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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 wastewater treatment and disposal. 

The key elements of the report are summarized as follows: 

Discharge of tritiated water is regulated worldwide. Differences 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. In 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. These 

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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All processes that generated tritium at the Hanford Site have been 

terminated. Residual amounts of tritium from past operations are present in 

water contained in stored tank waste, in surface impoundments, and in the 

geological strata beneath of the Hanford Site. Discharge of treated effluent 

containing tritium to the soil column is planned for a site north of the 200 

West Area. Modeling shows that time for potential migration of groundwater to 

the Columbia River from this site will allow tritium to decay to levels below 

the U.S. Environmental Protection Agency (EPA) Drinking Water Standard. 

The Savannah River Site (SRS) is the other U.S. Department of Energy 

(DOE) location with major amounts of tritiated wastewater. Tritium is present 

in the groundwater at SRS in concentrations higher than at the Hanford Site. 

Treated effluent containing 5,000,000 pCi/L of tritium is directly discharged 

into a tributary of the Savannah River from the SRS-Effluent Treatment 

Facility (ETF). 

The following three developments regarding tritium and tritium management 

deserve further study as subsequent annual reports are assembled: (1) is the 

ongoing research by Pacific Northwest Laboratory (PNL) in the membrane 

separation process for tritium; (2) 41 countries have accepted a formal ban on 

the sea dumping of low and intermediate radioactive waste. If tritium is 

included in this ban, it could stimulate development of tritium separation 

technology; and (3) on May 19, 1994, the U.S. Senate passed the Safe Drinking 

Water Act Amendments of 1994. The U.S. House of Representatives has not acted 

on this issue, thus, a final law is not in place. The significance is that 

the law, when final, would force the EPA to prioritize the rulemaking on final 

Drinking Water Standards in which the contaminant level for tritium could be 
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reviewed and possibly raised to the recommended 60,900 pCi/L. 
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1.0 INTRODUCTION 

This report is the first response to the Hanford Federal Facility 
Agreement and Consent order (Tri-Party Agreement) Milestone M-26-0SA, 
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 events dealing with 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 the disposal of tritiated wastewater into the soil column at the Hanford 
Site. The report intends to communicate highly technical concepts in layman'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 materials 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 radioactive material based on its 
radioactivity. One Curie (Ci) is 3.7 x 1010 disintegrations per second. 

Of all the combinations of un i t s possible for expressing concentrations 
of tritium in water, the term "picocur i es per liter" (pCi/L) seems to have 
become standard terminology at t he Hanford Site. It is used almost 
exclusively in this report. Where regulatory limits are expressed in other 
units, this report cites the actua l l imi t and in parenthesis gives the 
conversion to our common usage . Append ix B shows equivalencies of 
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 "3H" 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-life of 12.3 years. Therefore, 5.5% of all existing tritium is 
lost in 1 year by radioactive decay. The product of this decay is 3He 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 
"

2H" 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 H2 . Tr itium oxide (T~0) boils at 101.5° c 
compared to 100 . 0° C for normal wa t er (H20). The specific gravity of T20 is 
1.2 times greater than that for H20. These di fferences in phys i cal properties 
have been explo i ted for the sepa r ati on of hydrogen isotopes (see Section 6.1). 

2.3 CHEMICAL PROPERTIES 

Most chemical propert i es of triti um are common with those of other 
hydrogen isotopes. Tr itium ga s burns i n oxygen to form T20, and it exchanges 
with hydrogen atoms of organ ic molecules . 

The differences i n chemic al beh avi or of is otope s, called isotope effects, 
are observed for the hyd r ogen se ries. For ex ample , free tritium exchanges 
quite readily with bound hydrogen. Becau se the trit i um atom is heavier than 
the hydrogen atom , bound triti um is sli ghtly more stable than hydrogen bound 
in the same chemical env i ronment . A compari son of the ionization constants of 
T20 and H20 illustrates t his diffe rence. The constant for H20 is 1 x 10- 14 and 

6 x 10- 16 (17 times smaller) fo r T20. Therefore , under conditions of 
competitive exchange , tr i t i um i n th e bound form is favored over hydrogen. 
This difference becomes the ba sis for the chemical isotopic separation schemes 
that are di scus sed i n Sec tion 6.1.3. 

2-1 
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2.4 ANALYSIS AND DETECTION 

Tritium is readily detectable at low levels because of its radioactivity. 
Concentrations as low as 10 pCi/L in water can be detected under certain 
conditions. Liquid scintillation counting is a rapid and sensitive method 
applied to determine the amount of tritium in liquid samples. The ionization 
chamber is sensitive to the detection of tritium in gaseous form. Mass 
spectrometry is most useful for distinguishing between compounds containing 
mixed hydrogen isotopes, such as HD, HT and OT or HOO, HTO, and OTO. 

When tritium concentrations are near the detection limit of the method, 
accuracy can be improved by increasing the specific activity of the sample. 
This is accomplished by using laboratory-scale isotopic enrichment processes. 
Electrolysis and distillation are particularly effective for laboratory 
enrichment of tritium in water samples. Thermal diffusion and gas 
chromatography provide similar laboratory enrichment of gaseous hydrogen 
samples. For more information on the properties of tritium, see Katz (1978) 
and Vasaru (1993). 

2.5 USES 

If fusion power is developed and used in the future, it will be a major 
commercial application for tritium. Presently, the major commercial use for 
tritium is in radioluminous light sources. In these applications, beta 
emission from tritium activates a luminescent phosphor causing the emission of 
light. This light is used to illuminate signs where there is no electrical 
power. Glowing "EXIT" signs are a prime example of this use. Some of the 
tritium (1,000,000 to 2,000,000 Ci) separated from heavy water reactor media 
in Canada is used for this purpose. About 20 to 30 Ci of tritium are used in 
a typical sign. Small amounts of tritium are used as a radiotracer in medical 
and laboratory work. 

2-2 
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Figure 2-1. Tritium Decay. 
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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. 

+ + 

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 generating 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 
(020) 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 020 is regularly processed to remove this tritium (see 
Section 6.0). 

Tritium , produced by ternary fission in the reactor core, may escape into 
ventilated areas and subsequently be emitted in air effluent or released as 
tritiated water and emitted in liquid reactor effluent. During operations, 
fuel 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 T2 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 
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(HTO). Therefore, 99% of the world inventory of tritium resides in the 
earth's hydrosphere. The remaining 1% exists in the atmosphere as HT gas or 
HTO vapor. 

T· 

T· 

+ 

+ 

HTO 

HT 

+ H· 

3.3 WORLDWIDE SURVEY OF TRITIUM RELEASED TO THE ENVIRONMENT 

In preparing this report , a survey was conducted to establish a reference 
baseline to compare anticipated tritium emissions from Hanford Site waste 
processing and remediation activities to the emissions from other known U.S. 
and international sources. Information on historical airborne and liquid 
tritium emissions from other point sources was compiled and assessed (SAIC 
1994). 

This survey focused on tritium releases from several processes related to 
the production of nuclear weapons, nuclear power generation, and radioisotope 
production. These sources are similar to Hanford Site waste management and 
remediation activities in that the tritium emissions are continuous, planned, 
and regulated point-sources. 

