal practices at the 100 and 200 operating Areas at the Hanford
Site have resulted in the discharge of more than 440 billion gallons of
contaminated process water into the soil column. As a result, tritium
concentrations greater than the 20,000 pCi/L primary Drinking Water Standard

are found in the groundwater within an area that encompasses almost 20% of the
Hanford Sit water table that is sot 1 of the Columbia River (see Figure 7-1).

With reactor and fuel -ocessing operations shut down, soil disc irge of
tritiated wastewater has been discontinued. Atmospheric and ground releases
of tritium from the Hanford Site were about 40 Ci in 1992 (Woodruff and Hanf
1¢ !). Subsurface migration of tritium-containing groundwater into the
Columbia River is estimated to be 4,600 Ci for 1992 (Knepp 1994).

7.1.2 I0 East Area Tritium Plume

The largest area of tritium contamination in groundwater exists within a
100 square-mile triangular-shaped plume that extends directly east and
southeast toward the Columbia River from its apex at the source, the
Plutonium-Uranium Extraction (PUREX) plant in the 200 ast Area (see
Tritium levels in monitoring wells near the PUREX facility are
high as 4,000,000 pCi/L. This high area of tritium conrentration
resulted from aqueous discharges from the PUREX plant during past
1 n 1956 to 1989. The aquifer in this area is fairly flat and porous
¢ wing the plume to expand and migrate from its point of origin. The travel
time from the source to the river along the shortest path is estimated to be
23 years (DOE 1987).

This plume merges with the Columbia River along a 30-km distance nor
from the 300 Area. For 20 Km of this distance, the tritium concentration at
the river is greater than 20,000 pCi/L. For a short 2 Km segment, the tritium
concentration increases to greater than 200,000 pCi/L. No other ground
contaminant from Hanford Site operations, except nitrate, has migrated this
far from its source.

7-1
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It is concluded that tritium from this plume is seeping through the
subsurface strata into the river. The river monitoring of tritium for 1992
(Woodruff and Hanf 1993) shows a level of 110 pCi/L at the Richland pumphouse
compared to the background level of 60 pCi/L measured at the Priest Rapids
Dam. The increase in the concentration ¢ tritium in the river resulting from
its flow through the Hanford Site is 50 pCi/L. Tt ; addition of tritium
includes contributions from all Hanford Site sources entering the river via
subsurface migration.

7.1.3 200 West Area Tritium Plume

The second significant area of tritium in the groundwater is a highly
concentrated plume southeast of tI 200 West Area. This small, 8 square-mile
plume resulted from discharges of liquid effluents from the Reduction
Oxidation (REDOX) plant during operations from 1956 to 1967 (see Figure 7-1).
This plume has shown Tittle tendency to expand because of declining flow from

» groundwater mound beneath the U Pond and the low permeability of the

liments in the area. The highest le of tritium measured in this plume
in 1992 was 4,450,000 pCi/L (found in well No. 299-W22-9). Measurements of

ritium in this well show a steady decline from a level of 12,000,000 pCi/L in

1978 (see Figure 7-2). The slope of the Tine of tritium concentration plotted
in this graph is about 1.25 times that expected for the radioactive decay of
tritium. This suggests that 80% of the decrease in tritium concentration
results from radioacti' decay and that the remaining 20% is pri ably
dispersion of the tritium in this plume. Assuming that groundwater discharges
in this area do not change, it is possible to conclude that this plume will
decay to a level below the 20,000 pCi/L Drinking Water Standard in the next

100 years and not migrate into an area that would carry it to the river.

7.1.4 100 Area Tritium Groundwater Plumes

Tritium is present in the groundwater at the K and N Reactor sites in the
100 Area. Monitoring wells at N Reactor show tritium concentrations just
above the 20,000 pCi/L Drinking Water Standard, while one well at the K
Reactor area gave a tritium level of 1.690.000 oCi/L. The shapes of the K and
N tritium ¢ iundwater pl_ s sugge . tb . - ‘e n ding in an easterly
direction away from { : reactors and the river. Although the edge of the
plume is at the Columbia River, it pears that subsurface flow of water fro
the river is pushing the plumes inland away fr__ the ri* -.

