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FOR ADDITIONAL READING 

SUMMARY 

Tritium is a radioactive isotope of hydrogen used to enhance the explosive yield of every thermonuclear 
weapon. Tritium has a radioactive decay rate of 5.5% per year and has not been produced in this country 
for weapons purposes since 1988 when the K Reactor at Savannah River Site in South Carolina was shut 
down for safety reasons. 

To compensate for decay, tritium levels are being maintained in deployed warheads in the near term by 
recycling and reprocessing tritium recovered from dismantled nuclear weapons. To maintain the nuclear 
weapons stockpile at the level called for in the Strategic Arms Reduction Treaty (START) II (not yet in 
force), however, a new tritium source would be needed by the year 2011. If the higher stockpile levels 
set by START I remain the target, as is presently the case, tritium production would be needed by 2005. 

The Department of Energy (DOE) looked at a number of options for a long term tritium source as part of 
its Stockpile Stewardship and Management program. Following the release in October 1995 of a final 
Programmatic Environmental Impact Statement on Tritium Supply and Recycling, DOE on December 6, 
1995, issued a Record of Decision to pursue a dual-track approach to develop the two options it 
considered most promising. The first is to investigate the purchase of the services of an existing 
commercial reactor or the reactor itself to supply radiation for transforming lithium into tritium. The 
second is to design, build, and test a particle accelerator to drive tritium-producing nuclear reactions. 
The Savannah River Site was selected as the location for an accelerator, should one be built. 

Both options could meet the 2011 deadline but only the commercial reactor option could be ready by 
2005. If tritium is needed sooner, an interim source may be necessary. One such possibility is the DOE 
Fast Flux Test Facility (FFTF) in Hanford, WA. Two recent studies provided support for this option, and 
DOE recently decided to maintain the FFTF as a backup tritium source. 

Several issues remain to be resolved before a long term source can be built. Included are technical 
uncertainties with the accelerator and target development for the reactor option, the wide range of 
possible costs of the various options, regulatory actions particularly with the reactor option, 
environmental consequences of producing additional radioactive materials, and nuclear proliferation 
concerns that may arise if civilian and defense nuclear operations are combined on a single facility. 
DOE's decision to keep the FFTF available as an option has also generated opposition over 
environmental concerns, and whether there should be defense production at Hanford. 

Congress has expressed other concerns about the program. Report language with FY1997 appropriations 
stated that DOE is not proceeding at a fast enough pace in developing a tritium source. In its FY1997 
appropriation, Congress added $50 million to the DOE request of $100 million to accelerate the 
program. Recently, a report by the House National Security Committee reiterated this concern about the 
lack of concrete plans by DOE for resuming tritium production. 

MOST RECENT DEVELOPMENTS 

In the Energy and Water Development Appropriations Act for FY1997, Congress appropriated $150 
million for tritium production and related activities, compared to DOEps request of $100 million. The 
conference report accompanying the bill directed DOE to inform the House and Senate Committees 
before it began any tests involving tritium targets within a commercial light water reactor. The 
Chairman of the House National Security Committee, in a recent report, stated that DOE is not moving 
fast enough to ensure a tritium production capability when needed. In a related development, in 
December the Clinton Administration announced a two-track plan to get rid of 50 tons of 
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weapons-grade pluonium, including its use as mixed oxide to be burned as fuel in commercial nuclear 
power plants The impact of this decision on tritium production remains to be seenD^^ 
announced its intention to maintain the Fast Flux Test Facility (FFTF) as an interim MtiZsZ^ce 
°lTXMf U contireS;° PfrSUe US tW0-track st^egyfor along term sZrTm^ZoZdby 
some, the decision has also drawn opposition, primarily on environmental grounds      $UpP°rted by 

BACKGROUND AND ANALYSIS 

Role of Tritium 

Why It Is Needed 

Tritium is a crucial component of thermonuclear weapons. Tritium gas is used in every U S nuclear 
warhead to enhance its explosive yield. A typical thermonuclear device consist oS stagefa prTmarv 
where the explosion is initiated, and a secondary where the main thermonuclear explZon tales E 
The yieW of the primary stage, and its effectiveness in driving the secondary to ^oTfcKsST 
(boosted) by tritium gas which undergoes a nuclear fusion reaction with deuterium anhSS^Le 
amount of neutrons to 'boost' the nuclear burn up of the plutonium or highly SiTuSZ § 

Tritium is radioactive and has a relatively short half-life of a little over 12 years As a result the sunnlv 
of tritium in a newly manufactured weapon would decay by 5 5% per year to le^ tLn ?v Jf S     ^ y i 
amount in seven half-lives or 87 years 4hout n^maÄlXjffÄfeÜfcÄ^ 

SANS'S™ TrPrC!dUCeTd?oa
cri!

