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Department of Energy
Washington, DC 20585

October 19, 1995

Dear Interested Party:

The Final Programmatic Environmental Impact Statement (PEIS) for Tritium
Supply and Recycling has now been completed. Tritium is an essential
component of every warhead in the current and projected United States nuclear
weapons stockpile. Tritium decays at a rate of 5.5 percent per year and must
be replaced periodically as long as the Nation relies on a nuclear deterrent.
In accordance with the Atomic Energy Act of 1954, as amended, the Department
of Energy is responsible for developing and maintaining the capability to
produce nuclear materials such as tritium. Currently, the Department does not
have the capability to produce tritium in the required amounts.

The Tritium Supply and Recycling PEIS evaluates the siting, construction, and
operation of tritium supply technology alternatives and recycling facilities
at each of five candidate sites. The PEIS also evaluates the use of a
commercial reactor for producing tritium.

On October 10, 1995, the Department announced its preferred alternative, a
dual-track strategy under which the Department would begin work on two
promising production options: wuse of an existing commercial light water
reactor and construction of a linear accelerator. The Savannah River Site in
South Carolina has been identified as the preferred site for an accelerator,
should one be constructed. Details on this preferred alternative can be found
in the Executive Summary and in section 3.7 of Volume I of the PEIS. A Record
of Decision will follow in late November.

The Department of Energy appreciates your continued participation in this

Program.
y/\;kﬂs;;{&régz,éki_,;

/'Stephen M. Sohinki, Director
Office of Reconfiguration

Sincerely,

{ :.’]a

@ Printed with soy ink on recycled paper
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Changes to the Draft PEIS that are less than a paragraph, are shown in double underline in this
Final PEIS. Larger text changes are shown by sidebar notation.

COVER SHEET

REsPONSIBLE AGENCY: U.S. Department of Energy
CooPERATING AGENCY: U.S. Environmental Protection Agency
TrrLe: Final Programmatic Environmental Impact Statement for Tritium Supply and Recycling (DOE/EIS-0161).

Conract: For additional information on this statement, write or call:
Stephen M. Sohinki, Director
Office of Reconfiguration
U.S. Department of Energy
1000 Independence Avenue, S.W.
Washington, DC 20585
Attention: TSR PEIS
Telephone: (202) 586-0838

For general information on the DOE National Environmental Policy Act process, write or call:
Ms. Carol M. Borgstrom, Director
Office of NEPA Policy and Assistance (EH-42)
U.S. Department of Energy
1000 Independence Avenue, S.W.
Washington, DC 20585
Telephone: (202) 586-4600 or leave a message at (800) 472-2756

ABstrAcT: Tritium, a radioactive gas used in all of the Nation’s nuclear weapons, has a short half-life and must be
replaced periodically in order for the weapon to operate as designed. Currently, there is no capability to produce the
required amounts of tritium within the Nuclear Weapons Complex.

The PEIS for Tritium Supply and Recycling evaluates the alternatives for the 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. Alternatives for new
tritium supply and recycling facilities consist of four different tritium supply technologies: Heavy Water Reactor,
Modular High Temperature Gas-Cooled Reactor, Advanced Light Water Reactor, and Accelerator Production of
Tritium. The PEIS also evaluates the impacts of the DOE purchase of an existing operating or partially completed
commercial light water reactor or the DOE purchase of irradiation services contracted from commercial power
reactors. Additionally, the PEIS includes an analysis of multipurpose reactors that would produce tritium, dispose of
plutonium, and produce electricity.

Evaluation of 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 intersite transport
are included in the assessment.

PusLic CoMMENTSs: In preparing the Final PEIS, DOE considered comments received by mail, fax, handed in at
hearings, transcribed from messages recorded by telephone, and those transmitted via Internet. In addition, interac-
tive public hearings were held in April 1995 at the following locations where comments and concerns identified
during discussions were summarized by notetakers: Washington, DC; Las Vegas, Nevada; Oak Ridge, Tennessee;
Pocatello, Idaho; North Augusta, South Carolina; and Amarillo, Texas.
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Executive Summary

EXECUTIVE SUMMARY

INTRODUCTION

In January 1991, the Secretary of Energy announced
that the Department of Energy (DOE) Office of the
Assistant Secretary for Defense Programs (DP)
would prepare a programmatic environmental impact
statement (PEIS) examining alternatives for the
reconfiguration of the Nation’s Nuclear Weapons
Complex (Complex) (figure ES-1). The framework
for the Reconfiguration PEIS was described in the
January 1991 Nuclear Weapons Complex Reconfigu-
ration Study, a detailed examination of alternatives
for the future Complex. Because of the significant
changes in the world since January 1991, especially
with regard to projected future requirements for the
United States nuclear weapons stockpile, the
framework described in the Nuclear Weapons Recon-
figuration Study does not exist today. Therefore, the

Department separated the Reconfiguration PEIS into -

two PEISs: a PEIS for Tritium Supply and Recycling;
and a Stockpile Stewardship and Management PEIS.
The Tritium Supply and Recycling Proposal is
analyzed in this PEIS. The Stockpile Stewardship
and Management Proposal is currently being
analyzed in a separate PEIS being prepared by DP.

Another issue, which was once part of reconfigura-
tion, was the storage of all weapons-usable fissile
materials, primarily highly enriched uranium and

plutonium. In early 1994 the Secretary established a
Department-wide program for developing recom-
mendations and for directing implementation of
decisions concerning disposition of excess nuclear
materials. 'This program was recognized in the FY

1995 Defense Authorization Bill which directed that
an office be established for this purpose.

A determination was made that a PEIS was needed to

support the decision-making for disposition of surplus
weapons-usable fissile materials. Since long-term
storage is so closely related (connected) to disposi-
tion, the long-term storage analysis that had been part
of the Reconfiguration PEIS was moved into the
program for Long-Term Storage and Disposition of

Weapons-Usable Fissile Materials. As a result, a third
PEIS, the Long Term Storage and Disposition of

Weapons-Usable Fissile Materials PEIS, is being

prepared to analyze alternatives for the long-term
storage of all weapons-usable fissile materials,
primarily highly-enriched uranium and plutonium.
That PEIS will also address the disposition of
plutonium declared surplus to national defense needs

by the President. An EIS for the disposition of surplus
highly enriched uranium is also being prepared.

TRITIUM SUPPLY AND RECYCLING
PROPOSAL

DOE proposes to provide tritium supply and recycling
facilities for the Complex. Tritium, a man-made
radioactive isotope of hydrogen, is an essential
component of every warhead in the current and
projected U.S. nuclear weapons stockpile. These
warheads depend on tritium to perform as designed.
Trittum decays at a rate of 5.5 percent per year and
must be replaced periodically as long as the Nation
relies on a nuclear deterrent. Currently, the Complex
does not have the capability to produce the required
amounts of tritium, yet projections require that new
tritium be available by approximately 2011. The
Tritium Supply and Recycling Programmatic Envi-
ronmental Impact Statement evaluates the siting, con-
struction, and operation of tritium supply technology
alternatives and recycling facilities at each of five
candidate sites: the Idaho National Engineering Lab-
oratory (INEL), the Nevada Test Site (NTS), the Oak
Ridge Reservation (ORR), the Pantex Plant, and the
Savannah River Site (SRS). The PEIS assesses the
environmental impacts of all reasonable alternatives
discussed in the following section, including
No Action.

Tritium supply deals with the production of new
tritium in either a reactor or an accelerator (by irradi-
ating target materials with neutrons) and the subse-
quent extraction of the tritium in pure form for its use
in nuclear weapons. Tritium recycling consists of
recovering residual tritium from weapons compo-
nents, purifying it, and refilling weapons components
with both recovered and new tritium when it
becomes available.

Under the No Action alternative, DOE would not
establish a new tritium supply capability. The current

ES-1




‘sapg xa1duio) suodvapy wagINN 12ULI0,] pup JUILIN)— T-ST TN

woporeyd suogouny Sunsas pue

ﬁ -umyuoinid 10§ a8ei0s sopaoig. |
*STIOAIOSAX TINRK

Jo 3uy pue uoneoyund suopad o
(0561 PASTIqEISa)

.S ‘WINIV Jeau samse 000861 »

IS JIANY YeuuLARg

a1S MepIpu

~\

Ryl - SRS -

“wmuRIN paoun A[yAng Iof 98ei0s soplacid « ("
syuaodnios fexgonns .
Jo Ajquiessequs Kyetoads pae “Surumyoen
uorstooxd ‘spred pue spunoduiod WG] S00TPOS] « .
*sjustuoduios umymemn s3jes1Iqe] PO ‘WM
" patouue KyBry pue wazrem paidop s2553001d

<wnmonid 0] 9381018 SIPIACI] «
. ‘gjusuoduIod JEHNUUOU PUE 2A150[dxd
481y ssjquuasse pue syusiodiios aArsopdxs ging sayesuqe «
*Bunsa) pue uorenfeas o[ibio0)s sYNPLd pue esodstp
pue ‘woneoyipowr “sredas suodeom suoyad ‘sjusnoduiod
suodeam JEO[onU SIGIHISSESIP PiIe SIQUISSY o

. "(TY61 PoSTIqeIsa)

N.L *a8pRi eQ 1€ ‘5210 000'SE ‘(1561 PaystIqeIse) X ‘offrmy 38 ‘saioe 000’01 «
(H40) - (xoyueg)
3 UonvAIsY 33pRi NS0 @ ey ey

IS dpEpIpUL) S1Ad IS MEpIpuL) S1Ad-

SHTROI2 IEAPUN e

I JO HOTIEN[eAd pue suodeom
Jeajonu Jo Sunsa) punordiopun
10Npuss 01 Liqedes sureluIey «

AN ‘seSaA seY Jo 3somyuou

@
S IS 1S9, BpuAIN

S AepIpur.y SEHd

‘sj0age

*(0S61 paYsTIquIsa)

SI[fU §9 ‘5313¢ 000'H98 »
(SIN)

-ummuomyd 10] sBe10is sapracid «

~xajdwmo) suodeop Jeapony jo
1red se Supmonouny RUSLIno JON «

QI *sTTe] OTEp] 18U SAI198 OO00LS

A Suprsouiduy [evoneN oqepy

\

*(6V61 PSTIqEISD)

(TAND) Lr0jer0qey

S NepIpury S1H1d

N
g [y s
e k‘. AT et
e &) S 17 ey
) ¢ ; *Bumsa) pue womdopaop
# }H.-! &y =
A ] g
o ‘ g _ umbeog uvg puv epoureyy W saze 00Q'L, sujd
b (ZS61 PARPTGUI) VO “MOWRAY] U SR 78 «
_ (IN'TY) L1038i0qwT] fouopeN
poe Azﬁ_.ﬁnuus_a&u“ ATOULIIAY] UMY
umyuomd 305 98vios sapacig *ssearss suodvom
*350 [UIJI0IG Feaqont 10§ spedodusos mapoawTou umuomnid 20§ 9Bei0rs sapracly «
pue Buwment oy5vis ‘dnweay Jo Bmsoundus pue udrsap swE0pI « "I91 [EILIIQ O} BOISIIATOD Pire
1AUS ST UOTSSION JUM00) « -AN 53wy “Bunsa) puw yuowadopaasp wseas ‘dnweso ‘vor
(2561 PoysTIqEId) 131, edonO], Puk ) ‘NOIIAT] [oreasax suoduom eIfontl SINIOFA] « TEIUSUIUOIAUD 51 GOISSRY JUALN) o
Pus JaAu(] q 5198 0059« ¥ SINIRS T (P61 PAPSHARISD) “(E6Y PIYSHAUISI) “(Zv61 PHEqUISD)
N ‘“nbaoabuqry resu sa1e (0€'3 AN ‘SOWRTY S0 1% 1% 005 LT ¢ VAL PUEIYOR] Jeat 53102 000'8SE «
7, (INS) sspoeioge] i CINV)-L10pezoqe] (paojueH)
i fsuopeN vjpuvs W @ TeuopuN Sommey s0] 21 oy paoyusy

Tritium Supply and Recycling

Final PEIS

ES-2




Executive Summary

inventory of tritium would decay and DOE would not
meet stockpile requirements of tritium. This would
be contrary to DOE’s mission as specified by the
Atomic Energy Act of 1954, as amended. Alterna-
tives for new tritium supply and recycling facilities
consist of four different tritium supply technologies
and five locations as shown in figure ES-2. The four
technologies proposed to provide a new supply of
tritium are Heavy Water Reactor (HWR), Modular
High Temperature Gas-Cooled Reactor (MHTGR),
Advanced Light Water Reactor (ALWR), and Accel-
erator Production of Tritium (APT). Both Large
(1,300 MWe) and Small (600 MWe) options for the
ALWR are evaluated as well as a phased approach for
the APT. The use of an existing commercial light
water reactor that would be used for irradiation
services or purchased and converted for tritium pro-

duction is also included as an alternative for long-
term tritium supply.

