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Executive Summarv 

' WSRC-TR-95-0160 

A review of the literature associated with tritium contamination of austenitic 
stainless steels, and subsequent analysis, has provided valuable technical information 
and direction to the Beneficial Reuse Program at the Savannah River Site (SRS). 
Tritium contaminated stainless steel components are found mainly in tritium gas 
handling facilities, heavy water moderated nuclear reactors, and fusion power reactors. 
Research and experience with contaminated stainless steels in these applications is 
being increasingly documented in the literature. Most of the tritium in contaminated 
stainless steel components is bound in the surface oxide film, although at high pressure 
or temperature tritium can permeate and create a significant amount of tritium in the 
bulk of the component. The contamination level of potential SRS recycle material 
must be determined by appropriate radiological analysis, since no theory currently 
exists to accurately estimate tritium concentration in oxide films. Several 
decontamination methods have been used to achieve significant tritium 
decontamination of stainless steel surfaces. Most methods involve moderate heating 
in the presence of high humidity, or heating to higher temperatures. 

Two important approaches to refine molten stainless steel are vacuum methods 
and slag/rnelt equilibrium methods. Vacuum refining, originally developed to 
remove hydrogen from steels, may be appropriate for tritium removal if the tritium 
contamination level is sufficient. Hydrogen isotope removal is possible in slag-melt 
refining; however, the thermodynamics and kinetics of removal is more complicated 
and can lead to increased tritium levels under certain circumstances. Since significant 
tritium outgassing from stainless steel occurs at 60O0-8OO0C, a preheat step in this 
temperature range prior to melting the stainless steel will significantly decontaminate 
the charge and avoid introducing excess tritium into the melt. If enough tritium 
evolves to warrant removal from the gas waste stream of the chosen melt process, the 
melt process must employ an inert atmosphere, to protect available hydrogen getter 
materials. The acceptable tritium level of the product should be specified and could be 
a factor in defining the selected melt process. Tritium contamination and 
decontamination of the melt facility itself should also be considered. 
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Introduction 

The Westinghouse Savannah River Company, Idaho National Engineering 
Laboratory, and several university and industrial partners are evaluating recycling 
radioactively contaminated stainless steel. The goal of this program is to recycle 
contaminated stainless steel scrap from US Department of Energy national defense 
facilities. There is a large quantity of stainless steel at the DOE Savannah River Site 
from retired heavy water moderated nuclear material production reactors (for example 
heat exchangers and process water piping), that will be used in pilot studies of potential 
recycle processes. These parts are contaminated by fission products, activated species, 
and tritium generated by neutron irradiation of the primary reactor coolant, which is 
heavy (deuterated) water. This report reviews current understanding of tritium 
contamination of stainless steel and previous studies of decontaminating tritium 
exposed stainless steel. It also outlines stainless steel refining methods, and proposes 
recommendations based on this review. 

Literature Review 

Materials from the family of austenitic stainless steels are the preferred structural 
and confinement material for both nuclear reactors and tritium handling facilities, 
because of their strength, ductility, and relative resistance to environmentally induced 
degradation. Tritium handling facilities expose stainless steel to both molecular 
tritium gas, tritiated water and water vapor, and (less commonly) tritium compounds. 
(Tritium facilities routinely handle tritiated water because tritium getter systems 
commonly oxidize molecular tritium and absorb the water on various types of getter 
bed materials.) Heavy water reactor moderator water contains tritiated water ( m  9 
Curies/liter in SRS reactors while operating) created by neutron irradiation of the 
moderator while in the reactor core. In addition, atomic and ionic tritium accelerated 
toward stainless steel is studied to determine the performance of stainless steels in the 
interior of fusion power reactors. Increasing numbers of tritium facilities and reactors 
are being decontaminated and decommissioned, resulting in a growing literature 
documenting research and experience in decontaminating tritium from stainless steel 
[l, 2,3,4,5,6]. An overview of molecular tritium and tritiated water contamination of 
stainless steel is presented in this report; accelerated and ionized tritium effects are not 
covered. 

2 
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Tritium Location in Exuosed Stainless Steel Parts 

Tritium in Surface Oxide 

Many studies have concluded that the majority of tritium in contaminated 
stainless steel parts exposed near ambient temperature to either tritiated water or low 
pressure tritium gas is bound in the surface oxide film [l, 2,3,4,5,6,7]. The amount of 
tritium bound in the surface varies, of course, based on the exposure conditions. The 
ability to decontaminate stainless steel in one experiment changed as the exposure time 
increased [6]; the longer parts were exposed, the less tritium was removed by the 
various decontamination methods used. This led the authors to postulate two forms of 
bound tritium in the oxide, that they termed "weakly bound" and "strongly bound". 

