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TITLE: Draft Environmental Impact Statement Accelerator Production of Tritium at the Savannah River
Site (DOE/EIS-0270D)

LOCATION: Aiken and Bamwell Counties, South Carolina
CONTACT: For additional information on this environmental impact statement, write or call:

Andrew R. Grainger

NEPA Compliance Officer

U.S. Department of Energy

Savannah River Operations Office

Building 773-42A, Room 212

Aiken, South Carolina 29802

Attentdon: Accelerator Production of Tritium EIS
Local and Nationwide Telephone: (800) 881-7292
E-mail: nepa@SRS.gov

The EIS is also available on the internet at http://www.srs.gov/general/sci-tech/apt/index.html
For general information on the DOE National Environmental Policy Act (NEPA) process, write or call:

Carol M. Borgstrom, Director

Office of NEPA Policy and Assistance, EH-42

U.S. Department of Energy

1000 Independence Avenue, S.W.

Washington, D.C. 20585

Telephone: (202) 586-4600, or leave a message at (800) 472-2756.

ABSTRACT: The purpose of the action proposed in this environmental impact statement (EIS) is to
construct and operate a linear accelerator that would produce tritium, which is a gaseous radioactive isotope
of hydrogen essential to the operation of the weapons in the nation’s nuclear arsenal. This EIS is dered
(linked) to the Final Programmatic Environmental Impact Statement for Tritium Supply and Recycling (DOE/EIS-0161;
October 1995), from which DOE determined that it would produce trittum either in an accelerator as
described in this EIS or in a commercial light-water reactor as described in a separate EIS. This EIS
evaluates the alternatives for the siting, construction, and operation of an accelerator on the Savannah River
Site and the impacts of those alternatives on the Site’s physical and manmade environment, its human and
biological environment, and the regional economic and social environment.

PUBLIC COMMENTS: In preparing this Draft EIS, DOE considered comments received by letter and
voice mail, and in comments given at public meetings in Savannah, Georgia, and Aiken, South Carolina, on
December 3 and 5, 1996, respectively. (NOTE: These were joint meetings held by DOE to discuss the
scopes of two related EISs: this one for the accelerator production of trittum and a proposed EIS for the
construction and operation of a Tritium Extraction Facility at the Savannah River Site.) A summary of public
comments was made available on April 28, 1997, and may be obtained by contacting Andrew R. Grainger as
shown above.

A 45-day comment period on this Draft APT EIS begins with publication of a Notice of Availability in the
Federal Register. Comments on the Draft EIS must be received by February 2, 1998. A public meeting to
discuss and receive comments on the Draft EIS will be held on January 13, 1998, at the North Augusta
Community Center, 101 Brookside Drive, North Augusta, South Carolina. Comments may also be
submitted by voice, e-mail, or regular mail at the address provided above.
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SHPO State Historic Preservation Officer

SO2 sulfur dioxide

SO« sulfur oxides

SRS Savannah River Site

START Strategic Arms Reduction Treaty

TDS total dissolved solids

TEF Trtium Extraction Facility

TSP total suspended particulates

TWA time-weighted average

UsC United States Code

USGS U.S. Geological Survey

VOC volatile organic compound
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Metric Conversion Chart

To convert into metric To convert out of metric
If you know Multiply by To get If you know Multiply by To get
Length
inches 254 centimeters | centimeters 0.3937 inches
feet 30.48 centimeters | centimeters 0.0328 feet
feet 0.3048 meters | meters 3.281 feet
yards 0.9144 meters | meters 1.0936 yards
miles 1.60934 kilometers | kilometers 0.6214 miles
Area
sq. inches 6.4516 sq. centimeters | sq. centimeters 0.155 sq. inches
sq. feet 0.092903 sq. meters | sq. meters 10.7639 sq. feet
sq. yards 0.8361 sq. meters | sq. meters 1.196 sq. yards
acres 0.0040469 sq. kilometers | sq. kilometers 2471 acres
sq. miles 2.58999 sq. kilometers | sq. kilometers 0.3861 sq. miles
Volume
fluid ounces 29.574 milliliters | milliliters 0.0338 fluid ounces
gallons 3.7854 liters | Liters 0.26417 gallons
cubic feet 0.028317 cubic meters | cubic meters 35.315 cubic feet
cubic yards 0.76455 cubic meters | cubic meters 1.308 cubic yards
Weight
ounces 28.3495 grams | grams 0.03527 ounces
pounds 0.4536 kilograms | kilograms 2.2046 pounds
short tons 0.90718 metric tons | metric tons 1.1023 short tons
Temperature
Fahrenheit Subtract 32 then Celsius | Celsius Multiply by 9/5ths, Fahrenheit
multiply by 5/9ths then add 32
Metric Prefixes
Prefix Symbol Multiplication Factor
exa- E 1 000 000 000 000 000 000 = 1018
peta- P 1 000 000 000 000 000 = 1015
tera- T 1 000 000 000 000 = 1012
giga- G 1 000 000 000 = 109
mega- M 1 000 000 = 106
kilo- k 1000 = 103
centi- c 0.01 = 10-2
milli m 0.001 = 10-3
micro- B 0.000 001 = 106
nano- n 0.000 000 001 = 10-9
pico- p 0.000 000 000 001 = 10-12
femto- £ 0.000 000 000 000 001 = 10-15
atto- a 0.000 000 000 000 000 001 = 10-18
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SUMMARY

The U.S. Department of Energy (DOE) is re-
sponsible for ensuring that the nation has a
supply of materials for the operation of its
stockpile of nuclear weapons -- even though a
series of treaties has reduced that stockpile to a
fraction of what it was during the Cold War.
One of these materals is tdtium -- a gaseous
isotope of hydrogen that increases the yield of
nuclear weapons. None of the weapons in the
nuclear arsenal would function as designed
without tritium.

In other words, as long as the United States
chooses to maintain a nuclear deterrent -- of
any size -- it will need trittum.

There are two issues related to the United
States' need for trittum: The first is that it no
longer has operating faciliies to produce this
material. DOE has shut down the reactors that
irradiated the base material from which the gas
was derived -- and will not restart them.

The second issue related to tritium is that it de-
cays at a rate of about 5.5 percent per year.
This means that present supplies will be cut in
half before 2010, and that the United States will
run out in about 2040.

Therefore, it is essential that the United States
needs a new source of tritum.

For the past several years DOE has been
studying how to obtain such a source. Follow-
ing the requirements of the National Environ-
mental Policy Act (NEPA), the Department
took its first step toward a soluton with a
document titded Final Programmatic Environmental
Impact Statement for Tritium Supply and Recycling
(Trtum Supply PEIS), which evaluated both
the need for a new triium source and the alter-
natives to provide that source. Continuing the

NEPA process, on December 12, 1995, DOE

published a Record of Decision (ROD; 60 FR
63878) for the programmatic environmental
impact statement (EIS), in which it announced

that it would pursue a dual-track approach to
the two most promising alternatives:

e To initiate the purchase of an existing
commercial light-water reactor (operating or
partially complete) for conversion to a de-
fense facility, or the purchase of irradiaton
services with an option to purchase the re-
actor

e To design, build, and test critical compo-
nents of an accelerator system for trittum
production

WHAT IS TRITIUM?

Tritium is a radioactive isotope of hydrogen
that occurs naturally in small quantities. It
must be manmade to obtain useful quanti-
ties. It is an essential component of every
warhead in the current and projected U.S.
nuclear weapons stockpile. These war-
heads depend -on tritium so they can per-
form as designed. Tritium decays at about
5.5 percent per year and, therefore, requires
periodic replacement.

The Record of Decision committed DOE to,
within 3 years (by late 1998), selecting one of
these approaches to be the primary source of
tritum. In addition, the Department would, if
possible, continue to develop the other alterna-
tive as a backup triium source. Further, the
ROD announced DOE’s selection of the Sa-
vannah River Site (SRS) in South Carolina as the
location for an accelerator, if the Department
decided to build one, and its decision to up-
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grade and consolidate the existing SRS tritum
recycling facilides and to construct a2 Tridum
Extraction Facility at the SRS to support either
dual-track alternative.

As a continuation of its NEPA process, DOE
developed the following strategy: (1) make de-
cisions on the alternatives described and evalu-
ated in the Tritum Supply PEIS, and (2) der
(link) the Tridum Supply PEIS with site-specific
assessments that implement those decisions.
Thus, the Department is preparing three docu-
ments tiered to the programmatic EIS: this EIS
on the construction and operation of an Accel-
erator for the Production of Trittum (APT), an
EIS on the construction and operaton of a
Tridum Extraction Facility at the SRS, and an
EIS on the use of a Commercial Light-Water
Reactor to produce tritium.

On September 5, 1996, DOE published the
“Notice of Intent To Prepare an Environmental
Impact Statement for the Construction and Op-
eration of an Accelerator for the Production of
Tridum at the Savannah River Site” (61 FR
46787). As stated in the Nodce of Intent, the
purpose of this EIS is to evaluate technology
and site options for the use of an accelerator for
the production of triium, and to assess the im-
pacts of accelerator construction and operation
at the SRS.

PURPOSE AND NEED FOR ACTION

The purpose and need for the Department’s
action is descrdbed in the Programmatic Environ-
mental Impact Statement for Tritium Supply and Re-
ogycling. The Tritum Supply PEIS identified the
1994 Nuclear Weapons Stockpile Plan as the
guidance document the Department must fol-
low. Since the issuance of the Triium Supply
PEIS, the President has approved the 1996
Nuclear Weapons Stockpile Plan which is based
on START I stockpile levels. The change be-
tween the two Nuclear Weapons Stockpile
Plans is to change the projection of when a new
tritium source is needed from approximately
2011 used in the PEIS to 2005 to 2007 in the
1996 Nuclear Weapons Stockpile Plan. How-
ever, the need for triium for the nuclear weap-
ons stockpile, as discussed in the Tritum Sup-
ply PEIS, remains unchanged.

PROPOSED ACTION AND ALTERNA-
TIVES

DOE proposes to design, build, and operate a
linear accelerator at the Savannah River Site.
The Department will use the EIS and the
NEPA process to inform decision makers about
the potential environmental impacts of the pro-
posed action and alternatives (the estimated im-
pacts of constructing and operating an accelera-
tor to produce tridum are summarized in
Table S-1 at the end of this Summary).

HOW DOES AN ACCELERATOR WORK?

Proton Tritium Tritium

Acceleration -_— Production ' Recovery
Uses linear accelerator Protons produce e  Separate tritium from
Radiofrequency power neutrons through impurities
provides energy for spallation e Package and transport
acceleration Neutrons are absorbed to Tritium Loading
Room-temperature or in feedstock material Facility
supercpnducuvxty (Helium-3 or
operation Lithium-6)

S-2
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Preferred Alternative. Based on the research
and development it has performed, DOE pro-
poses the following preferred design and sup-
port features for the APT:

e Kilystron radiofrequency power tubes

e Superconducting operation of accelerator
structures

o Helium-3 feedstock materal

® Mechanical-draft cooling towers with river
water makeup

o Constructon of the APT on a site 3 miles
northeast of the Tritium Loading Facility

® Purchase of electricity from existing capac-
ity and market transactions

No Action Alternative. In compliance with
the regulatons of the Councl on Environ-
mental Quality (CEQ) for implementing NEPA
(40 CFR Part 1500), this EIS also assesses a2 No
Acton alternative, under which DOE would
defer indefinitely any decision on the final se-
lection of APT design features and would place
the research and development information
completed at the time it made its decision in an
archive. If DOE chose No Action, it would
have to meet its tridum production require-
ments through other methods, or it would not
be able to support the long-term defense poli-
cies of the United States, which is not accept-
able.

Under the No Action alternative, SRS recycling
and loading actvides related to tritum would
continue. In addition, other actions determined
in the Record of Decision for the Tridum Sup-
ply PEIS -- the potental construction and

WHAT WOULD AN ACCELERATOR LOOK LIKE?

PK88-21-PC
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operation of a Triium Extraction Facility and
the potential modernization and consolidaton
of existing SRS tritum facilities - would pro-
ceed as planned.

DESIGN FEATURES AND SYSTEM
ALTERNATIVES

Radiofrequency Power Alternatives

The APT would use radiofrequency waves to
accelerate protons. Specially designed vacuum
electron tubes would convert electric power to
radiofrequency waves outside the accelerator
beam, and waveguides (hollow metal conduits)
would transmit them to cells along the beam
path. Because radiofrequency waves have both
an electric and a magnetic field component,
their presence would affect the charged proton
beam. The accelerator design would enable the
proton beam to intersect the radiofrequency
waves at the proper angle to cause acceleration;
in other words, the waves would push the pro-
tons down the beam tube faster.

Two alternatives could supply radiofrequency
power for the accelerator:

e Klystron radiofrequency power tubes
(DOE’s preference)

e Inductive output radiofrequency power
tubes

Operating Temperature Alternatives

The operating temperature would affect the
electric components of an accelerator, depend-
ing on the type and intended use. Electrical
resistance usually increases as temperature in-
creases, causing the generation of more heat in
the component and resulting in a greater use of
electricity. The converse is also true: electrical
resistance usually decreases as temperature de-
creases, causing less heat generation and result-
ing in less use of electricity. If the temperature
of some materials (e.g., niobium) falls to a value
very near absolute zero (-459°F), the electrical
resistance becomes essentally zero, and the

component uses much less electricity. This
phenomenon is superconductvity.

There are two operating temperature alterna-
tives for the design of the accelerator:

e Operating electric components at essentially
room temperature

e Operating most components at supercon-
ducting temperatures and the rest at room
temperature (DOE’s preference)

Feedstock Material Alternatives

The accelerator would produce protons with an
energy greater than 1,000 million electron volts.
To produce tritium, the protons would strike a
target/blanket assembly of tungsten and lead.
The high energy of the protons as they struck
the tungsten atoms would cause a phenomenon
called spallation in which the atom would emit
neutrons. The lead in the target/blanket would
be an addidonal source of neutrons through
more spallation events and other nuclear reac-
dons. The neutrons freed during spallation
would strike the feedstock material, the atoms
of which would undergo a nuclear reaction that
absorbed neutrons, resulting in the production
of a tridum atom and a byproduct atom.

DOE could use the same type of target/blanket
(lead and tungsten) as the neutron source re-
gardless of the feedstock material. The De-
partment has identified two feedstock materals
that could produce trittum through the absorp-
tion of neutrons produced by spallation events:

¢ Helium-3 (DOE’s preference)
e Lithium-6

Cooling Water System Alternatives

The equipment and activities in the APT would
generate heat that DOE would have to remove
to prevent the components from overheating.
Air cooling would keep parts of the APT cool.
Other areas would experience high localized
temnperatures (e.g., the target and blanket re-
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gions due to the impingement of the proton
beam on the target and the heat generated by
radioactive decay in the target/blanket). Those
temperatures would require cooling water to
keep the target/blanket components, radiation
shielding, beamstops, and other components
from overheating.

Although these components would not neces-
sarily be connected to the same cooling system,
DOE proposes to use a similar method -- a
primary coolant loop isolated from the eavi-
ronment through heat exchangers -- to cool
each component. The primary coolant loop
would be the first system in contact with a
component that required cooling, and heat
would transfer from the component to the pri-
mary coolant loop. Components with a poten-
tial for radioactive contamination would require
a secondary loop to supply cooling to the pr-
mary loop and isolate potential contamination
from the environment. The final cooling for
the systems, regardless of the number of cool-
ing loops, would use a cooling water system to
discharge heat to the environment.

Four cooling water system designs could pro-
vide the necessary cooling capacity for the APT:

e Mechanical-draft cooling towers with river
water makeup (DOE’s preference)

® Mechanical-draft cooling
groundwater makeup

towers with

®  Once-through cooling using river water

e The exising K-Area cooling tower (ie,
natural draft) with river water makeup

APT Design Variations

There are two potential design variations which
could enhance the Department's flexibility to
supply the nation's future tritum needs. The
first is a modular or staged accelerator configu-
ratdon. The second is combining tritum sepa-
raton and triium extraction facilities.

The modular design variation would use the
same acceleraror architecture as the baseline
accelerator, but would be constructed in stages.
The combined tridum separation and tritium
extraction facilities would take advantage of
common process systems and would be capable
of handling both Helium-3 and Lithium-6
feedstock material.

The vanatons described in the EIS are based
on the best information available. This infor-
mation allows for a preliminary analysis of po-
tential impacts. A more quantified analysis will
be included in the final EIS. Based on current
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design information, DOE believes potential
impacts of the design variations would vary little
from those identified for the baseline accelera-

tor.
APT Site Alternatives

DOE conducted a screening process to select
potentially suitable sites for the APT. This
multiple-phase process identified areas with a
set of suitable features and minimal conflicts
with onsite resources and operational areas.

Based on a weighing and balancing of the crite-
ria, DOE selected two sites for further analysis:

e The preferred site 3 miles northeast of the
Tritium Loading Facility, and approximately
6.5 miles from the SRS boundary

® The alternate site 2 miles northwest of the
Tritium Loading Facility, and approximately
4 miles from the SRS boundary

Electric Power Supply Alternatives

The APT will require large amounts of electric-
ity (a peak load as high as 600 megawatts-
electric for the room temperature alternative) to
operate. At present, the SRS obtains its electric
power from South Carolina Electric and Gas
Company (SCE&G) through existing transmis-
sion lines and substations. Both the preferred
and alternate APT sites are close to existing
electric power supply lines. Due to the pro-
jected magnitude of the electrical power usage;
however, DOE is studying alternatives for the
source of electricity for the APT, and has iden-
tified the following two:

e Obrain electricity from existing commercial
capacity and through market transactions
(DOE’s preference)

e Obrain electricity from the construction and
operaton of a new coal-fired or a natural-

gas-fired generating plant

AFFECTED ENVIRONMENT

DOE would locate the APT on one of two SRS
sites. The preferred site is located approxi-
mately 3 miles northeast of the existing Trittum
Loading Facility, about 6.5 miles from the SRS
boundary. The alternate site is located ap-
proximately 2 miles northwest of the Tritium
Loading Fadility, about 4 miles from the SRS
boundary. Both sites are 250-acre forested
tracts largely dominated by stands of loblolly
and slash pine. No threatened or endangered
species occur at either site.

Most support activities not located at the APT
site would be in M- or H-Area. The following
secdons describe the proposed APT sites,
M-Area, and H-Area.

APT Sites. As previously mentioned, DOE
used a multiphase screening process to find
suitable sites for the APT. This process identi-
fied areas with suitable features and minimal
conflicts with onsite resources and operational
areas.