earreaCt0r' calledthe Kreactor' atth*DOEKX Site (SRS) in South Carolina. In 1988, the reactor was shut down for safety reasons and noTddMonai 
£™ ?as been produced m the U.S. for weapons purposes. Replenishment ofSÄ^stoS 
)tm f ™f' +

hreuVer'b^ re^ciin§tritium from existing nuclear weapons as tto^ toÄTh 
1991, President Bush signed the Strategic Arms Reduction Treaty II (START II) which coiZkted the 
major nuclear powers to a large reduction in their nuclear weapons stockpiles AsTresulSS 
reduction the stockpile's tritium levels have been maintained primarily by recyclingSriturn from 
deactivated warheads without new tritium production. y^      muum rrom 

By 1993, based on the annually updated Nuclear Weapons Stockpile Plan (NWSP) DOE and DOD 
determined that tritium production would need to be resumed by the year 2011 ifthe 1UnitedStates were 
to maintain its weapons stockpile at the levels set by START IL The NWSP is ÄiStW^dT 
DOE proposes to manage the nation's nuclear weapon's stockpile in the absence of tS Because of 
the long lead time required to set up a tritium production facility, it was realized to devfiopSent of 
preferred production options begin immediately. In the 1996-2001 NWSP tl^^daSSrfnOF 
to folly support the higher START I nuclear weapons level until STARTIIisratfied by a llparti^nd 
implemented At present the United States Senate gave its advice and consenttoratif>the trS m 
SeTsTART nRUfm ^ m}™X{M START n> ^ has no plans to do in the fiSKKS The 
higher START I level requires that new tritium production start in the year 2005. 

What Is Tritium and How Is It Made? 

Tritium is a radioactive isotope of hydrogen. Atoms of a particular element have a specific number of 
protons, but may haye different numbers of neutrons in their nuclei. All the differedfomis caTled 
isotopes have that element's basic chemical properties but may differ in their atomic pZertie   A 
normal hydrogen atom has one proton. An atom with one proton and one neutron^ calleddeuterium 
and an atom with one proton and two neutrons is called tritium. deuterium, 

SCSSTSÄ^6 ™-m 1S "" 'ime * ^ &r ™<*» Art« of 
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Although tritium occurs naturally in the environment, the amount is too small for practical recovery 
Therefore tritium for nuclear weapons must be produced artificially. There are two ways of producing 
tritium, both involving nuclear reactions using neutrons. In the first way, neutrons are made to strike a 
target consisting of a lithium/aluminum material. The neutrons react with the lithium, producing tritium 
and other byproducts This technology has been used to produce tritium for several decades at the 
Savannah River Site (SRS) m South Carolina. In the second method, neutrons react with an isotope of 
helium, helium-3, to produce tritium and normal hydrogen as by-products. Although this process has 
been proven by various experiments, the helium-3 method has not yet been used in anv tritium 
production system. * ullllU111 

Tritium Production Technologies 

The production of tritium requires the generation of energetic neutrons. There are two suitable ways of 
producing such neutrons: nuclear reactors and accelerators. In an accelerator, neutrons are produced by a 
process called spallation. Protons accelerated in a particle accelerator to very high energies strike a target 

Zvnr   AI
S
 ,f' S6 energ6tlC pTOt?nS then kaXKk neutrons and more Protons off of the tungsten atoms 

like billiard balls. These neutrons and protons then knock off more neutrons, in a cascade fashion In a 
nuclear reactor, energy is produced by nuclear fission, or splitting, of uranium and plutonium atoms 
Neutrons are used to produce the fission in the first place, and a byproduct of this reaction is more  ' 
neutrons Most of these neutrons are used to create more fission reactions - a chain reaction - but some 
neutrons leave the reaction region - the reactor core - without initiating a fission reaction These 
neutrons are available for other nuclear reactions including those that produce tritium. In both cases the 
quantity of neutrons produced can be controlled by adjusting parameters inherent to the accelerator or 
nuclear reactor. 

Congressional Considerations 

DOE Activities 

IfSS of maintaining the country^ nuclear weapons stockpile is assigned to the Department 
Wprn£r(?d ?QQ?U 

sWn%0^ Comprehensive Test Ban Treaty (CTBT) by President Clinton on 
September 24, 1996, banning further testing of nuclear weapons, contemplates that the U.S nuclear 
weapon stockpile is to be maintained primarily with a science based approach using laboratory 
experiments and computer simulations. Weapons activities fall within DOEbs Office of Defense 
Programs and consist of two major components: stockpile stewardship and stockpile management The 
first of these is charged with research and development on ways to ensure the safety and reliability of the 
existing stockpile, and to preserve a core of weapons-related technical and scientific expertise The 
stockpile management component is responsible for stockpile surveillance activities - those activities 
designed to ensure the safety, reliability and performance of the existing stockpile, including 
^manufacture of existing weapons, and for all tasks related to the production of nuclear weapons 
1 ritium activities lie within the stockpile management program. 