( Tritium Supply and Recycling Proposal:

¢ Provide the long-term, assured .
supply of tritium.

* Safely and reliably fulfill all
future national defense
requirements for tritium.

s Protect the health of workers,
the general public, and the
environment

Additionally, the PEIS for Tritium Supply and
Recycling includes an assessment of the environmen-
tal impacts associated with using one or more com-
mercial light water reactors for tritium production as
a contingency in the event of a national emergency.
Specific commercial reactors are not identified in
the PEIS. :

This PEIS also addresses the environmental impacts
of an ALWR or modular gas-cooled reactor used as a
multipurpose reactor. A commercial reactor could

also be used as a multipurpose reactor. Throughout
the PEIS, references to and discussion of impacts for
the multipurpose ALWR are also applicable to a mul-
tipurpose commercial reactor., A multipurpose

(“triple play”) reactor is defined as one capable of
producing tritium, “burning” plutonium, and generat-
ing revenues through the sale of electric power. The
multipurpose ALWR would operate the same as the
uranium-fueled tritium production ALWR. There-
fore, the environmental impacts from operation of a
multipurpose ALWR would be expected to be similar
to those from the tritium production ALWR,
However, a plutonium Pit Disassembly/Conver-
sion/Mixed-Oxide Fuel Fabrication Facility would be
needed to provide the mixed-oxide fuel rods for the
ALWR multipurpose reactor and would be the major
contributor to potential environmental impacts greater
than those for a uranium-fueled tritium production
ALWR for this scenario. For a modular gas-cooled
multipurpose reactor, twice as many reactor modules
would be needed both to meet tritium requirements
and to burn plutonium. A plutonium Pit Disassem-
bly/Conversion/Fuel Fabrication Facility also would
be needed. Thus, the potential environmental impacts
for a multipurpose gas-cooled reactor are expected to
be substantially greater than a uranium-fueled tritium
production gas-cooled reactor.

The PEIS evaluates alternative tritium supply tech-
nologies against a baseline tritium requirement (i.e.,
a specific quantity of tritium, the exact amount of
which is classified). Understanding the concept of
the baseline tritium requirement is crucial to under-
standing the alternatives and the analysis in the PEIS.
The baseline tritium requirement is the amount
necessary to support the 1994 Nuclear Weapons
Stockpile Plan, which is based on a START II
stockpile level of approximately 3,500 accountable
weapons. In the PEIS, the baseline tritium require-
ment is approximately 3/8ths the tritium requirement
that was analyzed in the New Production Reactor
Draft EIS published in April 1991. This is the tritium
requirement “baseline” which the tritium supply
technologies must support, and against which they
are assessed. :

This baseline tritium requirement is made up of two
specific components: (1) a steady-state tritium
requirement to make up for tritium lost through
natural decay; and (2) a surge tritium requirement to
replace any tritium which might be used in the event
the Nation ever dipped into, or lost, its tritium
reserve. The sizing of the surge capacity is based on
the requirement set forth in the Nuclear Weapons
Stockpile Plan to reconstitute the entire reserve in a

ES-3
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Executive Summary

5-year period. The steady-state component accounts
for approximately 50 percent of the baseline tritium
requirement, while the surge accounts for the
remaining 50 percent. Tritium supply technologies
being evaluated must be able to support the steady-
state tritium requirement (a specific quantity of
tritium every year), and make up for any lost tritium
reserves. :

Time Frame of Proposed Action:
* 1999 to 2009—Construction

¢ 2010—Initial Operation

* 2010 to 2050—Full Operation

B e R P e o

The Tritium Supply and Recycling Proposal will
proceed in three phases. The first phase involves

preparing information to support programmatic:

decisions on siting and technology. This includes
preparing this PEIS and the associated Record of
Decision (ROD). The ROD may include the
following programmatic decisions:

* Whether to build new tritium supply
and new or upgraded tritium recycling
facilities;

* Where to locate new tritium supply and
recycling facilities; and '

* Which technologies to employ for tritium
supply.

During the second phase, DOE would develop
detailed designs and meet project-specific National
Environmental Policy Act of 1969 (NEPA) require-
ments which would focus on where the facility would
be placed and construction and operation impacts.
The third phase would involve constructing, testing,
and certifying the selected tritium supply and
recycling facilities, leading to full operation. Present
planning requires the tritium facilities to be fully
operational by the year 2010 with new tritium
available for use approximately 1 year later. The

PEIS also includes analyses of providing tritium at an

earlier date (approximately 2005) to support a higher
stockpile level.

Following the PEIS, DOE will develop a schedule for
implementing the ROD decision. The schedule will

_be subject to change and include reassessments

required by congressional authorizations and appro-
priations. Although the individual schedules of any
activities or projects may overlap, the current uncer-

“tainty associated with any given activity or project

requires that assumptions be made regarding the time
periods used in the PEIS analyses.

Because of the uncertainties associated with the

. scheduling of the second and third phases, the PEIS

assumes an environmental baseline period for con-
struction between 1999 and 2009, and an operational
period, beginning in approximately 2010, of
40 years. Although the design life of the tritium
supply and recycling facilities has not yet been deter-
mined by engineering studies, the assumption of an
operational period of approximately 40 years is con-
sistent with the operating periods used in prior DOE
NEPA documents for similar new facilities. Project-
level tiered NEPA documents would identify in detail
the specific construction and operational periods for
each project implemented.

AGENCY PREFERRED ALTERNATIVE

The Council on Environmental Quality (CEQ) Regu-
lations require an agency to identify its preferred
alternative(s) in the Final Environmental Impact
Statement (40 CFR 1502.14(¢)). The preferred alter-

‘native is the alternative which the agency believes

would fulfill its statutory mission, giving consider-
ation to environmental, economic, technical, and
other factors. Consequently, to identify a preferred
alternative, the Department has developed informa-
tion on potential environmental impacts, costs,
technical risks, and schedule risks for the alternatives
under consideration.

This PEIS provides information on the environmen-
tal impacts. Cost, schedule, and technical analyses
have also been prepared, and are summarized in the
Tritium Supply and Recycling Technical Reference
Report which is available in the appropriate DOE
Reading Rooms for public review.
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Based upon the analysis presented in the documents
identified above, the Department's preferred alterna-
tive is a acquisition strategy that assures tritium pro-
duction for the nuclear weapons stockpile rapidly,
cost effectively, and safely. The preferred strategy is
to begin work on the two most promising production
alternatives: (1) purchase an existing commercial
light water reactor or irradiation services with an
option to purchase the reactor for conversion to a
defense facility; (2) design, build, and test critical
components of an accelerator system for tritium pro-
duction. Within a three year period, the Department
would select one of the alternatives to serve as the
primary source of tritium. The other alternative, if
feasible, would be developed as a back-up
tritium source.

Savannah River Site has been designated as the
preferred site for an accelerator, should one be built.
The preferred alternative for tritium recycling and
extraction activities is to remain at the Savannah
River Site with appropriate consolidation and
upgrading of current facilities, and construction of a
new extraction facility.

PURPOSE OF AND NEED FOR THE
DEPARTMENT OF ENERGY’S ACTION

Since nuclear weapons came into existence in 1945,
a nuclear deterrent has been a cornerstone of the
Nation’s defense policy and national security. The
President reiterated this principle in his July 3, 1993,
radio address to the Nation. Tritium was used in the
design process to enhance the yield of nuclear
weapons and allow for the production of smaller or
more powerful warheads to satisfy the needs of
modern delivery systems. As a result, the United
States’ strategic nuclear systems are based on designs

that use tritium, Therefore, the Nation requires a

reliable tritium supply source. Tritium has a rela-.

tively short radioactive half-life of 12.3 years.
Because of this relatively rapid radioactive decay,
tritium must be replenished periodically in nuclear
weapons to ensure that they will function as
designed. Over the past 40 years, DOE has built and
operated 14 reactors to produce tritium and other
nuclear materials for weapons purposes. Today, none
of these reactors is operational, and no tritium has
been produced since 1988.

Pursuant to the Atomic Energy Act of 1954, as
amended, DOE is responsible for developing and
maintaining the capability to produce nuclear
materials such as tritium, which are required for the
defense of the United States. The primary use of
tritium is for maintaining the Nation’s stockpile of
nuclear weapons as directed by the President in the
Nuclear Weapons Stockpile Plan. Figure ES-3
depicts the Nuclear Weapons Stockpile Plan process.

Tritium, with a 12.3-year half-life, decays
at the rate of approximately 5 percent per
year and is necessary for all nuclear
weapons that remain in the stockpile.

The Nuclear Weapons Stockpile Plan is normally
forwarded annually from the Secretaries of the
Departments of Energy and Defense via the National
Security Council to the President for approval. The
Nuclear Weapons Stockpile Plan reflects the size and
composition of the stockpile needed to defend the
United States and provides an assessment of DOE’s
ability to support the proposed stockpile. Many
factors are considered in the development of the
Nuclear Weapons Stockpile Plan, including the status
of the currently approved stockpile, arms control
negotiations and treaties, Congressional constraints,
and the status of the nuclear material production and
fabrication facilities. Revisions of the Nuclear
Weapons Stockpile Plan could be issued when any of
the factors indicate the need to change requirements
established in the annual document. The most
current Nuclear Weapons Stockpile Plan, which was
approved by President Clinton on March 7, 1994,
authorizes weapons production and retirement
through fiscal year 1999. The analysis in this PEIS is
based on the requirements of the 1994 Nuclear
Weapons Stockpile Plan which is based on START I
stockpile levels (approximately 3,500 accountable

weapons). The 1994 Nuclear Weapons Stockpile
Plan represents the latest official guidance for tritium
requirements. A Nuclear Weapons Stockpile Plan for
1995 has not yet been issued. Appendix CA, which
is classified, contains quantitative projections for

tritium requirements based on the 1994 Nuclear
Weapons Stockpile Plan, and details of the transpor-
tation analysis.




Executive Summary

Even with a reduced nuclear weapons stockpile and
no identified requirements for new nuclear weapons
production in the foreseeable future, an assured long-
term tritium supply and recycling capability will be
required. Presently, no source of new tritium is avail-
able. The effectiveness of the U.S. nuclear deterrent
capability depends not only on the Nation’s current
stockpile of nuclear weapons or those it can produce,
but also on its ability to reliably and safely provide
the tritium needed to support these weapons.

Until a new tritium supply source is operational,
DOE will continue to support tritium requirements
by recycling tritium from weapons retired from the
Nation’s nuclear weapons stockpile. However,
because tritium decays relatively quickly, recycling
can only meet the tritium demands for a limited time.
Current projections, derived from classified
projections of future stockpile scenarios, indicate that
recycled tritium will adequately support the Nation’s
nuclear weapons stockpile until approximately 2011
(figure ES—4). After that time, without a new tritium
supply source, it would be necessary to utilize the
strategic reserve of tritium in order to maintain the
readiness of the nuclear weapons stockpile. The
strategic reserve of tritium contains a quantity of
fritium maintained for emergencies and contingen-
cies. In such a scenario, if the strategic tritium
reserve is depleted, the nuclear deterrent capability
would degrade because the weapons in the stockpile
would not be capable of functioning as designed.
Eventually, the nuclear deterrent would be lost. The
proposed tritium supply and recycling facilities
would provide the capability to produce tritium
safely and reliably in order to meet the Nation’s
defense requirements well into the 21st century while
also complying with environment, safety, and health
(ES&H) standards.