Several retired storage tanks made of stainless steel in a tritium facility in the 
United Kingdom have been analyzed to determine the tritium burden [I]. A tank that 
stored tritium gas for about 20 years had a total tritium burden of about 6300 Ci/m2. 
The amount of tritium that permeated into the tank wall was a factor of about 80 
below the observed total wall. Clearly a significant amount of tritium was absorbed 
into the oxide surface. 

Several independent thermal desorption experiments, in which the quantity of 
tritium evolved from stainless steel oxide is measured while heating the sample, 
revealed similar characteristic peak temperatures of increased tritium evolution as the 
temperature of tritium exposed stainless steel samples increased [2, 31. Samples were 
exposed to tritium gas in these studies, and became water by combining with oxygen 
from the oxide film. The first peak, at about 200-300°C, accounted for most of the 
tritium in contaminated samples and was tritiated water (HTO or T20, where T stands 
for tritium, 3H). The tritium resulting in this peak is interpreted as residing in the 
stainless steel surface oxide [2, 31. The tritium is believed to be bound in hydroxyl 
groups (OH-). Peaks observed at higher temperatures are molecular peaks (HT or T2), 
and the total amount of tritium off gassing at high temperatures is much less than that 
during the first low temperature peak. 

Further evidence that tritium strongly interacts with stainless steel surface oxides 
is found in experiments that reveal stainless steel surfaces interact with molecular 
tritium and catalyze the formation of tritiated water vapor [8,9]. This phenomenon has 
been investigated for potential use in magnetically confined fusion systems. Some of 

3 



WSRC-TR-95-0160 

the water vapor created on the surface reacts and remains bound to the surface, 
illustrating the affinity tritium has for stainless steel. 

Tritium in the Bulk 

The concentration of tritium in a stainless steel part exposed to gaseous tritium 
can be calculated as a function of location in the part if the history of exposure 
temperature and tritium partial pressure is known [lo]. These calculations provide 
accurate estimates of total tritium burden when parts are exposed to tritium at elevated 
temperature or pressure. A finite difference computer program can be used [lo], as well 
as various steady state approximations, if warranted. Reliable permeation data for 
stainless steel have been compiled [ll]. Permeation of tritium from tritiated heavy 
water into stainless steel cannot be calculated, even when exposure conditions are 
known, because the thermodynamic activity of tritium in tritiated water interacting 
with the stainless steel is unknown. In addition, permeation calculations do not 
account for tritium absorbed by the stainless steel surface oxide. 

Tritium Decontamination Techniaues 

Studies of decontaminating tritium exposed stainless steel show that several 
techniques can provide effective decontamination. Passing water saturated air over 
metal parts at ambient temperature ("wet outgassing") removed about 90% of the 
tritium activity in 10 days and 99% after 20 days [l]. Outgassing treatments by heating 
tritium exposed parts encapsulated in quartz ampoules to temperatures between 50°C 
and 400°C resulted in a maximum decontamination factor (DF) of 37 at 400°C El]. The 
decontamination factor can be defined by: 

DF = Total Contamination Before Decontamination 
Total Contamination After Decontamination 1 

Another series of outgassing experiments between 600°C and 1500°C revealed a 
maximum decontamination factor of almost lo4 at 800°C when the argon or argon/5% 
hydrogen furnace atmosphere was circulated; static atmospheres having the same 
compositions resulted in a maximum decontamination factor of l o 3  at 800°C [l]. The 
decontamination factor at the melting point, -15OO0C., was reduced to 4903 with a 
circulating atmosphere and to 167 with a static atmosphere. (This result may be related 
to the increase solubility of tritium in liquid stainless steel as discussed in the next 
section .) 

4 
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Repeatedly exposing tritium contaminated stainless steel samples to a helium 
glow discharge at 13 MHz in a special system resulted in a decontamination factor of 
about 250 [2]. In another study, vacuum outgassing at 500°C resulted in a 
decontamination factor of 22, and this treatment followed by an acid dissolution using 
5% hydrochloric acid resulted in a decontamination factor of about 200 [7]. 