Historically tritium has been produced at the K Reactor and other reactors at the Savannah River Site 
r^n

As the reactors were shut down, tritium production declined and halted altogether in 1988 when 
the K Reactor was shut down for safety upgrades. In the same year, DOE started the New Production 
Reactor (NPR) project to develop a long term source of tritium to replace the aging K Reactor In 
September 1992, the Bush Administration, under pressure from Congress and citing reduced tritium 
ST ^lClu    -t0 ^eferS?^ier ™ork on the NPR until 1995 and «topped all the reactor design 

efforts. With the signing of START II by President Bush in 1993, the number of active nuclear wariieads 
and the need for tritium were dramatically reduced. At that time, the Department of Defense (DOD) and 
DOE concluded that recycling the existing tritium from the deactivated warheads could supply the 
needed tritium until a new source was ready. 

By 1993 DOD and DOE both declared that due to the long lead time for construction and the depletion 
of tritium by radioactive decay, a tritium production development program must be started immediately. 
During the FY1993 budget process, Congress directed DOE to prepare and submit a report on tritium 
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supplies and the necessary schedule to resume tritium production. Again in the FY1994 Defense 
Authorization Act, Congress directed DOE to study tritium production and identify the selected 
technology by March 1995. A part of the decision making process is the issuance of the Programmatic 
Environmental Impact Statement (PEIS). In March 1995 DOE released the draft PEIS, without making a 
decision on the selected technology. In October 1995 DOE issued its final PEIS for Tritium Supply and 

The PEIS evaluated the alternatives for siting, construction, and operation of tritium supply and 
recycling facilities at each of five candidate sites: the Idaho National Engineering Laboratory the 
Nevada Test Site, the Oak Ridge Reservation, the Pantex Plant, and the Savannah River Site 'idaho 
National Engineering Laboratory (INEL) is one of DOEbs primary research and development centers on 
reactor performance and breeder reactor development. The Nevada Test Site (NTS) is the site for 
conducting underground nuclear tests. The Oak Ridge Reservation (ORR) Y-12 plant is the primary 
location for certain defense program missions, including the dismantling of some nuclear weapons 
components returned from the stockpile, producing some weapon components, providing stockpile 
support for uranium and lithium, storing special nuclear materials, and providing special manufacturing 
support to DOE programs. The Pantex Plant near Amarillo, TX at present is the only active site for 
nuclear weapons disassembly and for storage of certain components. The Hanford Site near Richland 
WA, is the location of the Fast Flux Test Facility (FFTF) which can be used to produce tritium on a ' 
limited scale. The Savannah River Site (SRS) is the nationbs primary facility for tritium recycling to 
provide tritium for weapons in the nuclear stockpile. Evaluation of the environmental impacts 
considered the impacts on land resources, site infrastructure, air quality and acoustics, water resources 
geology and soils, biotic resources, cultural and paleontological resources, socioeconomics radiological 
and hazardous chemical impacts during normal operation and accidents to workers and the public waste 
management, and transport between sites. The PEIS also compared the impact when no action (to' 
implement new tritium production) is taken. 

Based on the analysis of the PEIS and other considerations, on December 6, 1995 the DOE issued the 
Record of Decision, Tritium Supply and Recycling Facilities, which committed DOE to pursue a dual 
track strategy to ensure an adequate tritium production capability. The dual track approach is to- (1) 
initiate the purchase of an existing commercial reactor or irradiation services with an option to purchase 
the reactor and convert it to a defense facility; and (2) design, build, and test critical components of an 
accelerator system for tritium production (called Accelerator Production of Tritium of APT) According 
£»£,5   o reactor aPProach would be available by 2005 while the accelerator would be operational by 
2007. The Savannah River Site (SRS) was selected as the location for an accelerator, should one be 
built. Furthermore, the tritium recycling facility at SRS will be upgraded and consolidated to support 
both options. On September 5, 1996, the Secretary of Energy selected Burns and Roe Enterprises Inc 
todemonstrate the APT concept at Los Alamos National Laboratory, and to design the accelerator at the 
bKo site. 

At ?e S?f «£?le declsion'the tarSet date for completion of the long term tritium source was still that 
set by START II requirements, the year 2011. With the shortening of the schedule as a result of the 
President s decision to use the START I stockpile numbers, the DOE has announced that an interim 
tritium source might be necessary if the accelerator option is selected. No decision, however about the 
nature of this interim source has been made at this time. ' 

Total funding for DOE weapons activities amounted to $3.46 billion in 1996 For FY1997 Congress 
appropriated $3.91 billion compared to a request of $3.71 billion. The appropriation provides $1 66 
billion for stockpile stewardship, $1.93 billion for stockpile management, and $0.33 billion for program 
management. The tritium source program first appeared as a budget line in FY1996 at which time it 
received $75 million. For FY1997, DOE requested $100 million. Congress, however, appropriated $150 
million. From 1993 to 1995, DOE spent $30 million for research and development on the APT concept 
at the Los Alamos National Laboratory (LANL). 