The 1993 Report of The United Nations Scientific Committee on the 
Effects of Atomic Radiation titled Sources and Effects of Ionjzjng Radjatjon 
(UNSCEAR 1993), contains a comprehensive compilation of information on 
radioisotope releases. The report was issued in early 1994 and includes data 
on airborne and liquid releases of radioisotopes from nuclear industry sources 
in 26 countries from 1985 through 1989. The report contains substantial data 
on emissions from commercial reactor and fuel reprocessing facilities. 
Unfortunately, although the report was issued recently, the information in it 
is 5 years old . 

3.3.1 Commercial Spent Fuel Reprocessing Facilities 

Fuel reprocessing facil i t i es are major sources of tritium releases. A 
summary of releases from 1985 to 1989 for Cap de la Hague in France, 
Sellafield in the UK, and Tokai-Mura in Japan is shown in Table 3-1. Fuel 
reprocessing activities outside the U.S. in 1989 accounted for 180,000 Ci of 
tritium reported in both airborne and l iquid releases, with almost 90% 
released as liquid. 

3.3.2 Commercial Power Reactors 

Reported global emissions of tr i t i um f r om nuclear power plants totaled to 
almost 500,000 Ci in 1989 (see Table 3- 2). Of this, 40% was discharged into 
water and 60% discharged into the air. The most significant global sources of 
tritium emissions were the heavy water reactor (HWR) sites in Canada, 
Argentina, India, and Pakistan. The se 11 HWR reactor sites, of 242 listed, 
accounted for 70% of the tritium emissions reported. Canada, with six HWR 
locations, contributed 40% of the wor l dwide emissions of tritium. 

3-2 
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Table 3-1. Tritium Releases from Commercial Fuel Reprocessing 
Facilities (SAIC 1994). 

LIQUID RELEASES OF TRITIUM FROM REPROCESSING 
FACILITY PLANTS (CURIES) 

1985 1986 1987 1988 1989 

Cap de La Hague France 70,270 62,162 81,081 67,568 100,000 

Sell afield, United Kingdom 28,703 58,108 37,162 46,595 57,946 

Tokai-Mura, Japan 7,027 6,486 7,027 2,000 6,486 

In comparison, the U.S., with 88 pressurized water reactor (PWR) and boiling 
water reactor (BWR) facilities, was responsible for 8% of the world emissions 
of tritium in 1989. 

European countries near the Atlantic Ocean report emissions of 33,000 Ci 
of tritium from 69 reactors. 

3.3.3 Tritium Emissions from DOE Tritium Facilities 

Tritium releases from the U.S. Department of Energy (DOE) Tritium 
Facilities that engage in Research and Development activities, production, 
processing, shipment, and storage of tritium have been reported (DOE 1991). 
Over the last decade, releases of tritium at all locations engaged in these 
activities show a continuing decline (see Table 3-3). 

Because of manufacturing and processing, the Savannah River Site (SRS) is 
by far the most significant contributor of tritium emissions. These emissions 
from SRS do not include emission s from plutonium reactor and fuel reprocessing 
areas. 

Consistent with the as low as reasonably achievable (ALARA) philosophy, 
the tritium control method in place at all locations is "the reduction of 
releases by continually improving operation s . " 

3.3.4 Mechanisms for Disposal of Tritiated Wastewater 

European countries typically discharge tritiated water into the Atlantic 
Ocean. According to the 1972 London Convention, waste containing up to 
1,000,000 total Ci per ton of waste is approved for ocean disposal. The North 
Atlantic area limit for total radioactive disposal was set at 1015 Ci/year. 
Russia (the former USSR) discharges its low- level radioactive waste into the 
Sea of Japan and into the Arctic Ocean at Murmansk. In India, tritiated waste 
is pumped to ponds for solar evaporation ( IAEA 1984). 
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Table 3-2 . Commercial Power Reactor Emissions (SAIC 1994). 

COUNTRY 

Argentina 

Belgium 

Brazil 

Bulgaria 

Canada 

China, Taiwan 

Czechoslovakia 

Finland 

France 

Germany 

Hungary 

India 

Italy 

Japan 

Mexico 

· Netherlands 

Pakistan 

Republic of Korea 

South Africa 

Spain 

Sweden 

Switzerland 

USSR 

United Kingdom 

United States 

Yugoslavia 

TO'fAl 

TOT. NO. OF 
REACTORS 

2 

2 

1 

1 

6 

3 

2 

2 

21 

19 

1 

3 

2 

17 

1 

2 

1 

6 

I 

9 

12 

4 

17 

18 

88 

1 

242 

1989 TRITIUM RELEASES FROM COMMERCIAL REACTORS (CURIES) 
LIQUID EFFLUENTS 

REACTORS 

REPORTED 

2 

2 

TRl11UM 

DISCHARGED 

14,054 

2,876 

not reported 

not reported 

6 

3 

2 

2 

21 

18 

1 

2 

2 

17 

0 

2 

I 

6 

I 

9 

12 

4 

16 

15 

82 

1 

227 

73 ,838 

548 

769 

441 

22,416 

4,162 

403 

3,088 

2 

5,361 

0 

159 

270 

4,777 

1,008 

3,021 

1,677 

621 

13,369 

25,290 

34,227 

324 

212,699 
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AIRBORNE EFFLUENTS 
REACTORS TRITIUM 

REPORTED DISCHARGED 

2 

2 

1 

not reported 

6 

3 

2 

2 

not included 

18 

1 

2 

2 

not measured 

0 

2 

6 

0 

9 

not measured 

not measured 

7 

5 

82 

1 

154 

21,243 

38 

4 

132,243 

64 

51 

33 

245 

18 

70,919 

1 

0 

13 

38,649 

6,215 

0 

171 

8,428 

336 

5,196 

16 

283,885 

TOTAL 
REPORTED 

RELEASES 

35,297 

2,914 

4 

0 

206,081 

612 

820 

473 

22,416 

4,407 

421 

74,006 

3 

5,361 

0 

172 

38,919 

10,992 

1,008 

3,192 

1,677 

621 

21,797 

25,626 

39,423 

340 

496,584 
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Table 3-3. Releases of Tritium at DOE Tritium Management Facilities . 

Location 

LLNL 1,128 2, 634 3,978 

LANL NA NA 10,672 

Mound Plant 3,601 3, 979 3,319 

ORNL 30,690 43 , 560 20,664 

Pantex Plant 0 .13 0 .10 0 .12 

Pinell as Pl ant 198 181 296 

SRS (H Area and 406,700 551 , 900 389 , 000 
tritium 
reactors) 

LLNL = Lawrence Livermore National Laboratory 
LANL = Los Alamos National Laboratory 
ORNL = Oak Ridge National Laboratory 
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13,464 6,393 

2,802 40,777 

25,200 11,900 

40,000 2,550 

117 125 
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4.0 HEALTH RISKS ASSOCIATED WITH EXPOSURE TO TRITIUM 

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 µmin water. 
Because 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 low energy 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 
iodine-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-life of 30 days. The third compartment is the OBT present in lipids and 
fatty tissue where the biological half-life is 450 days. The substantially 
lower exchange rate for tritium into this last 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 nuclear decay of 
tritium. As such, they represent the rate of chemical exchangeability of 
tritium both into and out of the biological system components. Biological 
half-lives vary from individual to individual. Those reported above are 
assumed averages for the adult male. 