The first phase involved the identificaton of
land requirements based on the sizes of the
proposed facilities. Next came the development
of exclusionary criteria to identify areas that
could present operatonal or environmental
conflicts with the APT (e.g., locations of threat-
ened or endangered species or seismic faults).

S-6
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The third phase involved a more detailed com-
parison, weighing and balancing the sites in four
categories: ecology, geology and hydrology,
human health, and engineering. DOE evaluated
each site against the exclusionary criteria using
either quantitative analyses or, if quantitative
information was not available, the professional
judgment of experts. The site screening process
led DOE to the selection of the preferred and
alternate sites.

M-Artea. M-Area, an industrialized area on the
SRS, is the proposed host for a number of APT
support functions. DOE has declared that sev-
eral M-Area facilities are surplus and available
for new uses. Historically, the Department used
M-Area to fabricate fuel, special targets, and
components for irradiation in the SRS produc-
ton reactors. The facilides contain furnaces,
extrusion presses, lathes, handling equipment,
and storage racks for melting, casting, and
shaping metal.

H-Area. H-Area is also an industrialized area.
At present, the H-Area tritium faciliies consist
of four buildings, three of which have been part
of the historic SRS tritum mission and are sec-
ond-generation tritium structures. The fourth
building, the Tritum Loading Facility (called the
Replacement Tritum Facility during its con-

struction and startup) is a third-generation facil-
ity that became operational in 1994. Operations
in this building include unloading gases from
reservoirs returned from the Department of
Defense, separating and purifying useful hydro-
gen isotopes, mixing the gases to exact specifi-
cations, and loading the reservoirs.

Comparison of Environmental
Impacts Among Alternatives

Table S-1 presents a comparison of the envi-
ronmental impacts associated with construction
and operaton of the baseline APT as a function
of alternative. For each technical discipline, the
impacts of the Preferred alternative are dis-
cussed. The Preferred alternative is composed
of the following:

e Klystron radiofrequency power tubes

® Superconducting operatdon of accelerator
structures

o Helium-3 feedstock materal

® Mechanical-draft cooling towers with river
water makeup

® Electricity from existing capacity and mar-
ket transactions

o Use of the Preferred APT site

Differences in impacts that could occur if dif-
ferent alternatives were implemented are also
presented.

Based on current design information, most of
the potential environmental impacts of the two
design variations (the modular APT design and
combining tridum extraction facilities) are
bounded by the baseline APT. In the case of
the modular APT design, more land would be
required and potential socioeconomic impacts
would occur over a greater time period than for
the baseline accelerator.

S-7
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In the case of the modular APT design, how-
ever, more land could be required. The poten-
dal socioeconomic impacts would initally be
less. If the modular APT is expanded to 3 kilo-
grams/year, socioeconomic impacts could ex-
tend beyond the construction period assumed
for the baseline APT.

In general, DOE considers the expected im-
pacts on the biological, human, and socioeco-
nomic environment of construction and opera-
ton of an accelerator for production of tritum
at the SRS to be minor and consistent with what
might be expected for any industral facility.
Construction and operation of the Preferred
alternative would result in the loss of about
250 acres of mixed pine/hardwood upland for-
est. Waste would be generated during both the
construcion and operation phases but in
quantities that would have negligible impacts on
SRS waste management facilities. No high-level
waste or transuranic waste would be generated
during construction or operation.

Some small impacts from discharge of cooling
water to SRS streams and reservoirs and from
nonradiological emissions to air and water
would occur. Radiological releases during nor-
mal operation of the facility are expected to re-
sult in no latent cancer fatalities in workers or
the public. Because no high or adverse impacts
are expected, no disproportionately high or ad-
verse impacts on minority or low-income com-
munities are expected.

Implementation of certain of the technology
alternatives could result in impacts different
from those resulting from construction and op-
eration of the Preferred alternative. Most no-
table would be the impacts from implementa-
don of cooling water system alternatives and
electric power supply alternatives.  Once-
Through Cooling Using River Water would re-
sult in withdrawal from the Savannah River of

about 125,000 gallons per minute of river water
and discharge of heated water to the Par Pond
system during operation. Thermal impacts
would be restricted to the upper portions of the
Par Pond system and would not affect Par Pond
discharges to Lower Three Runs. There would
be a small increase in Lower Three Runs flows,
however. The implementation of the Mechani-
cal-Draft Cooling Towers with Groundwater
Makeup alternative would result in the with-
drawal of 6,000 gallons per minute of ground-
water. Total groundwater withdrawal at the
SRS could therefore exceed the estimated
groundwater production capacity of the aquifer.
This could affect groundwater flow to site
streams.

The Preferred alternative includes buying elec-
tricity from the commercial grid to support
APT operation. In the case of commercial
electricity purchases, the environmental impacts
attributed to the APT load would be decentral-
ized. In the case of the construction of a new
electricity generating plant to support the APT,
the environmental impacts would be localized at
the site selected for the plant. Construction and
operation of such a facility could require about
290 acres for a coal-fired plant and about 110
acres for a gas-fired plant.

Should the Department select the No Action
alternative, design work on the APT would be
concluded and the information archived. The
APT would not be constructed at the preferred
site and the 250 acres of land would revert to
forestry or other uses. On-going SRS missions
would continue. Incremental amounts of waste
generatdon and electricity consumption that
would have been attributable to the APT would
not occur. Employment would be a function of
on-going missions and funding levels.
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Figure 1-1. Savannah River Site.
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Background and Purpose and Need for Action

CHAPTER 1. BACKGROUND AND PURPOSE
AND NEED FOR ACTION

1.1 Background

Since nuclear weapons came into existence in
1945, a nuclear deterrent has been a cornerstone
of the Nation’s defense policy and national se-
curity. President Clinton reiterated this prina-
ple in his July 3, 1993, radio address to the
Nation. U.S. strategic nuclear systems are based
on designs that use tritium, which enhances the
yield of nuclear weapons. Because tritium de-
cays over time, new tritium is required to main-
tain the Nation’s nuclear weapons stockpile.

The Nation needs tritium to ensure that each
weapon remaining in the stockpile operates as
designed. Tritium has a relatively short radio-
active half-life of 12.3 years. This rapid decay
rate necessitates the periodic replenishment of

The Department of Energy (DOE) is designing, building, and testing critical components of an accel-
erator for the production of tritium. If the Department decides to build a production accelerator, it will
do so at the Savannah River Site in South Carolina (Figure 1-1). This chapter describes activities that
have led to the Proposed Action and Alternatives evaluated in this environmental impact statement. [t
evaluates the Purpose and Need for this action, and how the capability to produce tritium in an accel-
erator relates to other ongoing and planned missions at the Savannah River Site.

tritium in nuclear weapons to ensure that they
can function as designed. Over the years DOE
built and operated 14 reactors around the
country to produce trittum and other nuclear
materials. None of the reactors is currently op-
erational, and DOE has not produced tritium
since 1988. However, according to the Atomic
Energy Act of 1954, DOE is responsible for
developing and maintaining the capability to
produce nuclear materials such as tritium for the
defense of the United States.

Undl a new tritium supply source is operational,
DOE will continue to support requirements by
recycling tritium from weapons retired from the
Nation’s stockpile. However, because of the
trtium decay rate (about 5.5 percent per year),
recycling can only meet the tritium demands for
a limited time, even with the reduction in
stockpile requirements and no identified need
for new weapons. Current projections, derived
from classified projections of future stockpile
scenarios, indicate that recycled tdtium will
support the Nation’s nuclear weapons stockpile
adequately until approximately 2005 (see Fig-
ure 1-2).

The United States will need a new produc-
tion source of tritum by 2005. The APT
could be available for production in 2007
which means tritium reserves could be util-
ized in the interim.

Without a new supply source, after 2005 the
United States would have to use its strategic re-
serve, which maintains trittum for emergencies
and contingencies, to maintain the readiness of
the nuclear weapons stockpile. In such a

1-1



Background and Purpose and Need for Action

DOE/EIS-0270D
DRAFT, December 1997

Tritium quantity

START: Strategic Arns Reduction Treaty

NWSM: Nudlear Weapons Stockpile Memorandum.
Note: Graph has no scale or proportion.

Source: DOE (1997a).

PKBES-Z1-PC

2016

Figure 1-2. Estimated tritium inventory and reserve requirements.

scenario, the depletion of the strategic reserve
would degrade U.S. nuclear deterrent capability
(based on current designs which require tritium)
because some weapons in the stockpile would
not be able to function as designed. Eventually,
the United States would lose its nuclear deter-
rent.

In its Final Programmatic Environmental Impact
Statement for Tritium Supply and Recycling (Trtium
Supply PEIS) (DOE 1995), the U.S. Depart-
ment of Energy evaluated the need for a new
tritum source. DOE published a Record of
Decision (ROD) for that Programmatic Envi-
ronment Impact Statement on December 12,
1995 (60 FR 63878). Based on the findings in
the Tritium Supply PEIS and on other techni-
cal, cost, and schedule evaluations, DOE an-
nounced the decision to pursue a dual-track
approach to the two most promising alterna-
tives for supplying tritium:

e To design, build, and test critical compo-
nents of an accelerator system for tritium
production

e To initate the purchase of an existing
commercial reactor (operating or partially
complete) for conversion to a defense facil-
ity, or the purchase of irradiation services
with an option to purchase the reactor

In the Record of Decision, DOE committed
that it would, within a 3-year period (by late
1998), select one of these approaches to be the
primary source of tridum. If feasible, it would
continue to develop the other alternative as a
backup tritium source. In the interim, testing of
crtical accelerator components would be per-
formed at the Los Alamos National Laboratory.
Further, DOE selected the Savannah River Site
(SRS) as the location for an accelerator, if it de-
cides to build one, and decided to upgrade and
consolidate the tritium recycling facilities at the
SRS and to construct a Trittum Extraction Fa-
cility at the SRS to support both dual-track al-
ternatives.

The DOE strategy for compliance with the Na-
tonal Environmental Policy Act (NEPA) has
been to (1) make decisions on programmatic
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alternatives as described and evaluated in the
Tridum Supply PEIS, and (2) follow (der from
the Trtium Supply PEIS) with site-specific as-
sessments that implement the selected pro-
grammatic decisions. Following this strategy,
DOE is preparing this EIS on the Accelerator
for the Production of Trittum (APT), an EIS on
the Tritum Extraction Facility, and a Commer-
cial Light Water Reactor EIS. On September 5,
1996, the Department published the “Notice of
Intent To Prepare an Environmental Impact
Statement for the Construction and Operation
of an Accelerator for the Production of Trittum
at the Savannah River Site” (61 FR 46787).
This EIS evaluates specific technology and site
options for the use of an accelerator for the
production of tritium at the SRS, and assesses
the impacts of accelerator construction and op-
eration.

To support this analysis, DOE is completing an
engineering development and demonstration
program that will increase technical confidence
in those parts of the facility where uncertainties
still exist. The descriptions and analyses in this
EIS contain the information from this program
as it affects the design and anticipated operating
parameters of the APT facilities.

DOE proposes specific technology options
for an accelerator to be used for the produc-
tion of tritium at the Savannah River Site.

Also, on September 5, 1996, DOE published a
Notice of Intent for the Construction and Op-
eration of a Trtium Extraction Facility at SRS
(61 FR 46790). This proposed facility would be
able to support either an accelerator or a com-
mercial light-water reactor (CLWR).

The Tritium Supply PEIS is the upper ter
document that established the proposed actions
described in this follow-up EIS and for the
other actions described in Section 1.5, with the
exception of the proposed shutdown of the SRS
River Water System. This EIS has been pre-
pared consistent with the regulations promul-
gated by the Council on Environmental Quality
(CEQ; see 40 CFR Parts 1502 - 1508). Further,

DOE has prepared this EIS in accordance with
Section 102(2)(c) of NEPA as amended
(42 USC et seq.) and implemented by the CEQ
regulations (40 CFR 1500-1508) and the DOE
NEPA regulations (10 CFR 1021).

DOE has placed copies of the Final Pro-
grammatic Environmental Impact Statement
for Tritium Supply and Recycling in its Public
Reading Rooms. The reading room for the
Savannah - River- Site is at the Gregg-
'Graniteville Library, University of South
Carolina-Aiken Campus, Aiken, South Caro-
lina 29801, 803-641-3465. Interested per-

sons can obtain copies by calling 1-800-881-
7292 or writing to: Andrew R. Grainger, U.S.
Department of Energy, Savannah River Op-
erations Office, Aiken, South Carolina 29802.

1.2 Review of the Final
Programmatic Environmental
Impact Statement for Tritium

Supply and Recycling

In the Tntium Supply PEIS, DOE evaluated
facilities that will safely and reliably fulfill future
national defense requirements for tritium. As
used in the title, “Supply” means the production
of new tritium in either a reactor or an accelera-
tor (by irradiating target materals with neu-
trons) and the subsequent extraction of the
titium in pure form for use in weapons.
“Recycling” means recovering residual triium
from weapons components, purifying it, and
refilling the components with both recovered
and new tritium (when it becomes available).

DOE evaluated four tritium supply technologies
for new tritium supply facilities: a Heavy-Water
Reactor, a Modular High-Temperature Gas-
Cooled Reactor, an Advanced Light-Water Re-
actor, and an accelerator. The Tritium Supply
PEIS included a commercial light water reactor
option that evaluated existing commercial light-
water reactors for irradiation services or for
purchase and conversion to trittum production.
The Trtium Supply PEIS also addressed the
impacts of a reactor used for the multiple pur-

poses of producing tritium, burning plutonium,
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and generating revenues through the sale of
electric power (the “triple-play” reactor).

The Trtium Supply PEIS evaluated the siting,
construction, and operation of each alternative
and recycling facility at five DOE sites: the
Idaho National Engineering Laboratory, the
Nevada Test Site, the Oak Ridge Reservation,
the Pantex Plant, and the Savannah River Site.
The trtium recycling faciliies process and re-
cycle tritium for use in nuclear weapons; this
includes emptying reservoirs returned from
weapons in the stockpile, recovering and purify-
ing the trtium, reclaiming reusable reservoirs,
providing new gas mixtures, and refilling reser-
voirs. The facilities also test reservoirs and
provide appropriate waste management activi-
tes.

In the Record of Decision for the Tritium Sup-
ply PEIS, DOE decided that, if it placed the
tritium supply and recycling facilities at any site
other than the SRS, it would also build new re-
cycling facilities at that site. On the other hand,
if the Department decided to put the tritum
supply mission at the SRS, it would upgrade the
existing facilities there (see Section 1.4).

In the Trntium Supply PEIS, the Department
evaluated locating the new triium supply facili-
ties at one of the five sites mentioned above or
at a commercial reactor site. The Department
did not evaluate a specific reactor site. In the
ROD for the Tritium Supply PEIS, the De-
partment decided the SRS would be the location
of the accelerator, if it selected that option.

1.3 Purpose and Need

The purpose and need for the Department’s ac-
ton is described in the Final Programmatic Envi-
ronmental Impact Statement for Tritium Supply and
Regycling (DOE 1995). The Trtum Supply
PEIS identfied the 1994 Nuclear Weapons
Stockpile Plan as the guidance document the
Department must follow. Since the issuance of
the PEIS, the President has approved the 1996
Nuclear Weapons Stockpile Plan which is based
on START I stockpile levels. The change be-
tween the two Nuclear Weapons Stockpile

Plans is to change the projection of when a new
tntium source is needed from approximately
2011 used in the PEIS to 2005 to 2007 in the
1996 Nuclear Weapons Stockpile Plan. How-
ever, the need for tritum for the nuclear weap-
ons stockpile, as discussed in the PEIS, remains

unchanged.
1.4 SRS Role in Tritium Supply

The SRS has supported Defense Program ac-
tivities since it became operational in 1953; the
Site has been the center for U.S. triium pro-
duction and recycling. The SRS complex for
the production of nuclear materals, including
tritium, consisted of five reactors, a fuel and
target fabrication plant, two chemical separation
plants, a tritium-target processing facility, a
heavy water rework facility, and waste manage-
ment facilities. In 1993, DOE put the last op-
erational reactor (K-Reactor) in cold standby
with no plan or provision for restart, thereby
ending the Nation’s capability to produce trit-
ium.

The SRS is continuing to support stockpile re-
quirements with its recycling operation using
retired weapons as the triium source. The SRS
facilities empty tritum from retired reservoirs,
purify it, and fill replacement reservoirs with
tritium for stockpile weapons. DOE then de-
livers the filled reservoirs to the Pantex Plant
near Amarillo, Texas, for weapons assembly, or
to the military for placement in weapons in the
stockpile.

SRS tritium recycling activities occur primarily
in H-Area. If DOE built an accelerator for the
production of triium, it would be on a pre-
ferred site approximately 3 miles northeast of
H-Area, or on an alternate site north of Upper
Three Runs between Roads F and 2, approxi-
mately 2 miles northwest of H-Area.

1.5 Related Department of
Energy Actions

In January 1991, the Secretary of Energy an-
nounced that DOE would prepare a program-
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matic EIS to examine alternatives for the re-
configuration of the Nation’s Nuclear Weapons
Complex. The Department described the
framework for that EIS in its Nuclar Weapons
Complexc Reconfiguration Study (DOE 1991), a de-
tailed examination of alternatives for the pro-
posed Complex.

Due to significant changes since January 1991,
especially in relation to projected requirements
for the US. nuclear weapons stockpile, the
framework described in the Nuclear Weapons Re-
configuration Study no longer exists. To keep pace
with the changes, DOE separated the Recon-
figuration Programmatic EIS into the Fina/ Pro-
grammatic Environmental Impact Statement for
Tritium Supply and Reoycling (Tridtum  Supply
PEIS) (DOE 1995) and the Stockpile Stewardship
and Management Programmatic EIS (DOE 1996a).
Chapter 1 of the Trittum Supply PEIS discusses
the evolution of this program.

As mentioned in Secton 1.1, the Record of
Decision supported by the Tritium Supply PEIS
has resulted in a sedes of actdons by DOE
which require site-specific evaluation under the
Natonal Environmental Policy Act. These ac-
tons are the APT described in this EIS, the
purchase or use of a commercial light water re-
actor to make tritium, the construction of a new
trtium extraction facility at SRS, and the up-
grade and consolidation of SRS tritium facilities.
In addition, the shutdown of the dver water
system at SRS is related to cooling water alter-
natives in this EIS. Because of the relationships
of these various proposed actions to tritium
supply and recycling DOE is closely coordinat-
ing the range of proposed actions.

The following sections describe the DOE
NEPA implementation strategy including the
NEPA documents which it intends to prepare.