7-3


















DOE/RL-94-77

7.3.1 Disposal Options Considered in the Selection of Soil Column Disposal

In a recent report, Ebasco (1993) developed an empirical ranking and
evaluation of several proposed options for direct and delayed disposal of
tritiated water. These alternative methods represent an array of choices,
including ground discharge, slurry wall confinement, grout solidification, and
evaporation. Because this study has not been officially published, its
results are presented her in some detail.

Twenty-two alternatives for treating and/or disposing the wastewater were
originally considered by Ebasco. These alternatives were compared against
each other by assigning estimated costs and levels of associated risk. 1e
risk factors assigned were an empirical estimate of the consequences of
delayed schedules, adverse health effects to workers and the public, adverse
ecologic impact, and failure to achieve desired technical performance or to
satisfy regulations and other requirements.

Eleven alternatives were eliminated from further consideration in a
process established to screen for excessive cost and high risk. The remaining
alternatives were then scored according to relative cost and risk factors. 1In
the scoring, a zero represents the Towest threshold of acceptability and a
higher score in a range represents a lower cost or risk. The overall results
of the evaluation are provided in Table 7-1, in descending order of score.

Subsurface disposal is the highest rated alternative, receiving the
highest rating in four of the seven categories. It is consistent with the
200 Area ETF disposal to the soil column and poses relative y low risks to
workers, the public, and the environment. Subsurface disposal is a proven
technology that presents little risk of unexpected future liabilities.

Public participation was sought and received on this disposal 2thod
through the State Environmental Policy Act approval process. Although there
is a degree of public sensitivity to the ground disposal method, it must be
viewed differently from the historical perception of wastewater disposal at
the Hanford Site. Past disposal practices resulted in contamination of the
soil because historical wastewaters contained certain waste species that
concentrated in the soil near the point of disposal. Because tritium does not
{ ‘a’ during movement through the sail column as do metal ion
contaminants, tritiated wastewater can be sposed to ti | ith

isurance that it will dilute and decay and not ¢ 1se future contamination of
the soil.
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and the map (Figure 7-1) of the present tritium plumes confirms the results of
the modeling that predicts this pathway. Calculations modeling (Law 1992b)

t : movement of two present tritium plumes agrees with the observations given
in the groundwater monitoring report (Dressel et al. 1993).

The modeling calculations for solute movement were done using an input
Tevel of 21,000,000 pCi/L for tritium. This was selected based on the
expectation that feed to the 200 Area ETF would also include two streams from
PUREX. These streams have since been deleted from the scope of the ETF
mission. Present expectations are that maximum tritium levels will be about
6,000,000 pCi/L.

The objective of the groundwater modeling reported by Golder Associates
(Golder 1991) was to provide a comparison of the potential movement of a
tritium plume resulting from discharge of tritiated effluent at each candidate
location. The mod( ing results clearly show that site No. 1 provides the
longest path time to the river and would provide the greatest amount of
tritium decay.

The modeling produces one artifact that should be explained. Projecting
the movement of the tritium plume from site No. 1 to the Columbia River using
the steady-state model for the c:z :ulations resulted in a time of 205 years
for migration of tritium to the river (Golder 1991). In achieving this
projection, a tritium disposal input level of 21,000,000 pCi/L was used for
each year in the modeling for the 205-year projection. This produces a result
that shows groundwater concentrations of tritium that exceed 2,000,000 pCi/L
after 205 years of projected calculations.