The first biological component , TFWT, is responsible for about 90% of a 
total absorbed dose , while the second and third systems together account for 
the remaining 10% of the tritium dose. When a person is contaminated, the 
National 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/day" (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 T~) is much 
less severe than that of HTO. Only 0.004% of HT inhaled by a human 1s 
converted to HTO and retained in the body compared to 98 to 99% retention for 
inhaled HTO. Neither HT nor T2 is absorbed through the skin, whereas HTO is 
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taken into the body both by absorption and inhalation. The relative dose 
effect for exposure to HT is about 1/10,000 that for HTO. 

4.3 EPIDEMIOLOGY 

Once in the environment, tritium as HT or HTO is easily transported and 
rapidly diluted . Several instances of accidental emission of tritium at 
Savannah River and Lawrence Livermore National Laboratory showed that releases 
of 30,000 to 500,000 Ci of elemental tritium to the environment imposed little 
health risk. The calculated maximum human exposure inside the plant boundary 
for a 30,000-Ci' release of HTO was 3.0 mSv (0.3 millirem) (Okada and 
Momoshima 1993). 

Two epidemiological studies of long-term exposure of workers to tritium 
in atomic facilities in the United Kingdom have been reported (Beral et al. 
1985, 1988). These studies reveal a possible correlation of increased worker 
death from prostate cancer that might be related to internal exposure to 
tritium. Further studies are needed to confirm the result because of the 
overall low death rate of workers in the study. 

4.4 OCCUPATIONAL EXPOSURE LIMITS 

For purposes of radiation protection, the International Commission on 
Radiological Protection (ICRP) established 3 x 109 bequerels (Bq) (about 0.08 
Ci) (ICRP 1991b) as the annual limit for intake of tritiated water. The 
Derived Air Concentration (DAC) limit for HTO established by the ICRP is 8 x 
105 Bq/m3 (about 22 µCi/m3

) (ICRP 1978). Because tritium gas, T2 , or HT is 
less radiotoxic than HTO and is much less likel~ to be absorbed into the body 
from an exposure, its DAC limit is 2 x 1010 Bq/m (0.5 Ci/m3

) (ICRP 1978). 

The December 1993 issue (Vol. 65, No. 6) of Health Physjcs deals 
risk assessment, dosimetry, metabolism, and radiobiology of tritium. 
Health Physics and International Atomic Energy Commission (IAEA 1991) 
further information on these subjects. 
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5.0 REGULATION OF TRITIUM DISCHARGES 

5.1 GENERAL 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 
quantify the energy imparted to an exposed subject. This energy is expressed 
in 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 effect 
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 anticipating 
annual total-body dose to members of the public who will likely be exposed to 
radioactivity emitted from the regulated source. This is expressed as a 
total-body dose limit in millirem/year (mrem/year). This dose limit may be 
established for a specific radionuclide, or it may be established for a group 
of radionuclides (e.g., beta emitters). 

Alternatively, limits on radioactivity in discharges are expressed as 
total activity per unit time (e.g. , Bq/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 
facility and would therefore appear as a part of a facility-specific operating 
license 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 governing releases of tritium to the environment 
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 upper activity limit for 
discharge is established, a facility may be required to not only stay below 
that limit, 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 many 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. 
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Table 5-1. United States Regulatory Limits on Radioactive Exposure to the 
Public and Release of Tritium. 

Regulation/Agency Radiation C1>dose or activity concentration 
in water 

10 CFR Part 20 (NRC) 1.0 x 10·3 µCi/ml (106 pCi) (tritium) 

10 CFR Part 50 (NRC) 5 mrem/year (total body or any organ) 

40 CFR Part 141 (EPA) 4 mrem/year (beta emitters) (total body 
or any organ)' 2

' 

WAC 173-200 (Washington 20,000 pCi/L (tritium) 
State) 

40 CFR Part 190 (EPA) 25 mrem/year (total body or any organ) 

NRC = Nuclear Regulatory Commission 

(1) These dose limits are for exposure to the general public and are not 
occupational exposure limits. 

(2) EPA estimates that 20,000 pCi/L of tritium results in a total body 
or organ dose of 4 mrem/year. 

5.3.1 10 CFR §20, Standards for Protection Against Radiation 

The Nuclear Regulatory Commission (NRC) regulations set 1 x 10·3 µCi/ml 
(106 pCi/L) as the effluent limit for tritium in water. 

5.3.2 10 CFR §50, Appendix I, Design Requirements for Nuclear Reactors 

Appendix I of 10 CFR §50 states that the annual radiation levels in 
liquid effluents from all nuclear reactors within a facility should not result 
in a dose or dose commitment of greater than 5 mrem/year to the total body or 
to any organ of the body . 

Under the regulation , facility operators must determine that the level of 
activity in the liquid effluent will not exceed the established dose limit. 
This is done by calculating an estimated emission level based on standard 
assumptions regarding population and exposure pathways. The limits are 
included in the technical specification for each plant, specifically in its 
Offsite Dose Calculation Manual. 

5.3.3 40 CFR §141, National Primary Drinking Water Regulations 
and Chapter 173-200 Washington Administrative Code (WAC), 
Water Quality Standards for Groundwater of the State of Washington 

The Code of Federal Regulations , 40 CFR §141.16, sets forth the interim 
contaminant levels for beta particle emitters in drinking water. It states 
that "The average concentration of beta particle and photon radioactivity from 
manmade radionuclides in drinking water shall not produce an annual dose 
equivalent to the total body or any internal organ greater than 4 mrem/year." 
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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 limit 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 criteria 
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. 56, No. 138, pp 33050-33127). 
The 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 standards were published, and the rule has 
not yet been finalized. Therefore, it is uncertain if final adoption will 
include these increased levels for tritium. 0 

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

The annual dose limits 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 former 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 var i ations depend on whether radiation control is enforced 
facility by facility or established by general numerical limits set for a 
geographical area or politica l jurisdict ion. 

In most countries , the procedure for licensing a facility and setting 
discharge limits begins with proposed discharge limits based on historical 
performance of similar facil i ties . 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 limits. As 
part of the process of plant approval, the licensing authority conducts its 
own evaluation of the proposed 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 (Gouvra s et al. 1988 ). 

The most important adv i sory body for i nternational radiation protection 
is the International Comm iss ion on Radio l ogical Protection (ICRP). This 
organization is a body of recognized experts from various countries and not a 
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regulatory agency. Although the ICRP recommendations do not carry the force 
of law, they serve as a basis for most of the radiation protection standards 
and permit limits established by regulatory bodies throughout the world. 

The 1990 ICRP recommendations set forth a proposed public dose limit for 
all radiation of one millisievert per year (mSv/year) (100 mrem/year). This 
limit includes the qualification that a higher value of effective dose could 
be allowed in a single year, if the average over 5 years does not exceed 
1 mSv/year (ICRP 1991a) . 

5.4.1 United Kingdom (UK) 

Legislation in the UK requires that all discharges of radioactive 
materials to the environment be authorized by the appropriate government 
department. All facilities must either use best practicable means to limit 
the discharges, or to certify that discharges are as low as reasonably 
practicable. The public dose limit for all radiation is 0.5 mSv/year or 50 
mrem/year (Bell et al. 1992). 

Nuclear plants coming on line in the late 1980s in the UK were required 
to operate under site-specific numerical discharge limits. At the same time, 
established plants were being converted to this system (Gouvras et al. 1988). 

In the fusion reactor area, the Joint European Torus tritium handling 
facility in the UK had applied for approval to discharge small amounts of 
tritium to the air and water, showing in its modeling that the release will 
lead to a collective dose of 0.23 Sv /year (23 mrem/year). 