I ti tegy: Chapter 2
presents the Proposed Action and Alternatives
for the APT. These alternatives focus on vari-
ous technologies and site locations on the Sa-
vannah River Site. In a separate environmental
impact statement, the DOE is evaluating alter-
natives for a new triium extraction facility

(TEF). An additional alternative to those dis-
cussed in the TEF EIS would modify the APT
to include the equipment needed for TEF op-
erations in the APT. This alternative is de-
scribed in Section 2.5.3 of this EIS.

DOE proposes to make one or more records of
decision to select technology alternatives and a
site for the APT. These decisions would be
based on the environmental analysis contained
in this EIS and policy, technical, cost, and
schedule information.

A scparate record of decision would select the
TEF alternative and would be based on the en-
vironmental analysis in the TEF EIS and the
environmental analysis on combining the TEF
faclities into the APT presented in this EIS.
Policy, technical, cost, and schedule information
would also be used in this decision.

DOE will prepare an EIS for the commercial
light water reactor and has prepared an EIS for
the shutdown of the river water system. DOE
proposes to make one or more records of deci-
sion based on each of these EISs. The upgrade
and consolidation of tritium facilities will be
evaluated in an environmental assessment fol-
lowed by a finding of no significant impact or
an EIS. The key milestones and status of each
of these documents is presented in Figure 1-3.

Commercial Light Water Reactor(s). As itis
for this document, the Trittum Supply PEIS is
also the upper-tier document for the EIS that
DOE will prepare on the potentdal use of a
commercial reactor as the primary source of
tntium production. The CLWR EIS will assess
the environmental differences of producing
tritium in commercial reactors. Among its al-
ternatives, that EIS will consider the purchase
of an existing or partially completed reactor and
the purchase of irradiation services. Further,
the Record of Dedision for the Tritium Supply
and Recycling Programmatic EIS provides guid-
ance for DOE in the preparation of the CLWR
EIS and this APT EIS.

If the Secretary selects the commerdal light-
water reactor option, DOE would transport the
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indian Nations EA : orNOI
iDec 1987
NOI = Notice of Intent
ROD = Record of Deasion
EA = Environmental Assessment
FONSI = Finding of No Significant Impact

Figure 1-3. NEPA documentation for related DOE actions.

target material from the reactors to the SRS for
tritium extraction.

Tritium Extraction. On September 5, 1996,

DOE issued a “Notice of Intent to Prepare the
Construction and Operation of a Trtium Ex-
traction Facility at the Savannah River Site En-
vironmental Impact Statement” (61 FR 4670).
As currently planned, that EIS will evaluate the
environmental impacts of facility construction
and operation for two tritium extraction scenar-
ios:

e The construction and operation of 2 new
extraction facility that would provide the
capability to process irradiated target rods
from a commercial light water reactor, re-
move the impurity gases, and deliver weap-
ons quality trittum to the existing Tritium
Loading Fadility (formerly known as the
Replacement Tritum Facility). The extrac-
tion facility would be capable of extracting
tritium from Lithium targets if DOE selects
them for use in the accelerator.

e The upgrade and use of the existing Allied-
General Nuclear Services facility located

approximately one mile east of the SRS in
Barnwell, SC.

As with the APT and CLWR EISs, the upper-
der document for the tritium extraction EIS is
the Tritium Supply and Recycling Programmatic
EIS. The scheduled completion date for that
EIS is August 1998.

cilities. The Department is preparing an envi-
ronmental assessment (EA) on the upgrade and
consolidation of the SRS Trtium Facilities
scheduled for completion in December 1997.
In the Record of Decision for the Tritum Sup-
ply PEIS, DOE decided that the consolidated
upgrade would result in closing one building
(232-H) and transferring its functions to two
other buildings in H-Area. The Department
would upgrade four buildings in H-Area to
meet environmental, health, and safety require-
ments and one other building to accept the
transferred acuvities.

Shutdown of the River Water System at the
Savannah River Site. DOE built the River
Water System to pump large quantities of cool-
ing water from the Savannah River to the SRS
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nuclear reactors. Because the Department has
shut the reactors down, no cooling water is cur-
rently required and the SRS Strategic Plan (DOE
1996b) has identified the system as potental
surplus infrastructure. However, if the De-
partment decides to build the APT, cooling
water would be needed and may require parts of
the existing cooling water system.

In May 1997, the Department issued its Final
Environmental Impact Statement:  Shutdown of the
River Water System at the Savannab River Size (DOE
1997b). That document proposes to shut down
the River Water System and place all or part of
the system in a standby condition. Under the
preferred “standby” alternative, DOE could
place portions of the system in several different
conditions; for example, surplus portions of the
system could be shut down and deactivated.
The deactivated portions would not be capable
of restart. Other portions could be placed in a
“layup” condition so they could support poten-
tal future missions such as an accelerator for
the production of trittum. To attain the layup
condiion, DOE would shut the equipment
down but would preserve it for future restart if
necessary. As an alternative, DOE could place
some portions of the system in a higher state of
readiness than layup that would allow restart in
a relatively short time.

1.6 Nonproliferation

Accelerator technology has been in use for
more than 75 years. During this time they have
been constructed in many different types and
sizes, with power ranging from a few watts to
approximately one megawatt. The possibility of
producing special nuclear material (i.e., pluto-
nium) using an accelerator was recognized sev-
eral decades ago. However, using this option
for large scale production was more costly than
production in nuclear reactors. Therefore, spe-
cial nuclear material production using an accel-
erator was not pursued by the nuclear weapons
states, and basic science research became the
primary use of accelerators. This research mis-
sion is promoted by the International Atomic
Energy Agency through a program of informa-

ton sharing. The APT is the first known accel-
erator proposed for a mission to produce
weapons materals in a sustained production
operating mode.

Nuclear weapon’s proliferation concerns arise
when a technology is used to develop special
nuclear materals. Using an accelerator to pro-
duce special nuclear materials in quantites
which could be a proliferation concern requires
a particle beam power of approximately
1 megawatt or greater. Research accelerators
with beam powers in the 1 megawatt range have
been viable for at least 20 years.

The APT brings together different pieces of ac-
celerator technology which increase efficiency,
and will be sufficiently large so production can
meet the current and projected requirements of
tritium. Since this is a change in the historc
application of accelerator technology, the De-
partment is reviewing how it controls the export
of accelerator technology.

Currently, Secdon 57b. of the Atomic Energy
Act requires that “persons” subject to U.S. ju-
nsdicdon who engage directly or indirectly in
the production of special nuclear material out-
side of the United States must be authorized to
do so by the Secretary of Energy. This re-
quirement is implemented by DOE’s regula-
tions in 10 CFR Part 810, “Assistance to
Foreign Atomic Energy Activites.”

In implementing these requirements, the De-
partment has determined they implicitly cover
exports of accelerator technology to produce
special nuclear materials. The Department is
now in the process of determining whether to
make this implicit coverage explicit. A pro-
posed rulemaking amending the Part 810 regu-
lations to this effect is under consideration.

1.7 Medical Isotope Production

With the high beam current and energy, the
APT facilities could produce a reliable supply of
medical radionuclides. The motivating force for
the production of such radionuclides is the ag-
ing of existing U.S. production facilities and the

17
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increasing reliance on foreign suppliers. A sin-
gle foreign company supplies the medical nu-
clide most used in the United States
(technetium-99m). A number of other nuclides
used for treatment diagnosis, or research either
are not available or are expensive due to short
supply. The APT capability to produce radi-
onuclides could meet present needs and adapt
to future demands.

DOE could make medical isotopes in several
areas of the accelerator. For example, it could
extract some isotopes from the window cooling
system, target, target cooling system, and the
blanket region without modifying the current
APT design. DOE could modify the design by
installing devices to divert packets of protons at
different energy levels to radionuclide-
producing targets, or by modifying the blanket
surrounding the target to insert targets for radi-
onuclide production. If it decides to produce
medical isotopes, DOE would build an isotope
production facility or modify existing SRS fa-
cilities for that purpose.

The Department is considering the feasibility of
using the accelerator, if it decides to build one,
for medical isotope production. A preliminary
feasibility study is under way. If that study re-
sults in a decision to proceed, DOE would have
to perform additional conceptual design work.
Because the design information will not be
available for some time, this EIS does not dis-
cuss the use of the APT facilides to produce
medical isotopes. DOE will complete a sepa-
rate National Environmental Policy Act evalua-
ton if it decides to proceed with a proposal to
make medical isotopes in the APT facilities.

1.8 Stakeholder Participation

DOE conducted a public comment period to
solicit input on the scope of this EIS. The pub-
lic scoping period extended from September 5,
1996, to December 20, 1996. Public scoping

meetings were held on December 3 and De-
cember 5, 1996, in Savannah, Georgia, and
Aiken, South Carolina, respectively. These
meetings were attended by 63 members of the
public. In addition, the Department received
approximately 24 mail and phone comments on
the scope of this EIS.

As a result of the scoping process for the APT
and TEF EISs, the Department identified about
90 separate comments. The following is a bref
summary of comments pertaining to APT issues
or concerns being addressed in the EIS:

e Type of target materal to be used -- The
Department is evaluating both Helium-3
and Lithium-6 feedstock materal.

e Benefits of using the existing river water
system — The potential use by the river wa-
ter system to provide cooling water to the
APT is an alternative being considered.

e Human health issues related to triium pro-
duction and the emissions from a new coal
or gas-fired power plant that may be re-
quired —- The Department is considering the
health impacts of its actions from both trit-
ium production and a coal/gas-fired power
plant.

e Impacts on surface water and groundwater
-- Both surface water and groundwater im-
pacts are being considered.

Several issues brought forth in scoping are not
specifically being addressed in the APT EIS but
are being considered by the Department in
other forums, or were considered in the PEIS
on Tridum Supply: most notably the potential
impacts from commercial light water reactors,
siting at the DOE complex sites, the use of
other technologies, and cost and schedule.
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Interested persons can review a summary of
the comments received during the public
scoping period and how they influenced the
scope of the Draft EIS at the Department of
Energy Public Reading Rooms, or can ob-
tain a copy of this summary by phoning
1-800-881-7292, by contacting Andrew R.
Grainger, U.S. Department of Energy, Sa-
vannah River Operations Office, Building
773-42A, Rm. 212, Aiken, South Carolina:
29802; or by sending E-mail to
nepa@SRS.gov.

1.9 Organization of the EIS

This EIS has seven chapters, supported by three
appendixes, and discusses the important tech-
nology alternatives, including:

1. Type of accelerator technology

2. TyPc of feedstock material used to produce
trigum

Water source and cooling technology

Type of radiofrequency amplifiers

Sources of electricity

APT site location on the SRS

N oo v s W

Tritium extraction and modular or staged
design option

Chapter 2 descrbes the Proposed Action and
Alternatives for the accelerator. Chapter 3 dis-
cusses the SRS and the Central Savannah River
Area in terms of the environment that the alter-
natives could impact and environmental fea-
tures that could influence the construction and
operation of the accelerator. Chapter 4 presents
the estimated impacts for the construction and
operation of the APT. Chapter 5 discusses cu-
mulative impacts. Chapter 6 presents resource
commitments. Chapter 7 discusses applicable
laws, regulations, and permit requirements.

This EIS also contains 3 appendixes. Appen-
dix A contains a description of facilities and
processes. Appendix B provides information
on accident scenarios. Appendix C is a list of
plants and animals mentioned in this EIS. To
aid readability, common names are used in the
body of the text for plant and animal species.
Scientific names are included in Appendix C for
additional clarification. Throughout the text,
the units of measurement utlized are those
commonly employed for a particular parameter.
A conversion table is included on page xix.
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DOE is considering alternative design features for an accelerator at the Savannah River Site:
how the accelerator would be supplied electricity; which of two sites on the SRS would be
used; how the accelerator would be cooled; the operating temperature to be used; which
feedstock material (Helium-3 or Lithium-6) to be used for tritium production; and the types of
radiofrequency amplifiers. Additionally, two design vatiations ate under consideration: the
construction of a modular accelerator that could be expanded if trittum stockpile requirements
increase, and a tritium extraction facility within the accelerator that could extract triium from
Lithium-6 feedstock material.
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CHAPTER 2. PROPOSED ACTION AND ALTERNATIVES

The regulatons of the Council on Environ-
mental Quality (CEQ; 40 CFR Parts 1500-1508)
direct Federal agencies to use the process estab-
lished by the National Environmental Policy
Act (NEPA) to identfy and assess reasonable
alternatives, including a “No Action” alterna-
tive, to proposed actions that could have effects
on the quality of the human environment.

2.1 The Proposed Action and No
Action Alternative

The Nation's need for new production of trit-
ium, in terms of both the quantity required and
the date by which it must be available, has
changed substantially in the past several years
and is likely to continue to change. DOE's
tridum production program must, therefore, be
sufficiently flexible to respond to a variety of
potential production requirements. This re-
quirement for programmatic flexibility is driven
by the range of possible outcomes of nuclear
weapons treaty negotiation and ratfication ac-
tivities, and the annual Federal budget and ap-
proval process (WSRC 1997).

The Proposed Action. In responding to this
need, the Department is developing a baseline
APT design that would be capable of producing
3 kilograms per year of tridum by 2007. The
Proposed Action is to design, build, and operate
a linear accelerator at the Savannah River Site
with specific design features as discussed below.
Development work is ongoing, however, on
two design variations that could enhance the
flexibility and cost efficiency of supplying the
nation’s tritium need. The first would utilize a
modular or staged approach whereby an accel-

Chapter 1 describes the dual-track strategy the Department of Energy developed to ensure the pro-
duction of tritium for the Nation’s defense needs in the 21st Century. Part of the strategy calls for
DOE to evaluate the construction and operation of the APT to produce tritium and to propose different

design features for the APT. This chapter describes alternative design features and support systems.

It discusses operating temperatures, target configurations, radiofrequency power supplies, cooling

water scenarios, electricity options, and facility location. It also compares potential environmental im-

pacts associated with each design feature. Additionally, the chapter considers ‘design variations which

‘could enhance DOFE's ability to meet changing requirements for tritum. -~ .~ .

erator initially designed to produce 1.5 kilo-
grams per year of tritum could be expanded in
stages to meet higher production levels; sec-
ondly, the proposed Tritum Extraction Facility,
required to separate triium from targets irradi-
ated in commercial light water reactors, could
be incorporated into the APT design

Following the discussion of the proposed APT
baseline configuration and alternatives (see Sec-
tion 2.3), the two design variations are discussed
in Secdon 2.5 of this chapter. This section also
compares how tritium production levels could
be increased in the proposed baseline configu-
ration and in the modular design. Section 2.4
describes other actions that could occur regard-
less of the design alternatives selected.

Based on its research and development activi-
tes, DOE proposes the following Preferred al-
ternative design and support features for the
baseline APT:

e Klystron radiofrequency power tubes

e Superconducting operation of accelerator
structures

o Helium-3 feedstock maternal

® Mechanical-draft cooling towers with river
water makeup

e Construction of the APT on a 250-acre site
3 miles northeast of the Tridum Loading
Facility
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e Purchase of electricity from existing capac-
ity and market transactions

In addidon, DOE has identified the following
alternative design features and support systems:

e Inductive output radiofrequency power
tubes

¢ Room-temperature operation of some elec-
trical components

o Lithium-6 feedstock material

® Once-through cooling using river water,
mechanical-draft cooling towers with
groundwater makeup; K-Area cooling tower
with river water makeup

e Construction of the APT on a site 2 miles
northwest of the Tritium Loading Facility

e Construction of a new generating plant for
electricity

Secton 2.3 describes the proposed and alterna-
tve design features and support systems. In
addition, if DOE constructed and operated the
APT, it would conduct actvities at specific lo-
cations on the Site that would not depend on
selected design features or support systems.
Section 2.4 describes activites that are inde-
pendent of the alternatives (except No Action).
Appendix A provides more detailed facility de-
scriptions.

No Action Alternative. In compliance with
CEQ regulations (40 CFR Part 1502), this envi-
ronmental impact statement (EIS) assesses a No
Action alternative, under which DOE would
defer indefinitely any decision related to the fi-
nal selection of APT design features and would
place the research and development information
completed at the time it made its decision in an
archive. As a result of this alternative, DOE
would have to meet its tritium production re-
quirements through other methods, or it would
not be able to support the long-term defense
policies of the United States.

Under the No Action alternative, other SRS op-
erations related to tritium, specifically recycling
and loading activities, would continue. Other
actions that DOE determined in its Record of
Decision for the Final Programmatic Environmental
Impact Statement for Tritium Supply and Recycling
(DOE 1995) -- the potential construction and
operation of a new Tritum Extraction Facility
and the potential modernization and consolida-
tdon of existing SRS tritum facilites -- would
proceed as planned.

2.2 APT Overview

The design of an accelerator facility depends
heavily on its purpose. The APT would be
about 4,000 feet long and could provide about
1.5-3.0 kilograms of tritum a year. For the
analyses in this EIS, DOE assumed that the
APT would produce 3 kilograms of tritium a
year. Section 2.5.1 describes the how DOE
could increase trittum production levels from a
goal quantity of 1.5 kilograms of tridum per

year.

The many individual systems and components
of the APT are used to perform one of two
functions: production of tridum or support for
the production. This section discusses the
overall approach to producing and recovering
triium in the APT. Support facilities are de-
scribed in more detail in Section 2.4 and Sec-
ton A.5.

Figure 2-1 shows the major steps of the process
used at the APT to produce and recover tritium.
As shown in the figure, the first step is to accel-
erate protons to high energies. Figure 2-2
shows the relatonship of the major APT
structures. The second step in producing trit-
um involves using the protons to produce neu-
trons through spallation (see Figure 2-3) and the
production of tridum by allowing feedstock
material to absorb the neutrons. The final step
is to recover the triium from the feedstock
material and purify it for eventual use.

2-2



DOE/EIS-0270D

DRAFT, December 1997 Proposed Action and Alternatives
Proton Tritium Tritium
Acceleration Production Recovery
Use§ linear accelerator e Protons produce Separate tritium from
Radiofrequency power neutrons through impurities
provides energy for spallation Package and transport
acceleration e Neutrons are absorbed to Tritium Loading
* Room-temperature or in feedstock material Facility
superconductivity (helium-3 or lithium-6)
operation
Figure 2-1. Major steps in the APT process.
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Figure 2-2. Accelerator schematic.
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Figure 2-3. A pictorial representation of trittum production using neutrons generated by spallation.
The proton strikes the target atom, which breaks into multple fragments with the emission of neutrons.
The neutrons then strike atoms (3He or 6Li), producing trittum and a by-product atom (1H or 4He).

Proton Acceleration

The APT project will use a linear accelerator to
accelerate 2 beam of protons to energies greater
than 1,000 MeV. The specific final energy of
the beam is dependent upon the selection of
design alternatives.