For FY1997, DOE plans to spend the largest fraction of its tritium activity appropriation ($125 million) 
on the APT project. It will continue its efforts to demonstrate tritium production with accelerator 
technology using the existing linear accelerator at LANL. The remaining $25 million will go to 
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developing the commercial light water reactor option. Major activities will include development of 
targets and the capability to extract tritium from them, and initial efforts to acquire a reactor and begin 
tritium operations. DOE plans to make a conditional selection of a reactor either for purchase or for 
providing irradiation services in 1998. According to DOE at a January 1996 informational meeting with 
the nuclear power industry, at least 13 U.S. utility companies have expressed an interest in providing 
irradiation services for the production of tritium. These include the Arizona Public Service Co. (Palo 
Verde 1,2 and 3 power plants); Centerior Energy (Perry 2); Florida Power and Light Co. (St. Lucie 2); 
Georgia Power Co. (Vogtle 1 and 2); Houston Lighting and Power (South Texas 1 and 2); Illinois Power 
Co. (Clinton); Niagara Mohawk Power Co. (Nine Mile Point 1 and 2); N.C. MPA and Piedmont MPA 
(Catawba 2); S.C. Electric and Gas (Summer); Tennessee Valley Authority (Bellefonte 1 and 2); 
Virginia Power (North Anna 1 and 2, Surry 1 and 2); Wisconsin Public Service Co. (Kewaunee); and 
WPPSS (WNP-1). At most two reactors will be needed to meet the tritium production needs. 

Recently, DOE announced that it will reconsider using the Fast Flux Test Facility (FFTF) at Hanford as 
a back-up source for tritium production. In particular, the facility will remain open for at least two more 
years in a "hot standby" mode. In other words, it will be capable of starting up without the need to 
re-fuel. The FFTF had been scheduled for shut down, but recent reports by an independent study group, 
JASON, and a consulting firm indicated that the reactor could be used for interim production of tritium 
over the period 2006 to 2016. 

Current thinking by DOE is that the FFTF could serve as an interim source until a permanent source is 
built. If tritium requirements were to drop because of a new arms reduction agreement, it is possible that 
the FFTF could become the primary source of tritium. According to DOE officials, the added cost to 
keep the FFTF as a tritium source option would be about $7 million over the next 2 years. This figure 
compares with $88 million already budgeted for FFTF operations over that period. Extensive 
development work and additional testing would be needed before the FFTF could be producing the 
necessary quantities of tritium. 

In related matters, DOE announced it will issue a request for proposals from utilities interested in 
providing commercial reactor services or selling a reactor to DOE for tritium production. A contract to 
one or more utilities is expected to be awarded by early 1998. 

Program Issues 

Although DOE has decided on the dual track course toward selection of a technology for production of 
tritium, the program remains controversial. Most of the controversy concerns the choice of technology. 
Indeed, before the Record of Decision there were some indications that DOE had already decided upon 
accelerator production of tritium (APT) as the primary choice. Several reasons were behind this decision 
including a desire to continue operation of the linear accelerator facility at the Los Alamos Neutron 
Science Center (LANSCE) where much of the development work for the APT targets would take place. 
In addition, concerns may have been expressed by some in the Administration about the need to 
construct a new nuclear reactor probably contributed to the decision. Congressional action (primarily a 
task force set up by the Speaker ~ see below), however, caused DOE to reconsider and to add the 
existing commercial reactor option when the Record of Decision was issued. 

Target Date. Although current policy is set to meet the 2005 target for a new tritium production source, 
there are those who believe that completion ofthat source can be extended well beyond that deadline. If 
and when START II is ratified by Russia, the need for tritium production would be extended to the year 
2011 because the number of strategic warheads remaining in the stockpile would be substantially lower 
than the START I limits which define the 2005 target. The START II calls for a stockpile of 3,500 
nuclear strategic warheads. 

Many argue that further nuclear weapons reduction beyond the START II limits is possible with the 
result that additional years would be available to recycle tritium from dismantled warheads since the 
tritium production schedule included an additional 5- year reserve. Recently a number of nuclear arms 
control advocates have argued for further reductions to around 1,000 deployed warheads. In that case, 
the need for new tritium production could be pushed back to the year 2035 by the recycling of the 
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tritium from the deactivated warheads. In December 1996 retired Air Force General George Lee Butler 
former Commander in Chief of Strategic Air Command (CINCSAC), together with retired General 
Andrew J. Goodpaster and 60 other generals and admirals around the world, called1 for^additional 
reduction m nuclear arms and the phased elimination, with verification, of a 1 nuclear arms Defense 
Secretary William Perry however has rejected further unilateral cuts in U.S. nucleaTwe^onsuntil the 
Russians have ratified START II At this time, there have been no official proposals eitherfrom 
Congress or the Administration, for additional nuclear weapons stockpile reductions But more^alls for 
nuclear arms reduction, possibly leading to elimination of nuclear arsenals, are likely in th7next few 

Interim Sources - Fast Flux Test Facility (FFTF). If there is no change in the current target date 
however, hen the question of an interim source becomes important. One option is to upgrade existing 
DOE reactors Currently four DOE research reactors are operational: the High Flux IsotSS"ft 
K ^T11;?? F^\B^Rea^T at Brookhaven National Laboratory; tihe^S^ffito 
Reactor II at the Idaho National Engineering Lab (INEL); and the Advanced Test Reactor also at INEL 
However, none of these facilities have the capacity to meet the projected stockpile tritium requirements. 