5.4.2 France 

In France, if the average activity concentrations in air and water at 
defined distances from a nuclear plant are lower than the established limits, 
then those emissions are assumed to be in compliance with individual dose 
limits set for the public (Gouvras et al. 1988). An administrative order 
establishing the conditions and limits of liquid radioactive effluents from 
the fuel disposal unit of the Creys-Malville nuclear power plant sets the 
tritium limit at 15 TBq/year (400 Ci /year) (APEC 1989). 

5.4.3 Germany 

Regulation to control radiation releases in Germany sets primary dose 
limits for tritium exposure. For members of the public, the dose is 
0.3 mSv/year (30 mrem/year) (Fiege 1992). The activity limits for nuclear 
facilities are derived from the dose limit by calculations established in the 
regulations. 

A report on tritium published by the Karlsruhe Nuclear Research Center in 
Germany (Fiege 1992) provides normalized averages for tritium releases to air 
and water from German nuclear power plants. The amounts released are, as a 
rule, significantly below permit t ed act i vity levels. 
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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 Bq/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 limits for Russia . 

5.4.6 Japan 

No information for Japan limits was available when this section was 
prepared. 
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6.0 TRITIUM SEPARATION TECHNOLOGIES 

In the past, tritium that was a normal byproduct of nuclear process 
operations has been discharged into the soil and surface waters or accumulated 
in stored waste and surface impoundments. Very little, if any, research on 
tritium separation has been exclusively dedicated to finding an economical 
method to mitigate low levels of tritium in aqueous effluent streams 
associated with nuclear processes. This is because present separation 
technologies are designed for "process" tritium. Process tritium is highly 
concentrated tritium or tritium oxide that is made as a product or separated 
from highly concentrated feed stream. "Environmental" tritium in contrast to 
"process" tritium is characterized by low concentration levels and potentially 
high feed volumes. 

Although present separation technologies are effective for feeds 
containing high levels of tritium, their potential for removing environmental 
tritium from aqueous streams has been described as "too costly," 
"inappropriate," and "unworkable" for the reasons discussed below. A detailed 
Westinghouse Hanford Company (WHC) report (Waters 1988) discusses four 
specific technologies for tritium removal. It also analyzes alternatives for 
environmental disposal of tritiated wastewater. Two other studies, 
commissioned by DOE, reach the same conclusions (King et al. 1991 and Nixon et 
al . 1991). These conclusions are discussed in the following section. 

6.1 HYDROGEN ISOTOPE SEPARATION 

Historically, the development of technology for separating hydrogen 
isotopes parallels the development of nuclear power for both domestic and 
strategic uses. Initially, a means to separate hydrogen and deuterium was 
developed to produce heavy water (020) for use as a neutron moderator and 
coolant in nuclear reactors. Further refinements of this technology were then 
developed to provide a method to remove the tritium that builds up in the 020 
moderator during heavy water reactor operation. Additionally, the strategic 
need for tritium resulted in processes for producing and purifying tritium. 
Finally, the potential use of tritium in fusion reactors continues to drive 
the search for a more cost - effect i ve separation technology for hydrogen 
isotopes. 

6.1.l Enrichment Technology 

Normally, isotopic separations employ small differences in atomic mass of 
isotopes within an elemental family to achieve a "physical" separation. 
Molecular mobility and vapor pressure are two physical properties that can be 
used as a basis for this kind of physical isotopic separation. The separation 
of uranium isotopes by the gaseous diffusion of UF6 is an example of a 
physical process that separate s isotopes based on differing molecular 
mobilities. 

A cursory examination of the ra ti os of the atomic weights (1:2:3) of the 
hydrogen isotopes, would lead one t o t hi nk that the separation of hydrogen, 
deuterium, and tri t ium would be qui te s impl e . However , physical separation is 
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complicated by the presence of mixed chemical species, such as HD, HT, and OT 
or HOO, HTO, and OTO. Even with the presence of mixed isotopic molecules and 
the dilution effect introduced by the presence of oxygen when tritium is in 
the water form, mass differences are still sufficiently large to allow 
reasonable separations. Physical processes, with low unit separation 
efficiencies, such as water distillation, cryogenic hydrogen distillation, 
ultracentrifugation, or thermal hydrogen diffusion, have been used for 
hydrogen isotope separation. 

In the case of combined hydrogen, the difference in atomic size and mass 
of the hydrogen isotopes induces differences in bond strengths (technically 
referred to as the "zero point energy''). Differences in bond strength can 
then provide a basis for isotopic separations when hydrogen is combined with 
another element. These chemical differences give rise to substantially 
different chemical reactivities for compounds containing hydrogen isotopes 
bonded in the same way . The exploitation of these differences to achieve an 
isotopic separation is a chemical process. Water electrolysis and exchange of 
elemental hydrogen with bound hydrogen are examples of chemical isotopic 
separation processes. 

No single unit process step by itself is capable of making isotopic 
separations that would result in an isotopically pure product. To effect a 
suitable separation, an isotopic enrichment plant is usually constructed by 
interconnecting several process stages or cells. In the process, an enriched 
stream passes from cell to cell increasing in isotopic concentration after 
each stage. The depleted stream is looped back into a prior cell for 
continued enrichment. Because of the multiplicity of feedback loops, the 
first or lowest stage in the sequence must be the largest to accommodate the 
larger volume of flow. Each subsequent stage becomes successively smaller in 
capacity. Earlier stages may be a single large unit or a rank consisting of 
smaller cells. Such a plant design for isotopic separation is called a 
"cascade." The mathematics for design and operation of a separation cascade 
have been well developed and reported (Villani 1979). 

For a single stage in a ca scade process , the ratio of relative isotopic 
concentrations in the enriched stream exi t ing a cell to the relative isotopic 
concentrations of the recycled depl eted stream is called the separation 
factor. For an enrichment plant , the ratio of isotopic concentrations in the 
enriched product stream to the depleted stream is the enrichment factor for 
the total process. 

The lower the separation factor , the lower the efficiency of separation; 
therefore, more stages are required to achieve total enrichment. Conversely, 
a process with a higher separation factor is more efficient and requires fewer 
stages for a total separation of isotopes. Because each successive processing 
stage is a more complex rank of cells , a separation plant's size grows 
somewhat geometrically as the number of stages increases numerically (see 
Figure 6-1) . Some processes , such as distillation or hydrogen exchange, may 
be designed to run i n a column , as oppo sed t o the pyramidal cell structure in 
a cascade. 

In almost all separation schemes for hydrogen isotopes, the heavier 
isotope (tritium) normal l y rema ins in an enr i ched liquid phase or lower 
processing stage. Lighte r is otopes normal ly flow out or up in a depleted 
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Figure 6-1. Conceptual Tr it i um Separations Cascade System. 
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Table 6-1. Total Separation of Each Processing Stage. 
Stage 1 2 3 4 5 6 7 8 9 

Separation 
factor 

4:1 4:1 4:1 4:1 4:1 4:1 4:1 4:1 4:1 

Total separation 4:1 16:1 64:1 256:1 1,024:1 4,096:1 16,384:1 65,536:1 262, 144:1 

stream. This is a complicating factor in mitigating environmental tritium 
because the separation plant must completely process large volumes of feed to 
remove a small, more concentrated stream of tritiated waste. 