MeV is a unit of energy. In this EIS, it de-
scribes a particle’s kinetic energy, which is
an indicator of the particle’s speed. A proton
with 1,700 MeV of kinetic energy would
travel at 94 percent of the speed of light.

The first part of the APT accelerator is an injec-
tor which serves as the source of protons. To
provide these protons, hydrogen gas at low
pressure is piped into the injector assembly, and
microwaves heat the gas to a plasma state in
which the hydrogen atoms lose their electrons
leaving behind the positively charged protons
which are the nuclei of hydrogen atoms. An
electric voltage is applied to remove the protons
from the injector and to direct them to the next
stage of the accelerator.

The protons extracted from the injector are fo-
cused using electromagnetic fields so that the
protons are formed into and maintained as a

beam to be transported down the length of the
accelerator. Acceleration of the protons is ac-
complished using radiofrequency waves which
are generated in radiofrequency power tubes,
captured in conducting metal conduits
(waveguides), and guided to strategic points
along the accelerator to specially designed cavi-
tes. As the protons move down the length of
the accelerator, they are exposed to the radiof-
requency waves at optimum times for accelera-
don.

Although it is convenient to think of the accel-
erator as a single unit, it actually consists of sev-
eral different accelerators with different
geomertres in series. The geometries are se-
lected to provide maximum efficiency in radiof-
requency power to beam power at each energy
level. All these designs are highly modular and
provide easy operation and maintenance be-
cause the operators and maintainers can adjust
and service the system in short sections.

ritium Produ

Once the protons reach the desired energy, they
are directed toward the target/blanket assembly.
As the proton beam approaches the entrance to
the target/blanket, however, it will have power

2-4
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in excess of 100 megawatts, much of which
would be converted to heat in the tar-
get/blanket assembly. To prevent a highly lo-
calized heating of the target/blanket, a beam
expander will be used. This device will increase
the cross-sectional area of the beam using mag-
nets and create a more uniform distribution of
protons to generate the maximum useful neu-
tron flux and to allow the engineered heat re-
moval systems for the target/blanket to better
dissipate the heat.

After passing through the beam expander, the
proton beam would be directed to the tungsten
target (heavy water cooled) and blanket mod-
ules. The high energy of the protons as they
strike the tungsten target causes the nuclei of
the atoms in the target to break into fragments,
cjecting neutrons and secondary particles in all
directions; this process is called spalladon. The
number of neutrons produced by high-energy
spallation processes can be considerable. For
example, in an ideal thick tungsten or lead tar-
get, approximately 31 neutrons are produced
per incident 1,000 MeV proton, and approxi-
mately 58 at 1,700 MeV.

The target is surrounded by blanket modules
which contain lead, feedstock (Helium-3 or
Lithium-6), and a light water moderator coolant.
The neutrons are moderated (slowed down) by
D20 (heavy water) and H2O to an energy low
enough to be efficiently absorbed by the trit-
ium-production feedstock. Thus, trtum is
produced through a series of nuclear reactions.
First, the protons are used to produce neutrons
through spallation; then the neutrons are ab-
sorbed in a feedstock material to form tritium.

Tritium Recovery

Once the tritium is produced in the feedstock
material, it must be recovered and purified. The
exact method for recovering the material de-
pends on the type of feedstock matenal being
used (as discussed in Section 2.3). For the case
of the Helium-3 feedstock, recovering the trit-
ium is a matter of separating the tritium from
the other isotopes of hydrogen and Helium in a
gaseous mixture. For the case of Lithium-6

feedstock, recovering the tritum involves ex-
tracting the tritium from a solid aluminum ma-
trix through meltng of the rods and then
separating it from other isotopes of hydrogen
and Helium. In both cases, the tritum recov-
ered from the feedstock material would be
transported to the Triium Loading Facility at
the Savannah River Site.

2.3 APT Design Features and
Technology Alternatives

2.3.1 RADIOFREQUENCY POWER
ALTERNATIVES

As discussed in Section 2.2, the APT would ac-
celerate protons by the use of radiofrequency
(RF) waves. Specially designed vacuum electron
tubes would convert electric power to RF waves
in a separate building, and waveguides (hollow
metal conduits) would transmit them to cells
along the beam path. Because radiofrequency
waves have an electric and magnetic field com-
ponent, their presence would affect the charged
proton beam. The accelerator design would en-
able the proton beam to be exposed to the ra-
diofrequency waves at the proper orentation to
cause acceleration.

Because the protons get their energy from
the radiofrequency waves, the electron
tubes that generate the waves are the larg-
- est electrical load in the APT.

DOE has identified two alternatives -- klystrons
and inductive output tubes -- that could supply
radiofrequency power for the accelerator. Re-
gardless of the type of tube selected, approxi-
mately 240 would be needed to provide enough
power to accelerate the protons. Several tubes
are expected to fail each month. If DOE de-
cides to build the APT, it would construct a
facility at the APT site to rebuild damaged tubes
and provide replacement tubes. This would
permit the rapid replacement of damaged tubes
and increase the operational availability of the
accelerator. The following sections describe the
two potential radiofrequency power alternatives
-- klystrons and inductive output tubes.
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Klystron. The klystron is an established tech-
nology that radar installations and television
broadcast stations have used for years to gen-
erate broadcast signals. The klystron is an elec-
tron tube that uses a beam of electrons to
amplify a microwave signal. In principle, the
electron beam is directed to a relatively weak
microwave field inside the tube. The presence
of the electromagnetic fields in the microwave
signal causes modulation of the electron beam
into “packets” of electrons. The beam then
passes through a cavity tuned to the same fre-
quency as the input signal, and the electrons in-
duce a microwave signal that is an amplified

version of the original signal.

Inductive Qutput Tube. The inductive out-
put tube was developed in the 1930s and has

been used extensively since the 1970s in televi-
sion transmitters. As with the klystron, its pur-
pose is to amplify microwaves, but it does so in
a different way. The inductive output tube also
extracts large amounts of RF power from a high
current electron beam that is modulated into
electron “packets.” However, in contrast to the
klystron, the modulation is produced directly in
the electron beam by using the input signal to
control emission of electrons. Inductive output
tubes are typically smaller than radiofrequency
power tubes and have greater efficiency, thereby
providing the same microwave amplification
with less input power and smaller energy losses.

2.3.2 OPERATING TEMPERATURE
ALTERNATIVES

Accelerator structures would be affected by the
temperatures at which they operate, depending
on the type and intended use. Electrical resis-
tance usually increases as temperature increases,
which causes more heat generation in the com-
ponent and results in a greater use of electricity.
The converse is also true: that is, electrical re-
sistance usually decreases as temperature de-
creases, causing less heat generadon and
resulting in less electricity use. If the tempera-
ture of some materals (e.g., niobium) is reduced
to a very low value near absolute zero (-456°F),

their electrical resistance becomes essentally
zero, and the component will use much less
electricity. This phenomenon is referred to as
superconducuvity.

DOE has identified two operating temperature
alternatives for the design of the accelerator:

e Operaton of accelerator structures at es-
sentially room temperature

e Operation of most of the accelerator struc-
tures at superconducting temperatures and
the remaining components at room tem-
perature

Room Temperature Operation. Under this
alternative, DOE would provide necessary

cooling to ensure the maintenance of electric
components of the accelerator at approximately
room temperature. The Department would use
either air or water cooling of the components to
prevent overheating.

Superconducting Operation. Under this al-
ternative, DOE would divide the linear accelera-
tor into two subsystems, the low-energy and
high-energy accelerator systems. The low-
energy system would operate at room tempera-
ture; the cells of the high-energy system, re-
sponsible for accelerating protons from about
200 to 1,700 MeV, would be superconductng.
This alternative would supply liquid Helium to
accelerating cavities of niobium and maintain
the cavites at approximately -456°F, which
would ensure superconductivity. Other elec-
tronic components would operate at room tem-
perature, as described above.

If DOE implements this alternative, it would
build a refrigerator and liquid Helium distribu-
ton system to serve the accelerator. This facil-
ity, which the Department would build on the
same site as the accelerator, would produce lig-
uid Helium by compressing Helium gas stored
in tanks. DOE would maintain enough liquid
Helium to cool the accelerator components in
the event of a power loss.
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The temperature of the niobium cavities in
the accelerator would be about -456°F,
which is about 4°F above absolute zero, the
coldest possible temperature that can exist.

2.3.3 FEEDSTOCK MATERIAL
ALTERNATIVES

The accelerator would produce protons with an
energy greater than 1,000 MeV. To produce
triium, the proton beam would be expanded
from its relatively small size (a diameter of ap-
proximately 0.079 inch) in the accelerator to a
rectangular beam that would be 6.3 inches wide
and 63 inches tall. The protons would strike a
target/blanket assembly of tungsten and lead.
The high energy of the protons as they im-
pacted the tungsten atoms would cause spalla-
tion events, as described in Section 2.2, with the
emission of neutrons. The lead in the blanket
modules would further increase the number of
neutrons through additional reactions. The
neutrons would strke the trittum feedstock
material, the atoms of which would undergo a
nuclear reaction that absorbed neutrons, result-
ing in the production of a tritium atom and an-
other byproduct atom (Figure 2-3).

DOE has identified two possible feedstock
materials that would produce tritum through
the absorption of neutrons produced by spalla-
tion events. In addition, the Department has
concluded that it could use the same type of
target/blanket (lead and tungsten) as the neu-
tron source regardless of the feedstock material
used. The following sections describe the two
potendal feedstock materials -- gaseous He-
lium-3 and solid Lithium-6.

Helium-3 Feedstock Material. Helium-3 is a
nonradioactive gas that exists naturally in small
quantities in the atmosphere. It is also pro-
duced through the radioactive decay of tritium.
It has been used for many years to make radia-
tion detectors for neutrons, and its chemical
and physical properties are well uaderstood.
Helium-3 is available for use at the SRS from
past operations of the Trittum Loading Fadility
and from the DOE Mound Facility in Miamis-

burg, Ohio. Thus, DOE could ensure a supply
of Helium-3 for immediate use in the APT if it
selected this alternative.

Under this alternative, the Helium-3 would be
contained in aluminum tubes within the tar-
get/blanket assembly. Helium reacting with a
neutron would be converted to triium produc-
ing a mixture of triium and other atoms as
shown in Figure 2-3. The Helium-3 and tritium
mixture would be continuously transported via
piping to the Tridum Separation Facility (TSF)
in close proximity to the Target/Blanket Build-
ing.

A seres of devices would be used to remove
impurities and spallation products from the He-
lium-3 stream before it is sent to the TSF
building. Extraction of the hydrogen isotopes
from Helium-3 would be performed with pal-
ladium-silver permeators, which allow hydrogen
isotopes, but not Helium-3, to permeate. He-
lium-3 would be recirculated back to blanket
modules. Then, tritum would be separated
from the other hydrogen isotopes by using
cryogenic distillation (separate from the cryo-
genic system that would be used in the super-
conductive alternative). The purified tritum
product would be stored in the TSF and loaded
into shipping containers for transportation to
SRS tritium facilides.

The Helium-3 blanket system would permit the
continuous extraction of tritium as it was pro-
duced, thereby limiting the inventory of tritum
in the blanket area at any time.

Additional information regarding TSF and its
operation is provided in Section A.4 of Appen-
dix A. A bref description of TEF functions is
provided in Section A.6.2 of Appendix A.

Lithium-6 Feedstock Material. This alterna-
tive would incorporate Lithium-6 into a solid
aluminum matrix and form it into rods that
DOE would place in the blanket area of the ac-
celerator. While not identcal to the rods DOE
used when it operated the SRS tritium produc-

tion reactors, the rods would produce tritium in
a similar fashion.

2.7
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For this alternative, the Lithium-6 rods would
be in the form of aluminum-Lithium alloy rods
clad in aluminum. The rods would be placed in
the target/blanket assembly to be irradiated by
neutrons. After irradiaion, DOE would shut
down the accelerator and replace the irradiated
rods with new unirradiated rods. After the rods
cool enough to handle safely, DOE would
transport them to the proposed Tridum Ex-
traction Facility (61 FR 46790), which would
remove tritium from Lithium rods using proc-
esses similar to those DOE used in SRS Tritium
Facilities. The Lithium rods would be cut into
pieces, placed in large crucibles, and heated in a
furnace to melt the aluminum and drive the
trittum from the matrix. The TEF would col-
lect and purify the gaseous tritum and send it to
the Tritum Loading Facility. See also Sec-
tion 2.5.3 regarding the potential of combining
the TEF with the APT TSF.

Because the Lithium must be incorporated in a
solid rod matrix, the Lithium feedstock alterna-
tive would require batch production of tritium
instead of continuous extraction. The accelera-
tor would operate during the irradiation, and
would be in shutdown mode during the removal
of the irradiated rods and the insertion of the
new rods into the target/blanket assembly.

2.3.4 COOLING WATER SYSTEM
ALTERNATIVES

The equipment and activities in the APT would
generate heat that would have to be removed to
prevent overheating of components. Air cool-
ing would be sufficient to keep some parts of
the APT cool. Other areas would be subject to
high localized temperatures (e.g., the target and
blanket regions due to the impingement of the
proton beam on the target and the heat gener-
ated by radioactive decay in the target/blanket).
Cooling water would be required to keep the
target/blanket components, radiation shielding,
beamstops, and other APT components from
overheating.

Although these components would not neces-
sarily be connected to the same cooling system,
DOE proposes to use a primary coolant loop

isolated from the environment through heat ex-
changers to cool each component. The primary
coolant loop would be the first system in con-
tact with a component that required cooling,
and heat would transfer from the component to
the primary coolant loop.

A heat exchanger allows heat to pass from
one system to another without mixing the
contents of the systems. For example, a car
radiator is an air-cooled heat exchanger be-
cause it permits heat from the primary cool-
ant (the antifreeze/water mixture) to

dissipate by passing air over the cooling fins
of the radiator.

For components with the potential for radioac-
tive contamination, a secondary coolant loop
would cool the primary loop through water-
cooled heat exchangers and would be isolated
from the environment in a manner similar to
the primary coolant loop. For these systems, a
tertiary coolant system would cool the secon-
dary loop through water-cooled heat exchang-
ers, and would be the principal point of heat
discharge to the environment. The tertiary sys-
tem would be a “clean” system,; that is, it likely
would not release more than extremely small
amounts of contamination to the environment.
For components with little or no potental for
radioactive contamination, the final cooling
water system would be linked to the primary
coolant loop.

DOE has considered both surface and ground-
water sources for the cooling water system. If
DOE selects surface water, it would be drawn
from the Savannah River using portions of the
existing River Water System (WSRC 1996a) up-
graded as necessary to support APT operation.
If DOE selects groundwater, new wells would
be drlled near the APT site.

DOE has identfied four designs for the tertary
coolant system to provide the necessary cooling
capacity for the accelerator:

® Mechanical-draft cooling towers with river
water makeup
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® Mechanical-draft cooling towers with
groundwater makeup

®  Once-through cooling using river water

e K-Area natural-draft cooling tower with
river water makeup

Figure 2-4 is a schematic diagram of the cool-
ing-water alternatives this EIS analyzes; it shows
how DOE could implement these alternatives.
The figure is drawn assuming that the compo-
nent to be cooled has the potential for radiation
contamination and, thus, has a primary and sec-
ondary loop. For nonradioactive systems, the
illustrated secondary coolant system would not

In assessing the cooling water system alterna-
dves, DOE considered existing structures and
systems to the extent possible. Figure 2-5
shows these systems and structures, notable
among which are the River Water System,
which has lines throughout the SRS; Par Pond,
which could receive cooling water or blowdown
via the “pre-cooler” ponds (Ponds 2, 5 and C);
K-Area, which contains a natural-draft cooling
tower that discharges to Indian Grave Branch
and Pen Branch; and the preferred and alternate
accelerator sites. Informaton related to the
cooling water alternatives described in the fol-
lowing sections was derived from the APT
Cooling Water Supply Makeup Trade Study
(WSRC 1996a).

be present and the cooling water system would
be linked to the primary coolant loop.

= -

€@ Mechanical-Dratt Cooling Tower/
River Water Makeup

€ Once-Through Using River Water

@ K-Area Natural-Draft Cooling Tower

\ to be Cooled /
PKB88-Z1-PC

Figure 2-4. Schematic diagram of the cooling water system alternatives for APT components with ap-
proximate water flows. This drawing assumes that the component to be cooled has the potential for ra-
dioactive contamination. For nonradioactive systems, the illustrated secondary coolant system would
not be present and the final cooling water system would be linked to the primary coolant loop.
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Figure 2-5. Map of the SRS showing existing features that could be used to provide cooling water for the
accelerator.
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chanical-D ooli Towe

River Water Makeup. A mechanical-draft
cooling tower uses forced air to cool water that
circulates through it. In prnciple, cool water
from the tower circulates through a piece of
equipment that requires cooling. The water
heats as it cools the equipment, and circulates
back to the cooling tower. The heated water
flows into the cooling tower and is dispersed in
the tower as small droplets. Large fans at the
top of the tower draw in ambient air, which
evaporates some of the heated water and cools
the rest. Finally, the cooled water collects in a
basin in the bottom of the tower and recircu-
lates back to cool the equipment. Figure 2-6 is
a photograph of a typical mechanical-draft
cooling tower.

This alternative would involve the construction
of mechanical-draft cooling towers with recircu-
lating cooling water (i.e., most of the water that
flows through the cooling tower would circulate
continuously to provide cooling). Water from
the towers (at a flow rate of approximately
125,000 gallons per minute) would pass through
a heat exchanger that would transfer heat from
the secondary coolant loop of the accelerator.
The heated water (as illustrated in Figure 2-4)

would pass from the heat exchanger to the
cooling towers, where ambient air would cool
the water, resulting in a release of heat to the
atmosphere. The cooled water would pass to
the heat exchanger again to receive heat from
the secondary coolant loop.

Over time, the water in the cooling tower sys-
tem would require replenishment because the
water:

e Evaporates from the system

e Leaves the system as water droplets to the
atmosphere (drift)

® Leaks from the system

e s discharged intentionally from the system
(as blowdown) because of relatively high
concentrations of salts

Makeup water (i.e., water to replenish these
losses) for the cooling tower would come from
the SRS River Water System (see Figure 2-5)
after some modification. DOE originally used
this system to provide cooling for the onsite re-

hgure 4~0. £A1 €Xampic OI meCNanCal-arart cooung towers at tne dXWO. 1 h1s cooung TOWEr 1s located 1n

A-Area and has four exhaust areas on top.
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actors; the system now has a capacity of about
150,000 gallons per minute. DOE estimates
that it would need about 6,000 gallons per mi-
nute to keep a constant level of coolant in the
cooling tower system. DOE would upgrade the
River Water System to supply water to the APT
site. This would include installing two new
pumps in 2 pumphouse to handle required flow
rates, which would be lower than those histor-
cally used in the River Water System; using the
existing “R-Normal” river water header; and
adding pipe to move the water to the APT site
and to move the contnuous blowdown to the
Par Pond system.