Stainless Steel Refining Methods and Hydrogen Isotopes 

Hydrogen Solution in Stainless Steel 

Refining hydrogen from molten stainless steel has long been an important process 
[12]. Excessive amounts of dissolved hydrogen causes "flakes" or flat shaped pores in 
billets made for large forgings. Hydrogen dissolves in both solid and liquid stainless 
steel according to Sievert's law 

2 

which relates the concentration of hydrogen in the steel CH to the hydrogen partial 
pressure PH above the steel, temperature T, gas constant R and material constants AH 
and c&. The quantities AH and c& differ for liquid and solid stainless steel. The 
solubility of hydrogen in liquid stainless steel just above the melting point is about 
twice that of solid steel just below melting, and increases further with increasing 
temperature. The increase of hydrogen solubility with temperature in liquid stainless 
steel, about 0.032 wppm/"C [13], is much greater than that in solid stainless steel, 0.0034 
wppm/"C [ill. In steel refining plants significant quantities of hydrogen accumulate in 
molten steel if the molten steel is exposed to air moisture. Moist air was the largest 
source of dissolved hydrogen in steel refining until protective covers and atmospheres 
were developed [12]. 

Vacuum Refining 

By applying a vacuum above liquid stainless steel, dissolved hydrogen can be 
refined from the steel, since as PH approaches 0 (under vacuum) CH approaches 0 ( E q .  2). 
On the other hand, without a vacuum or inert cover gas, water vapor in the air 
decomposes and is a source of dissolved hydrogen in the liquid steel. Various types of 
furnaces are used for vacuum refining stainless steel E121. A novel method for 
producing steel having very low concentrations of carbon, nitrogen, hydrogen, and 

5 
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sulfur by injecting iron ore powder into the melting during vacuum refining steel has 
been developed [141. 

SlaglMelf Refining 

Another type of stainless steel refining utilizes slag-melt equilibrium. (When the 
stainless steel is formed into consumable electrodes for an electric arc furnace, the 
technique is termed electro-slag remelting, or ESR.) Slags are mixtures of oxides, 
typically silica, calcia, alumina, and magnesia, and other compounds such as fluorspar, 
and serve as fluxing agents in melting operations. Hydrogen isotopes can dissolve in 
the slag from the common hydrogen forms, including water vapor, molecular or 
atomic hydrogen [15]. In all cases, the hydrogen probably exists as hydroxyl group (OH-) 
in the slag. Depending on conditions, hydrogen can be either added to or removed 
from stainless steel during slag-melt refining. The hydrogen concentration can increase 
by absorption of water vapor above the melt as discussed above for vacuum refining. 
However, this absorption can be avoided by using a covered ladle with a flowing inert 
cover gas above the melt [16]. The type of flux used for the slag also influences the 

electro-slag remelting shows that in addition to hydrogen in the atmosphere, hydrogen 
in the electrode can be transferred to the melt, depending on the flux chemistry, 
hydrogen content of the electrode and melt, and temperature 1171. 

I hydrogen content of the steel [16]. A detailed model of hydrogen behavior during 

Recvcle of Tritiated St ainless Stee 1 at Savannah River 

Anticipated Conditions 

The experience of handling and decontaminating tritium exposed stainless steel 
outlined above allows assessment of tritium behavior in a stainless steel recycle 
process. For components exposed to tritiated heavy water at the Savannah River Site, 
most of the tritium probably resides in the surface oxide. The total tritium burden can 
be determined by dissolution and scintillation counting of samples removed from the 
recycle feed material. This assay is the vital first step in designing a stainless steel 
recycling process having effective tritium decontamination. 

As indicated above, most of the tritium will evolve at relatively low temperatures 
(<600-8OO0C). Even at 3OO0C, much of the tritium in the surface oxide will likely be 
released. Most of the tritium will be released as tritiated water vapor. 

6 
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Savannah River Stainless Steel Considerations 

The characteristics of Savannah River Site recycle program feed materials, such as 
reactor process water piping, differs from that used in decontamination studies 
documented in this report. Although the conclusions found in the literature for 
contaminated stainless steel should be qualitatively valid for Savannah River Site pipe 
exposed to tritium contaminated heavy water, the effectiveness of tritium 
decontamination in any proposed recycle process must be characterized by experiment 
for the particular recycle feed material. 