6.1.2 Physical Processes 

Physical processes for isotopic separation, such as distillation and 
diffusion, are characterized by low unit separation factors (1.05 to 1.8) 
(Vasaru 1993). A process, such as water distillation, with a separation 
factor of 1.05, would require 120 stages to reduce tritium from 6,000,000 
pCi/L to 20,000 pCi/L. A distillation plant sized to accommodate a processing 
rate of 100 to 500 L/minute would cost hundreds of millions of dollars because 
of the high volume of process flow and because of the large number of stages 
required. 

Although unit operating costs for physical separation processes can be 
relatively low, the capital cost for a plant using multiple stages of physical 
separation is exceedingly high. Because of the high numbers of separation 
stages required, no physical process would be appropriate for the treatment of 
tritiated water at the Hanford Site. 

6.1.3 Chemical Processes 

Chemical isotopic separation processes are based on an operation in which 
a chemical change is required to accomplish the separation. Chemical 
separations can have much larger separation factors (3 to 10 typically, but 
the separation factor for the Laser Exitation process is reported to be 
10,000) (Vasaru 1993). A single stage for a chemical-based separation process 
can cost about the same as a stage for physical separation, but because a 
chemical process is now involved, operating costs per stage are likely to be 
much higher. Because fewer stages would be required for a chemical separating 
plant, construction costs can be less compared to a physical separation plant. 
A recent publication describes the tritium enrichment processes (Vasaru 1993). 

6.1.3.1 Electrolysis. The electrolysis process, with a unit separation 
factor of 10, would appear to offer a reasonable opportunity for 
cost-efficient separation of tritium. An electrolysis plant, however, would 
require 6 stages to achieve separation of environmental tritium from 
wastewater. Each stage of the process requires complete conversion of water 
to hydrogen and oxygen electrically. The enriched hydrogen stream must then 
be oxidized to reform the water that is required as an input to the following stage. 
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Single stage electrolysis of water requires about 6 kWh/L, assuming 100% 
efficiency. At a flow rate of 100 L/minute, a six-stage electrolysis plant 
would require just over 200 MW of power, not including other separation and 
operating costs. This power requirement would be 20% of the output of the 
Washington Public Supply System (Supply System) Plant No. II here at Richland. 
Electrolysis of a million gallons of wastewater six times over to remove a few 
milligrams of tritium would be a very costly operation and is not deemed an 
appropriate option for removing tritium from wastewater at the Hanford Site. 

6.1.3.2 Catalytic Exchange. Catalytic hydrogen exchange is a process that is 
carried out in a column. Elemental hydrogen exchanges in a catalyst bed 
between an upward moving stream of hydrogen and a counter current flow of 
water. The catalyzed exchange process traps the heavier isotopes of hydrogen 
in the water phase. Except for the cost of preparing the hydrogen, 
operational costs for the exchange process are quite low. The major cost, 
however, is the capital required for a platinum catalyst bed of sufficient 
length and cross-section to accommodate the level of separation and volume of 
throughput required for the process. 

6.1.4 Combination Processes 

To offset a part of the more costly features of these separation schemes, 
commercial processes often link two technologies. The process for commercial 
separation of tritium from 020 that was developed by Atomic Energy of Canada 
Limited (AECL) uses a combined electrolysis and catalytic exchange process. 
The electrolysis step provides a stage of separation and produces hydrogen for 
the exchange step. Because of the addition of catalytic exchange, the 
electrical power required for this process would be about 9 kWh/L. Again, at 
an operating rate of 100 L/minute, the power requirement would be just over 50 
MW for electrolysis only. This reduces the power requirement substantially 
compared to the electrolysis-only process, but would still consume 5% of the 
Supply System Plant No. II output. 

6.1.5 Other Processes 

Multiphoton laser excitation is a relatively new technology for chemical 
separation that is still under development. The process operates by 
extracting tritium from water and is reported to have a separation factor of 
10,000. It would appear that with such a high separation factor, laser 
excitation could be considered a technology for tritium removal. However, 
laser operation is complex and capital intensive, and the exchange step is 
chemically complex. Because a significant portion of the hydrogen in the 
water to be cleaned up must be converted to trifluoromethane, the process is 
expensive to operate. 

6.2 POTENTIAL APPLICATION OF TRITIUM SEPARATION TECHNOLOGIES 

The reason isotopic enrichment technologies are not appropriate for 
separating tritium from liquid effluent because they are designed for 
processing a stream that contains tritium at a concentration of about 1 Ci/L 
(100 µg/L of tritium). Environmental streams at the Hanford Site contain 
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tritium levels that are 100,000 to 10,000,000 times lower than this. Before 
treatment, these streams could also contain dispersed solids, dissolved 
metals, and organics. It is assumed that before any attempt is made to remove 
tritium, it may be necessary to remove materials that might interfere with the 
process for separating tritium or would be required to be removed before final 
disposition of the stream. 

Because presently available technologies are not economically feasible, 
and having all the background knowledge presented above, it is possible to use 
the mathematics of cascade enrichment theory (Villani 1979) to speculatively 
design a hypothetical process to separate tritium. 

It is highly probable that an appropriate process would be designed on 
membrane, liquid/liquid extraction, or ion exchange separation technology. 
Each separation methodology would be expected to have relatively low unit 
operating costs, require low to moderate capital input, and could have 
separation factors of 10 or higher. These technologies have been successfully 
employed in numerous commercial operations for separating a wide variety of 
chemical species. They also have good potential for continued technical 
growth and discovery, including the area of tritium separation. 

A process with an actual unit separation factor as low as 3 could be used 
for tritium removal if both unit operating and capital costs were low. 
A plant designed on a separation factor of 3 would require about 13 stages and 
could process feeds containing 100,000 to 100,000,000 pCi/L of tritium. The 
result of operation would be a treated stream with 10,000 to 20,000 pCi/L 
level of tritium and a concentrated secondary waste containing 0.01 to 
0.02 Ci/L tritium. In that process , a volume reduction of 2, 000:1 would be 
achieved . A potentia l process with a separation factor as high as 8 would 
result in a plant hav i ng 7 separation stages. 

When designing a plant, it is important to understand that the total 
separation required is not the difference between the tritium levels in the 
feed stream and the Drinking Water Standard (20,000 pCi/L). The actual degree 
of separation is the ratio of the concentrations of tritium in the high- and 
low-level discharge streams f rom the separation plant (see Figure 6-2). 
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Figure 6-2. Degree of Separation. 
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If the Drinking Water Standard for tritium were relaxed to 60,900 pCi/L 
(see Section 5.3.3), it would reduce the cost of tritium removal. At a design 
separation factor of 3, the number of stages would be reduced from 13 to 11. 
If the design separation factor were as high as 8, the stages would drop from 
7 to 6. Although these do not appear to be large changes, the impact is to 
eliminate the stage(s) that consist of the largest ranks of processing cells, 
thereby reducing the core of the processing plant by a much larger factor (see 
Figure 6-1). 

Depending on the costs of disposition, the highly tritiated secondary 
waste stream from such a treatment plant could be appropriately treated for 
vaulted storage to allow the tritium to decay, or could be sent to a much 
smaller plant for further concentration and volume reduction. A second and 
much smaller plant would produce a tritiated waste stream at 10 to 50 Ci/L 
with a further volume reduction of 4,000:1. Total volume reduction for both 
plants in tandum would be 8,000,000:1. The low-level tritium stream from this 
plant would be cycled back into the feed to the first tritium removal plant. 