Someone who is not technically familiar with the details of the modeling
or the decay rate of tritium could erroneously conclude from the modeled
projections that there would be large amounts of tritium in the groundwater
after 205 years. Realistically, the scharge of tritiated water at the
disposal site is not anticipated beyond a 30-year operational life for the 200
Area ETF. Additionally, and more importantly, all tritium is continuously
decaying. Tritium at a level as high as the concentration used in the
modeling, 21,000,000 pCi/L, will decay to 200 pCi/L in 205 years. Using these
two facts in interpretir the modeling results would produce a r ‘e favorable
pro, :tion of tritium in the groundwater.
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Figure 7-5. Simulated Hydraulic Head Contours with Disposal at the

State-Approved Land Disposal Site (Golder 1991).
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8.0 TRITIUM ~ THE SAVANNAH RIVER SITE

Although a number of DOE sites have experienced tritium emissions and
have areas of environmental tritium contamination, the Savannah River Site
(SRS) has reported the most significant levels of tritium emissions (see
Section 3.3.3, Table 3-3). Therefore, it is important for this report to
examine the SRS operations regarding tritium.

8.1 EXTENT OF THE TRITIUM CONTAMINATION AT SRS

The Savannah River Site consists of a number of DOE uclear facilities.
These facilities include reactor operations, spent fuel processing, and
tritium production. It is not surprising, therefore, that it has historically
experienced the highest tritium emissions of any DOE Tocation. It ¢ 50 has
the highest levels of tritium in its groundwater. Since operations began,
several million Ci of tritium containing waste have been placed in the SRS
burial ground in packaged solid materials (DOE 1991).

The Savannah River Site Environmental Report for 1992 (Arnett 1993)
reports tritium contamination in both surface and groundwater. Measured
discharges of tritium to the Savannah River declined from 24,000 Ci in 1986 to
14,000 Ci in 1992. Concentrations of tritium in tributaries to the Savannah
I /er range from 40,000 to 240,000 pCi/L. Tritium in the Savannah River
downstream from SRS in 1992 ranged from 1,000 to 4,000 pCi/L compared to an
upstream background measuring 100 to 200 pCi/L. Althouah this is still below
the Drinking Water Standard, it is much higher than the ) pCi/L total
tritium in the Columbia River down stream from Hanford 3 operations (Dirkes
1993).

Tritium Tevels in surface and groundwater are extensively monitored and
re¢ orted for SRS (Arnett 1993) just as they are for the Hanford Site (Woodruff
ana Hanf 1993). Seep: @ basins in the F and H Areas at SRS have associated
underground tritium plumes with concentrations near the discharge source as
high as 25,000,000 pCi/L. These tritium concentrations at SRS are much higher
than those measured for present groundwater plumes at the Hanford Site.

The underground tritium plumes at SRS appear as fairly _ 11 locali: |
areas in maps published in the report (Arnett 1993), but the lowest
concentration gradient reported for the H Area plume is 40,000 poCi/L and is
1,000,000 pCi/L for the F Area. The scope of the groundwater contamination
would appear much larger at SRS if tritium concentrations were reported down
to 5,000 pCi/L as is done at the Hanford Site.

The DOE-SR officials signed the Federal Facility Agreement (FFA) on
January 15, 1993. The FFA, which sets the terms of environmental remediation
at SRS, is an agreement between the South Carolina Department of Health and
Environmental Control, the EPA, and DOE-SR.

Because of the concern about tritium in the environment in and near SRS,

two committees have been formed to address these issues: (1) the Technical
Advisory Committee for the evaluation of Trans-Savannah River Groundwater
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According to regulatory sources at SRS (Todaro 1994), discharge of
tritium in 1iquid effluent from the SRS-ETF is not controlled by the permit.
The primary guideline for discharging tritium at SRS is the Derived
Concentration Guide (DCG) of 2,000,000 pCi/L.