Of the non-operational DOE reactors, only one is capable of producing a significant amount of tritium 
the Fast Flux Test Facility (FFTF) at the Hanford Site, WA. A recent studygby JASONOi 
fZTJSSZ™1, ^ftific group ad7isin§.D0E on Defense matters) expressed Reasonable confidences 
KSÄuÄ    Pr0dUCet ahr°U\ L5 kg °f triÜUm Per year' nearly 750/0 of the projected 2 kg requirement. The JASON group, m its final report, expressed concern about whether the FFTF could 
be restarted to meet the 2005 target date due to significant testing requirements and "formidable 
bureaucratic barriers" such as regulatory requirements. They did not, however, identify any major 
technical barriers. Recently a private company offered to assume operation of the FFTF and make the 
necessary modifications for the reactor to produce tritium. The company proposed to lease the reactor 
and contract with DOE to provide tritium for 10 years starting in 2000. 

A consulting firm hired by DOE recently completed an examination of the use of the FFTF as an interim 
source. The study found that the reactor would be a "cost-effective backup" for tritium productionand 
concluded that under certain conditions the FFTF could be cheaper than the other two ^S^nW 
a more extended period. As described above, DOE decided to add the FFTF as an option for an interim 
tritium production source. If needed the FFTF would supply tritium for a period ofaZuoT^sTJ 
convert to the produc ion of medical isotopes at the end ofthat period. Right now, however the 
production of medical isotopes from the FFTF could not compete with lower cost sources f he DOE 
action could provide more time for it to develop one of its two long term options, the accelerator 
production of tritium facility or the commercial reactor. «u^werdior 

Nevertheless, there is still considerable opposition to using the FFTF. In particular, the Governor of 
?S0TFhTlJOined other Northwest pohtical leaders and environmental activists in opposing the restart 
of FFTF. These groups argue that DOE should not be spending money to restart the rector whL there 
is so much cleanup work to be done at the Hanford site. Other arguments are that using the reactorfor 
the weapons program would be illegal and not consistent with the current cleanup misfion of Hanford 
inere is also likely to be opposition from those who are concerned that restarting the FFTF would divert 
resources from the Savannah River Site which has been selected for the accelerator producti^of tritium 
facility. They already contend that the FFTF will not be able to supply the necessary tritium 

In its decision to retain the FFTF option, DOE stated that the additional cost would be small - about $7 
million over 2 years - and would not divert funds from cleanup. Some supporters of thiHecisionafgue 
that using he FFTF as an interim source could permit construction of the accelerator facility at a slower 

FnflatiSJo'verTat™d appr°pnatl0nS- Whelher this reduction is Possible depends on the course of 

Another interim option is the possibility of purchasing tritium from a foreign source. Tritium has been 
produced in reactors for defense purposes in several countries such as Russia, Britain, Z France 
J™ has at

lso ^een Produced as a by-product in Canada although Canada prohibits its use in weapons 
There are no treaty prohibitions, however, to foreign purchases. The purchase of tritium from foreign 
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sources was considered by DOE, but rejected largely because of concerns it could place U S national 
security at risk. In view of the changed target date from 2011 to 2005, however, DOE may reconsider 
this option as a temporary measure, particularly if the FFTF option does not develop for whatever 
reason. 

Long Term Sources. Of the two tracks being considered by DOE for a long term source, the 
commercial reactor option -- either purchase of radiation service or purchase of a commercial reactor -- 
probably involves the least technical risk, although the APT concept also appears relatively 
straightforward. Presently there are 110 nuclear power plants operating in the United States. These 
reactors could be used to produce tritium by placing lithium-6 target rods within the reactor core. This 
may require the redesign and evaluation of the neutron absorbing control rods, but the impact on 
electricity power production should be minimal. The tritium production target rods can be removed at 
the same time the reactor is refueled, about every 18 months. The quantity of irradiation services can be 
scaled according to the amount of tritium needed for the stockpile. Target rod development thus far has 
demonstrated feasibility, but development and qualification have not yet been completed. In addition, 
additional facilities would be required to extract the tritium for use in weapons. DOE has selected 
Southern Company's Vogtle nuclear plant and Tennessee Valley Authority's Watts Bar reactor to test 
tritium production assemblies. 

A significant potential concern with this option is that a commercial reactor would not be under the 
control of DOE. It is possible that future changes in the electric utility industry could cause the utility 
owner/operator to decide that the reactor was no longer economic to operate. If DOE had to take over the 
reactor at that point and could not obtain a bsubsidyf) from the sale of electric power from the plant, its 
operational costs might suddenly grow substantially. In addition, there are potential regulatory and' 
environmental problems that could arise in the option. These possible issues are discussed in more detail 
below. 