DOE has analyzed the activities that must take place
in order to bring a new tritium supply source into
operation. ‘'The analysis indicates that it could take
approximately 15 years to research, develop, design,
construct, and test a new tritium supply source before
new tritium production can begin. Thus, in order to
have reasonable confidence that the Nation will be
able to maintain an effective nuclear deterrent,
prudent management dictates that DOE proceed with
the proposed action now. In addition, DOE was
required to meet a statutory deadline of March 1,
1995, to issue a PEIS addressing tritium supply alter-

natives (Public Law 103-160, section 3145). That
deadline was met by the issuance of a Draft PEIS for

Tritium Supply and Recycling in February 1995,
Following public hearings, comments received have

been considered in preparing this Final PEIS which
will be submitted to Congress to close out DOE’s

obligation with respect to the intent of Public Law
103-160, Section 3145.

Changes from the Draft Programmatic Environ-
mental Impact Statement

The 60-day public comment period for the Draft PEIS
began on March 17, 1995, and ended on May 15,
1995. However, comments were accepted as late as
June 23, 1995. During the comment period, public
hearings were held in Las Vegas, NV;
Washington, DC; Pocatello, ID; Oak Ridge, TN;
North Augusta, SC; and Amarillo, TX. Two hearings
were held at each location. In addition, the public was
encouraged to provide comments via mail, fax, elec-
tronic bulletin board (Internet), and telephone (toll-
free 800-number). During public review of the Draft
PEIS a majority of the comments regarded concerns
that alternatives and/or candidate sites were not given
the correct amount of consideration on factors
including cost and technical feasibility. Although
these concerns made up the majority of the
comments, many others involved the resources
analyzed, NEPA and regulatory issues, and DOE and
Federal policies as they related to the PEIS. The
major issues identified by commentors included the
following:

» The electrical requirements of the various
alternatives, particularly the APT, and the
potential for the MHTGR and ALWR to
produce electricity;

» The impacts of the alternatives on
groundwater, including the potential for
aquifer depletion and contamination and
the consideration of the use of treated
wastewater for cooling;

» The socioeconomic impacts, both
positive and negative, of locating or
failing to locate a facility at one of the
candidate sites;

ES-7
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Executive Summary

TRITIUM

/ SUPPLY

Tritium Inventory

START II STOCKPILE and
OPERATING REQUIREMENTS

Note: Drawing has no scale or proportion.

Maximum production
recovers the reserve

Nominal production
maintains equilibrium

Approximately Approximately
2011 2016

Time

2362TSR

FIGURE ES—4.—Estimated Tritium Inventory and Reserve Requirements.

* The generation, storage, and disposal of
radioactive and hazardous wastes
(including spent nuclear fuel) and the
associated risks;

The impacts of the alternatives on human
health (both from radiation and
hazardous chemicals) and how these risks
were determined and evaluated;

The relationship of this PEIS to other
DOE documents and programs, particu-
larly the Waste Management PEIS and
the Fissile Materials Disposition
Program, and the need to make decisions
based on all associated programs and
activities concurrently;

» The need for decisions to be based on
many different factors, including envi-
ronmental, cost, and safety concerns;

* The failure of DOE to consider a no
tritium or zero stockpile alternative, and
the negative national and international
implications of building a new tritium
supply facility; and

* The need for DOE to consider a commer-
cial reactor alternative in greater detail.

Additionally, as a result of public comments, DOE
published on August 25, 1995 a Notice in the Federal
Register (60 FR 44327) to include the purchase of
irradiation services from a commercial reactor as a
reasonable alternative. The Draft PEIS considered
this an unreasonable alternative because of the long-
standing policy of the United States that civilian
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nuclear facilities should not be utilized for military
purpose and nonproliferation concerns. Nonetheless,
the Draft PEIS included an evaluation of the environ-
mental impacts of irradiation services using an
existing commercial reactor to make tritium.
Because of public comments on the Notice, public
review of the Draft PEIS, and further consideration
of nonproliferation issues, purchase of irradiation
services is evaluated in the PEIS as a reasonable
alternative. During the extended comment period,
there were two major issues of concern raised:

» License and regulatory implication; and
« Non-proliferation concerns.

Revisions in the Final PEIS include additional dis-
cussion and analysis in the following areas: severe
accidents and design-basis accidents for all tritium
supply technologies; site-specific environmental
impacts of a dedicated power plant for the Accelera-
tor Production of Tritium (APT); revisions to water
resources sections; site-specific analysis of the multi-
purpose reactor that could produce tritium, burn
plutonium as fuel, and produce electricity; and the
commercial reactor alternative, specifically the
purchase of an existing reactor and the purchase of
irradiation services for DOE target rods to produce
tritium. Each of these areas will be discussed in more
detail below.

Analyses of an ALWR design-basis accident were
reevaluated as a result of public comments question-
ing the apparent severity and frequency of the
accident consequences shown in the Draft PEIS,
Additional analyses were performed to accurately
estimate the impacts from a more reasonable
design-basis accident and these results have been
included in the Final PEIS.

The analyses of impacts of severe reactor accidents
were also revised. The Draft PEIS presented the
impacts of a single severe accident for each of the
reactor technologies. Since accident consequences
vary greatly depending on the selected accident
frequency value, a spectrum of severe accidents with
a range of frequencies was used to perform a more
representative analysis for each technology. The new
analyses presented reflect the probable effects of a set
of accidents for each reactor rather than the single
accident scenario. :

ES-10

Public comments also suggested that a disparity
existed between the reactor and APT accident
analyses, thereby creating a bias in favor of the APT,
The Final PEIS now includes an APT severe accident
with loss of confinement. The new accident analysis
has a more severe initiating event, a lower frequency,
and a higher consequence than the analysis presented
in the Draft PEIS.

The Final PEIS has been modified to include a quali-
tative discussion of impacts to involved workers
(workers assigned to the facility and located in close
proximity to the facility as a result of the proposed
action) and quantitative impacts to noninvolved
workers (workers collocated at the site independent of
the proposed action). For involved workers, impacts
were addressed qualitatively, explaining the signifi-
cant risk for exposure and fatality and that mitigative
features would be provided in the design and
operation to minimize worker impacts from acci-
dents.

For the noninvolved worker, the impacts were repre-
sented by the exposure of a hypothetical worker at
several prescribed distances from the accident (but
within the site boundary). These impacts were
described in terms of dose (rems), increases in the
likelihood of cancer fatalities, and risk of cancer for
the maximally exposed noninvolved worker.

Another significant change in the document is a more
detailed description of potential impacts of a
dedicated power plant for the APT. The section has
been revised to include site-specific impacts for the
gas-fired power plant.

Based on public comments received at the hearings,
two revisions were incorporated in the water
resources sections for NTS and Pantex. For NTS, the
Final PEIS incorporates more accurate recharge rates
and information regarding the potential project use of
the NTS aquifer to present a more accurate impact on
groundwater resources.

For Pantex, the Final PEIS includes the use of
reclaimed sanitary wastewater sources, the
Hollywood Road Wastewater Treatment Plant and
the Pantex Plant Wastewater Treatment Plant for
tritium supply cooling water.
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A more detailed analysis of the multipurpose reactor
has been included in the Final PEIS. Since the
multipurpose reactor would use plutonium fuel, an
analysis of the construction impacts of a Pit
Disassembly/Conversion/Mixed-Oxide Fuel
Fabrication Facility to support a multipurpose
ALWR has been incorporated in the site-specific
analysis for each of the five candidate sites. Impacts
of just the pit disassembly/conversion part of the
facility are included for the multipurpose MHTGR
since this technology already includes a fuel
fabrication component. For the operation of a
multipurpose reactor, additional detail regarding the
impacts on atmospheric emissions, liquid emissions,
water requirements, socioeconomics, human health
(for both normal operations and accidents), waste
management, and intersite transportation has been
included in the site-specific analysis.

Analysis and a discussion of potential impacts have
been expanded and included in this PEIS on the alter-
native of DOE purchasing an existing operating com-
mercial reactor or an incomplete reactor and
converting it to production of tritium for defense
purposes. Also included in the Final PEIS is an
analysis of the alternative of DOE purchasing irradi-
ation services from one or more commercial light
water reactors for the production of tritium using
DOE targets.

TRITIUM SUPPLY AND RECYCLING

The tritium supply technologies and site alternatives
are described below. For each alternative except
those being considered for SRS, a new tritium
recycling facility could either be collocated with the
new supply facilities or DOE could use the existing
tritium recycling facilities at SRS after upgrade. For
the alternatives at SRS, DOE would utilize existing
recycling facilities at SRS, which would be upgraded
to support the tritium mission.

TECHNOLOGIES

Of the tritium supply technologies considered by
DOE for the production of tritium in this PEIS, only
the HWR has tritium production operating experi-
ence. The MHTGR and light water reactor (upon
which the ALWR is based) technologies have been
used in electrical power production but lack tritium
production experience and development of tritium

target technology. The APT technology, which has
an operating history in research and development
programs, also has no tritium production experience
and only recent development of tritium targets.
Since both the MHTGR and the ALWR were origi-
nally developed to produce electricity and as such
have steam turbines as an integral part of their
designs, the PEIS evaluates the environmental effects
of both of these technologies with turbines included.
The actual sale of steam or generation of electricity
by DOE would be covered in the site-specific tiered
NEPA documents if either of these technologies is
chosen. The general impacts of the transmission
lines necessary to carry this generated electricity are
discussed. In addition, the general impacts of
constructing and operating a dedicated power plant
(either coal or natural gas burning) to provide the
required power for the APT are also presented. As
both the MHTGR and the ALWR technologies could
also be used for the ultimate disposition of pluto-
nium, the general impacts of operating these twe
technologies with plutonium-uranium fuel is
presented in the PEIS.

Heavy Water Reactor. The HWR would be a low
pressure, low temperature reactor whose sole
purpose would be to produce tritium. The HWR
would use heavy water as the reactor coolant and
moderator. Because of the low temperature of the
exit coolant, a power conversion system designed to
produce electrical power as an option would not be
feasible. In addition to the reactor, the HWR
complex would consist of several support buildings
and other facilities required for the supply and extrac-
tion of tritium.

The HWR complex would cover approximately
260 acres and the entire area would be surrounded by
a security fence. The main reactor would be about
10 stories high and other associated buildings would
range from one story to three stories in height. The
cooling towers would vary in height, depending on
the type of cooling towers utilized. The cooling
tower basin, which serves as a holding pond for the
cooling towers, would cover approximately 2 acres.
In this PEIS, dry sites such as INEL, NTS, and Pantex
which lack plentiful surface water sources would use
mechanical draft dry cooling towers while wet sites
such as ORR and SRS with abundant surface water
resources would use natural draft wet cooling towers.
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Range of Selected Construction Require-
ments for Tritium Supply Technologies:

* Electrical Energy Demand:
40,000 to 120,000 MWh per year

e Land Use:
173 to 360 acres

+ Total Number of Construction
Workers:
2,200 to 3,500

* Water Consumption:
41,700,000 to 200,000,000 gallons
(over 5 to 9 year period)

* Steel Consumption
45,000 to 68,000 tons

The conceptual design of the HWR complex includes
a fuel and target fabrication facility to assemble fuel
and target rods that are used in the reactor core; a
tritium target processing facility to extract and collect
tritium from irradjated targets; an interim spent fuel
storage building to store used target and fuel rods; a
general services building for administrative
purposes; and a security infrastructure to control
access to the complex. Figure ES-5 shows a repre-
sentative drawing of an HWR complex with mechan-
ical draft cooling towers for illustrative purposes
only. The number and arrangement of buildings and
support areas are descriptive only and can change
significantly as design progresses. The fuel and
target fabrication facility would be a steel or concrete
structure designed to control the spread of contami-
nation within the building and prevent the uncon-
trolled release of radioactive material. The target
processing facility would consist of two attached
structures: a process building and a support building,
The process building would include the laboratory
and other activities associated with handling tritium.
The support building contains offices, maintenance
areas, and nonradioactive ventilation systems.

ES-12

The design of the HWR would incorporate numerous
safety features including: an emergency power
facility to house diesel generators or gas turbines for
short-term emergency power to support safety related
loads in the event of temporary failure of the offsite
power supply; a reactor containment building to limit
any operational or accidental release of radioactivity;
an emergency core cooling system to makeup coolant
for heat removal in the event of a loss of coolant or 2
loss of pumping; an emergency shutdown system
with safety rods independent of the reactor control
rods; a neutron poison system to inject neutron-
absorbing material into the moderator tank; and a
backup system to remove heat from the reactor if the
primary coolant fails to circulate,

Construction of the HWR would take somewhat less
than 8 years and require approximately
2,320 workers during the peak construction period.
Once constructed, approximately 1 to 2 years would
be needed for system checkout of the reactor prior to
actual tritium production. Operation of the HWR

would require approximately 930 workers.