.- 

Water vapor saturated air has been observed to decontaminate tritium 
contaminated parts (above). Parts can be decontaminated before melting by simply 
exposing them to the atmosphere, which is an advantage for some of the very large 
pipe sections at Savannah River. Parts having a large tritium burden may have to be 
partially decontaminated in a separate facility, if the contamination is high enough and 
the part is small enough. 

As time passes the amount of tritium will also decrease by radioactive decay. The 
half life of tritium is about 12.3 years. Radioactive decay occurs according to 

3 

where the original concentration c0 decays to concentration c after time t for a 
radioisotope having half life T~,~. The concentration ratio is related to the 
decontamination factor ( E q .  1 )  by 

4 

and this leads to a natural tritium decontamination factor of 10 after 41 years and 100 
after 82 years (Eqs. 3 , 4). 

Most of the tritium will likely be released from stainless steel at relatively low 
temperatures early in the melting operation. As discussed earlier, the hydrogen 
solubility in stainless steel increases with increasing temperature. Furthermore, when 
the steel melts, the hydrogen solubility in molten steel increases at an even higher rate 
with increasing temperature. This solubility behavior implies that to achieve the 

7 
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minimum amount of dissolved tritium after melting, as much decontamination 
should be performed before melting as practical. (Evidence for stainless steel retaining 
tritium at temperatures near the melting point was observed a previous study 
(discussed earlier) [I].) A low temperature hold prior to melting could enable effective 
decontamination while minimizing pickup of tritium by the melt. Holding the recycle 
feed material at 800OC in flowing inert gas would be very similar to decontamination 
practices performed in the past [l] and might achieve a decontamination factor of up to 
104. 

-. 
. 

Vacuum refining methods, such as vacuum arc remelting, appear to be more 
appropriate for tritium decontamination than slag-melt equilibrium methods. 
Vacuum refining is commonly used to remove hydrogen from liquid stainless steel. If 
a slag-melt process is considered, the complicated thermodynamic and kinetic issues 
with hydrogen/flux/slag/melt system must be addressed. However, it is certainly 
possible that a slag-melt furnace could be used for effective melt recycling of tritium 
contaminated stainless steel. Radioisotopes other than tritium must also be 
decontaminated from contaminated feed materials, and a slag-melt process might be 
required for the non-tritium isotopes. If this is the case, it would be desirable to include 
tritium decontamination in the design of the slag, to enable a single process cycle to 
decontaminate all radioisotopes. 

The acceptable concentration of residual tritium in the stainless steel product must 
be determined. The acceptable level may influence the choice of a melt 
decontamination process and the need for a separate decontamination procedure before 
melting. Although this acceptable level is a regulatory issue, the selected process may 
have a technical limit for the decontamination factor. 

Melt Facilitv Considerations 

The amount of tritium released to the environment during melting must be 
evaluated. If the amount of tritium offgassing exceeds environmental limits for the 
facility, some method of gettering the tritium must be developed. Various types of 
gettering systems are currently being developed [18]. The choice of getter materials is 
much greater and their performance is vastly improved if the gas stream is inert, since 
nitrogen and oxygen quickly saturate most getter materials. Also, the waste stream of 
most hydrogen isotope getter systems is water, so handling tritiated water must be 
taken into account in the overall design. If a vacuum melt recycling process is chosen, 

8 
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gas from the pump discharge could be either sent directly to a getter system or to a hold 
tank for subsequent tritium clean up. 

Several surface modification techniques have been developed that could reduce 
the tritium contamination of the metal surfaces of a recycle facility, for example in the 
exhaust system and vacuum chamber. One study evaluated the tritium interaction 
with stainless steel surfaces prepared using several surface treatments, including 
thermal oxidation, chemical passivation, chromium electrodeposition combined with 
thermal oxidation and a chromium diffusion coating [19]. The chromium diffusion 
coating significantly reduced the amount of tritium absorbed during exposure to 
molecular tritium gas 1191. Several types of aluminum coatings have been found to 
effectively reduce tritium permeation in other studies: an aluminum ion implanted 
layer [20], and a proprietary aluminization coating [21, 221. All of these surface 
modification techniques alter the stainless steel surface to reduce the ability of 
molecular tritium to react with and dissociate on the normal austenitic stainless steel 
oxide surface. The design of a recycle facility .should consider these methods, to 
mitigate contamination of equipment. 