6.3 FUTURE DEVELOPMENT OF POTENTIALLY FEASIBLE SEPARATION TECHNOLOGY 

The possibility of building a plant as described above, depends upon the 
development of an approach that is a technical basis for the separation. The 
first results of such research is the report (Nelson et al. 1994) of a 
potential membrane separation technique by scientists at PNL. The researchers 
used a polyphosphazine membrane and tested a feed stream containing 20,000 
pCi/L tritium. Tritium depletion as high as 74% was reported in one of the 
tests. The results of further testing in this area will be reported in 
subsequent years. 

No other scientific reports on tritium separation were found; however, 
two other companies have shown interest in tritium separation, but it is not 
known if they are conducting any research at this time. 
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7.0 TRITIUM 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 
this section. Additionally, 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 Site water table that is south of the Columbia River (see Figure 7-1). 

With reactor and fuel processing operations shut down, soil discharge 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 
1992). Subsurface migrat i on of tritium-containing groundwater into the 
Columbia River is estimated to be 4, 600 Ci for 1992 (Knepp 1994). 

7.1.2 200 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 Extract i on (PUREX) plant in the 200 East Area (see 
Figure 7-1). Tritium levels in monitoring wells near the PUREX facility are 
measured as high as 4,000 ,000 pC i/ L. Th i s high area of tritium concentration 
resulted from aqueous discharges from the PUREX plant during past operations 
from 1956 to 1989 . The aqu i fe r i n this area i s fairly flat and porous 
allowing the plume to expand and migrate from its po i nt of origin. The travel 
time from the source to the r i ver along the shortest path is estimated to be 
23 years (DOE 1987) . 

This plume merges with the Columbia Ri ver along a 30-km distance north 
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 great er t han 200 , 000 pCi / L. No other ground 
contaminant from Hanford Site ope r at i on s, except nitrate , has migrated this 
far from its source . 
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Figure 7-1. Tritium (3H) Concentrations in the Unconfined Aquifer, 1992 . 
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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 of tritium in the river resulting from 
its flow through the Hanford Site is 50 pCi/L. This 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 the 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 little tendency to expand because of declining flow from 
the groundwater mound beneath the U Pond and the low permeability of the 
sediments in the area. The highest level of tritium measured in this plume 
in 1992 was 4,450,000 pCi/L (found in well No. 299-W22-9). Measurements of 
tritium 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 line 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 radioactive decay and that the remaining 20% is probably 
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 Kand 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 pCi/L. The shapes of the Kand 
N tritium groundwater plumes suggest that they are spreading in an easterly 
direction away from the reactors and the river. Although the edge of the 
plume is at the Columbia River , i t appears that subsurface flow of water from 
the river is pushing the plumes inland away from the river. 
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Figure 7-2. Tritium Concentration Trend in Well 299-W22-9. 
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7.1.5 Surface Impoundments 

A concern at the 100 Area is the presence of high levels of tritium in 
the water in the N and K storage basins. Although not considered a part of 
the groundwater at the Hanford Site, these aging structures containing 
contaminated water present a potential for leakage or failure (Wittekind 
1993). 

The KE Basin contains 1,000,000 gallons of water with a tritium 
concentration of 3,000,000 pCi/L. The N Basin is of similar volume, but 
contains tritium at levels up to 40,000,000 pCi/L. Potential treatment and 
disposition of the water in these basins is the subject of other Tri-Party 
Agreement Milestones. 

7.2 TREATMENT OF AQUEOUS WASTE CONTAINING LOW-LEVEL RADIATION 
" When completed and in operation, the 200 Area Effluent Treatment Facility 

(ETF) will play a key role in the environmental cleanup of the Hanford Site. 
The 200 Area ETF, in combination with the 242-A Evaporator, will reduce the 
volume of liquid waste currently stored in double-shell (DST) and single-shell 
tanks (SST) and will provide a clean water effluent for discharge to the 
state-approved land disposal site (SALOS). The additional tank space is 
needed to support other site cleanup activities, such as surplus facility 
decontamination, waste retrieval from SSTs and DSTs, and waste vitrification. 
Although the ETF will remove radioactive contaminants, it is not capable of 
removing tritium (see Section 6.0). 

7.2.1 200 Area ETF Treatment Process 

The 200 Area ETF is a state-of-the-art wastewater treatment facility that 
has been designed to meet applicable regulations, including requirements of 
the EPA, Ecology, and DOE. The 200 Area ETF contains a series of process 
units or systems, which will reduce the concentration of organic contaminants 
by 95% and will reduce inorganic and radioactive contaminants (except tritium) 
by 99% from their original level in the wastewater feed. Ecology has 
determined that the plant design us i ng these treatment systems is consistent 
with all known, available, and reasonable technology (AKART) and best 
available technology (BAT) for low-level aqueous waste stream processing. For 
a complete description of the plant and operations, see McDonald (1992). 

The 200 Area ETF has been designed to treat 150 to 570 L/minute (40 to 
150 gallons/minute) of wastewater. The feed stream to the 200 Area ETF comes 
either directly from the 242-A Evaporator or the Liquid Effluent Retention 
Facility (LERF) where it has been temporarily stored. The 200 Area ETF 
process design incorporates a flexible treatment system that can also treat 
wastewaters generated by future s i te remediation efforts. 

For processing, the wastewater enters the primary treatment train where 
it is first filtered to remove suspended solids. Next, organic materials are 
destroyed, and finally inorganic and radioactive constituents, except tritium, 
are removed. The secondary waste from the primary treatment steps enters the 
secondary treatment train where excess water is removed by evaporation. 
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Finally, the solids are dried and packaged for storage and/or disposal in an 
approved facility. Figure 7-3 shows a schematic diagram of the 200 Area ETF 
process. 

The treated wastewater from the ETF will be discharged to an approved 
land disposal site. This site has been thoroughly studied and was selected to 
minimize any impact upon existing groundwater contamination and to maximize 
the radioactive decay of tritium during its possible underground migration to 
the Columbia River (see Section 7.3). Before discharge, the quality of the 
treated wastewater will be analyzed to verify that established discharge 
limits have been met. 

7.2.2 Composition of Permitted and Candidate Feed Streams 

Currently, the only regulated feed stream approved for treatment by the 
200 Area ETF is the 242-A Evaporator process condensate. The 242-A Evaporator 
concentrates liquid DST and SST waste and returns the reduced volume of waste 
back to the DSTs. The byproduct from the 242-A Evaporator is a high volume, 
dilute wastewater that is transferred to the 200 Area ETF for treatment . The 
LERF basins will temporarily store the wastewater until the 200 Area ETF 
begins operating in 1995. 

Although it can be technically defined as "distilled water," the process 
condensate still contains low levels of organic, inorganic, and radioactive 
impurities. Tritium, present as HTO in the 242-A Evaporator feed, is carried 
over with water vapor during evaporation and is transferred to the process 
condensate. Because HTO is not distinguishable from water during this 
evaporation step, tritium should be present in the condensate at the same 
concentration as it is in the feed. Tritium is diluted to a slightly lower 
concentration because condensate from the operation of vacuum steam jets in 
the evaporation plant is added to the process condensate as a part of the 
242-A Evaporator process. 