Modular High Temperature Gas-Cooled Reactor.
The MHTGR would be a high temperature, moderate
pressure reactor whose primary purpose would be to
produce tritium., The MHTGR would use helium gas
as a core coolant and graphite as a moderator.
Because of the high temperature of the exit coolant, a
power conversion facility designed to produce elec-
tricity is an integral part of the design and is included
in the analysis. In addition to the reactor building and
the power conversion building, the MHTGR complex
would consist of several buildings and other facilities
required for the supply and extraction of tritium.

The MHTGR complex would cover approximately
360 acres and the entire area would be surrounded by
a security fence. The MHTGR would consist of three
350 MWt reactor vessels housed in adjacent, below-
ground, reinforced-concrete silos. The silos would
extend approximately 160 feet below-grade and each
reactor vessel would be about 22 feet in diameter and
75 feet high. Each reactor vessel would contain a
reactor core, reflectors, and associated supports. A
shutdown cooling heat exchanger and a shutdown
cooling circulator would be located at the bottom of
the vessels. Support buildings and other associated
facilities within the MHTGR complex would range
in height from one to three stories. Two cooling




Executive Summary

“(0ndKL) Gaov,] 101092y 1919p4 KADI— S—SH TANOIY

SH/L6TT
*PS661 HO( 9oanog
-Juapuadop ang 3q pInoa UoNEINSHUOO JoM0} FUTOO0D 1BXI N, 'PIsn 9q PIOO OS[Y EIIM0Y
wq._oooct_v e Ao sosodmd sanensn 105 s1emo) Surjood PeIp Loty sSmoys AtnSY SW] o
uiseqg
1Mo Jurjoo) Surprmg
AIAIRG [RIdURAD)

ATIoe. uoneonqed
18], pue [onyg

Surpping 1010v0y

Ao Sursseooig 198k wmnny,

(1yesp TeorueydI)
_pJomo], Sugoo)

ES-13




Tritium Supply and Recycling
Final PEIS

towers would be needed and their height would vary,
depending on the type of cooling towers that are
utilized. In this PEIS dry sites (INEL, NTS, and
Pantex) would use mechanical draft dry cooling
towers and wet sites (ORR and SRS) would use
natural draft wet cooling towers.

The design of the MHTGR complex would include a
fuel and target fabrication facility, a tritium target
processing building, helinm storage buildings, waste
treatment facilities, spent fuel storage facility, a
general services building, a security infrastructure,
and a power conversion facility consisting of three
turbine-generators and associated electrical control
equipment. Figure ES—6 shows a representative
drawing of a MHTGR complex with mechanical
draft cooling towers shown for illustrative purposes
only. The number and arrangement of buildings and
support areas are descriptive only and can change
significantly as design progresses. The design of the
MHTGR would incorporate numerous safety
features that include: an emergency power facility to
house diesel generators or gas turbines for short-term
emergency power to support safety related loads in
the event of temporary failure of the offsite power
supply; a below-grade design, which serves as a
barrier to external hazards (aircraft, turbine blades,
and tornado-generated debris), reduces seismic-
induced stress on the reactors, and provides radiolog-
ical shielding; a below-grade containment structure
made of reinforced concrete; an emergency core
cooling system; and an emergency shutdown system
with safety rods independent of the reactor control
rods.

Construction of the MHTGR would take about
9 years and require approximately 2,210 workers
during the peak construction period. One to 2 years
would be needed after construction for system

checkout of the reactor prior to actual tritium produc-
tion. Operation of the MHTGR would require

approximately 910 workers.

A modular gas-cooled reactor like the MHTGR
would also be capable of performing the “triple play”
missions of producing tritium, burning plutonium,
and generating electricity. To burn plutonium in a
gas-cooled reactor, a plutonium Pit Disassem-
bly/Conversion/Plutonium-Oxide Fuel Fabrication
Facility would be needed. Additionally, because
tritium production decreases significantly in a

ES-14

plutonium-fueled gas-cooled reactor, twice as many
reactor modules would be necessary in order to
produce the steady-state tritium requirements. This
doubling of reactor modules would be the major con-
tributor to potential environmental impacts for this
scenario. The PEIS contains an assessment of these
potential environmental impacts.

Advanced Light Water Reactor. The ALWR would
be a high temperature, high pressure reactor whose
primary purpose would be to produce tritium. There
are two options for the proposed ALWR technology:
a Large ALWR (1,300 MWe) and a Small ALWR
(600 MWe). The large and small options would be
chosen from the following four candidates: a large or
small pressurized water reactor; or a large or small
boiling water reactor. All ALWR options would use
light (regular) water as the reactor coolant and moder-
ator. Like the MHTGR, a power conversion facility
(steam turbine) is an integral part of the design for the
ALWR because of the high temperature of the exit
coolant and is included in the analysis. In addition to
the reactor building, the ALWR complex would
consist of several support buildings and other facili-
ties for the supply and extraction of tritium.

The ALWR complex would cover approximately
350 acres and the entire area would be surrounded by
a security fence. The main reactor building would be
approximately 10 stories high. The other associated
buildings would range from one to three stories in
height. The differences between the large and small
options are primarily in the power output of the
reactors. Both of the small reactors are rated at
600 MWe, while the large options are rated at
1,300 MWe. The physical sizes of the large and
small options for each of the technologies are
generally the same.

In addition to the reactor, the ALWR complex would
include an interim spent fuel storage building, a
waste treatment facility, a tritium target processing
facility, warehouses, and a power conversion facility.
Unlike the other technologies, the ALWR would not
have a fuel fabrication facility since fuel rods would
be obtained from offsite sources. Figure ES-7 shows
a representative drawing of an ALWR complex with
a natural draft cooling tower shown for illustrative
purposes only. The number and arrangements of
buildings and support areas are descriptive only and
can change significantly as design progresses. The
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tritium target processing facility would consist of the
following two attached structures: a processing
building and a support building. The process
building would include the tritium extraction pro-
cesses, laboratory, and other activities associated
with handling tritium. The support building would
contain offices, maintenance areas, and nonradioac-
tive ventilation systems. The type of cooling tower
used depends upon where the ALWR were located.
In this PEIS, dry sites (INEL, NTS, and Pantex)
would use mechanical draft dry cooling towers and
wet sites (ORR and SRS) would use natural draft wet
cooling towers.

The design of the ALWR would incorporate
numerous safety features such as: an emergency
power facility to house diesel generators or gas
turbines for short-term emergency power to support
safety-related loads in the event of temporary failure
of the offsite power supply; a reactor containment
building to limit any release of radioactivity; an
emergency core cooling system to makeup coolant in
the event of a loss of coolant or a loss of pumping; an
emergency shutdown system; and a neutron poison
system 0 inject neutron-absorbing material into the
reactor vessel.

Construction of the ALWR would take about 6 years
and require approximately 3,500 workers for the
Large ALWR and 2,200 workers for the Small ALWR
during the peak construction period. Once con-
structed, 1 to 2 years would be needed for system
checkout of the reactor prior to actual tritium produc-
tion. Operation of the Large and Small ALWR would
require approximately 830 and 500
workers, respectively.

An ALWR would also be capable of performing the
“triple play” missions of producing tritium, burning
plutonium, and generating electricity. The multipur-
pose ALWR would operate essentially the same as a
uranium-fueled tritium production ALWR. There-
fore, the environmental impacts from operation of a
multipurpose ALWR would be expected to be
unchanged from the tritium production ALWR. To
burn plutonium in an ALWR, a plutonium Pit Disas-
sembly/Conversion/Mixed-Oxide Fuel Fabrication
Facility would be needed to provide the mixed-oxide
fuel rods for the ALWR, and would be the major con-
tributor to potential environmental impacts for this

(Range of Selected Operation Requirements
for Tritium Supply Technologies:

* Electrical Energy Demand:
260,000 to 3,740,000 MWh per year

* Land Use:
173 to 360 acres

» Total Number of Operation Workers:
500 to 930

* Water Consumption:
0.03 to 16 billion gallons per year

Spent Nuclear Fuel Generation:
0 to 80 cubic yards per year

scenario. The PEIS contains an assessment of these
potential environmental impacts.

Accelerator Production of Tritium. The APT
would be a linear accelerator whose primary purpose
would be to produce tritium. The APT accelerates a
proton beam in a long tunnel to one of two tar-
get/blanket assemblies located in separate target
stations. There are two target/blanket concepts being
considered in the conceptual design of the Full APT:
the helium-3 target and the spallation-induced
lithium conversion target.

The APT complex would cover approximately
173 acres and the entire area would be surrounded by
a security fence. The accelerator, 3,940 feet in
length, would be housed in a concrete tunnel buried
40 to 50 feet underground for radiation shielding.
The design of the APT radio frequency power system
and its distribution network is similar to that of
existing accelerators. The tunnel would be sealed
and evacuated during operation but would vent to the
atmosphere during shutdown period. The full size
facility would consist of 10 cooling towers and
13 substations located above ground along the full
length of the underground accelerator. The APT
facility would require a peak electrical load of
approximately 550 MWe to produce the 3/8 goal
tritium quantity and 355 MWe to produce the steady-

- state tritium requirement. Additionally, there would
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be two cooling towers for the target/blanket beam
stop located next to the target building. The cooling
towers and the substations would be approximately
one to two stories in height.

The preconceptual design of the APT complex
includes: a target building that would house either
the helium-3 or the spallation-induced lithium con-
version target chambers located in a subterranean
structure at the same level as the accelerator; a tritium
processing facility to extract tritium from the targets;
a klystron remanufacturing and maintenance facility;
waste treatment buildings to treat all generated
wastes; and various administration, operation, and
maintenance facilities. Figure ES-8 shows a repre-
sentative drawing of an APT complex. The number
and arrangement of buildings and support areas are
illustrative and can change significantly as
design progresses.

The design of the APT would incorporate numerous
safety features to include: an emergency power
facility to house diesel generators or gas turbines for
short-term emergency power to support safety-
related loads in the event of temporary failure of the
offsite power supply; multiple sensors and diagnos-
tics which would determine if the accelerator beam is
out of acceptable limits in terms of position, energy,
size, etc.; redundant cooling systems for all heat-
removal systems; and an automatic beam shutoff in
the event of a loss of cooling, a misaligned beam, or
abnormal radiation levels.

Construction of the APT would take about 5 years
and require approximately 2,760 workers during the
peak construction period. Additional construction
area for equipment and materials would not be
required since there would be sufficient unencum-
bered space within the APT boundaries. Once con-
structed, 1 to 2 years would be needed for system
checkout of the accelerator prior to actual tritium pro-
duction. Operation of the APT would require
approximately 624 workers.

If desired, a phased construction of the APT could
also occur. Under this scenario, initial construction
of the APT would result in a facility that could
produce the steady-state requirement of tritium
(approximately S0 percent of baseline case).
Expansion of the facility could be possible at a later
date in order to increase tritium production to the

ES-18

baseline requirements if necessary. The helium-3
target is the primary target in the Phased APT option.

Commercial Light Water Reactor. The purchase
by DOE of an existing operating or partially
completed commercial power reactor is an alterna-
tive to meet the stockpile tritium requirement. Pro-
duction of tritium using irradiation services
contracted from commercial power reactor(s) (with
the option to purchase the reactor) is also an alterna-
tive. Commercial light water reactors use both pres-
surized water and boiling water technologies. Of the
two types, pressurized water reactors are more
readily adaptable to the requirements of tritium pro-
duction by DOE tritium target rod irradiation because
they utilize burnable poison rods which could be
replaced by tritium target rods.

Commercial pressurized water reactors are high-tem-
perature, high-pressure reactors that use ordinary
light water as the coolant and moderator and are
capable of generating large amounts of electricity
through a steam turbine generator. The range of elec-
trical production for these plants is approximately
390 million kWh per year to 6,900 million kWh per
year using an assumed annual capacity factor of
62 percent. A typical commercial light water reactor
facility includes the reactor building, spent fuel
storage facilities, cooling towers, a switchyard for the
transmission of generated electricity, maintenance
buildings, administrative buildings, and security
facilities. Acreage for existing operating commercial
light water reactor facilities varies in size from a low
of 84 acres to a high of 30,000 acres.