Groundwater Makeup. This alternative would
be similar to that described above, except the
makeup water would come from groundwater
wells drilled near the accelerator site. Because
this alternative would use recirculating water in
the cooling tower loop, about 6,000 gallons per
minute, would be required to maintain a con-
stant level of coolant in the system. However,
the projected capacity of a single production
well is only about 500 gallons per minute. To
supply 6,000 gallons per minute and provide
backup capacity, DOE would drill 18 wells and
route the pumped water to a central well field
tank for transfer to the APT cooling towers.

DOE would connect all 18 wells to the central
well field tank by piping. Additional pipe would
connect the tank to the cooling towers. As de-
scribed above, the blowdown from this cooling
alternative would flow to the Par Pond system
(see Figure 2-5), which would require additonal
pipe.

- h Water.
Under this alternative, the APT would not use a
cooling tower. Instead, DOE would pipe large
volumes of water from the Savannah River, us-
ing the River Water System (see Figure 2-5)
with modification (i.e., replacement of pumps,
addition of pipe) to move the water from the R-
Normal header to the APT site. The water
would pass through heat exchangers to remove
heat from the secondary coolant loop (as illus-

trated in Figure 2-4) and would discharge di-
rectly to the Par Pond system.

The River Water System now has a capacity of
about 150,000 gallons per minute. DOE est-
mates that once-through cooling would use no
more than 125,000 gallons per minute. DOE
would upgrade the system by adding pipe to
transport river water to the APT site. In addi-
ton, DOE would install four pumps and addi-
tional pipe to transport the heated water from
the APT to Par Pond.

A ing Tower jver Wat
Makeup. Under this alternative, the K-Area
cooling tower (see Figure 2-7) would provide
cooling for the APT. DOE built this natural-
draft cooling tower to mitigate thermal impacts
from K-Reactor operation. However, the tower
was never used because of the decision to per-
manently shutdown K-Reactor. A natural-draft
cooling tower operates on the principle of water
evaporation, just as a mechanical-draft tower.
However, a natural-draft tower is designed to
use natural air currents, whereas a mechanical-
draft cooling tower uses fans to generate air cur-
rents. As a consequence, natural-draft cooling
towers are typically taller than mechanical-draft
towers to create more air flow through the
tower structure.

carly 1990s but never operated.
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DOE would use the River Water System to
provide makeup water for the cooling tower
and to move the cooling water between the
tower and the APT. This would minimize the
need for new piping. As shown in Figure 2-5,
K-Area is some distance from the sites pro-
posed for the accelerator. Several miles of pipe
would supply the 125,000-gallon-per-minute
flow rate from K-Area to the APT using pumps
at the cooling tower. Much of this would use
existing river water system piping, but some
additional pipe would be required to te into the
APT site. The return leg of the cooling loop
would require additional pumps and pipe that
would connect to the R-Normal header of the
River Water System. DOE would modify the
nver water lines in R- and P-Areas to enable
flow from the R-Normal header to a portion of
the P-Normal header. Finally, 300 feet of pipe
would connect the P-Normal header to the
K-Area Cooling Tower.

2.3.5 APT SITE LOCATION
ALTERNATIVES

The Department conducted a site screening
process (described below) to select potentially
suitable APT sites. Using a multple phase
process, site areas exhibiting a set of suitable site
features with minimal conflicts with onsite re-
sources and operational areas were identified. A
complete set of criteria used can be found in the
Site Selection for the Accelerator for Production of Trit-
fum at the Savannah River Site (Wike et al. 1996).

The Department selected two sites for further
analysis, as shown in Figure 2-8. In this EIS,
the Department has chosen to designate these
sites as the preferred site and the alternate site.
A bref description of each site is included be-
low; Chapter 3 descrbes the characteristics of
both sites in detail.

Preferred Site. The preferred site is located
approximately 3 miles northeast of the Tritum
Loading Facility and is northeast of the inter-
secton of Roads F and E. The site is bordered
on the southwest by a 115 kV transmission line,
a buried control and relay cable, and Monroe
Owens Road, a natural surface secondary road.

The site is at an elevaton of 300-330 feet above
mean sea level and has several streams (Mill
Creek, McQueen Branch, and Tinker Creek)
nearby. The preferred site is approximately
6.5 miles from the SRS boundary.

Alternate Site. The alternate site is located ap-
proximately 2 miles northwest of the Tritum
Loading Facility and is southeast of the inter-
section of Roads F and 2. The alternate site is
crossed by a 115-kV power line and Deer Kill
Road and is at an elevaton of 210-300 feet
above mean sea level. Upper Three Ruas and
Crouch Branch are the major streams near the
alternate site to the southeast. The alternate site
is approximately 4 miles from the SRS bound-

ary.
Site Selection Process. DOE conducted a

screening process to select suitable sites for the
APT. Using a process with several phases, the
Department identified areas with suitable fea-
tures and minimal conflicts with onsite re-
sources and operational areas.

The first phase was the identification of basic
land requirements. The minimum requirements

assumed that an APT complex would include
the following components:

® An accelerator in a long concrete tunnel ap-
proximately 40 feet below grade

® A building to house the target/blanket as-
sembly

¢ A Trittum Separation Facility

¢ A radiofrequency tube remanufacturing and
maintenance facility

¢ Facilides for the management of waste
streams

¢ Administrative and infrastructure support
facilities

¢ Cooling towers
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Figure 2-8. Approximate location of preferred and alternate sites for the APT.
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e Electrical substatons

e Construction laydown yards

Based on these assumed components, DOE
determined the APT complex would require
approximately 250 acres of land with a footprint
6,560 feet long by 1,640 feet wide. The area re-
quirements would not vary much with any
combination of the technology or design op-
tons described in this chapter.

With the land requirements established, the next
phase of the screening process was to develop
exclusionary criteria (disqualifying conditions).
Examples of these criteria include avoiding ad-
verse impacts to threatened and endangered
species, avoiding adverse impacts to wetlands
and sensitive ecosystems, and proximity to
seismic faults. Wike et al. (1996) contains a
complete listing of these exclusionary criteria.
Seven potential sites (numbered 1-7) were ini-
tally identified. Two sites (numbered 5 and 7)
were subsequently eliminated due to the pres-
ence of disqualifying conditions (proximity to
seismic faults). One site (number 8) was added
based on a request to examine a site in the vi-
cinity of A- and M-Areas. Although not ex-
plicitly used as exclusionary criteria, existing
industrially developed areas were not examined
as sites because of (1) the presence of existing
operating structures, (2) the presence of non-
operating structures that would require exten-
sive decontamination and decommissioning
(D&D) prior to site preparation, or (3) the pres-
ence of active environmental restoration activi-
tes.

The next phase of the screening process was to
develop and apply a set of weighted selection
crteria to the remaining sites. The selection
criteria used are listed in Table 2-1. Each site
was evaluated against these criteria using either
quantitative analysis or the professional judge-
ment of experts if quantitative information was
not available.

The final phase of the screening process was to
examine the results. One candidate (number 2)
stood out and became DOE’s preferred site.

Table 2-1. APT site selection criteria.

Category Criterion

Ecology Terrestral ecology
Aquatic ecology

Wetland ecology

Distance to population center

Distance to SRS boundary

Existing facility incident im-
pact (on APT)

Groundwater supply

Depth to groundwater

Stability of subsurface condi-
tons

Thermal capacity of soil

Distance to RTF

Distance to rail lines

Archaeology

Distance to acceptable road

Terrain (including slope)

Foundation conditions
(subsidence tolerances)

Distance to existing NPDES
discharge point

Distance to site utilities

Distance to centralized sewage
treatment plant tie-in

Disruption to site infrastruc-
ture

Presence of existing waste site

Human health

Geology/Hydrology

Engineering

Sites 6, 8, and 4 were ranked next. Sites 1 and 3
scored substantally lower than the other sites.
Site 6 is ranked second, with sites 8 and 4 close
in ranking. However, site 4 scored the worst in
subsurface stability and was dropped from fur-
ther consideration when DOE decided that it
preferred to use site 4 for other purposes. Site
8 was the only site that has an existing waste site
located within the footprint. This left site 6 as
DOE’s choice for an alternate site.

Chapter 3 summarizes the existing environment
for the preferred (site 2) and alternate (site 6)
sites.

Because DOE has considered the preferred site
for past missions, a considerable amount of in-
formation about the site is available. The in-
formation available for the alternate site is not
quite as mature. Chapter 4 compares and con-
trasts the potential impacts of the construction
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and operation of the APT at the alternate loca-
tion with those for the preferred location.

2.3.6 ELECTRIC POWER SUPPLY
ALTERNATIVES

The APT will require large amounts of electric-
ity (up to 600 MWe peak load). Currently, the
SRS obtains its electrical power from South
Carolina Electric and Gas Company (SCE&G)
through existing transmission lines and substa-
dons. As shown in Figure 3-12, both the pre-
ferred and alternate APT sites are in close
proximity to existing electrical power supply
lines.

In its consideration of electrical power sources,
DOE has identified two alternatives:

e The Preferred alternative is to obtain elec-
trical power from existing capacity and
through market transactions

¢ An alternative is to obtain electrical power
from construction and operation of a new
coal-fired or natural gas-fired electricity
generating plant. Should this alternative be
selected, it could be a pnvatized action.
Approprate NEPA documentation would
be tered to this EIS.

Figure 2-9 illustrates the relationship of the
APT to each of the electrical power alternatives.
Section 4.1.4 discusses the range of possible
electrical power requirements for the APT, and
Section 4.4 discusses the impacts of providing
electricity to the APT.

lectrici from aci
Through Market Transactions. Under this

alternative, the Department would use existing
electrical transmission lines on the SRS to route
power to the APT site. The APT sites are near
suitable transmission lines to provide connec-
tons.

The SRS currently obtains its electrical power
from South Carolina Electric and Gas Com-
pany; Section 3.3.6 contains 2 discussion of the
power usage on the SRS and the electrical gen-

eration capacity of SCE&G. The Department
could buy electrical power through competitive
acquisition for the APT; however, under current
State law regarding franchised service areas
(Section 8093 of Public Law 100-202), compet-
tive acquisiion of power for the APT could
only occur if SCE&G voluntarily relinquishes its
exclusive service rights, South Carolina law is
modified to accommodate a compettive ac-
quisition, or federal legislation is passed specify-
ing that the APT load can be competed (Exeter
1996). Because DOE believes that these actions
to enable competitive acquisition are specula-
tive, the Department has assumed that it would
acquire power through SCE&G for the APT.
SCE&G could supply power either through ex-
isting SCE&G capacity or through brokerng
power competitively acquired. In the latter
case, SCE&G could pass the costs of acquiring
the power to the Department or provide DOE
with “retail wheeling services.” Regardless of
the ultimate source of electrical power (ie.,
SCE&G or another utlity who sells power to
SCE&G who in turn sells the power to the De-
partment), 2 new power plant would not be
constructed specifically to meet the load re-
quirements of the APT.

Retail wheeling is a common utility practice:
of accepting power from or providing power
to other utilities in times when system loads
require augmentation or create a surplus.:
The receiving utility-pays a negotiated price
for the power and fees for the use of trans- .
‘mission and support systems. L

ici e

The Trtium Supply PEIS identified two types
of potential electricity generating plants as rea-
sonable options should a new plant be built.

As with the previous alternatve discussed
above, existing electrical transmission lines on
the SRS would be used to route power to the
APT. Under this alternative, a new electricity
generating plant would be constructed to serv-
ice the APT. The plant could be on the SRS or
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Electricity from Existing
Capacity and through Market Transactions

Construction and Operation of a
New Electricity Generating Plant

Electricity
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APT
Facilities

PK68-21-PC

Figure 2-9. Alternatives for supplying electricity to the APT. Existing transmission lines would be used
and DOE would obtain power from existing plants and through market transactions or would obtain
electricity from a new coal-fired or natural gas-fired plant.

located elsewhere. Two types of electricity gen-
erating plants could be used: (1) coal-fired, or
(2) natural gas-fired.

The ultimate decision as to the type of genera-
ton facility used requires the consideration of
many factors, including projected fuel costs, op-
eraion and maintenance costs, capital costs,
engineering efficiencies, and operational re-
quirements such as whether the facility should
be base-load or load following. Coal-fired
plants are historically the preferred method of

providing power to the region, especially with
the decline in the nuclear sector. The majority
of SCE&G’s existing capacity is provided by
coal power plants. Combined cycle gas-fired
power plants provide certain advantages over
coal-fired plants in terms of lower capital costs,
emission rates, and plant efficiencies. However,
the projected life cycle fuel costs associated with
natural gas is higher and more volatile than that
expected with coal (Beaman and Wade 1997).
Section 4.4 presents the impacts for a generic
coal-fired and natural gas-fired electric plant
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that could supply power to the APT and for the
purpose of estimating representative impacts,
assumes SRS is the plant’s location.

Coal-fired Electricity Generating Plant. The
major components of a coal-fired electricity
generating plant are: steam generator; turbine-
generator; air emissions control system (dry
scrubber and baghouse); stack; circulating water
system for cooling; water supply, waste man-
agement and disposal facilities; fuel receiving,
storage, and handling facilides. In addition to
the above components, ancillary facilities for
the plant as a whole would typically include ac-
cess roads, parking areas, a railroad spur,
switchyard, warehouses, and maintenance facili-
tes. Approximately 290 acres of land would be
required.

Natural Gas-Fired Power Plant. The Tritum
Supply PEIS evaluated the impacts of construct-
ing and operating a natural gas-fired electricity
generating plant at the SRS. The facility de-
scrption and summary of impacts are summa-
rized in Secton 4.8.2.2 of the Trntum Supply
PEIS. In general, a gas-fired plant would con-
sist of combustion turbines, a natural gas supply
system, a fuel oil delivery and storage system for
backup capacity, a2 water supply system, a dem-
ineralization system, and transmission distribu-
ton equipment. Ancillary facilides for the plant
would include access roads, parking areas,
warehouses, and maintenance faciliies. Ap-
proximately 110 acres of land would be re-
quired.

2.4 Activities Associated with the
Proposed Action and Alternatives

Section 2.3 descrbes the alternatves that DOE
could implement if it decided to build an accel-
erator at the SRS, and describes faciliies that
DOE would construct to support specific alter-
natives. However, if DOE decided to construct
an accelerator, it would construct several facili-
ties in additon to those listed in Section 2.3 that
would not depend on which of the alternatives

DOE implemented. In additon, DOE could
modify several SRS facilities to provide support
functons for the accelerator that would not de-
pend on which alternative DOE implemented.

The following sections describe activites related
to the construction and operation of new facili-
ties and the use of existing facilities at the SRS
that were not described in Section 2.3.

2.4.1 CONSTRUCTION AND
OPERATION OF NEW FACILITIES

Based on the alternatives described in Sec-
ton 2.3, DOE would perform the following
construction activities to support one or more
alternatives:

ite

1. Drainage for rain water during design-basis
rainfall event

2. Tie-ins to SRS services, including roadways
and bridges, rail service, utility power lines,
sanitary sewer service, and domestc and
River Water System

3. Buried udlities inside the APT boundary for
communications, electric power, blowdown
system, sanitary sewer, security monitoring,
and heat removal piping

4. Parking facilities for operations and support
personnel, and for visitors

5. Construction and operation of concrete
batch plants to support APT construction

6. Construction and operation of a landfill for
the disposal of construction waste

ite Faciliti tru

The following subsections describe the major
faciliies that would be constructed as part of
the APT. Figure 2-10 shows a conceptual illus-
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tratdon of the APT and the relative placement of
these facilities.

1.

Accelerator Tunnel: This subterranean (less
than 40 feet below grade), rectangular, rein-
forced concrete structure would house ac-
celerator components, and would have
branches to the Target/Blanket Building
and the Beamstop Building, as well as
waveguide and electrical conduit penetra-
tions to connect to the RF Gallery. An
earthen berm of about 25-foot thickness
over the main and high-energy tunnel sec-
tions would provide radiation shielding.

RFE Gallery: This structure would extend
the length of the injector and main accel-
eration tunnel sections adjacent to the tun-
nel berm. It would house the klystrons
tubes or inductive output tubes and support
systems that would supply radiofrequency
power.

Target/Blagket Building: Located about
60 feet below grade, this facility would
house the target and blanket systems. It
would be of reinforced concrete and have
three floors below grade and one floor
above grade.

Tritim S oo Facility Building. The
TSF building houses the triium separation

process. It would be located adjacent to the
T/B building to minimize the length of
piping runs. The facility would include a
process area for the separation of Helium
and tritum in a series of gloveboxes, an
analytical laboratory, shipping area, mainte-
nance glovebox, local control area, support
center, and personnel areas and offices for
the facility staff. The process area would be
reinforced concrete shear wall construction
and the balance of the building would be
steel frame construction with architectural

type siding.

This building would
house the beamstop and its associated
equipment. The building consists of two
parts. The first part houses the beam ex-

10.

11.

12.

13.

14.

pansion, the beamstop, and associated
shielding. The second part of the building
houses the beamstop heat removal systems.

joactive Waste : This building
would provide storage for packaged radio-
active waste before shipment for final dis-
positon, and would include monitoring
facilities and offices.

Adminjstration Building:  This building
would provide offices, conference rooms,
lunchrooms, and medical facilides for the
APT staff.

This building
would provide facilities for controlling ac-
cess to the Tritium Separation Facility and
the Target/Blanket Building.

Backup Power Fagcility: This structure

would contain three diesel generators and
supporting backup power equipment.

: This building would
provide office space, conference rooms, and
a facility control room for the APT.

ilding: This building would
provide facilities to perform maintenance,
calibration, and assembly/disassembly ac-
tivities.

RE Tube Maintenance Fagility: This facility
would provide space to repair and remanu-
facture radiofrequency power tubes or in-
ductve output tubes.

Mechanical Support Buildings: These fa-
cilides would include components for high-

volume air conditioning (HVAC) and heat
removal. They would house circulation
pumps, heat exchangers, water chillers, ex-
pansion tanks, and pressurization pumps.

d Traini . This
building would be outside the APT security
perimeter; it would provide space for opera-
tor training and evaluaton and for devel-
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opment of new operational procedures, and
would also serve as the visitors’ center.