The analysis of 83 evaporator samples taken between 1977 and 1988 gave a 
maximum tritium concentration of 24 , 000 , 000 pCi / L. A statistical analysis of 
the tritium concentrations in all 83 samples gives 5,600,000 pCi/L for the 
average tritium concentration and 6,300,000 pCi/L for a 90% confidence level 
concentration (McDonald 1992). 

Up to 20 other streams have been identified as candidates for processing 
at the 200 Area ETF. These include water from Kand N Basins and water from 
any facility cleanout or groundwater pump-and-treat operation. Tritium is a 
contaminant in three of these streams . A comprehensive analysis of the 
process condensate is reported in McDonald (1992). 
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7.2.3 Projected Discharge of Tritium 

Based on estimates of tritium contained in tank waste, the ETF during its 
operational life is expected to process 242-A Evaporator condensate containing 
3,300 Ci of tritium (SEPA 1993). This amount of tritium is estimated as of 
1993 and not corrected for decay. Processing the wastewater from the Kand N 
Basins would add about 10% to this total. 

Although the processing capacity of the 200 Area ETF could be as high as 
200,000,000 L/year, if it operates only on feed from the 242-A Evaporator, its 
annual output would more closely average 30,000,000 L of effluent. A total of 
3,300 Ci processed evenly over a 30-year period would give an average tritium 
level of 3,700,000 pCi/L in this volume of effluent, not anticipating tritium 
decay. Accounting for decay, the tritium concentration in the effluent in 
year 30 would average about 700,000 pCi/L. 

7.2.4 Potential Reuse Options for Tritiated Water at the Hanford Site 

Although options for reusing effluent from the 200 Area ETF are being 
seriously considered, it is important to understand that recycling does not 
mitigate the presence of tritium in treated effluent streams at the Hanford 
Site. Alternative uses for this resource will, however, conserve natural 
sources of water and reduce the ultimate volume of effluent discharged to the 
ground. Employing treated effluent as a final rinse for cleaning tanks, in 
facility decontamination or for soil washing will generate aqueous waste 
streams that will need to be processed and disposed to the ground when the 
cleanup and restoration process is completed. Tritium in the recycle stream 
will be carried through the candidate recycling operation and will be 
contained in the aqueous waste presented for treatment and final ground 
disposal. 

Recycling of effluent will require engineering means to supply the stream 
to the intended site in appropriate quantities and at the time needed. Using 
a LERF basin as lag storage for effluent intermittently produced by the ETF 
will help ensure constant supplies. Also, potential sites of reuse in general 
proximity to the pipeline carrying effluent from the ETF to the SALOS may be 
able to tap into the pipeline for supply. 

7.3 DISCHARGE OF TRITIATED WASTEWATER TO THE HANFORD SITE SOIL COLUMN 

Because there was no process to remove tritium from wastewater (see 
Section 6.0), an appropriate method for dealing with treated effluent 
containing low levels of tritium was needed. This was particularly critical 
at the Hanford Site because the 200 Area ETF is scheduled to start operations 
in mid-1995. 

Several suggestions were offered that take advantage of the natural decay 
of tritium, 5.5%/year. These suggestions proposed using a natural or 
engineered means to hold back the flow or discharge of tritiated water, 
allowing the tritium to decay to an acceptable level for ultimate flow or 
discharge into streams or rivers. 
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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 here in some detail. 

Twenty-two alternatives for treating and/or disposing the wastewater were 
originally considered by Ebasco. These alternatives were compared ag~inst 
each other by assigning estimated costs and levels of associated risk. The 
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. In 
the scoring, a zero represents the lowest 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 relatively 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 method 
through the State Envjronmental Poljcy 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 di sposal practices resulted in contamination of the 
soil because historical wastewaters contained certain waste species that 
concentrated in the so i l near the po i nt of disposal. Because tritium does not 
concentrate during movement through the so i l column as do metal ion 
contaminants, tritiated wastewater can be disposed to the ground with 
assurance that it will dilu t e and decay and not cause future contamination of 
the soil. 
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Table 7-1. Results of Cost/Risk Evaluation. 

Alternative Score 

Subsurface disposal 8.4 

Delayed subsurface disposal 8.0 

Slurry wall confinement 7.5 

Ice confinement 7.1 

Delayed river discharge 7. 1 

Disposal to pond 6.8 

Grout solidification 6.7 

Direct river discharge 6.7 

Solar evaporation 5.5 

Irrigation 5.2 

Mechanical evaporation 3.7 

7.3.2 Groundwater Modeling Done to Support Selection of the Disposal Site 

To implement the strategy of ground disposal of tritiated effluent from 
the 200 Area ETF, a number of candidate locations at the Hanford Site were 
evaluated (Koegler 1992). A panel selected seven sites based on preliminary 
screening. Each site was then subjected to a thorough evaluation of several 
criteria considered important to the success of the project. From this 
evaluation, three sites were selected for more detailed characterization and 
groundwater modeling studies (Koegler 1990 and Golder 1990a). Figure 7-4 
shows the geographical location of the three candidate sites. 

Using a groundwater model i ng computer package (Golder 1983), Golder 
Associates reported two groundwate r modeling exercises (Golder 1990b and 
1991). Particular emphasis of the modeling was focused on predicting the 
movement of tritium in effluent from the 200 Area ETF with each site as a 
location for discharge . The accumulation of the works by Golder , including 
the final modeling of solute transport and plume migration of tritium, 
provides a basis for understand i ng the movement of groundwater beneath the 
Hanford Site. 

The report of the modeling of estimated travel times (Golder 1990b) 
defines the groundwater pathway from each candidate site to the Columbia 
River. Initial results of the modeling predict travel times that range from 
20 to 134 years with an es t imated standard error of 20%. 

All pathways except one , the one wi th the shortest migration time, 
proceed northward through Gable Gap , a relatively narrow passageway in the 
basalt formations below Gable Butte and Gable Mountain (see Figure 7-1). An 
examination of the gr oundwater t ab l e con t our s (F igure 7-5) from the modeling, 
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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) 
the 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 
level 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 modeling results clearly show that site No. 1 provides the 
longest path time to the river ~nd 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 calculations 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 discharge 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 interpreting the modeling results would produce a more favorable 
projection of tritium in the groundwater. 
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Figure 7-4. Location of Final Three Candidate Sites. 

Gable Butte 

~ 
Site 1 

• 

Gable Mtn. 

~ 
•-~~ Sitei' ~ 

nsite3• ½J ,q,,B-Pond 

200 West 200 East 

7500 Meters ! 
-N-

25,000 Feet 

~ 

7-12 

H9407017.3 

I 

- ! 



9'~' ~ 3300~0070 

DOE / RL-94- 77 

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 AT 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 nuclear 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 location. It also 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 
River 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. Although this is still below 
the Drinking Water Standard, it is much higher than the 110 pCi/L total 
tritium in the Columbia River down stream from Hanford Site operations (Dirkes 
1993). 

Tritium levels in surface and groundwater are extensively monitored and 
reported for SRS (Arnett 1993) just as they are for the Hanford Site (Woodruff 
and Hanf 1993). Seepage 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. The se tritium concentrations at SRS are much higher 
than those measured for pre sent groundwater plumes at the Hanford Site. 

The underground tritium plumes at SRS appear as fairly small localized 
areas in maps published i n the report (Arnett 1993), but the lowest 
concentration gradient reported for the H Area plume is 40,000 pCi/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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Flow; and (2) the Technical Advisory Committee for the Georgia Tritium Project 
(Arnett 1993). The activities of these committees will be monitored for 
information that would be appropriate for future reports. 