The designs of typical commercial reactors incorpo-
rate numerous safety features including: a reactor
containment building to limit any release of radioac-
tivity; an emergency core cooling system for heat
removal in the event of a loss of coolant or a loss of
pumping; an emergency shutdown system with
safety rods independent of the reactor control rods;
and a backup system to remove heat from the reactor
if the primary coolant fails to circulate.

The representative drawing for the ALWR complex
(figure ES-7) would be similar to a commercial light
water reactor complex except that tritium target fab-
rication and processing facilities would not be typical
facilities. If a partially completed reactor were pur-
chased, these facilities could potentially be con-
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structed along with the final construction of
the reactor.

A commercial reactor would also be capable of per-
forming the triple play” missions of producing
tritium, burning plutonium, and generating electric-
ity. The multipurpose commercial reactor would
operate essentially the same as a uranium-fueled
tritium production commercial reactor. Therefore,
the environmental impacts from operation of a multi-
purpose commercial reactor would be expected to be
unchanged from the tritium production commercial
reactor. To burn plutonium in a commercial reactor,
a plutonium Pit Disassembly/Conversion/Mixed-
Oxide Fuel Fabrication Facility would be needed to
provide the mixed-oxide fuel rods for the commercial
reactor, and would be the major contributor to
potential environmental impacts for this scenario.
The PEIS contains a generic assessment of these
potential environmental impacts.

TRITIUM RECYCLING

The primary mission of the tritium recycling facility
is to process and recycle tritium for use in nuclear
weapons. This mission includes the steps necessary
to empty reservoirs (small pressure vessels contain-
ing tritium installed in nuclear weapons), recover the
tritium, provide new gas mixtures according to spec-
ifications, and reclaim usable reservoirs. Addition-
ally, the tritium recycling facility would perform a
full range of analytical, physical, and environmental
tests to ensure that the quality and integrity of all res-
ervoirs are maintained throughout their operational
life. It would also provide for appropriate waste
management, including storage, treatment, and
disposal of tritiated wastes.

The tritium recycling facility would receive tritium in
reservoirs returned from DOD and other activities, or
as new tritium from the extraction facility that is
associated with the tritium supply facility. The reser-
voirs would be unpacked from their shipping con-
tainers in the auxiliary building and taken to the
tritium processing building for temporary storage.
They would then be emptied and the contained gases
would be processed to separate the hydrogen isotopes
from other gases, primarily helium-3 (a stable isotope
resulting from the radioactive decay of tritium).
Prior to being placed into reservoirs, the tritium
would undergo a purification process. The empty
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reservoir bottles would be sent to the tritium auxiliary
building to be reclaimed. If reclamation is not
possible, the bottles would be disposed of as LLW.
Otherwise, they would be refurbished and sent to the
tritium processing building to be filled.

Reservoirs that have been filled with tritium and
sealed would be transferred to the auxiliary building
for finishing, where they would be decontaminated,
leak tested, inspected, marked, measured for tritium
content, and, if required, combined with various parts
necessary for final assembly, The reservoirs would
then be placed in storage until needed for limited life
component exchange, or sent to the assembly and
disassembly facility for use in new weapons.

Some reservoirs would be placed in the weapon sur-
veillance program. The tritium recycling facility
would include testing capability for production, sur-
veillance, and research and development reservoirs.
In general, tests on reservoirs filled with tritium
would be performed in the tritium processing
building, while tests on other bottles or parts of
bottles would be performed in the auxiliary building.

Tritium recycling could be collocated with tritium
supply, or be done in existing facilities at SRS. At
SRS, an upgrade of the existing recycling facilities
would be implemented rather than construction of a
new facility. Discussed below are the options for
new or upgraded recycling facilities.

New Recycling Facilities. If the tritium supply and
recycling facilities are located at any site other than
SRS, new recycling facilities would have to be con-
structed (figure ES-9). The tritium recycling facility
would be housed in two major buildings and in several
support facilities. The first building, the tritium pro-
cessing building, would be a hardened facility
designed with systems to contain tritium releases
should they occur. The second building, the auxiliary
building, would house nontritium and extremely
small amounts of working tritium. These buildings
would be located within a 202-acre plant area.

Upgrade of Recycling Facilities at Savannah
River Site. If the tritium supply facilities are located
at SRS or at one of the other sites without a collocated
recycling facility, the existing tritium recycling facil-
ities would be upgraded. The upgrade, presented
here, called the unconsolidated upgrade, would result
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in no buildings being closed and no consolidation of
tritium handling activities. Buildings 232-H,
232-1H, 234-H, 238-H, and 249-H (figure ES—-10),
would be upgraded to meet DOE Order 5480.28,
Natural Phenomena Hazards Mitigation. These
upgrades would involve adding wall and cross
bracings to existing beams, strengthening some
exterior walls, and reinforcing existing building
frames. Additionally, Building 232-H would require
an anchor for the service area roof slab as well as an
upgrade to the Radiation Control and Monitoring
System. Building 234-H would require upgrades to
its reservoir storage encased safes which are used to
protect filled reservoirs during high winds and earth-
quakes. No additional acreage would be required for
these upgrades, and no upgrade modifications would
be required for buildings 233-H (Replacement
Tritium Facility), 235-H, 236-H, or 720-H.

As a potential mitigation measure, a consolidation of
tritium activities into fewer buildings to minimize
tritium emissions and waste is also possible. In this
upgrade, called the consolidated upgrade, Building
232-H would be closed and its functions transferred
to buildings 233-H and 234-H. As discussed above,
upgrades would then be made to buildings 232-1H,
234-H, 238-H, and 249-H. Additionally, Building
233-H would require modifications in order to accept
activities transferred from Building 232-H.

SITES
Commercial Light Water Reactor

The commercial light water reactor alternative does
not include a specific site for analysis in the PEIS.
Therefore, any one of the existing operating
commercial nuclear reactors or partially completed
reactors is a potential candidate site for the tritium
supply mission. Currently, 109 commercial nuclear
power plants are located at 71 sites in 32 of the con-
tiguous states. Of these, 53 sites are located east of
the Mississippi River. No commercial nuclear power
plants are located in Alaska or Hawaii. Approxi-
mately one-half of these 71 sites contain two or three
nuclear units per site.

Typically, commercial nuclear power plant sites and
the surrounding area are flat-to-rolling countryside in
wooded or agricultural areas. More than 50 percent
of the sites have 50-mile population densities of less
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than 200 persons per square mile and over 80 percent
have 50-mile densities of less than 500 persons per
square mile.

Site areas range from 84 acres to 30,000 acres.
Twenty-eight site areas range from 500 to 1,000 acres
and an additional 12 sites are in the 1,000 to
2,000 acre range. Thus, almost 60 percent of the
plant sites encompass 500 to 2,000 acres. The larger
land-use areas are associated with plant cooling
systems that include reservoirs, artificial lakes, and
buffer areas.

IDAHO NATIONAL ENGINEERING LABORATORY

In 1949, INEL was established in the southeastern
Idaho desert 50 miles west of Idaho Falls. Situated on
approximately 570,000 acres in four counties, the site
is used to test, build, and operate nuclear facilities.
INEL is one of DOE’s primary centers for research
and development activities on reactor performance,
materials testing, environmental monitoring, waste
processing, and breeder reactor development and
serves as a naval reactor training site. The collection
of reactors at INEL is the world’s largest, varying
from research and testing to power and ship propul-
sion reactors. Over the years, 52 research and test
reactors at INEL have been used to test fuel and
target design, reactor systems, and overall safety.
Currently, there are four reactors in use, three of
which are in continuous operation.

In addition to nuclear reactor research, other INEL
facilities support reactor operations; processing and
storage of high-level waste (HLW) and low-level
waste (LLW); and storage of LLW and transuranic
(TRU) waste generated by defense program activi-
ties. Until 1992, spent reactor fuels were reprocessed
at the Idaho Chemical Processing Plant but this was
terminated by DOE. Therefore, INEL has no current
defense program missions.

NEVADA TEST SITE

In 1950, NTS was established in southern Nevada
65 miles northwest of Las Vegas, on approximately
864,000 acres of land. NTS is operated by several
management and operating contractors under the
direction of the Nevada Operations Office. The site
is a remote, secure facility for conducting under-
ground testing of nuclear weapons and evaluating the
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effects of nuclear weapons on military communica-

tions, electronics, satellites, sensors, and other mate-

rials. Approximately one-third of the 1and is used for
nuclear weapons testing, one-third is reserved for
future missions, and one-third is used for research
and development and other facility requirements. In
October 1992, the underground nuclear testing was
halted, yet the site maintains the capability and infra-
structure pecessary to resume testing if authorized by
the President. The infrastructure to continue

research, development, and testing is being main-
tained (albeit at lower levels).

Facilities at NTS include nuclear device assembly,
diagnostic canister assembly, hazardous liquid spill,
and the Radioactive Waste Management Site. In
addition, DOE is evaluating Yucca Mountain, an area
on the border of the site, as a potential repository for
spent nuclear fuel and high-level radioactive waste.

OAK RIDGE RESERVATION

ORR was established in 1942 as part of the World
War II Manhattan Project. The site, located 20 miles
west of Knoxville on approximately 35,000 acres,
includes three major facilities: Oak Ridge National
Laboratory; Y-12 Plant (Y-12); and the K-25 site (the
former Oak Ridge Gaseous Diffusion Plant). QOak
Ridge National Laboratory missions include basic
and applied scientific research and technology devel-
opment. Y-12 engages in national security activities
and manufacturing outreach to U.S. industry. The
K-25 site serves as an operations center for environ-
mental restoration and waste management programs.

Y-12 is the primary location for defense program
missions. Activities at Y-12 include the dismantling
of nuclear weapons components returned from the
Nation’s stockpile, maintaining nuclear production

capability (primarily uranium and lithium) and

stockpile support, storing special nuclear materials,
and providing special manufacturing support to DOE
programs. Operational space at Y-12 is being
downsized in response to the reduced workloads.

PANTEX PLANT
Pantex is located 17 miles northeast of Amarillo, TX,
on approximately 10,000 acres. The site served as a

conventional bomb plant during World War II. After
the war, the site was sold to Texas Technological
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College (Texas Tech) but was repurchased by the
Army in 1951 at the request of the Atomic Energy
Commission, Pantex served as a nuclear weapons
production facility and over the years absorbed the
weapons modification functions of the Clarksville,
TN (1965) and Medina, TX (1966) plants. In 1975,
Pantex absorbed the functions of the decommis-
sioned Burlington Plant in Iowa.

Today, Pantex functions include the fabrication of
chemical explosives; nuclear weapons assembly, dis-
assembly, testing, quality assurance, repair, and
disposal of nonnuclear components; and develop-
ment work in support of design laboratories. Due to
recent reductions in the Nation's stockpile, Pantex
has developed the interim capability for sealed pit
storage of nuclear materials. Pantex is the only DOE
facility that can execute the final assembly of a
nuclear weapon for the DOD stockpile. At present,
weapons disassembly and component storage
dominate activity at the plant.

SAVANNAH RIVER SITE

In 1950, SRS was established 12 miles south of
Aiken, SC, on approximately 198,000 acres. The
major nuclear facilities at SRS have included fuel and
target fabrication facilities; nuclear material produc-
tion reactors; chemical separation plants used for
recovery of plutonium and plutonium isotopes; a
uranium fuel reprocessing area; and the Savannah
River Technology Center, which provides
process support.

SRS is the Nation's primary facility for tritium
recycling operations, which provide tritium for
weapons in the nuclear stockpile. Recycled tritium is
delivered to Pantex for weapons assembly and
directly to DOD to replace expired tritium reserves.
In the past, SRS produced tritium but only tritium
recycling operations continue at the Replacement
Tritium Facility. Other activities at SRS include
interim storage of plutonium, waste management,
and environmental monitoring and restoration.

ALTERNATIVES CONSIDERED BUT
ELIMINATED FROM DETAILED STUDY

By law, DOE is required to support the Nuclear
Weapons Stockpile Plan. To do this, DOE must
maintain a nuclear weapons production, maintenance,




Executive Summary

and surveillance capacity consistent with the Presi-
dent’s Stockpile Plan. For the proposed action, the
following alternatives were considered but eliminated
from detailed study for the reasons stated.

PURCHASE OF TRITIUM FROM FOREIGN SOURCES

DOE has considered the purchase of tritium from
other sources, including foreign nations. Conceptu-
ally, the purchase of tritium from foreign govern-
ments could provide a fraction of the tritium
requirement. However, while there is no national
policy against purchase of defense materials from
foreign sources, DOE has determined that the uncer-
tainties associated with obtaining tritium from
foreign sources render this alternative unreasonable
for an assured long-term supply.