The tritium in the treated effluent discharged from the SRS-ETF in 1993
averaged 7,440,000 pCi/L. This level of tritium discharge is allowable in
South Carolina by applying the "mixing zone" concept. This regulatory concept
permits the discharge from the SRS-ETF to be diluted in the stream before
applying the primary Drinking Water Standard for tritium. These mixing zones
are established at the point of discharge into the creek and at the point
where the stream empties into the Savannah River. As long as the tritium
level measured downstream from a mixing zone is less than the Drinking Water
Standard, discharge is permitted.
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9.0 CONCLUSIONS

Process technology for a numl * of hydrogen isotope separation methods
was reviewed. A1l processes were developed for the separation of tritium from
a concentrated Tow volume stream. The potential application of these
processes to low-level tritium in large volumes of treated effluent or
groundwater is projected to require high capital and operating costs.

In the absence of appropriate separation technology, effluent containing
tritium is discharged into the ground, rivers, and oceans around the world.
Discharge of tritiated waste effluent into the soil column has been approved
at the Hanford Site (SERA 1993). Residence time in the ground is sufficient
for the tritium to decay to levels below the Drinking Water Standard.
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Federal Facility Agreement and Consent Order
Change Control Form

Change Number: M-26-93-01

~-‘~inator: June M. Hennig  376-1366

Title: Tritiated Wastewater Treatment Evaluation

Descriptf~=/™~tif*--tion:

A technological solution needs to be found for controlling or removing
residual tritium from water at the concentrations and quantities that
presently exist in the environment or that will remain in liquid efi lIent
streams after treatment. The two major applications for this treatment
technology at the Hanford Site would potentially be the cleanup of tritium
contaminated groundwater and wastewater that contains residual tritium after
treatment (e.g., the 242-A Evaporator Process Condensate liquid effluent).

The DOE proposes that a Tri-Party Agreement interim milestone be
established to provide a comprehensive annual review of the development status
of tritium con 1inated water treatment and control ter nologies. The summary
report would be written in a nontechnical fashion and would contain a
bibliography to reference technical reports, and would be less than 30 pages
in length. The report should cover the following:

A. A brief background discussion about tritium, the Drinking Water
Standards established for tritium by the Environmental Protection
Agency and the environmental and health risks (short term and long
term) associated with exposure to tritium.

B. A summary of the expected discharge of tritium contaminated
wastewater from the 200 Area ETF and other current or future liquid
effluents that have tritium present in concentrations in excess of
the Drinking Water Standards. This summary will include the
expected concentration of tritium in the effluent after treatment,
the expected volume of discharge, and the total ci i of tritium
expected to be discharged.

C. immary of the extent of tritium contamination in the groundwater
beneath the Hanford Site. This summary will describe the direction,
speed, movement, and concentration gradients of the tritium ground
water plume(s).

D. A comparison of the extent of the tritium cont: nation, tritium
control and treatment technologies, and permit conditions at the
Hanford Site against other DOE sites.

E. A survey of the major permits granted for the disposal of tritiated
wastewater. A comparison of the disposal mechanisms and permitting
approach being used at other facilities in the United States
disposing of tritiated discharges in concentrations in excess of the
EPA Drinking Water Standards. The report will contain an evaluation
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This change will provide a regnlar comprehensive review of tritium
control and treatment technologies - at would be i plicable for use at the
Hanford Site. Tritium treatment technology will be reviewed for application
to the treatment of tritium contaminated wast 1ter and tritium contaminated
groundwater with the purpose of identify 19 solutions that look promising for
large sc¢ 2 appl :ations. Ecology, DOE, and EPA will work together to scre
emerging promising technologies to identify those technologies suitable for
bench and pilot-scale testing with Hanford Site contaminated water. If
application of a tec 10logy is mutually ¢ -eed-upon, implementation (e.g.,
ber 1 scale, pi >t scale, full scale) of tne technology ' |1 be incorporated
into the Agreement Action Plan through negotiation. Timely resolution of
these negotiations (within 6 months) is expecte Fail e to complete
negotiations within 6 months from annual report submission wil result in
dispute resolution.
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