Fire Pump House and Water Storage Tanks:
The pump house would contain fire protec-
ton equipment to support APT operations.
The aboveground water storage tanks
would hold water to support the fire pro-
tection system.

Demineralizer Building: This facility would

house fixtures and equipment for the treat-
ment and supply of makeup water for use in
the closed-loop cooling systems.

Security Building: This building would
house security personnel and facilities to
control access and monitor the APT facility.

Electric Substation: Transformers in this

facility would convert electric power from
the 115-kilovolt power lines near the APT
to the necessary voltages for the varous
equipment. All APT power would come
from these power lines.

15.

16.

17.

18.

2.4.2 USE OF EXISTING SRS
FACILITIES TO SUPPORT APT
OPERATIONS

In designing the APT Project, DOE identified
several areas on the SRS that contain facilities
that it could use in APT operations. The de-
scriptions of the alternatives in Section 2.3
mention facilides in H-Area (the Triium Load-
ing Facility and the Tridum Extraction Facility).
DOE has also identified several functions that it
could locate in M-Area. Table 2-2 lists the
function description and the potential M-Area
location(s) identified to accommodate the func-
don (WSRC 1996b). If DOE determines that it
should locate any of these functions in M-Area,
it could modify the appropmate facilities to ful-
fill the new function. The modifications could
include such activites as changing the facility
layout, increasing the structural strength, install-
ing mechanical equipment, upgrading or install-
ing climate control systems, or installing safety
equipment.

2.5 APT Design Variations

This section describes the two potential design
variations that could enhance the Department’s
flexibility to supply the naton’s future triium
needs. The accelerator's inherent operational
characteristics, hardware components, and sup-
port structures described elsewhere in this
chapter, and in Appendix A, for the baseline ac-
celerator design would be essentially the same as
those for a modular accelerator. Section 2.5.1
summarizes the operational characteristics of
the modular accelerator. Section 2.5.2 com-
pares how tritum production could be in-
creased from 1.5 to 3 kilograms per year for the
baseline accelerator and the modular accelera-
tor. The incorporation of the proposed Tritium
Extraction Facility design into the APT is also
discussed. While the specifics of the proposed
TEF, as a stand-alone facility, is not discussed in
this chapter or Appendix A, the extraction
process and design is described is Section 2.5.3.

2.5.1 MODULAR OR STAGED
ACCELERATOR CONFIGURATION

The modular accelerator would be arranged in a
straight line as would the baseline accelerator.
It would use the same accelerator architecture, a
normal-conducting low-energy linac injecting
into a superconducting high energy-energy linac
(see Section 2.3.2). As in the superconducting
alternative for the baseline accelerator, the
modular accelerator would require cryomodules.
The accelerator current would be 100 mA. This
level provides power for efficient operation for
trittum goal quantity of 1.5 kilograms per year
but is optimized at 3 kilograms per year The
nominal output energy for the inital stage
would be 1015 MeV (WSRC 1997).

The target/blanket building, and much of the
equipment contained therein would be sized to
accommodate the full 3 kilograms per year pro-
duction level and corresponding beam energy
and power, as would the cavity vessel. The high
energy beam stop would be designed to ac-
commodate 2% of the beam power at full pro
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Table 2-2. APT Functions that could be located on the APT site or M-Area.

Function Description Potential Location(s)

Construction staging All facilities

Receipt/inspection of equipment 320-M 321-M
315-M

Storage of electrical and electronic equipment 320-M 321-M
313-M 315-M
330-M 331-M

Preoperational test verfication of electrical and electronic equipment 320-M 321-M
313-M 322-M

Helium-3 piping fabrication and test (loop between blanket and Tritium Sepa- 321-M

ration Facility)2

Control room simulator? 321-M

Program Development Center (develop computer software, receive and test ~ 320-M 321-M

new equipment, and ensure operability of Integrated Control System)2

Magnet equipment maintenance 320-M 321-M

Fabricate target/blanket components, piping assembled, steel assemblies, 320-M 321-M

HVAC

Preoperational testing of vacuum valves 313-M 320-M
321-M

Training Facilitya 313-M 320-M
321-M 305-1M

Target/blanket flow testing (testing for proper heat removal)2 320-M

Small-scale accelerator experiments to improve operation of APT2 313-M 320-M
321-M 322-M

a. Facilities which could be located on the APT site or at other locations.

duction levels (the same as the baseline accelera-
tor). The target, decoupler, and inner-blanket
modules would be designed for each production
stage to optimize tritium production at the cor-
responding beam energy. The same blanket and
shielding design would be used for all produc-
ton levels. The window would be designed to
accommodate the maximum beam power. The
modular design would include a full producton
capacity tritium separation facility for Helium-3
feedstock material (WSRC 1997).

2.5.2 INCREASING TRITIUM
PRODUCTION

In comparing upgrade configurations for the
acceleration designs, baseline and modular, an

initial tritum goal quantity of 1.5 kilograms per
year (Stage 1) is increased to 3 kilograms per
year (Stage 2). In reality, however, additional
staging could be at lower production levels.

For the baseline accelerator, the linac, high-
energy beam transport, and the tunnels that
house them, are in a straight line. A system de-
sign for triium production at 3 kilograms per
year determines the maximum energy of the ac-
celerator, the length of the tunnel and RF gal-
lery, and the locaton and size of the target
blanket building. A staged baseline APT ap-
proach beginning with lower tritium production
would be accomplished by building a lower en-
ergy accelerator; only as much linac equipment
would be installed in the tunnel as needed to ac-
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complish the beginning level of production
(1.5 kilograms per year) but the structure would
be able to accommodate 3 kilograms per year
production levels. Initially, the remainder of
the accelerator tunnel would contain only a
quadrupole magnet transport system that con-
veys the beam to the high-level beam for the
baseline 3 kilograms per year design. Effec-
tively, the high-level beam transport is extended
backwards to join up with the Stage 1 -
1015 MeV linac (see Figure 2-11). If the dea-
sion is made to increase production levels addi-
tonal RF stations would be required, and in the
case of the superconduction alternative, addi-
tonal cryomodules. Trtium production would
have to be suspended for a period of six-
months to 1-year for the upgrades to take place
(WSRC 1997).

In the case of the modular design variation, the
accelerator, tunnel and RF gallery, and the
cooling and electrical systems supporting the
accelerator are built in Stage 1 to the length that
matches the energy needed for the initial tritum
production requirement. The beam transport
line would connect to the target located in a
separate offset tunnel parallel to the accelerator,
but displaced horizontally by about 164 feet.
The beam would bend 180 degrees to connect
the ends of the linac stages to the transport
beam lines. Since it only has to contain mag-
nets, vacuum system, and beam diagnostics, this
offset transport tunnel could have a much

smaller cross section than the baseline linac
tunnel. A production upgrade would be ac-
complished by building additional modular sec-
tons of the linac, tunnel, RF gallery, and
utilites, thus increasing the output beam energy
to the level appropriate for the final production
rate. A transfer line would connect the linac to
the offset beam transport at the new output en-
ergy. If the upgrade is in more than one stage,
multiple transfer lines could be built (see Fig-
ure 2-12). A design layout in which the linac
and offset beam-transport tunnels are parallel
and relatively close together minimizes the total
length of the transfer lines and could simplify
beam optics. Because the beam transport line is
offset from the accelerator axis, the add-on linac
for subsequent stages could be constructed in
line with the Stage 1 linac, and operations could
continue until the new section is ready to be
connected and commissioned.  Production
downtime to increase tritium production levels
for the baseline accelerator would be only
weeks.

2.5.3 COMBINING TRITIUM
EXTRACTION FACILITIES

As part of its dual-track decision described in
Section 1.1 related to the Tritum Supply PEIS,
DOE announced it would construct a Triitum
Extraction Facility (TEF) at the SRS to support
the commercial light-water reactor (CLWR)
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Figure 2-11. Staging with extended linac tunnel.
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Figure 2-12. The modular configuration and possible stages of expansion.

track, if that was the track it chose. Since that
decision, DOE issued a Notce of Intent (NOI)
to prepare an EIS for the construction and op-
eration of a TEF (see Sectdon 1.5). DOE would
build the TEF at the SRS to extract tritum from
either CLWR target rods or the Lithium-6
feedstock material from the APT.

The Notice of Intent for the Tritum Extraction
Facility explained the proposed action of con-
structing and operating a TEF that would be co-
located with and would share common support
facilies with Building 233-H at the SRS. As
currently planned, the alternatives to the pro-
posed action are : (1) not constructing and op-
erating the TEF -- the No Action alternative
and (2) upgrade and use of the existing Allied-
General Nuclear Services facility located ap-

proximately one mile east of the SRS near
Barnwell, South Carolina.

The process for completing the conceptual de-
signs for the Accelerator for the Production of
Trtum and the Totum Extraction Facility
identified an APT design option. This option
would place the equipment necessary for ex-
tracting tritum from target rods irradiated in a
commercial reactor or the Lithium-6 feedstock
from the APT in the APT target/blanket
building. In addition, the Trittum Separation
Facility (TSF) would be built, regardless of the
choice of feedstock material. The TSF handling
and purification equipment would then be used
to extract tritium from the CLWR or Lithium-6
rods.
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This is an additonal option from those pre-
sented in the Notice of Intent to prepare this
EIS and the TEF EIS. If the APT is selected as
the primary track for tritum supply, the De-
partment would stll need, in the case of a na-
tonal emergency, capability to extract tritum
from rods irradiated in a2 commercial reactor.
This capability could be provided through this
design option (i.e., combining the TEF with the
APT) or one of the alternatives described in the
TEF EIS.

While detailed technical data on the combining
of the TEF and the TSF has not been finalized,
the operational environmental impacts from this
design option are not expected to significantly
vary from the impacts for the baseline accelera-
tor discussed in Chapter 4. As described below,
this conclusion is based on the assumptions that
the TEF and TSF will not operate at the same
time and the administrative limit for tridum
would be the same as that established for the
APT without a TEF.

In the event trittum is produced in a commercial
light-water reactor, DOE would ship the target
rods from the CLWR to the SRS in a transport
cask, remove the rods from the cask, and place
them in dry storage to await extracton. DOE
would prepare the rods for extraction by punc-
turing the cladding and cutting off the top ends,
and then would place the rods in a double-
vacuum extraction furnace that would drive off
tritum and other gases. DOE would use the
same process to purify the gases from the rods
that it would use to extract tritium from the
APT Helium-3 feedstock (Appendix A de-
scribes this process), and would move the puri-
fied tritium to the Tritium Loading Facility.

If Lithium-6 feedstock is used to produce trit-
ium in APT, the tridum would be extracted in
the same manner as described in Section 2.3.3,
except that no transportation would be needed
because equipment necessary to perform the
operations would be colocated with the APT.

To accommodate this option, DOE would have
to make the following modifications to the ac-
celerator facilides:

e Increase the width of the target/blanket
building.

¢ Create 2 new Tritum Extraction Pit in the
target/blanket building and place the TEF
remote handling functions and two furnaces
init.

¢ Place the TEF Water Cracker Room and as-
sociated equipment in the room previously
identified as the APT Tritdum Gas Storage
Room; relocate the gas storage equipment
to the new area (see above).

e Consolidate TEF requirements into the
APT processes and complete appropdate
modifications to the support systems.

® Design the TEF furnaces to process APT
blanket modules to recover residual tritium
implanted in the tubes (DOE 1997b).

The two processes -- target rod tritum extrac-
tion and Helium-3 trtium extraction -- could
not operate concurrently. Specifically, DOE
would complete the modifications listed above,
but would not operate the TEF furnaces in
parallel with the APT process.

Since the designed production capacity of the
combination TEF-TSF would be the same as
for the Helium-3 feedstock alternative without
the TEF at the APT site, the expected releases
of effluents as well as waste streams would also
be the same as described in Chapter 4, as would
be the consequences.

As a result, the radionuclide inventories used in
the effluent calculations and accident analyses
including the waste streams used in this docu-
ment remain valid and encompass the com-

bined facility.

2.6 Cost and Schedule

Information on the cost and schedule for the
construction and operation of the APT can be
found in the Conceptual Design Report (LANL
1997).
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2.7 Comparison of Environ-
mental Impacts Among Alterna-
tives

Table 2-3 presents a comparison of the envi-
ronmental impacts associated with construction
and operation of the baseline APT as a function
of alternative. For each technical discipline, the
impacts of the Preferred alternative are dis-
cussed. The Preferred alternative is composed
of the following:

¢ Klystron radiofrequency tubes

¢ Superconducting operation of accelerator
structures

e Helium-3 feedstock materal

® Mechanical-draft cooling towers with river
water makeup

e Electricity from existing capacity and mar-
ket transactions

e  Use of the Preferred APT site

Differences in impacts that could occur if dif-
ferent alternatves were implemented are also
presented.

Based on current design informaton, most of
the potential environmental impacts of the two
design variatons (the modular APT design and
combining triflum extraction facilides) are
bound by the baseline APT.

In the case of the modular APT design, how-
ever, more land could be required. The poten-
tial socioeconomic impacts would initially be
less. If the modular APT is expanded to 3 kilo-
grams/year, socioeconomic impacts could ex-

tend beyond the construction period assumed
for the baseline APT.

In general, DOE considers the expected im-
pacts on the biological, human, and socioeco-
nomic environment of construcion and
operation of an accelerator for producton of

trittum at the SRS to be minor and consistent
with what might be expected for any industrial
facility. Construction and operation of the Pre-
ferred alternative would result in the loss of
about 250 acres of mixed pine/hardwood up-
land forest. Waste would be generated during
both the construction and operation phases but
in quandties that would have negligible impacts
on SRS waste management facilides. No high-
level waste or transuranic waste would be gen-
erated during construction or operation.

Some small impacts from discharge of cooling
water to SRS streams and from nonradiological
emissions to air and water would occur. Radio-
logical releases during normal operation of the
facility are expected to result in no latent cancer
fatalides in workers or the public. Because no
high or adverse impacts are expected, no dis-
proportionately high or adverse impacts on mi-
nority or low-income communities are
expected.

Implementation of certain of the technology
alternatives could result in impacts different
from those resulting from construction and op-
eraton of the Preferred alternative. Most no-
table would be the impacts from
implementation of cooling water system alter-
natves and electric power supply alternatives.
Once-Through Cooling Using River Water
would result in withdrawal from the Savannah
River of about 125,000 gallons per minute of
river water and discharge of hot water to the
Par Pond system during operation. Thermal
impacts would be restricted to the upper por-
dons of the Par Pond system and would not af-
fect Par Pond discharges to Lower Three Runs.
There would be a small increase in Lower Three
Runs flows, however. The implementation of
the Mechanical-Draft Cooling Towers with
Groundwater Makeup alternative would result
in the withdrawal of 6,000 gallons per minute of
groundwater. Total groundwater withdrawal at
the SRS could therefore exceed the estimated
groundwater production capacity of the aquifer.
This could affect groundwater flow to site
streams.
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The Preferred alternative includes buying elec-
trcity from the commercial grid to support
APT operation. In the case of commercial
electricity purchases, the environmental impacts
attributed to the APT load would be decentral-
ized. In the case of the construction of a new
electricity generating plant to support the APT,
the environmental impacts would be localized at
the site selected for the plant. Construction and
operation of such a facility could require about
290 acres for a coal-fired plant and about
110 acres for a gas-fired plant.

Should the Department select the No Acton
alternative, design work on the APT would be
concluded and the information archived. The
APT would not be constructed at the preferred
site and the 250 acres of land would revert to
forestry or other uses. On-going SRS missions
would continue. Incremental amounts of waste
generation and electricity consumption that
would have been attributable to the APT would
not occur. Employment would be a functon of
on-going missions and funding levels.
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The Savannah River Site encompasses 198,000 acres in southwestern South Carolina.
Industrial areas occupy approximately 17,000 acres and the remaining 181,000 acres are
swamps and forest land inhabited by a rich array of plant and animal life.
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CHAPTER 3. AFFECTED ENVIRONMENT

The affected environment is the foundation or
baseline for understanding potential impacts
from the construction and operaton of the
APT. The information in this chapter comes
prmarily from the comprehensive environ-
mental monitoring and surveillance programs
that the U.S. Department of Energy (DOE)
maintains at the Savannah River Site (SRS). In
1995, DOE performed effluent monitoring and
environmental surveillance work within a
31,000-square-mile area around the SRS
(extending as far as 100 miles) that includes cit-
ies, towns, and counties in Georgia and South
Carolina.

This chapter describes the following:

e Land, biota, geology and soils, and cultural
features for locations on the SRS that could
host APT activities

e Site and regional ambient conditions for air,
surfacewater, and groundwater supplies

e Socioeconomic conditions for the counties
and communities that comprise the SRS
region of influence; and projections of re-
gional growth and related socioeconomic
indicators

In addidon, this chapter includes informaton
on existing facility operations and the SRS in-
frastructure to prov1de a basis for an examina-
ton of the capacity of existing systems to
handle projected waste streams, power and wa-
ter requirements, and intrasite transportation.

The affected environment includes the physical and natural environment around the potential sites for
‘the Accelerator Production of Tritium (APT) and the relationship of people with that environment. The
descriptions in this chapter provide a basis for understanding the direct; indirect, and cumulative im-
pacts of the proposed actions and alternatives. This chapter describes the existing situation for each
-environmental resource the construction and operation of the APT could affect. The depth of the de-
scriptions varies depending on the relevance of the resource to the constructlon and operation of the
APT.

3.1 Location of Proposed Actions

As mentioned in Chapter 1, DOE proposes to
locate the APT, if it is built, on one of two sites
on the SRS. Characterizations of the sites are
described in the remainder of this chapter. See
Section 2.3.5 for a description of the site selec-
tion process. Most APT support activities not
located with the APT would be in either M- or
H-Area. This section describes both areas. The
remainder of the chapter contains more detailed
information.

APT construction, operation, and support
activities would occur primarily in three ar-
eas on the Savannah River Site: :

e The APT site
e The existing industrialized M-Area
e The existing industrialized H-Area

The preferred APT site consists of about
250 acres of forested land north of the inter-
section of Roads F and E. The site, which is
divided by the Aiken-Barnwell County line, is
botdered on:the southwest by a 115-kilovolt
transmission line, a buried super control and
relay cable, and Monroe Owens Road.
Three other secondary roads, including E-2,
cross the site. The alternate site consists of .
about 250 acres on a forested tract north of
Upper Three Runs between Roads F and 2
(see Figure 2-8).