REDESIGN OF WEAPONS TO REQUIRE LESS OR NO
TRITIUM

The nuclear warheads in the enduring stockpile were
designed and built in an era when the tritium supply
was assured, when underground nuclear testing was
being conducted, and when military needs required
that the warheads be optimized in terms of weight
and volume. Replacing these warheads with new
ones that would use little or no tritium for the sole
reason of reducing overall tritium demand would be
infeasible and unreasonable. Without underground
nuclear testing to verify their safety and reliability,
new warhead designs cannot deviate very far from
current designs that require the use of tritium. Even
with underground testing to facilitate new designs
and a fully operational production complex, it would
still take many years to build enough warheads to
replace the enduring stockpile. Therefore, replacing
the enduring stockpile of warheads with new designs
would most likely take longer and could cost more
than constructing and operating a new fritium supply
facility. Because neither the President nor the
Congress has approved that the government embark
on a-costly and expansive design, testing, and con-
struction program solely to eliminate tritium require-
ments, weapons redesign to use less of no tritium is
not a reasonable short- or long-term alternative.

USE OF EXISTING DEPARTMENT OF ENERGY
REACTORS OR ACCELERATORS

DOE (and its predecessor agencies) has designed,
constructed, and operated many nuclear reactors over
the past 50 years. The majority of these reactors were
designed to assist in the development of nuclear
research and safety standards development. DOE has
also constructed nuclear reactors to produce the
materials required to support the production and
maintenance of nuclear weapons and has constructed
nuclear reactors in support of the Naval
Propulsion Program.

Among the first experimental reactors were the Water
Boiler at Los Alamos National Laboratory and CP-3
at Argonne National Laboratory, which were
completed in 1944. Since then, numerous experi-
mental and research reactors were constructed for a
variety of purposes, including material tests, new
reactor concepts, and safety experiments. Only four
DOE research reactors are currently operational: the
High Flux Isotope Reactor at ORR; the High Flux
Beam Reactor at Brookhaven National Laboratory;
and the Experimental Breeder Reactor-11 and the
Advanced Test Reactor at INEL. In addition, there
are some low power/critical facilities supporting
medical research (at Brookhaven) and supporting
reactor core configuration research (at Argonne
National Laboratory-West at INEL). None of these
facilities is large enough to produce the amount of
tritium required to support the projected stockpile
requirements. All are fully or partially committed to
existing programs, and were constructed in the early
1960s, rendering their design life reliability
unsuitable for the timeframe required for a new,
assured, long-term tritium supply facility.

Of the existing DOE reactors that are currently not
being operated, only one has the potential for
producing any significant quantities of tritium: the
Fast Flux Test Facility at the Hanford Site. This
facility was designed and constructed to perform
materials research for the national liquid-metal
breeder reactor program. This small (440-megawatt
thermal (MWt)) experimental reactor, based on
liquid-metal reactor technology, could, after substan-
tial core and cooling system modifications, as well as
target technology development, have the potential to
supply a significant percentage of the steady state
tritium requirement. The Fast Flux Test Facility,
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however, was designed in the late 1970s and began
operation in 1980. The Fast Flux Test Facility is
currently defueled. A technical study to extend the
life of the Fast Flux Test Facility to 10 years past its

design 20-year lifetime has been completed. While
technically possible to expand the lifetime, in the

year 2010 the facility would be at the end of even the

extended life. Relying on the ability to further -

modify and operate the Fast Flux Test Facility well
into the middle of the next century is not a
reasonable alternative.

DOE also constructed and operated more than a
dozen nuclear reactors for production of nuclear
materials at SRS and the Hanford Site, starting with
the early part of the Manhattan Project during World
War II. None of these reactors is currently opera-
tional. Of those reactors specifically designed to
produce nuclear materials for the nuclear weapons
program, the K-Reactor at SRS is the only remaining
reactor which could be capable of returning to opera-
tion. It is currently in a “cold stand-by state” and has
not been operated since 1988. The reactor was shut
down for major environmental, safety, and health
upgrades, to comply with today’s stringent standards.
DOE discontinued the K-Reactor Restart Program
when the reduced need for tritium to support a
smaller stockpile delayed the need for tritium. In this
context—reliance upon the ability to upgrade and
operate well into the middle of the next century—a
first generation reactor designed in the 1940s is not a
reasonable alternative for new, long-term, assured
tritium supply.

DOE has been a world leader in the design and con-
struction of particle accelerators and currently
operates six national facilities. Of the existing
research accelerators, none is capable of producing
significant quantities of tritium. The existing DOE
research accelerators are all of the pulsed design and
are only capable of producing low power accelerator
beams in the 800 kilowatt (kW) range. A production
accelerator facility, utilizing continuous wave opera-
tion, would be required to deliver a high power
proton beam of 100 megawatts (MW) for tritium
production. None of the existing research accelera-
tors could be reasonably upgraded to meet the long-
term, assured tritium requirements.

ALTERNATIVE SITES

The process of determining these reasonable tritium
supply alternative sites has been evolutionary,
starting with the engineering studies and criteria
developed by the New Production Reactor program,
then utilizing additional criteria and considerations
from the Reconfiguration Program, information
related to changing missions at DOE sites, and input
from public scoping.

During the preparation of the PEIS, the Department
has continued to assess other alternative sites. In
fact, once the APT was added as a potential tritium
supply technology, an assessment was conducted to
determine if the Los Alamos National Laboratory,
which operates a linear accelerator and is the home of
significant accelerator expertise, would be a reason-
able site for a tritium producing accelerator.

The APT conceptual designs for tritium supply have
established that evaporative cooling towers would be
used to dissipate the heat generated in the tritium
target assemblies and in the accelerator facility.
These APT cooling water requirements are signifi-
cantly greater than the current regulated allotment of
water for Los Alamos National Laboratory and
increasing the allotment to support the APT water
requirement would be impractical and infeasible, and
in any event beyond DOE’s control.

It may be possible that an APT could use non-
evaporative cooling towers, which would greatly
reduce the water requirements. However, there is
sufficient technical uncertainty regarding the
feasibility and practicality of using non-evaporative
cooling towers for a continuous wave APT to render
this option unacceptable as a source for the Nation’s
only supply of tritium. The other five sites being
analyzed in this PEIS could reasonably support the
water requirements of the APT using evaporative
cooling towers and, thus, would not incur the
technical uncertainty and risk of Los Alamos
National Laboratory. Thus, DOE has concluded that
Los Alamos National Laboratory is not a reasonable
site for an accelerator to produce tritium.

REDUCED TRITIUM REQUIREMENTS

The need for new tritium supply is based on the 1994
Nuclear Weapons Stockpile Plan, which projects a
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need for new tritium by approximately 2011 based on
a START II level stockile size of approximately
3,500 accountable weapons. A smaller than
START II stockpile size would extend the need date
for new tritium beyond approximately 2011, If the
need for new tritium were significantly later than
2011, the Department would not have a proposal for
new tritium supply, and would not be preparing a
PEIS for Tritium Supply and Recycling.

ENVIRONMENTAL RESOURCE IMPACT
METHODS

The following is.a brief description of the impact
assessment approach used in the PEIS for addressing
potential impacts of the tritium supply and
recycling action.

LAND RESOURCES

Land Use. Land use impacts are assessed based on
the extent and type of land that would be affected,
and potential direct impacts resulting from the con-
version or the incompatibility of land use changes
with special status and protected lands.

Visual Resources. Visual impacts are assessed
based on whether changes in existing facilities or
construction of new facilities would appear unchar-
acteristic in each site's visual setting and, if so, how
noticeable the changes would be.

SITE INFRASTRUCTURE

Changes to site infrastructure are assessed by
overlying the support requirements of the respective
tritium supply technologies and recycling facilities
upon the projected site infrastructure capacities.
These assessments focus upon power requirements,
road networks, rail interfaces, and fuel requirements.
The basis for the PEIS assessment is the supply and
demand projections of the U.S. electric utilities
published annually by the North American Electric
Reliability Council.

AIR QUALITY AND A COUSTICS

The assessment of potential impacts to air quality is
based upon comparison of proposed project effects
with applicable state, local, or national ambient air
quality standards, or the potential exceedance of Pre-

vention of Significant Deterioration increments. The
more stringent of the standards serve as the compari-
son criteria. The comparison of project toxic pollut-
ants includes guidelines or standards adopted or
proposed by each state.

Acoustic impacts are assessed qualitatively on the
basis of the potential degree of change in noise levels
at sensitive receptors with respect to
ambient conditions.

WATER RESOURCES

Surface Water. The surface water impacts are
assessed based on water consumption and wastewa-
ter discharge for both construction and operation
phases. Changes in the annual low flows of surface
water resulting from proposed withdrawals and dis-
charges are determined. The existing water supply is
evaluated to determine if sufficient quantities are
available to support an increased demand by
comparing projected increases with the capacity of
the supplier and existing water rights, agreements, or
allocations. The assessment of water quality impacts
from wastewater (sanitary and process) and
stormwater runoff qualitatively addresses potential
impacts to the receiving waters.

Floodplains impacts are assessed based on whether
any of the proposed tritium supply technologies and
recycling facilities are located within a floodplain.
Where possible, the proposed location is compared
with the 500-year floodplain.

Groundwater. Groundwater resource impacts are
assessed based on the effects on aquifers, groundwa-
ter usage, and groundwater quality within the regions.
Total groundwater use at the facility and projections
of future usage are added to project water require-
ments to determine the short- and long-term impacts
associated with construction and operation and dewa-
tering withdrawals. Impacts of groundwater with-
drawals on existing contaminant plumes because of
construction and facility operation are assessed.

GEOLOGY AND SOILS
Impacts to the geological environment are assessed
based on the destruction of or damage to unique geo-

logical features and subsidence caused by groundwa-
ter withdrawal, landslide, or shifting. Potential
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seismic impacts are assessed based on the locations
of capable faults and the history of the seismicity of
the site areas. Soil types at the proposed project sites
are described and the capability of supporting con-
struction of the proposed structures assessed.

BI10OTIC RESOURCES

Potential impacts are assessed based on the degree to
which various habitats or species could be affected
by the project. Where possible, impacts are evaluated
with respect to Federal and state protection regula-
tions and standards.

Terrestrial Resources. Impacts to wildlife are based
on plant community loss, which is associated with
animal habitat. Also evaluated is the disturbance,
displacement, or loss of wildlife. Based on expected
releases and the results of past studies, impacts of
radionuclides on site biota were not evaluated.

Wetlands. Impacts are assessed based on the
nearness of wetlands to project areas and with the
knowledge that standard construction erosion and
sedimentation control measures would be imple-
mented. Impacts from increased flows are assessed
based on a comparison of expected discharge rates
with present stream flow rates.

Aquatic Resources. Impacts as a result of sedimen-
tation, increased flows, and effluent discharges are
assessed in the same manner as wetlands. Impacts as
a result of impingement and entrainment are
assessed based on comparison of stream flow and
intake volumes.

Threatened and Endangered Species. A list of
species potentially present at each site using informa-
tion obtained from the U.S. Fish and Wildlife
Service, National Marine Fisheries Service, and
appropriate state agencies, along with site environ-
mental and engineering data, is used to assess
whether the various technologies would impact any
plant or animal.

CULTURAL AND PALEONTOLOGICAL RESOURCES
Prehistoric and Historic Resources. Impacts are
assessed by considering whether the proposed action

could substantially add to existing disturbance of
resources in the areas, adversely affect National
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Register of Historic Places (NRHP) eligible
resources, or cause loss of or destruction to important
prehistoric resources.

Native American Resources. Impacts are assessed
by considering whether the proposed action has the
potential to affect sites important for their position in
the Native American physical universe or belief
system, or the possibility of reducing access to tradi-
tional use areas or sacred sites.

Paleontological Resources. Impact assessments for
paleontological resources are based on the numbers
and kinds of resources that could be affected as well
as the quality of fossil preservation in a given deposit.

SOCIOECONOMICS

The assessment of impacts on local and regional
socioeconomic conditions and factors include popu-
lation, employment, economy, housing, public
finance, and transportation. The impact assessment
is based on the degree to which changes in employ-
ment and population affect the local economy,
housing market, public finance, and transportation.
The changes to these factors are projected to the year
2030 because it is assumed that after 2030 the
impacts associated with the alternatives are negligi-
bly different from the 2030 conditions.