The purchase of a commercial nuclear reactor by DOE would eliminate potential uncertainties connected 
with the utility owner/operator. Most of the existing commercial nuclear reactors, however, are in the 
middle or tail-end of their designed life-cycle. The conversion of a commercial reactor for the 40 years 
of tritium production may require substantial investment in upgrading the facility as well as insuring the 
safety of the reactor. The purchase of a partially completed reactor might be preferred, depending on the 
cost for completion, although the reactor may not be in a suitable location. The cost of decommissioning 
the reactor at the end of the tritium production life-cycle is highly uncertain, but is likely to be very high 
based on current site cleanup experiences. Finally, there would be some regulatory, environmental and 
non- proliferation issues as discussed below. 

Construction of a new reactor has also been considered by DOE but was not part of the Record of 
Decision. If purchase of radiation services does not prove to be feasible, however, DOE may once again 
consider this option. There are several reactor designs which DOE could consider. The reactor for 
producing tritium would be fueled with enriched uranium rods similar to those used in existing light 
water reactors (LWR). The small light water reactor, in the range of 600 MW, might face fewer 
regulatory delays than other candidates because it is a proven technology although it has not been used 
in tritium production. A large light water reactor, which would produce electricity in the range of 1,100 
to 1,300 MW, would have a production rate well above that required by the DOE stockpile management 
program and, therefore, could compensate for unexpected down time. 

Another possibility is the heavy water reactor which is the technology previously used for tritium 
production at the Savannah River Site (SRS). Such a reactor may cost more than an equivalent LWR and 
be subjected to more regulatory uncertainty. In this connection, the K Reactor at SRS may be a 
candidate. It is the only DOE reactor specifically designed to produce nuclear materials capable of 
returning to operation. The K Reactor is presently in bcold standbyb after it was shut down in 1988 for 
safety upgrades. However, the reactor was designed in the 1940s, and, according to the DOE PEIS, it 
may not be possible to upgrade it to the level needed to meet the nation's long term tritium requirements 
regardless of the level of investment made in the facility. 

The construction of a multipurpose reactor which could be used to produce tritium, generate electricity, 
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and burn off excess weapons grade plutonium has been recommended by some including most of th* 
Members of the Speakerps task force headed by Representative GrahamfseThe SZ S v 

source and lowest cost to the taxpayer. One Member of the task foref, how^erTraea tha the d« si™ 
of tatium production technology, whether it be a reactor or accelerator or muftpSse Stör ST 

A: f£sÄ*ff "***>md ,to »* - ™,u27xe r„e.ra.rd 

nao» 
partially subsidized by federal funds for tritium production. ^competitive even it it is 

In a related development, the Clinton Administration announced in December 1996 a two-track 

ffift el n6 dlSP0Slt101? °f ?t0nS °f Weap0ns §rade Plutonium> Eluding iuseasTmixed oxide 

SSS^i^ÄÄ p—'there is a " ÄttÄT 
The second option in DOEps dual track approach, accelerator production of tritium f APT1 is » 
significant departure from previous approaches. Existing DOEparticle^elÄ are capable of 
producing only a small amount of tritium. The research accelerators were Sff3M not 
continuous, operation at low power levels (about 800 KW) A production SSÄ A 
to deliver a high power proton beam at 100 MW, or two^T^Ä^ wSk SieTPT 

Svif ^ to.be demanstated on anything approaching the scale^S^dÄÄ^ fesLch 
and development is being conducted at Los Alamos National Labor^nj^to^S^^^ 
^H f  tX;Tpe/^Celerat0r fadlity Which is Part of the Los Alamos Neutron Science Center   sbe Z 
used for this R&D. As mentioned above, DOE has contracted to begin this phase 0I

?APT^^evelopme^t 

approximately 0.7 mile long, and is a part of the APT complex coring a^SÄy H3 acres of 

operating costs over the life of the project and accounting for the cost o^money)rfSScSidate 

for an APT facility gives a mean valne 3XÄEÄS tf »ÄTC^IEST' 
facil ty would not produce any electricity but would require a substantial amZuo now° r the 
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facility, the amount of tritium production, the cost/revenue of electricity, construction operation 
maintenance, and decommissioning the site at the end of the production cycle. °Peratl0n> 

Environmental and Safety Concerns. Important factors influencing the decision about tritium 
production technology are the potential impact of the candidate technologies on the enSSt and 
tf f  tyAVd °f the Produ?lon f^ility. Common to all the reactor options are concerns ateufreactor 
safety and the generation and management of radioactive waste. Since the 1970s no nm commercTal 
nuclear reactor has been built in the United States. The major reasons have been th^high cosTSdear 
power compared to other electnc power generation technologies, and the slowdown in§tL g ow^h of 
electric power demand which left substantial excess generation capacity. In addition there havTbeen 
concerns about reactor safety While the U.S. nuclear power industry has a generally excellenHafetv 

3S mfm0Ty °f ?"* MÜe IS,land md foreign accidents has Contributed to Ätl public toward more nuclear power plants. oiaicu^c uy urc 