M-Area. M-Area (see Figure 3-1), an industrial-
ized area consisting of existing buildings, paved
parking lots and graveled areas, is the potential
host for a number of APT support functions, as
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descrbed in Chapter 2. A number of M-Area
facilities are surplus and available for new uses.
DOE based the selection of candidate facilities
on a feasibility study that compared the re-
quirements of APT functions to features of the
M-Area facilides, and eliminated facilities that
would not be compatible with those functions
from further consideration. The buildings
identified for potential use include 305-M, 313-
M, 315-M, 320-M, 321-M, 330-M, and 331-M
(see Figure 3-1). The Report On Use of Excess M
Area Facilities (WSRC 19962) explains the study.

Historically, DOE used M-Area to fabricate
fuel, special targets, and components for irra-
diation in the SRS production reactors. The
facilities contain equipment for melting, casting,
and shaping metal, including furnaces, extrusion
presses, lathes, handling equipment, and storage
racks.

Buildings 313-M, 320-M, and 321-M contain
equipment used to fabricate depleted uranium
targets, tritium targets, and reactor fuel, respec-
tively. Building 321-M also contains extrusion
presses and finishing equipment that DOE used
to extrude Neptunium-237 oxide billets into
neptunium targets, which were irradiated to
produce Plutonium-238. Deinventory of the
facility (i.e. packaging unused nuclear materals
and placing them in storage at other locations
on the SRS or returning them to their source) is
under way. DOE has completed the deinven-
tory process for Buildings 313-M, 320-M, and
322-M (the Metallurgical Laboratory) and is
working to complete the deinventory of Build-
ing 321-M. Building 305-M is an office building
and Buildings 315-M, 330-M, and 331-M are
warehouse and storage facilides. Modifications
or upgrades to support APT activities would be
consistent with the requirements in approprate
DOE Orders.

H-Area. H-Area, like M-Area, is an industrial-
ized area of the SRS. If DOE built the APT,
H-Area would receive the trittum gas and load it
in reservoirs for shipping or, for Lithium-6
rods, extract the trittum gas in a new or modi-
fied Tritum Extraction Facility.

Current H-Area tritium facilities consist of four
main buildings (see Figure 3-2). Three of these
-- Buildings 232-H, 234-H and 238-H -- have
been part of the historic SRS Tritium mission.
These second-generation tritium structures
house a number of key operations, including the
reclamation of previously used tritum reser-
voirs; the receipt, packaging and shipping of
reservoirs; the recycling and enrichment of trit-
lum gas; and several laboratory and maintenance
operations.

The newest structure, Building 233-H (or the
Trtum Loading Facility), is a 1-acre under-
ground facility that became operational in 1994.
Operations in this building include unloading
gases from reservoirs returned from the De-
partment of Defense, separating and purifying
useful hydrogen isotopes (tritum and deute-
rium), mixing the gases to exact specifications,
and loading the reservoirs.

3.2 Exposure Pathways

Materials released from the SRS reach the eavi-
ronment and people in a2 number of ways (see
Figure 3-3). The routes that materials follow to
get from an SRS facility to the environment and
then to people are called exposure pathways. A
person can take airborne effluents into the body
directly by inhalation or indirecdy due to
deposition on crops, followed by ingeston of
the crops. Similarly, a person can ingest liquid
effluents directly from drinking water or indi-
rectly from food that has absorbed the efflu-
ents. Trtium can also be absorbed through the
skin.

SRS environmental monitoring and surveillance
work measures radiological and nonradiological
contaminants released from past and present
Site operations. The radiological monitoring
program collects and analyzes effluent samples
from SRS operations to quantify radiological
releases to the environment. Nonradioactive
airborne emissions of sulfur dioxide, oxides of
nitrogen, Carbon monoxide, and total particu-
late matter are monitored at the stacks, and
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Figure 3-3. Common exposure pathways for radioactive effluents to reach members of the public.

nonradioactive liquid effluents are monitored at
the point of discharge.

Similarly, the SRS maintains a radiological and
nonradiological surveillance program that sur-
veys and quantifies the presence of contami-
nants on the Site and the surrounding area.
Sampled media include air, seepage basins, site
streams, the Savannah River, drinking water,
rainwater, sediment, soil, vegetation, food prod-
ucts, fish, deer, hogs, turkeys, and beavers. The
nonradiological surveillance program involves
sampling and analyzing site streams, the Savan-
nah River, drinking water, sediment, groundwa-
ter, and fish for a number of chemicals and
metals. The Sasannab River Site Environmental Re-
port for 1995 (Amett and Mamatey 1996) con-
tains details on these programs.

Effluent Monitoring is the collection and.
analysis of samples or measurements of
liquid and gaseous effluents to characterize
and quantify contaminants, assess radiation
exposure to members of the public, and
demonstrate: comphance -with apphcable
standards.

Environmental Surveillance is the collec-
tion and analysis of samples of air, water,
soil, foodstuffs, biota, and other media and
the measurement of external radiation to
demonstrate compliance with applicable
standards, assess radiation exposures to
members of the public, and assess effects,
if any, on the local environment.

Effluent Momtoring occurs at the point of
discharge, such as an air stack or drainage
pipe; Environmental Surveillance involves
looking for contaminants in the environment.
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The information in the annual environmental
report provides a picture of existing conditions
at the SRS. Chapter 4 of this EIS descrbes
potential impacts through each exposure path-
way. A comparison of these impacts to the in-
formation in this chapter indicates the level of
potental incremental effects the APT would
have on the environment.

3.3 Physical and Manmade Envi-
ronment

This secton provides three types of informa-
don. First, it describes physical characteristics
(geology, soils, and seismic considerations) that
could influence the construction and operation
of the APT. Second, it provides baseline air and
water information because air and water are the
media through which contaminants could reach
people and animals. Third, it identifies man-
made features at the SRS to provide a basis for
understanding impacts the APT could have on
the current infrastructure, as well as features
from past Site inhabitation. It also discusses
baseline noise levels from existing operations
and visual considerations.

3.3.1 LANDFORMS, SOILS, AND GE-
OLOGY

3.3.1.1 Landforms

Both the preferred and alternate APT sites are
on relatively flat, broad, and sandy upland areas
typical of the Aiken Plateau portion of the Sa-
vannah River Site that formed in deep beds of
marine sediments (Wike et al. 1994). The orien-
tation of the APT footprint on the preferred
site is from southeast to northwest; the foot-
prnt orentation on the alternate site is from
southwest to northeast. Figure 3-4 shows the
locations of the sites and their surface features
(topography and nearby surface waters).

The elevation of the preferred APT site varies
from about 300 to 330 feet above mean sea
level (USGS 1987) with an average slope of less
than 4 percent (WSRC 1991a). The upland
rdge at the preferred site extends to the south

for a mile or more. However, 0.5 mile or more
to the west, east, and north, the surface eleva-
tions start to drop more rapidly to the low-lying
streams and headwaters prevalent in this area.
Slopes range from 10 to 40 percent along the
narrow steep-sided valleys between the upland
areas and the flat floodplains along nearby Mill
Creek, McQueen Branch, Tinker Creek, and
Upper Three Runs.

The Upper Three Runs watershed drains both
APT sites. Tributares of Upper Three Ruas in
the area include Mill Creek and its headwaters
to the east, McQueen Branch and its headwaters
to the west, and Tinker Creek from the conflu-
ence of Mill Creek to the north (see Figure 3-4).
Stream elevations range from about 250 feet
above mean sea level at the headwaters to about
150 feet above mean sea level at the confluence
of McQueen Branch and Tinker Creek. The
watershed for the preferred APT site empties
into Upper Three Runs just past the confluence
of McQueen Branch and Tinker Creek. Upper
Three Runs flows to the Savannah River. Fig-
ure 3-4 also shows the 100-year floodplain.

There is an upland Carolina bay with an area of
about 15 acres approximately 0.3 mile north of
the alternate site (WSRC 1996b). The alternate
site ranges in elevation from about 200 feet
above mean sea level at the south end to
310 feet above mean sea level at the north end
(USGS 1987). The steepest slopes of the alter-
nate site occur at the south end toward Upper
Three Runs with a grade of nearly 17 percent.
The upland area extends and rises to the north
and there are low-lying wetland areas [ranging
from 140 feet to 220 feet above mean sea level]
within 0.5 mile to the east, west, and south.
Similarly, the APT support operations proposed
for M- and H-Areas would be on level topo-
graphic highs, but in existing heavily industrial-
ized areas.

3.3.1.2 Soil Conditions

The surface soils at the preferred APT site are
nearly level to sloping and well-drained, with a
sandy surface and subsurface layer and a loamy
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subsoil (USDA 1990). The Fuquay sand (2 to
6 percent slopes) is the dominant soil mapping
unit on the SRS, coverng about 73 percent
(about 180 acres) of the preferred site area.
Figure 3-5, a soil survey map for the preferred
and alternate sites, shows the boundares of the
soil mapping units. Table 3-1 lists the physical,
chemical, and engineering features of Fuquay
sand and other surface soils at the sites.

In general, the Fuquay sand, like the other soils
that occur on the SRS, is well suited as habitat
for open-land wildlife, fairly well suited as
woodland wildlife habitat, and poorly suited as
wetland wildlife habitat (USDA 1990). The
slope is 2 moderate limitation affecting sites for
buildings, but DOE could minimize this limita-
tdon by grading and shaping the land. The
poorly drained Ogeechee sandy loam collects
surface water during wet periods (USDA 1990).
The seasonal wetness could be a severe limita-
don for buildings. This soil is fairly well suited
as habitat for open land and woodland wildlife.
It usually is well suited to wetland wildlife but
not after periods of low rainfall, when some or
all of the area will dry (USDA 1990).

In general, the soils at both APT sites range
from nearly level to sloping and well-drained
with a sandy surface and subsurface layer
and a loamy subsoil. This soil is fairly suited
to habitat for open land and woodland wild-
life. It usually is well suited to wetland wild-
life but not after periods of low rainfall, when
some or all of the area will dry (USDA 1990).
The slopes (2 to 6 percent) are moderate
limitations affecting sites for buildings.

Surface soils at the alternate site are nearly iden-
tical to those at the preferred location. The Fu-
quay sand (2- to 6-percent slopes) is the
dominant soil unit covering about 42 percent
(approximately 104 acres) of the site. The
physical, chemical, and engineering features and
the uses of and management concerns about the
surface soil at the alternate site are the same as
those discussed for the preferred site, except
there are no poorly drained soils within the al-
ternate site boundaries (USDA, 1990).

DOE has evaluated the engineering properties
of deeper soils near the preferred APT site to a
depth of 50 feet (WSRC 1991a). In general, the
soils from O to 50 feet range from silty sands to
sandy clays with Atterberg liquid limit values (an
index that is directly proportional to the com-
pressibility of a soil) in the range of 50 £ 10 per-
cent, which indicates that these soils have
moderate to high compressibility using me-
chanical compaction techniques during the
preparation of deeper soils for supporting
buildings and other structures (Sowers and
Sowers 1961). Standard Proctor values for
these soils range from approximately 101 to
107 pounds per cubic foot at 17 to 22 percent
moisture. [Proctor values determine optimum-
soil moistures and maximum densities for soil
compaction during construction (Sowers and
Sowers 1961)]. DOE has not characterized
deeper soils at the alternate site.

The surface soils at the industrialized M- and H-
Areas where APT support activities would oc-
cur are mostly well drained; these soils were
formed from excavated areas, borrow pits, and
other areas where major land-shaping or grading
activities occurred. The soils are beside and un-
der streets, sidewalks, buildings, parking lots,
and other structures. Because this material has
been moved, soil properties can vary within few
feet. In general, the slopes of soils in these ar-
eas range from 0 to 10 percent with a moderate
erosion potential. Soils range from sandy to
clayey, depending on the source of the soil ma-
terial (USDA 1990).

3.3.1.3 Geology, Hydrogeology, and Seis-
>

Geology. The geology of SRS is well docu-
mented in publications such as the Hydrogeologic
Framework  for West Central South Carvolina
(Aadland, Gellici, and Thayer 1995). DOE used
surface and deeper core borings and seismic
survey techniques to characterize the geology at
the preferred APT location and determined that
this location is typical of the SRS. DOE has not
characterized the alternate site, but based on a
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NORTH

Alternate Site

Legend:

BaB = Blanton sand, 0 to 6 percent slopes

DoA = Dothan sand, 0 to 2 percent slopes

DoB = Dothan sand, 2 to 6 percent slopes

FuB = Fuquay sand, 2 to 6 percent slopes

LuA = Lucy sand, 0 to 2 percent slopes

LuB = Lucy sand, 2 to 6 percent slopes

Og = Ogeechee sandy loam, ponded

TrB = Troup sand, 0 to 6 percent slopes

VaB = Vaucluse sandy loam, 2 to 6 percent slopes

Source: Modification from USDA (1990).

PK68-Z1-PC
Figure 3-5. Soil types at the preferred and alternate APT sites.
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review of the United States Geological Survey’s
Preliminary Geologic Map of the Savannah River Site
(USGS 1994), DOE believes it is similar to the
preferred location. The Gordon Confining Unit
is thought to be thinner and less continuous lat-
erally on the northern side of Upper Three
Runs Creek and hence may be absent at that lo-
cality (Aadland, Gellici, and Thayer 1995).

A hard crystalline bedrock lies about 960
feet below the surface at the preferred APT
site. Above the bedrock are several geo-
logic formations comprised of layers and
mixtures of sandy clays and clayey sands,
although occasional beds of clays, silts,
sands, gravels, or carbonate occur. In some
cases, continuous clay layers act as confin-
ing units and restrict the upward or down-
ward movement of groundwater below the
APT site. The closest subsurface fault to
the preferred APT site is more than 0.5 mile
to the northeast.

Table 3-2 summarizes the geologic formations
beneath the preferred APT site including the
composition and depths of the formations. In
addition, the information in the table is useful in
understanding the geology of the alternate site.

A hard crystalline bedrock lies approximately
960 feet below the surface of the south end of
the preferred APT site (WSRC 1997). Above
the bedrock are 11 geologic formations com-
prised of layers and mixtures of sandy clays and
clayey sands, along with occasional beds of
clays, silts, sands, gravels, or carbonate. In
some cases, continuous clay layers act as confin-
ing units and restrict the upward or downward
movement of groundwater below the APT site.

Hydrogeology. Tables 3-3 and 3-4 summarize
the water-bearing characteristics of the hydro-
geologic units beneath the two APT sites and
their significance as sources of water supply. In
addition, the table lists typical SRS values for
the hydrogeologic parameters of these units.

The depth to the top of the water table (Upper
Three Runs Aquifer) averages 40 feet below the
surface at the south end of the preferred APT

site and drops to around 60 feet at the north
end (WSRC 1997). The water table aquifer ex-
tends down to the top of the Gordon Confining
Unit and discharges into Tinker Creek north of
the site and to the northeast toward Mill Creek,
a trbutary of Tinker Creek (WSRC 1991a).

As shown in Figure 3-6, the groundwater
movement of the water table aquifer to nearby
streams follows the downslope surface topogra-
phy. However, the many lenses and discon-
tinuous layers of clay, silt, and sandy/silty clay
in the geologic formations associated with the
aquifer affect the local movement of groundwa-
ter. Estimated flow rates for the water table
aquifer range from 1.5 to 108 feet per year
(WSRC 1991a). Using a flow rate of 108 feet
per year, the estimated time for groundwater in
the water table aquifer beneath the preferred
APT site to reach Tinker Creek is 37 years. In
addition, isolated zones of perched water (i.e.,
surface soils saturated with water) occur above
the water table aquifer at the north and south
ends of the preferred site (WSRC 1997).

The Gordon Aquifer, which is the first confined
aquifer beneath the water table aquifer, is be-
tween the Gordon and Crouch Branch Confin-
ing Units. In the immediate vicinity of the
preferred APT site, flow within the Gordon
Aquifer is predominantly lateral with a slight
upward flow gradient (WSRC 1991a). The
Gordon Aquifer discharges, at least in part, to
Tinker Creek, and has an estimated flow rate of
13.8 feet per year (WSRC 1991a). In the vicinity
of the site, the Gordon Aquifer receives water
from overlying and underlying units (Hiergesell
1997). The regional-scale direction of Gordon
Aquifer flow at the SRS (i.e., the overall flow of
the aquifer across the Site) is toward the Savan-
nah River. The deeper confined aquifers be-
neath the preferred site flow southwest toward
discharge zones in the vicinity of the Savannah
River. Flow directions in these aquifers are not
appreciably influenced by Upper Three Runs, as
they are in the Gordon Aquifer. In addition,
hydrogeologic investigations indicate that the
deeper aquifers have an upward flow
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Table 3-2. Hydrogeologic units and associated geologic formations at preferred APT site.

Unird Formationb Depth and descriptionbs
Vadose Zone - Upland Unit Depth below surface: 0 to 40 feet
unsaturated soils e  Description: Very fine to medium grained, clayey sand overlain by one or more
soil horizons.
Tobacco Road o Depth below surface: 10 to 110 feet
e Moderately to poorly sorted red, brown, tan, purple and orange quartz sands.
Upper Three Runs ~ Dry Branch e Depth below surface: 40 to 60 feet
Aquifer e  Description: Red to purple, fine to medium sands and sandy clays interbedded
with purple and red clays. Thickness of Dry Branch formation ranged from 38
feet to 48 feet. Calcareous materials (e.g., cemented, fragmented shells, calcareous
clayey sand, and calcite cemented sandstone) occur at 146 to 156 feet and 115 to
135 feet below ground surface.
Tinker/Santee Depth below surface: 130 to 190 feet
Description: Fine to medium grained, white to pale green sand with some shell
fragments. Thickness of Tinker/Santee Formation at site ranged from 24 feet to
49 feet.
Gordon Confining ~ Wasey Hilld Depth below surface: 160 to 200 feet
Unit e Description: Base of Santee is tight, sandy clay layer, 8 to 20 feet thick, called
Warley Hill, which is major confining bed, 15.2 feet thick on average, continuous
throughout APT site.
Gordon Aquifer Congaree e Depth below surface: 165 to 236 feet
Description: Green to orange, moderately well sorted, fine- to coarse-grained
sand, with minor amounts of silt and clay. Average thickness of Congaree forma-
tion at APT site is 70 feet.
Crouch Branch Con-  Lang Syne/ Saw- Depth below surface: 215 to 320 feet
fining Unit dust Landing and Description: Sequence of interbedded sands and clays. Sediments are genenally
Soappd light to dark gray, micaceous and lignitic. Lang Syne/Sawdust Landing and Soapp
formations are major confining bed continuous throughout APT site with average
thickness of 55 feet (ranging from 26 to 84 feet thick).
Crouch Branch Aqui-  Steel Creekd Depth below surface: 320 to 515 feet
fes Description: Light to dark gray, medium to very coarse, quartz sand with white to
light gray kaolinitic clays.
McQueen Branch Black Creek e Depth below surface: 515 to 640 feet
Confining Unit Description: Gray to dark gray, medium to coarse quartz sands interbedded with
medium to dark gray micaceous clays as much as 11 feet thick.
McQueen Branch Middendorf Depth: 640 to 840 feet
Aquifes e Description: Thick, vasiegated, brown, gray, red, and tan clay with gray to brown,
silty fine to very coarse sands with zones of granules and pebbles. Several disunct
clay layers occur in the Middendorf.
Appleton Confining  Cape Fear e  Depth below surface: 842 to 960 feet
Unit e  Description: Medium to dack gray, fine grained sand with dark gray clay.
Piedmont Hydro- Bedrock e Depth below surface: 960+ feet®
geologic Province e Paleozoic crystalline basement rock.

a  Aadland, Gellici, and Thayer (1995) matches hydrogeologic nomenclature with geologic formations.

b.  Unless indicated, WSRC (1991a) contains geologic formation names and descrptions.