RADIATION AND HAZARDOUS CHEMICAL
ENVIRONMENT

The health effects are determined for each technol-
ogy by identifying the types and quantities of
material to which one is exposed, estimating doses,
and then calculating the resultant health effects. The
impacts on human health for workers and the public
during normal operation and postulated accidents
from various alternatives are assessed. Models such
as GENII and MACCS for airborne and liquid radio-
active releases; CHEM-PLUS for fire and explo-
sions; and SLAB for hazardous chemical releases
were used to project impacts. Atmospheric disper-
sion modeling performed for the air quality section is
also utilized in the evaluation of impacts to workers
from radiological and hazardous chemicals.

Experience from past and current operations that are
similar to future operation is used to estimate the
radiological health impacts to workers. Models are




Executive Summary

used to estimate the worker chemical exposure dose
since no individual exposure data are available.
Public health impacts could result from exposure to
radioactive or hazardous chemical materials released
during operation. Modeling is used to estimate the
type and amount of material released and the associ-
ated radiological and chemical doses. These doses
are converted to health effects using appropriate
health risk estimators.

The relative consequences of postulated accidents in
the evaluation of each alternative are assessed. The
accident analysis involves less detail than a formal
Probabilistic Risk Assessment and only addresses
bounding accidents (high consequence, low proba-
bility) and a representative spectrum of possibie
operational accidents (low consequence but high
probability of occurrence). The technical approach
for the selection of accidents is consistent with the
DOE Office of NEPA Oversight Recommendations
Jor the Preparation of Environmental Assessments
and Environmental Impact Statements Guidance
(May 1993), which recommends consideration of
two major categories of accidents: within design
basis accidents and beyond design basis accidents.

Risk is defined as the mathematical product of the
probability and consequence of an accident. Both
probabilities and consequences are presented in the
PEIS. The risk-contributing scenarios consider both
design-basis and severe accidents. The specific
accidents consider the types of facilities.

WASTE MANAGEMENT

The analysis addresses the waste types and waste
volumes projected to be generated from the various
supply technologies and recycling facilities at each
site. Impacts are assessed in the context of site
practices for treatment, storage, and disposal plus the
applicable regulatory settings.

Pantex is the only site under consideration that does
not have existing onsite low-level waste disposal; the
number of additional shipments required to transport
low-level waste from Pantex to a DOE low-level
waste disposal facility is estimated. The risk associ-
ated with additional shipments is also addressed.

INTERSITE TRANSPORTATION

The intersite transportation assessment was based on
the transport mode, weight of material, curies,
proximity dose rates (transport index), type of
package, number of shipments, and/or distance.
Health impacts from the transportation of tritium,
highly-enriched uranium, plutonium, heavy water,
and LLW are presented. Radiological health risks
attributed to transport of tritium target rods from
commercial reactors, the transport of highly-enriched
uranium to potential HWR and MHTGR tritium
supply sites, the trangport of plutonium pits to
support the multipurpose MHTGR and AL WR, and
the transport of low-level waste from Pantex to NTS
are also addressed.

Environmental Justice

The environmental justice analysis addressed
selected demographic characteristics of the region-
of-influence (50-miles) for each of the five candidate
sites. The analysis identified census tracts where
people of color comprise 50 percent (simple
majority) of the total population in the census tract,
or where people of color comprise less than
50 percent but greater than 25 percent of the total
population in the census tract. The analysis also
identified low-income communities where 25
percent or more of the population is characterized as
living in poverty (yearly income of less than $8,076
for a family of two). Impacts are assessed based on
the analysis presented for each resource and issue
area for each tritium supply technology at each site.
No disproportionately high and adverse human
health or environmental effects on minority and low-
income populations were identified.

ENVIRONMENTAL IMPACTS

In accordance with Council on Environmental
Quality (CEQ) regulations, the environmental conse-
quences discussions provide the analytical detail for
comparisons of environmental impacts associated
with the various tritium supply technologies and
recycling facilities.

Tables ES-1 and ES-2, at the end of this summary,
present a summary comparison of environmental
impacts of the tritium supply and recycling alterna-
tives. Impacts associated with collocation of a tritium
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supply and recycling alternative in table ES-1 are
evaluated for every site except SRS. At SRS, impacts
are evaluated for a tritium supply with upgraded
recycling and a tritium upgrade. In addition, impacts
associated with tritium supply alone alternatives are

evaluated for all the candidate sites except SRS. A

supply alone alternative does not exist for SRS
because of existing recycling facilities. The tritium
upgrade is part of the supply alone alternatives at the
other four candidate sites (INEL, NTS, ORR, and
Pantex) and the commercial reactor alternative. For
the supply alone alternatives and the commercial
reactor alternative, there would be minor impacts
associated with upgrading the facilities at SRS.

For comparison purposes, environmental concentra-
tions of emissions and other potential environmental
effects are presented with appropriate regulatory
standards or guidelines. However, the compliance
with regulatory standards is not an assessment of the
significance or severity of the environmental impact
for NEPA purposes. The purpose of the analysis of
environmental consequences is to identify the

potential for environmental impacts. The PEIS for

Trittum Supply and Recycling (Volume I) discusses
in detail the environmental assessment methods used
and the factors considered in assessing environmen-
tal impacts.

To satisfy the requirements of the NEPA, No Action is
presented for comparison with the action alternatives.
Under No Action (2010), DOE would not establish a
new tritium supply capability, the current inventory of
tritium would decay, and DOE would not meet current
projections of stockpile requirements of tritium. Sites
would continue waste management programs to meet
the legal requirements and commitments in formal
agreements and would proceed with cleanup activi-
ties. Production facilities and support roles at specific
sites, however, would be downsized or eliminated in
accordance with the reduced workload projected for
the year 2010 and beyond.

To minimize repetition and be as concise as possible,
the comparison of alternatives in tables ES—1 and
ES-2 concentrate on the areas in which the public has
expressed considerable interest and on programmatic
factors important to DOE decisionmaking. Accord-

ingly, the following resources are compared in
table ES-1:
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+ Land resources;
+ Site infrastructure;

» Water resources (surface water and
Groundwater);

* Biotic resources (wetlands, aquatic
resources, and threatened and endangered
species and/or species of concern);

» Socioeconomics (employment during
construction and operation and unem-
ployment during operation);

* Radiological and hazardous chemical
impacts during normal operations;

» Radiological impacts—accidents;
* Waste management; and
* Intersite transportation.

For the other resource areas summarized below, the
environmental impacts do not vary significantly from
site to site or technology to technology.

Visual Resources. Visual impacts may occur at
NTS, ORR, or SRS. There would be no impacts to
visual resources at INEL or Pantex. The use of a wet
cooling system at ORR or SRS would produce some
visible cooling tower plumes during certain
weather conditions.

Air Quality and Acoustics. Construction activities
would result in exceedance of 24-hour PM ;3 and TSP
standards. At all sites, air pollutant concentrations
would increase during operation but would be within
standards, and noise levels would increase during
both construction and operation.

Floodplains. No construction would take place in
areas designated as 100-year flood plains at any site,
or in areas designated as 500-year flood plains at
INEL. NTS, ORR, Pantex, and SRS would require
500-year floodplain assessments.

Geology and Soils. There would be no impacts asso-
ciated with geological conditions and no impacts to
soils except for the disturbed areas.
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Terrestrial Resources. The impacts to terrestrial
resources would vary by the acreage disturbed during
construction, and some salt drift impacts are possible
with wet cooling systems.

Cultural and Paleontological Resources. Some
NRHP-eligible resources may occur within the
proposed site; Native American resources may be
affected by land disturbance and aundio or visual
intrusions; and some paleontological resources may
be affected by construction excavations deeper than
50 feet.

Other Socioeconomic Issues. Unemployment
would decrease slightly in the economic study area at
all sites during construction. Population and housing
demand would increase slightly in the economic
study area during construction and operation, as
would per capita income. Revenues and expendi-
tures for most region-of-influence counties, cities,
and school districts would increase during construc-
tion and operation. Traffic conditions would worsen
slightly during construction and operation on main
access routes to the sites.

MULTIPURPOSE (“TRIPLE PLAY”)
REACTOR

The Department’s Office of Fissile Materials Dispo-
sition is preparing a PEIS addressing the issue of how
to dispose of plutonium that is excess to nuclear
weapons requirements. Among the alternatives to be
analyzed in the Long-Term Storage and Disposition
of Weapons-Usable Fissile Materials PEIS is the use
of plutonium as a fuel in existing, modified, or new
nuclear reactors.

The nuclear reactors evaluated for tritium production
in the Tritium Supply and Recycling PEIS utilize
uranium as the fuel source, and the analysis in this
PEIS is based on that design. Nonetheless, it is tech-
nically feasible to also use plutonium or plutonium-
uranium oxide (mixed-oxide) fuel for a tritium pro-
duction reactor. Congress and commercial entities
have expressed interest in developing a multipurpose
(“triple play”) reactor that could produce tritium,
“burn” plutonium, and generate revenues through the
sale of electric power. Only the commercial reactor,
ALWR, and MHTGR would be capable of perform-
ing the triple play missions; the potential environ-
mental impacts from these triple play reactors are

summarized below. The discussion for the multipur-
pose ALWR also applies to the multipurpose com-
mercial reactor.

Advanced Light Water Reactor. If an ALWR were
used to burn plutonium, the major contributions to
potential environmental impacts would be from a
new plutonium Pit Disassembly/Conversion/Mixed-
Oxide Fuel Fabrication Facility. Such a facility could
disturb up to 129 acres of land, and require a peak
construction force of 550 during the peak year of the
6-year construction period.

During operation, this facility would require approx-
imately 10 percent as much water as a large ALWR at
a dry site, and would employ as many workers as the
ALWR. Radiological exposures to workers during
normal operation would be kept as low as reasonably
achievable, and would not be expected to exceed
50 mrem per worker per year. If all 650 workers
were exposed to such a dose, a highly conservative
assumption, 0.52 latent cancer fatalities (less than
one) would be expected over the 40 year operation
life of the facility. The goal for the facility for public
radiation exposure would be not to exceed 1.0 mrem
effective dose equivalent per year.

Safety analysis reports have not been prepared for
this facility. However, bounding accident scenarios
have been identified from safety analysis reports for
similar plants. Criticality accidents, explosions, and
fires could occur in such a facility, and release
radiation to the environment. The use of plutonium

in an ALWR would not significantly affect the conse-
guences of radioactivity releases from severe acci-

dents, though there would be some small changes in
the source term release spectrum and frequency.

Using a mixed-oxide fuel in an ALWR would have no
major effect on reactor operations, and therefore,
impacts would not be expected to change signifi-
cantly from those associated with utilizing a uranium
fueled reactor. This is based on a study conducted by
the NRC, the Final Generic Environmental Statement
on the Use of Recycled Plutonium in Mixed-Oxide
Fuel in Light Water Reactors (August, 1976).

Modular High Temperature Gas-Cooled Reactor.
To burn plutonium in a modular gas-cooled reactor, a
plutonium Pit Disassembly/Conversion Facility
would also be needed, and the environmental impacts
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from such a facility are expected to be approximately
the same as those described for the similar facility to
support a multipurpose ALWR. In a plutonium-fueled
gas-cooled reactor, however, tritium production
decreases significantly. Thus, twice as many reactor
modules would be necessary in order to produce the
steady-state tritium requirements. This doubling of
reactor modules would be the major contributor to
potential environmental impacts for this scenario.

Overall, building twice as many reactor modules
could double most environmental impacts. Some
construction impacts (land distributed, construction
duration, and peak construction workforce) might be
less than double because of economies of scale and
shared support infrastructure. Depending upon the
particular site, some impacts could be significant.

During operation of twice as many reactor modules,
water requirements could increase by 80 percent.

Impacts to groundwater would not change signifi-
cantly from those expected with the three module

MHTGR at those sites that would use groundwater
resources. The expected workforce increase would

approximately double any socioeconomic impacts
and radiation doses to workers. Radiation exposure
to the public from normal operation might also

double. The use of plutonium in a MHTGR would
not significantly affect severe accident consequences

because fuel failures are not expected in any severe
accident. Spent fuel generation would also double

with the addition of twice as many reactor modules.