Th?!X$QTQ fre environfen?l concerns about the creation and disposal of high level nuclear waste 
The additional waste produced by a production reactor would be quite small in comparison to the waste 
already produced. Nevertheless, the difficulty in disposing of such waste remains anEs fact hasTo 
contributed to the resistance toward construction of additional nuclear reactors. The publL is concerned 
about the storage of nuclear wastes and the high cost of cleanup upon the decommisSinf of the 
reactor or in case of an accident. The APT is not a reactor and would not generate any spent fuelnor 
would there be any significant safety concerns. Because nuclear reactions would taSce in the APT 
wnÄ"re fadl?aCtl? 7aSt? ma,!erial ™uld result h would be a small amount, however, and all of it 
would be low level waste (waste whose radioactive byproducts emerge at low energy and are fir less 
dangerous than byproducts from nuclear reactors). The principal environmental consequence o?an APT 
facility would likely be the large amount of electric power which would be required. This power would 

^^S^J^r^ °f f0SSil fUdS WWch W0UW add t0 a« C" and 

Regulatory and Proliferation Concerns. Regulation is also an issue for the choice of production 
technology since any reactor option would likely be subjected to the current nuclear power plant 
regulatory process^ Presently commercial reactors are licensed and regulated by the Nuclear Regulatory 
Commission (NRC). The DOE assumes that an existing facility used to make tritiumSSSSS 
wouW remain licensed by the NRC, with license amendments for insertion of tritium target rods 
Furthermore, similar NRC licensing and regulatory process and structure would be employed for the 
construction and operation of new reactors. In June 1996, DOE and NRC signed a Memorandum of 
Understanding (MOU) concerning DOE's future use of NRC-regulated facilities to producTtriZS for 
nuclear weapons. The agreement established a basis for NRC review and consultation on DOEsTossTble 
purchase of commercial light water reactors or of irradiation services from commercial reactors This 

^Z^7or°t7vTme °l <!* 0b/fCleS t0 the liCfnS/ng ofcommercial «cÄS' production. For the APT, regulatory delay appears to be less likely since the accelerator would not have 
to undergo the same safety and licensing process as a reactor. 

Another issue which has been raised is the possible nuclear proliferation consequences of using civilian 
facilities for weapons tritium production. The separation of civilian and military use of atoSnergyTs 
a long-standing U.S. policy, partly to protect against unauthorized use of weapons grade S 
materials Since tritium is not considered to be special nuclear material, however, tritium production 

üLÄ^SÄ™ ZwlTw^ AtTiC ^ Act (AEA>- A P°Ssible statuary impedLent is section 57e of the AEA, which forbids special nuclear material produced in a commercial reactor from 
being used Tor nuclear explosive purposes." That section was intended to prevent plutonium cSed in 

xs nudea^rer pltn;s durg normal operation from being sep^ted ^ ^^S^SoS officials have raised the possibihty that section 57e could be interpreted as prohibiting plutonium created 
m commercial reactors from being used to produce tritium for nuclear weapons. ProdSn of 
substantial quantities of tritium in a commercial nuclear reactor likely would call attention to the 
appropriate uses of commercial nuclear reactors. Indeed, this possibility was cited by DOE as one of the 
reasons it selected the APT concept as a candidate tritium source. 

On March 29, 1996 the environmental group Greenpeace issued a statement opposing DOE's proposal to 
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use commercial reactors for tritium production or plutonium disposition. Greenpeace contended that 
DOE's use of a commercial reactor to produce tritium or to burn plutonium would effectively force 
consumers to support nuclear programs opposed by many U.S. citizens. This opposition is likely to 
intensify as DOE's decision on a commercial reactor for a tritium source nears, although according to the 
Nuclear Non-proliferation Treaty (NPT) the production of tritium in a commercial reactor is not a 
proliferation issue. There is concern, however, that the use of civilian nuclear reactors for the production 
of weapons material may set a bad precedent. Again, an APT facility would not have this difficulty since 
the accelerator would be a dedicated defense facility in its tritium production mode. If also used for 
scientific research, however, it is possible that such concerns would be raised. 

Schedule. According to DOE analyses, all of the options presented here have high probability of 
meeting a 2011 tritium production date, the original target set by START II weapon levels. Some 
options, however, could not meet a 2005 deadline. In particular, an APT facility would not be available 
until 2007. The quickest way to secure a long term source appears to be purchase of irradiation services 
from the civilian nuclear power industry, in which case the production of tritium could occur as early as 
2004. The purchase of an existing or partially completed commercial reactor could result in tritium 
production by the year 2005 after the target development and construction of a tritium extraction facility. 
It is likely that a new reactor, including the multi-purpose option, would not be ready by 2005. Except 
for the existing reactor option (including purchase of radiation services), an interim source would be 
needed to meet the 2005 deadline. 