Although tritium has a very low solubility in most ceramic materials, concrete has 
been observed to absorb tritium readily [SI. Concrete is porous, and contains significant 
amounts of hydrogen, mainly in hydroxyl group form. Since concrete is a common 
material of construction of large facilities, the contamination of a tritium melt recycle 
facility should be considered. Although paints and other organic coatings also absorb 
large amounts of tritium, coating the porous concrete with a paint or epoxy sealant may 
reduce the contamination of the concrete. Any refractory brick used in a furnace could 
similarly absorb tritium. The question of whether this occurs under the conditions in a 
melt furnace can only be addressed by experiment. 

h s  inal a ' n  

A literature survey of research and experience in tritium Contamination and 
decontamination of stainless steel allows the following general assessments and 
recommendations to be made about tritium contaminated stainless steel melt recycling. 

1) Most of the tritium contamination of stainless steel reactor components resides in 
the surface oxide film of the stainless steel. The contamination level must be 
measured- it cannot be calculated with any accuracy. 

9 
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2) The absorbed tritium will likely evolve from the surface oxide during moderate 
heating, beginning at about 300°C. Heating to temperatures up to 80OOC will yield 
more rapid and more complete decontamination. 

3) Significant tritium decontamination occurs when contaminated components are 
exposed to humid air, even at ambient temperature. This may be the only practical 
decontamination method for large structures. Also, since the half life of tritium is 
about 12.3 years, tritium naturally decays rapidly, compared to some long-lived 
radioisotopes. 

4) Vacuum refining may be the most effective way of removing hydrogen isotopes 
from liquid stainless steel. Slag-melt methods can also remove hydrogen isotopes, 
however the requirement of tritium decontamination will influence the design of 
the slag. 

5) Because the solubility of hydrogen isotopes in stainless steel increases with 
increasing temperature, and becomes much greater at the melting point and above, 
a preheat stage during melt recycling is recommended to minimize re-absorption of 
tritium by liquid stainless steel. This stage would consist of holding the charge at 
about 600-800OC to allow as much tritium decontamination as possible. A 
decontamination factor of lo4 may be achievable during the preheat stage. 

6) If material to be melt recycled contains a large enough quantity of tritium, a getter 
system may be required to reduce emissions. Current getter materials require either 
an inert atmosphere or a "vacuum" with tritium a dilute impurity, because most 
getters will saturate and become useless if exposed to significant quantities of 
nitrogen or oxygen. 

7) Materials of construction of a stainless steel melt facility may influence the 
contamination level of the facility after processing tritiated stainless steel. Several 
types of surface treatments of metals have been shown to minimize tritium 
contamination. Concrete will absorb significant amounts of tritium. Paints and 
coatings may protect concrete and metal surfaces from tritium. Refractory 
materials, commonly used in melt furnaces, may also absorb tritium. 

10 



References 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

WSRC-TR-95-0160 

V.J. Corcoran, C.A. Campbell and P.B. Bothwell. Decontamination and 
Decommissioning of Fusion Technology 21 (21, part 2, UK Tritium Facilities. 
March 1992, pp 727-732. 

A.B. Antoniazzi, W.T. Shmayda, and R.A. Surette. Decontamination of Stainless 
Steel. Fusion Technology 21 (2), part 2, March 1992, pp 867-871. 

J.L. Maienshein, F. Garcia, R. Garza, R. Kanna, A. Mayhugh, D. Taylor. Experiences 
with Decontaminating Tritium-Handling Apparatus. Fusion Technology 21 (21, 
part 2, March 1992, pp 383-388. 

L.S. Krochmalnek, J.P. Krasznai, M. Carney. Conditioning and Handling of 
Tritiated Wastes at Canadian Nuclear Power Facilities. Report CFFTP-G-87013, 
Canadian Fusion Fuels Technology Project, Ontario Hydro, Government of 
Ontario, Canada, April 1987. 

R.S. Dickson. Tritium Interactions with Steel and Construction Materials in Fusion 
Devices- A Literature Review. Report CRRTP-G-9039 (AECL 10208), Canadian 
Fusion Fuels Technology Project, Ontario Hydro, Government of Ontario, Canada, 
November 1990. 

A. Tesini, R.A. Jalbert. Experimental Contamination and Decontamination Studies 
on JET Remote Handling Tolls and Materials When Exposed to Tritium. JET Joint 
Undertaking Report JET-R(88) 18, Abingdon, Oxon OX14 3EA UK, 1988. 