8.2 TRITIUM MANAGEMENT AT SRS 

At the SRS , an Effluent Treatment Facility (SRS-ETF) provides low-level 
liquid waste treatment of contaminated water that was generated in the F and H 
Areas and previously sent from operations to seepage basins. This plant, in 
operation s i nce October 1988 (DOE 1991), like the 200 Area ETF presently under 
construction at the Hanford Site, provides filtration, reverse osmosis, and 
ion exchange equipment for processing liquid effluent. The water processed by 
the SRS-ETF consists of evaporator overheads from canyon and tank farm 
operations, contaminated cooling water, and stormwater runoff (Siler et al. 
1991) . 

The SRS-ETF project does not provide any equipment or process for control 
or removal of tritium. Holding ponds for radionuclide decay and a final 
effluent evapor ation step were proposed as alternatives for tritium 
management. Neither option was included in the final plan. 

Effluent from the SRS-ETF is discharged directly into the Upper Three 
Runs Creek, which in turn flows into the Savannah River at the site boundary 
(DOE 1991) . In 1992 the Savannah River received 2, 400 Ci of tritium by direct 
discharge of tritiated effluent and 11,400 Ci by groundwater migration from 
seepage basins. This total for SRS in 1992, 13 ,800 Ci , is exactly three times 
the amount of tritium (4,600 Ci ) leaving the Hanford Site in the Columbia 
River in that same year (Knepp 1994). 

Two studies concerning tritium management at SRS have been sponsored by 
the DOE. The first, reported by King et al. (1991), reviews the array of 
tritium enrichment methods reported similarly by Vasaru (1993) and discussed 
in Section 6. 0 of this report. The authors conclude that a process combining 
electrolysis and bithermal catalyt ic exchange i s the most promising option for 
tritium removal at SRS ; howe ver , there ha s been no further development of this 
technology. 

A second report (Ni xon et al . 1991) rev i ews the same set of technologies 
and concludes that "the use of tritium separation techniques to remediate 
tritiated groundwater at the SRS is not feas i ble." The authors recommend a 
process of pumping tr i tiated groundwater from cr i tical areas and reinjecting 
it into an upgradient well allowi ng more t ime for the tritium to decay. 

8.3 PERMIT CONDITIONS FOR DISCHARGE OF TRITIATED WASTEWATER AT SRS 

The discharge of treated water from the SRS-ETF to a surface stream is 
subject to a Nationa l Pollut i on Di scha rge Elimi nation System (NPDES) permit 
approved by the South Ca rol i na Depart ment of Health and Environmental Control . 
The discharge cr i te r ia fo r process cont rol inc l udes an oil and grease limit 
(15 mg / L daily maximum), a Bi ochemi ca l Oxygen Demand limit (40 mg/L daily 
maximum), and limi t s on al l to xic met al s (Sile r et al. 1991) 
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According to regulatory sources at SRS (Todaro 1994), discharge of 
tritium in liquid 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. 

0 
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9.0 CONCLUSIONS 

Process technology for a number of hydrogen isotope separation methods 
was reviewed. All processes were developed for the separation of tritium from 
a concentrated low 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 level s below the Drinking Water Standard. 
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Federal Facility Agreement and Consent Order 
Change Control Form 

M-26-93-01 

June M. Hennig 376-1366 

Title: Tritiated Wastewater Treatment Evaluation 

Description/Justification: 

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 effluent 
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 contaminated water treatment and control technologies. 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. 

8. 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 curies of tritium 
expected to be discharged. 

C. Summary 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 contamination, 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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and comparison of the permit conditions being imposed at these sites 
and release limits being used worldwide for tritiated wastewater 
discharges to the environment. 

F. The current waste management practices and summary of technology 
development a~sociated with tritium contaminated water currently 
used in: 

• The DOE complex 
• Commercial Nuclear Facilities within the U.S. 
• Internationally: Canada, France, Belgium, Germany, Japan, and 

Russia 

G. The background and basis for continuing to discharge the tritiated 
wastewater to the soil column. This section should provide an 
analysis of the treatment technologies evaluated, the disposal 
options considered, and the basis for the selection of soil column 
disposal. Included should be the summary of the groundwater 
modeling done to select the site for disposal of the liquid 
effluent. 

H. A discussion and status of tritiated water treatment and control 
technologies. An analysis of the application of sufficiently 
developed technologies to the tritium contamination issues at the 
Hanford Site. If the technologies appear feasible, develop a rough 
order of magnitude cost estimates and schedules for specific 
technology application at the Hanford Site. 

I. An analyses of options for reuse of all or parts of the tritium 
contaminated waters at the site including, but not limited to, use 
as a feed water in sludge washing, cooling water in new facilities, 
or as hydraulic barriers for containment of more dangerous plumes. 

The interim milestone: 

M-26-05A Commencing August 1994 and annually thereafter: 

Submit to EPA and Ecology an evaluation of development status of tritium 
treatment technology that would be pertinent to the cleanup and management of 
tritiated wastewater (e.g., the 242-A Evaporator Process Condensate liquid 
effluent) and tritium contaminated groundwater at the Hanford Site. 
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Impact of the Change: 

This change will provide a regular comprehensive review of tritium 
control and treatment technologies that would be applicable for use at the 
Hanford Site. Tritium treatment technology will be reviewed for application 
to the treatment of tritium contaminated wastewater and tritium contaminated 
groundwater with the purpose of identifying solutions that look promising for 
large scale applications. Ecology, DOE, and EPA will work together to screen 
emerging promising technologies to identify those technologies suitable for 
bench and pilot-scale testing with Hanford Site contaminated water. If 
application of a technology is mutually agreed-upon, implementation (e.g., 
bench scale, pilot scale, full scale) of the technology will be incorporated 
into the Agreement Action Plan through negotiation. Timely resolution of 
these negotiations (within 6 months) is expected. Failure to complete 
negotiations within 6 months from annual report submission will result in 
dispute resolution . 
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Table B-1. Units of Radiation Measure 
Current System Systeme International Conversion 
curie (Ci) becquerei (Bq) 1 Ci = 3.7xl010 Bq 
rad (radiation absorbed dose) gray (Gy) 1 rad= 0.01 Gy 
rem (roentgen equivalent man) sievert (Sv) 1 rem= 0.01 Sv 

Table B-2. Radioactivity Level Conversions. 
pCi/l µCi/l Ci/l µCi/ml 

104 0.01 10-8 0. 00001 
10' 0 .1 1 o-r 0.0001 
106 1 10-6 0.001 
10 7 10 1 o-, 0. 01 
1011 100 10-4 0 .1 
109 1000 10-3 1 
1010 10 , 000 10-l 10 
1011 100,000 10-1 100 
101l 1, 000 , 000 1 1000 

Table B-3 . Fract i ons and Multiples of Units. 

Multiple Dec imal Equ i valent Prefix 
1012 l , 000 , 000 ,000,000 tera 
109 1, 000 ,000,000 giga 

106 1, 000 , 000 mega 
103 1,000 kilo 

102 100 hecto 

l 0 1 10 deka 
100 1 
10-1 0 . 1 deci 
10-2 0. 01 centi 
10-3 0. 001 mill i 
10·6 0.000 0001 micro 
10·9 0.000 000 001 nano 
10·1 2 0.000 000 000 001 pico 
10·15 0.000 000 000 000 001 femto 
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