These schedule assessments are based on the assumption that everything would go smoothly, including 
construction in the case of new reactor or accelerator, contract negotiation in the case of the existing 
commercial reactor, regulatory review and licensing, and environmental impacts analysis. There are 
those who feel that DOE is not proceeding quickly enough to meet the shorter deadline. In particular 
they are concerned that DOE has not adequately accounted for the environmental, regulatory, 
proliferation and costs uncertainties as discussed above. The Congress expressed this concern in the 
Conference Report of the FY1997 Defense Authorization Bill. Recently, an unnumbered report from the 
House National Security Committee also stated that DOE is not moving fast enough to make the 
decisions needed to ensure a tritium production capability when needed. In particular it criticized DOE 
for not providing adequate funding for the program. The DOE, however, feels that its stockpile 
management program will be able to meet its objectives. 

Congressional Actions 

In the spring of 1995, the Speaker of the House, feeling that DOE was slow in responding to 
congressional directions about tritium production, established a Task Force on Nuclear Cleanup and 
Tritium Production, chaired by Representative Lindsey Graham of South Carolina. The charge to the 
Task Force was to review the DOE efforts to carry out remediation of nuclear and hazardous wastes at 
federal sites and to develop and construct a new source of tritium production. The task force's 
recommendations are discussed above. 

The conference report accompanying the National Defense Authorization Act for FY1997 directed DOE 
to accelerate its bphased approach to restoring the tritium production capacity of the United States, 
including proceeding in parallel with site preparation for a new tritium production facility.p The 
conferees stated that the btritium production program must be accelerated to meet the requirements of 
the Nuclear Weapons Stockpile Memorandum, which identified a new tritium production date of 2005 if 
a reactor is selected or 2007 if an accelerator option is chosen.b The conferees recognized bthe need to 
enhance the ongoing accelerator research and development and testing programs at LANL in 
conjunction with SRS personnel.b The conferees bstrongly supported the full consideration of all 
technically feasible tritium production options, including accelerator, existing commercial reactor, and 
multipurpose reactor options.p The latter was a result of action by the House which, in the report ' 
accompanying its version of the bill, had expressed disappointment that DOE has excluded a new 
multipurpose reactor option from further consideration. 

In the Energy and Water Development Appropriations Act for FY1997, Congress appropriated $150 
million compared to DOEbs request of $100 million. The conference report accompanying the bill 
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directed DOE to inform the House and Senate Committees before it began any tests involving tritium 
targets wrthin a commercial light water reactor. No mention of an scJ^^^^^l, 

In the first session of the 105th Congress, the tritium program is likely to receive considerable scrutinv 
during proceedings for authorization of defense programs at DOE and the energy eXS toÄL 
appropriations. The report cited above from the House National Security ComS^sSStiÄ^ 
review wil be contentious as the Committee appears concerned about the leXfeffirtEKffi s makL 
Äfthe stockPlle ^wardship and management program. In addition, it faSAflT* 
Senate may receive, for advice and consent for ratification, the Comprehensive Test Ban Treatv sLed 
by the United States m September 1994. If so, it is very likely that a review othenfe^stockpile 
stewardship and management program, including the tritium program, will take place 

Legislation from the 104th Congress 

P.L 104-201 RR^^ and gJ745 National Defense Authorization Act for Fiscal Year 1997 H R 
2^0 passed House May 7 1996; authorized $100 million for tritium production and related act vm4 
The Committee encouraged DOE to consider FFTF at Hanford as an option for kterimprodSonof' 
tritium. Passed Senate May 13, 1996; authorized $160 million to accelerate its phasSroach to the 
tritium production needs of the United States, including proceeding in parallel SKte^SSnfor a 
new tritium production accelerator. House and Senate agreed to conference rerjorl (K R JnM 04794) 
authorizing $160 million for tritium production. Signed into law S^2!r23%96     V 4) 

LLdM^06 ILR^816 and S.1959 Energy and Water Development Appropriations Act of 1997 
Reported by Committee on Appropriations July 16, 1996 fH.Rent. 104-679). Lcommends $100 million 
for activities related to tritium production. Passed House July 25, 1996 by avoteof391 -23^ Rented 
as l^m to Senate by Committee on Appropriations July 16,1996 (SRet 104-:20) Recommends 

ÄuÄ senate juiyiU, lyyö by a vote of 93-6. House and Senate agreed to conference report fH Rer>t 104-782) 
providing $150 million for tritium production. Signed into llw September 30, 1996 } 

CONGRESSIONAL HEARINGS, REPORTS, AND 
DOCUMENTS 

U.S. Congress Committee on Commerce. Subcommittee on Energy and Power. Oversight Hearine on 
Tritium Production. November 15, 1995. Serial No. 104-47. vcrj>igni neanng on 

FOR ADDITIONAL READING 

Summary' Octöbe? 1995!envtronmental impact «*"»**& tritium supply and recycling. Executive 

J^^ITRE Corporation. JASON Program Office. Accelerator production of tritium; 1995 review. June 
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CRS Reports 

MS?011 92"827' TritiumProduction alternatives; Transcript of a CRS seminar, by Jonathan 

MedaHaPOrt %'U' ^^ Weap0m ^^ stewardshiP: Alternatives for Congress, by Jonathan 
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