COMMERCIAL LIGHT WATER REACTOR

The purchase by DOE of an existing operating or
partially completed commercial power reactor is a
reasonable alternative being evaluated to meet the
stockpile tritium requirement mission. Production of
tritium using irradiation services contracted from-
commercial power reactors is also being evaluated as
a reasonable alternative and as a potential contin-
gency measure to meet the projected tritium require-
ments for the Nation’s nuclear weapons stockpile in
the event of a national emergency. The reactors
employed for domestic electric power generation in
the United States are conventional light water
reactors that use ordinary water as moderator and
coolant. The potential environmental impacts of the
commercial light water reactor alternative are sum-
marized below.
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The option to purchase an operating commercial
power reactor or finish construction of a partially
complete commercial reactor to support the stockpile
tritium requirement would have similar impacts. The
reactor technologies and characteristics would be the
same. However, some additional land use impacts
may occur to incorporate security infrastructure and
other requirements which would be needed for a
DOE-owned and -operated tritium production
facility. The potential land use impacts would result
from new buffer zone requirements, new fencing,
security buildings, and road access restrictions or
construction of new roads.

The environmental impacts of completing construc-

tion of an unfinished commercial nuclear power plant
would be relative to_the extent that the potential
power plant has been completed by the utility, For

construction impact analysis, a range of reactor com-

letion (45 percent to 85 percent) was used. Environ-
mental impacts from the upgrade of existing site
infrastructure to support renewed construction activ-
ities would be minor. Completing construction of a
nuclear reactor would result in impacts from air
emissions, increased worker numbers, and waste
generation and management. Air emissions would be
temporary and would not be expected to significantly
affect air quality in the projected area. The increase
in construction workers would have potential impact
on the local economy and area population, housing,
and local services. Because a maijority of the nuclear
power plant infrastructure and the power plant itself
have already been completed using a much larger
overall workforce and peak workforce, socioeco-
nomic impacts are expected to be minor,

Construction activities are expected to generate con-
struction debris and other hazardous and nonhazard-
ous wastes. Typical hazardous wastes generated
during the completion of the construction phase
would include paints, solvents, acids, oils, and
degreasers. Adverse environmental impacts from
management and disposal of these wastes would not
be expected.

The commercial reactor alternatives for producing
tritium would result in additional environmental
impacts from the changes in the reactor operational
characteristics due to the introduction of DOE target
rods. Impacts would likely result from core changes,
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personnel requirements, effluents, waste, spent fuel,
radiation exposure, and transportation/handling.

Core Changes. Production of tritium in a commer-
cial light water reactor would require physical
changes to the reactor core, which could range from
replacement of burnable poison elements with DOE
target elements to the replacement of fuel rods with
DOE target assemblies. Core changes could alter the
accident basis and would modify the source term.
The estimated additional core tritium content in
curies per reactor at the end of the irradiation period
would be 3.2x107 for a single reactor. Because of the
reduced burn up in the reactor core, the total fission
products in each fuel rod would decrease.

Personnel Requirements. An estimated 72 addi-
tional personnel would be needed for a typical com-
mercial nuclear power facility. The additional
personnel would represent an increase of approxi-
mately 9 percent for a single reactor. The number of
personnel would be smaller for each commercial
reactor site if multiple reactors were used.

Effluent. Because of the addition of DOE target
rods, airborne and water-borne effluent would be
expected to change (particularly for tritium).
Estimates for expected increases of gaseous tritium
effluent range from 5,740 Ci per year for a single
reactor to 3,680 Ci per year in the multiple reactor
scenario. Estimated increases of liquid tritium
effluent ranges from 1,460 Ci per year for a single
reactor to 935 Ci per year per reactor in the multiple
reactor scenario.

Waste. Additional activities associated with the
handling, processing, and shipping of DOE target
assemblies would be expected to increase waste
generation rates at the commercial reactor site. An
estimated 164 yd3 per year of LLW per reactor would
be expected. This would be approximately a
50-percent increase for a typical plant. No increase
in mixed waste generation would be anticipated.
Depending on the selected site, expansion of existing
or construction of new facilities may be required.

Spent Nuclear Fuel. More frequent refueling oper-
ations and the segmenting of fuel assemblies could
result in an increase in spent nuclear fuel volumes
With the single reactor case, 137 additional spent fuel
assemblies (40 yd3, assuming 8 ft3/assemb1y) would

be generated each year. This amounts to approxi-
mately S8 metric tons of heavy metal. The additional
fuel assemblies represent more than a 3-fold increase
over the average of 56 assemblies (24 metric tons of
heavy metal) for a typical pressurized commercial
light water reactor. The change to 12-month refueling
cycles with full core discharge would accelerate the
consumption of available spent nuclear fuel pool
storage and would require earlier use of additional
storage alternatives such as dry storage at some com-
mercial reactor sites.

Worker Radiation Exposure. New DOE target
assembly process activities and, in some cases, more
frequent refueling-type operations would be
expected to increase radiation exposure for some
categories of workers. Estimates for expected
increases of exposure for refueling personnel range
from 19 person-rem per reactor for maintenance
workers to less than 1 person-rem for supervisory
personnel. In the multiple reactor scenario, no addi-
tional refueling personnel would be required; there-
fore, no additional worker exposure would be
expected. The increase in person-rem per reactor for
all personnel ranges from 24 for maintenance
workers to 1 for supervisory personnel.

Radiological Impacts

Normal Operations. The impact from adding tritium
targets to a commercial reactor would vary
depending on the reactor type, reactor site location,
and the number of sites involved in the tritium pro-
duction mission. The maximum impacts at a given
site would occur if all of the tritium were produced at
that site. The impacts would lessen at a given site if
multiple sites are used.

Considering that the arithmetic mean annual
radiation dose to people who lived within a 50-mile
radius of a commercial nuclear power plant in 1991
was about 1.2 person-rem (0.25 and 0.95 person-rem
from airborne and liquid releases, respectively) and
the median was 1ess than 0.2 person-rem
(NUREG/CR-2850), impacts of normal operation
from tritium production are expected to be less than
the NESHAPS 10 mrem limit for atmospheric
releases and less than the drinking water limit of
4 mrem. It is estimated that the changes in radicac-
tive releases associated with the production of tritium
in a single reactor would result in an annual dose
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increase of 0.51 person-rem to the 50-mile popula-
tion. This would result in a calculated increase of
0.10 fatal cancer in this population as the result of
40 years of reactor operation. There would be a
slightly larger increase in the total number of fatal
cancers in the several population groups for the
multiple reactor scenario compared with the single
reactor, but the calculated risk to an individual
member of the public would be less because of the
larger number of people exposed.

Detailed impact analysis would be performed after
the reactor/site combination(s) have selected. If the
results of the impacts analysis indicates exceedances
of either NESHAPS and/or drinking water limits, the
reactor’s radioactive waste management system
would be revised to reduce the effluent to
acceptable limits. ‘

Transportation/Handling. Assuming that an
inventory of 500 target rods would be accumulated
for shipment at one time in NRC-approved fuel
assembly shipping casks, and one cask per transport
truck, approximately 12 shipments per year would
occur. The curie content per truck would be approx-
imately 2.7x10°. The upper bound radiological con-
sequences of an accident during transportation from
a single site to SRS might incur an additional
240 person-rem per year.

QUALITATIVE COMPARISON

To aid the reader in understanding the differences in
environmental impacts among the PEIS alternatives
(particularly the tritium supply technology alterna-
tives i.e., HWR, MHTGR, ALWR, and commercial
light water reactor), this section presents a brief,
qualitative summary compatison of the alternatives.
Tables ES-1 and ES-2 which follow this section,
present quantitative comparisons of greater detail.

For some of the resource areas evaluated in the PEIS,
the analyses indicate that there are no major
differences in the environmental impacts among the
tritium supply technology and site alternatives.
Resource areas where no major differences exist, or
where potential environmental impacts are small,
are: land resources, air quality, water resources,
geology and soils, biotic resources, and
socioeconomics. For these resource areas, this
general conclusion is particularly true when
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comparing the operational impacts of the tritium
supply facilities. For construction, this general
conclusion is also particularly true when comparing
among the various types of new tritium supply
facilities (e.g., HWR, MHTGR, ALWR, and APT).

However, when comparing the potential impacts of
constructing a new tritium supply facility against the
alternative of using an existing commercial reactor
(purchase of irradiation services or purchase and con-
version of an existing commercial reactor), the envi-
ronmental impacts.of the latter are clearly less
because the facility already exists, and, thus, there are
minimal construction-related environmental impacts.
For tritium recycling, this also applies when
comparing the existing tritium recycling facilities at
SRS against constructing a new tritium recycling
facility at another site.

For other resource areas evaluated in the PEIS, the
analyses indicate that there are notable environmen-
tal impact differences. Resource areas where notable
differences exist are: site infrastructure (electrical
requirements), human health (from radiological
impacts due to accidents), and wastes generated.
Each of these resource areas is discussed in greater
detail below.

Site Infrastructure. Infrastructure and electrical
capacity exist at each of the alternative sites to ade-
quately support any of the tritium supply technology
alternatives. Nonetheless, because the ALWR and
MHTGR technologies could generate electricity
while also producing tritium, these technologies
could have a positive environmental impact by
delaying the need to build some electrical generating
facility in the future. The PEIS acknowledges, and
qualitatively discusses, these potential “avoided”
environmental impacts. The APT, and to a signifi-
cantly lesser degree the HWR, would be energy con-
sumers. The PEIS assesses the environmental
impacts of providing power to the energy consumers.
Thus, in terms of environmental impacts, there could
be approximately 1,800 MWe of difference (i.e.,
ALWR generating 1,300 MWe versus an APT
consuming 500 MWe) between the tritium supply
technologies. For commercial reactors that already
exist and produce electrical power, there would be no
change to the existing electrical infrastructure.
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Human Health. There are differences among the
tritium supply technology and site alternatives
regarding the potential human health impacts from
accidents. The potential consequences are directly
related to the amount of radioactivity released and
the population density near the facility. For each of
the tritium supply technology alternatives, the proba-
bility of severe accidents occurring is extremely
small, on the order of once every millions of years at
most. Based upon the PEIS analyses of the reactor
technologies, the ALWR could cause the largest
potential impacts to human health from severe acci-
dents, while the MHTGR would have the smallest
potential impacts. Because the APT does not utilize
fissile materials, and there is no significant decay
heat, there are virtually no radiological consequences
from any APT accidents.

Consequently, the APT would have the fewest
potential impacts to human health from accidents.
The commercial reactor alternatives do not acquire
any substantial risks by assuming a tritium-produc-
tion mission.

Regarding the site alternatives, in the event of an
accident at sites with small populations (INEL, NTS,
and to a lesser extent Pantex), there would be fewer
impacts to human health. Because ORR and SRS
have larger populations within 50 miles of the
proposed facilities, these two sites have greater
potential human health impacts than the other sites.
Because there are virtually no radiological conse-
quences from any APT accidents, there are no
grounds for discrimination among sites in the case of
the APT. Itis, in essence, site neutral with respect to
potential impacts to human health.

Generated Wastes

Spent Fuel Generation. All of the tritium supply

reactor technologies would generate spent fuel.
While the MHTGR would generate the greatest
volume of spent fuel (because of the graphite moder-
ator), the residual heavy metal content of spent fuel
from the ALWR would be the greatest. Reactors
providing irradiation services would not generate
additional spent fuel over and above what they would
otherwise generate during their planned lifetime,
assuming that multiple reactors are used and the
operating scenarios do not change fuel cycles.
However, if only a single reactor were used (irradia-
tion services or purchased and converted), additional
spent fuel would likely be generated because the
reactor’s refueling cycle would be shortened. The
APT is not a reactor and would not generate
spent fuel.

Low-level Waste. None of the alternatives would
generate unacceptably large amounts of low-level
waste. However, of the alternatives, the HWR would
create the most low-level waste in 1 year (almost
5 times as much as any other reactor alternative).
The APT would generate the least amount of
low-level waste annually. In producing tritium, the
commercial reactor alternatives would generate addi-
tional low-level waste, but this amount would be less
than the new reactor alternatives. With regard to
sites, except for Pantex, all sites have the ability to
handle and dispose of low-level nuclear waste at the
site. Low-level nuclear waste generated at Pantex
would need to be shipped to another site for disposal.
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Tritium Supply and Recycling
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