N.M. Masaki, T. Hirabayashi, and M. Saeki. Study on Sorption of Tritium on 
Various Material Surfaces and its Application to Decontamination of Tritium 
Sorbing Materials. Fusion Technology 15, March 1989 pp 1337-1342. 

P.A. Finn and E.H. Van Deventer. The Importance of Metal Oxides on the Reaction 
Between Oxygen and Tritium on Stainless Steel. Fusion Technology 15, March 1989 
pp 1343-1348. 

V. Blet, Ph. Brossard, B. Clavier, A. Falanga, H. Guidon, C. Le Sergent. Oxidation of 
Molecular Tritium in Austenitic Stainless Steel Containments.. Fusion 
Technology 21 (2), part 2, March 1992, pp 839-844. 

10. K.E. Kain. Finite Difference Program for Hydrogen Diffusion. USDOE Report DP- 
1738, Savannah River Site, Aiken, SC, March 1987. 

11. G.R. Caskey, Jr. Hydrogen Solution in Stainless Steels (U). USDOE Report DPST- 
83-425, Savannah River Site, Aiken SC, May 18,1983. 

12. 0. Winkler and R. Bakish, eds. Vacuum Metallurnv. Elsevier, 1971, pp 347 ff. 



WSRC-TR-95-0160 

13. J.F. Elliot, M. Geiser, V. Ramakrishna. Thermochemistry for Steelmaking, Vol. II- 
Addison-Wesley Publishing Co., Ther mod vn a mi c and Transport Properties. 

Reading, Massachusetts, 1963, pp 532,536. 

14. K. Shinme, T. Matsuo, H. Yamaguchi, M. Morishige, K. Kamegawa. Removal of 
Impurities in Molten Steel by the Powder Top Blowing Method under Reduced 
Pressure. The Sumitomo Search 46- April 1991 pp 27-37. 

15. T. Rosenqvist. Princides of Extractive Metallurgy. McGraw-Hill, New York, 1974 p. 
324 ff. 

16. J.D.W. Rawson, G. Jeszensky, and A.W. Bryant. Novel Slags for ESR. 6th Vacuum 
Metallurgy Conference on Special Melting, San Diego, CA, April 23-27, 1979 pp 848- 
863. 

17. A.S. Kalugin. Kinetics of Behavior of Hydrogen in Electro-slag Remelting. 
Problemy Spetsial'noi Elektrometallurgii 21. 1984 10-16 (Translated by V.E. 
Riecansky, Technical Translations, 22 Horseshoe Close, Balsham, Cambridge CBl 
6EQ England). 

18. J.E. Klein, Westinghouse Savannah River Company, private communication 
1/11 /95. 

19. T. Hirabayashi, Y. Sun, H Yamamoto, Y. Toida and M. Saeki. Chemical and 
Topological Properties of Tritium-Resistant Stainless Steel surfaces formed by 
Chromium Diffusion Coating. J .  Nuclear Materials 182 (1991) pp 135-144. 

20. J.L. Maienshein, R.G. Musket, and F.E. Murphy. Reduction of Trifium Permeation 
through 304L Stainless Steel using Aluminum Ion Implantation. Appl. Phys. Lett. 
- 50 (14), April 6,1987 pp 940-942. 

21. K.S. Forcey, D.K. Ross, J.C.B. Simpson, D.S. Evans, A.G. Whitaker. The Use of 
Aluminizing on 31 6L Austenitic and 1.4914 Martensitic steels for the Reduction of 
Tritium Leakage from the NET Blanket. J. Nuclear Materials 161, 1989, pp 108-116. 

22. E.A. Clark. Tritium Permeation Through Process Bed Containers- Evaluation of 
Alonization Coating. Westinghouse Savannah River Company Internal 
Memorandum SRT-MTS-93-4047, USDOE Savannah River Site, Aiken, SC 29808 
May 28,1993. 

12 


	Executive Summary
	Introduction
	Literature Review
	Tritium Location in Exposed Stainless Steel Parts
	Tritium in Surface Oxide
	Tritium in the Bulk

	Tritium Decontamination Techniques
	Stainless Steel Refining Methods and Hydrogen Isotopes
	Hydrogen Solution in Stainless Steel
	Vacuum Refining
	Slag/ Melt Refining


	Recycle of Tritiated Stainless Steel at Savannah River
	Anticipated Conditions
	Savannah River Stainless Steel Considerations
	Melt Facility Considerations

	Final Assessments and Recommendations
	References