¢.  Overdapping ranges in depths between formations are due to changes in surface elevation across preferred APT site and natural
dip of geologic formations.

d. Aadland, Gellici, and Thayer (1995) contains revised nomenclature for formation names. Warley Hill Formation is commonly
known as the Green Clay. Lang Syne/Sawdust Landing and Snapp Formations are commonly know as Williamsburg/Rhems
Formations. Steel Creek Formation is commonly known as Pee Dee Formation.

e.  WSRC (1997) contains depth to bedrock.
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gradient resulting in the potential for groundwa-
ter flow from the deeper aquifers to the shal-
lower aquifers (WSRC 1991a).

The aquifers of interest for the alternate site in-
clude the Steed Pond Aquifer (water table aqui-
fer), Crouch Branch Aquifer, and the McQueen
Branch Aquifer. The Steed Pond Aquifer (the
water table) is a merge of the Upper Three Runs
and Gordon Aquifers due to the thinning or ab-
sence of the Gordon as a confining unit north
of Upper Three Runs (see Table 3-4). The
Crouch Branch Confining Unit, which separates
the Steed Pond (water table aquifer) from the
lower drinking water aquifer (Crouch Branch
Aquifer), allows the migration of groundwater
down from the overlying units. North of Upper
Three Runs groundwater movement is upward
across the Crouch Branch Confining Unit. This
upward movement is due to the groundwater
flow in the water table aquifer to streams such
as Upper Three Runs. The result is an upward
flow from the Crouch Branch to the water table
aquifer that prevents the downward migration
of contaminants to lower aquifer units
(Aadland, Gellici, and Thayer 1995).

The depth to water at the alternate site is ap-
proximately 70 feet, 10 to 30 feet deeper than at
the preferred site. The water table aquifer dis-
charges to Upper Three Runs to the south and
to two unnamed drainages to the east and west
(Shedrow 1997).

Seismicity. There are several fault systems un-
der and near the SRS (DOE 1990). A recent
study of geophysical evidence (Stephenson and
Stieve 1992) identified six subsurface faults --
Pen Branch, Steel Creek, Advanced Tactical
Training Area, Crackerneck, Ellenton, and Up-
per Three Runs -- under the SRS. Figure 3-7
shows their locations. Lines on this figure rep-
resent projections of the subsurface faults to the
ground surface; the actual faults do not reach
the surface, but stop several hundred feet be-
low. The closest subsurface fault to the pre-
ferred and the alternate APT sites is more than
0.5 mile away (WSRC 1996b). This deeper bed-
rock fault does not cut through the overlying
unconsolidated sandy clays and clayey sands.

Based on the information developed to date,
none of the SRS faults discussed in this section
is capable. This means that none of these faults
has moved at or near the ground surface within
the past 35,000 years or was associated with
another fault that had moved in the past 35,000
years. (10 CFR 100 contains a more detailed
definition of a capable fault.)

Two major earthquakes have occurred within
186 miles of the SRS:

® The Charleston, South Carolina, earthquake
of 1886 had an estimated Richter scale
magnitude of 6.8; it occurred about 90 miles
from the SRS area, which experienced an
estimated peak horizontal acceleration of
10 percent of gravity (URS/Blume 1982).

¢ The Union County, South Carolina, earth-
quake of 1913, which had an estimated
Richter scale magnitude of 6.0, occurred
about 99 miles from the SRS (Bollinger
1973)

Because the earthquakes were not associated
conclusively with a specific fault, researchers
cannot determine the amount of displacement
they caused. In recent years, three earthquakes
occurred inside the SRS boundary.

¢  On June 8, 1985, an earthquake with a local
Richter scale magnitude of 2.6 and a focal
depth of 0.59 mile; its epicenter was ap-
proximately 8 miles southwest of the pre-
ferred APT site.

¢ On August 5, 1988, an earthquake with a
local Richter scale magnitude of 2.0 and a
focal depth of 1.66 miles; its epicenter was
also more than 8 miles southwest of the
preferred APT site.

e On May 17, 1997, an earthquake with a lo-
cal Richter scale magnitude of 2.3 and a fo-
cal depth of 3.38 miles; its epicenter was
more than 8 miles southwest of the pre-
ferred APT site.
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Source: Modified from Stephenson and Stieve (1992) and Wike et al. (1994).

PKé8-Z21-PC
Figure 3-7. Savannah River Site, showing seismic fault lines and locations of onsite earthquakes and

their dates of occurrence.
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Existing information does not relate these on-
site earthquakes conclusively with known faults
on the SRS. Figure 3-7 shows the locations of
the epicenters of these earthquakes. Outside
the Site boundary, an earthquake with a Richter
scale magnitude of 3.2 occurred on August 8,
1993, approximately 10 miles east of the City of
Aiken near Couchton, South Carolina. Resi-
dents reported feeling this earthquake in Aiken,
New Ellenton (immediately north of the SRS),
and North Augusta (approximately 25 miles
northwest of the SRS), and on the Site. Fig-
ure 3-8 shows regional epicenters of seismic ac-
dvity.

3.3.2 WATER RESOURCES

3.3.2.1 Surface Water

The Savannah River is the principal surface
water system associated with the SRS. Five of
its major trbutaries drain the Site and flow to
the river. The Final Environmental Impact State-
ment, Shutdown of the River Water System at the Sa-
vannah River Site (DOE 1997) contains detailed
information on SRS surface waters. The follow-
ing sections provide information for water
bodies that construction and operation of an
accelerator could affect. Figure 3-9 shows the
location of the Site's major water bodies and the
100-year floodplain. A more detailed floodplain
map is found in Figure 3-4.

Savannah River. At the Site, river flows aver-
age about 10,000 cubic feet per second. River
flows range from 3,960 to 71,700 cubic feet per
second (Wike et al. 1994). Five upstream reser-
voirs (Jocassee, Keowee, Hartwell, Richard B.
Russell, and Strom Thurmond/Clarks Hill)
moderate the effects of droughts and the im-
pacts of low flows on downstream water quality
and fish and wildlife resources in the river
(DOE 1990).

The Savannah River supplies potable water to
several municipalities. Upstream from the SRS,
the river supplies domestic and industrial water
for Augusta, Georgia, and North Augusta,
South Carolina. Approximately 126 river miles

downstream from the SRS, the rver supplies
domestic and industrial water needs for the
Cherokee Hill Water Treatment Plant at Port
Wentworth, Georgia, through intakes at River
Mile 29, and for Beaufort and Jasper Counties
in South Carolina through intakes at River Mile
39.2. In addition, the Vogtle Electric Generat-
ing Plant, across the river from the Site, and the
Urquhart Steam Generating Staton at Beech
Island, South Carolina, withdraw an average
46 cubic feet and 265 cubic feet per second, re-
spectively, for cooling.

The South Carolina Department of Health and
Environmental Control (SCDHEC) regulates
the physical properties and concentrations of
chemicals and metals in SRS effluents under the
National Pollutant Discharge Elimination Sys-
tem (NPDES) program. This agency also regu-
lates chemical and biological water quality
standards for SRS waters. Table 3-5 lists the
water quality characteristics of the Savannah
River upstream and downstream of the Site.

Upper Three Runs. Both proposed APT sites
are in the Upper Three Runs watershed. Sur-
face waters near the preferred site drain to Mill
Creek and McQueen Branch, both of which
flow to Tinker Creek and then to Upper Three
Runs; the alternate site drains directly to Upper
Three Runs. Upper Three Runs is a large, cool
(annual maximum temperature of 79°F), black-
water stream in the northern portion of the
SRS. It drains an area of approximately
210 square miles and discharges directly to the
Savannah River. Upper Three Runs is ap-
proximately 25 miles long, with the lower
17 miles within the Site boundanes. The aver-
age flow rate at Road A during the period from
1974-1995 was 245 cubic feet per second
(Cooney et al. 1995).

Upper Three Runs receives more water from
underground sources than other SRS streams
and, as a result, has low conductvity, hardness,
and pH valyes. Itis the only major tributary on
the SRS that has not received thermal dis-
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Figure 3-8. Regional epicenters of seismic actvity.

charges from onsite activities. It does receive
surface runoff and water from NPDES-
permitted discharges in A-, E-, H-, M-, S-, and
Z-Areas. Monitoring studies indicate no ad-
verse impacts to Upper Three Runs water qual-
ity from SRS operations in these areas (Wike et
al. 1994). Table 3-6 characterizes the water
quality in Upper Three Runs at Road A.

Pen Branch and Indian Grave Branch. Pen
Branch and its trbutary, Indian Grave Branch,
drain an area of about 21 square miles. Pen
Branch is approximately 15 miles long and
flows in a southwesterly direction from its
headwaters about 2 miles northeast of K-Area
to the Savannah River Swamp. After entering
the swamp, the creek flows parallel to the Sa-

vannah River for about 5 miles before it enters
and mixes with the waters of Steel Creek about
0.2 mile from the mouth of Steel Creek. In its
headwaters, Pen Branch is a largely undisturbed
blackwater stream. Untl K-Reactor shut down
in 1988, Indian Grave Branch received thermal
effluent from that facility. The reactor dis-
charge increased flow from natural levels of
10 cubic feet per second to 400 cubic feet per
second. At present, Indian Grave Branch re-
ceives nonthermal effluents of nonprocess
cooling water, ash basin effluent waters, power-
house wastewater, and sanitary wastewater from
K-Area and sanitary effluent from the Central
Shops Area (Wike et al. 1994). Table 3-6 lists
the characteristics of Pen Branch at Road A-17.
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Miles 0 1
Source: Modified from DOE (1990).

PK68-Z1-PC
Figure 3-9. Savannah River Site, showing 100-year floodplain and major stream systems.
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Table 355. Water quality in the Savannah River upstream and downstream from SRS (calendar year
1995).2

Upstream Downstream
Unit of MCL4¢ or

Parameter measureC DCGf Minimumg  Maximum8 Minimum  Maximum
Aluminum mg/L 0.05-0.28 31 0.65 ND 47
Ammonia mg/L NALj ND 0.16 ND 0.55
Cadmium mg/L 0.005d NDk ND ND ND
Chemical oxygen demand mg/L NA ND ND ND ND
Chloride mg/L 250h 5 1 5 11
Chromium mg/L 0.1d ND ND ND ND
Copper mg/L 131 ND 0.02 ND 01
Dissolved oxygen mg/L >5.0m 6.7 10.8 6.0 9.4
Fecal coliform Colonies 1,000m 79 3,200 5 700

per 100 mi

Gross alpha radioactivity pGi/L 15d <DLn 0.586 <DL 0.325
Lead mg/L 0.015 ND ND ND ND
Mercury mg/L 0.002d: ND .0006 ND .0015
Nickel mg/L 0.1d ND ND ND ND
Nitrite/Nitrate (as nitrogen) mg/L 10d 0.27 0.45 0.27 0.47
Nonvolatile (dissolved) beta pG/L 50d 5.58E-10 1.2E-08 5.1E-10 3.4E-09
radioactivity .
pH pH units 6.5-8.5h 6.0 7.0 63 7.1
Phosphate mg/L NA ND ND ND ND
Sulfate mg/L 250h 4 1 5 1
Suspended solids mg/L NA 3 16 5 27
Temperature °F 90P 46 76 47 79
Total dissolved solids mg/L 500h 48 91 52 89
Tritium pGi/L 20,000d.¢ -7.1E-08° 1E-06 4.2E-07 24E-06
Zinc mg/L sh ND 0.59 ND 043

a2 Source: Amett (1996).

b.  Parameters are those DOE routinely measures as a regulatory requirement or as part of ongoing monitoring programs.

c. mg/L = milligrams per liter; a measure of concentration equivalent to the weight/volume ratio.
pCi/L = picocuries per liter; a picocurde is 2 unit of radioactivity; one tillionth of a curie.

d. Maximum Contaminant Level (MCL), EPA National Primary Drinking Water Standards (40 CFR Part 141).

e. Maximum Contaminant Level (MCL): SCDHEC (1976).

f. DOE Derived Concentration Guides (DCGs) for water (DOE Order 5400.5, "Radiation Protection for the Public and the Envi-
ronment"). DCG values are based on committed effective dose of 100 millirem per year for consistency with drinking water
MCL of 4 millirem per year.

g Minimum concentrations of samples. The maximum listed concentration is the highest single result found during one sampling
event.

h.  Secondary Maximum Contaminant Level (SMCL). EPA National Secondary Drinking Water Regulations (40 CFR Part 143).

i NA = none applicable.

7~ Dependent upon pH and temperature.

k. ND = none detected.

L Action level for lead and copper.

m. WQS = water quality standard. See glossary.

n.  Less than (<) indicates concentration below analytical detection limit (DL).

o. This value is an anomaly of sampling technique.

p.-  Shall not exceed weekly average of 90°F after mixing nor rise more than 5°F in 1 week unless appropriate temperature criterion

mixing zone has been established.
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Table 3-6. Water quality in SRS streams and Par Pond.2

Dissolved  Specific Total
Temperature oxygen conductance Turbidity  suspended
B pH (mg/L)  (umhos/cm) (NTU)  solids (mg/L)
Upper Three Runs at Road AP Mean 62 NA 8.36 245 5.24 102
Range 45-90 47-80 49-12 30-41 1.0-22 20-97
Pen Branch and Indian Grave Branch® Mean 72 NA 85 69 6.6 77
Range 40-133 57-79 42-11 13-171 1.1-54.1 20-42
Lower Three Runs at Patterson Mill® ~ Mean 64 NA 8.0 75 28 49
Range 46 - 84 59-74 58-11 13-140 0.94 - 38 1-34
Par Pond Near Cold Dam¢ Mean 65 6.33 6.01 70 NA 202
Range 47 - 88 55-73 0-11.6 46 - 126 NA 0-10

NA = Not available.

a. Source: Wike et al. 1994.
b. 1987 -1991.

c. 1985-1991.

Lower Three Runs. Lower Three Runs is a
large blackwater creek draining about
177 square miles; Par Pond is a 2,500-acre
mainstream impoundment on this stream
(descrbed in the next section). From the Par
Pond Dam, Lower Three Runs flows about
15 miles before it enters the Savannah River
(Wike et al. 1994). Lower Three Runs received
heated effluent from R-Reactor through Joyce
Branch from 1953 to 1958. The construction of
the Par Pond Dam in 1958 modified flows in
the stream. Effluents from R- and P-Reactors
flowed to the Par Pond system and, therefore,
affected Lower Three Runs until DOE shut the
reactors down in 1963 and 1988, respectively.
Historically, SRS operations caused large dis-
charge fluctuations just downstream of the Par
Pond dam, but groundwater and trbutary in-
puts were sufficient to dampen these fluctua-
tions farther downstream (Wike et al. 1994).
High flows also occurred during the drawdown
of Par Pond in 1991. Based on 1996 water year
data, the mean flow in Lower Three Runs below
Par Pond was 28 cubic feet per second with the
highest and lowest daily mean discharges being
82 and 6.4 cubic feet per second, respectively
(Cooney 1996). Flows are seasonal, and the
winter and spring months have the highest av-
erage flow. Table 3-6 lists water quality infor-
mation for Lower Three Runs.

Par Pond. In 1958, DOE constructed Par
Pond, a 2,500-acre reservoir, by building an
earthen dam across the upper reaches of Lower
Three Runs (Wike et al. 1994). The lake has an
average depth of 59 feet (Du Pont 1987). At
full pool, the reservoir storage volume is ap-
proximately 52,800 acre-feet.

Par Pond was a cooling water reservoir for P-
and R- Reactors untl 1964, when DOE sus-
pended R-Reactor operations (Wilde 1985). It
continued to receive heated cooling water untl
1988 when DOE suspended P-Reactor opera-
tons (Paller and Wike 1996). During reactor
operations, recirculating water flowed through
the reactor heat exchangers, where it reached
temperatures of 150 to 165°F, and discharged
through a serics of pre-cooler ponds and canals.
Water lost from the Par Pond system due to
evaporation and seepage was replaced by
makeup water pumped from the Savannah
River. Par Pond operated as 2 closed-loop sys-
tem with the exception of the additions of
makeup water and the overflow and seepage to
Lower Three Runs at the dam.

During a routine inspection of the Par Pond
dam in March 1991, a small depression was dis-
covered in the downstream slope of the earthen
dam. DOE ordered a structural investigation
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into the cause of the depression and simultane-
ously initiated a precautionary drawdown of Par
Pond (DOE 1995a). From June through Sep-
tember of 1991, Par Pond was lowered about
19 feet, from about 200 to 181 feet (mean sea
level) elevaton. The drawdown reduced the
volume of the reservoir by one-third and ex-
posed about 1,340 acres of lakebed (DOE
1995a).

Par Pond remained lowered at two-thirds of its
original volume for more than three years while
the dam was being repaired. Repairs included
grouting of voids around the outlet conduit, the
addition of an energy dissipation structure, and
construction of a downstream berm and filter
system at the toe of the dam (Marcy et al. 1994).
Based on these planned structural improve-
ments to the dam, a Probabilistic Risk Assess-
ment (PRA) was conducted (Olson 1993). The
PRA determined that once the permanent re-
pairs had been completed, the probability of a
loss of human life due to the failure of the
structure (2.0 X 10-7) would be less than the

DOE guideline (4.0 X 10-7).

In 1996, DOE stopped pumping river water
into Par Pond to allow water levels to fluctuate
naturally between 195 and 200 feet. Since then,
inflows from the watershed and groundwater
have maintained Par Pond level at 199 to 200
feet. The Final Environmental Impact Statement,
Shutdown of the River Water System at the Savannab
River Site (DOE 1997) discusses the results of a
water balance study.

Releases from R-Reactor (process leaks, purges,
and makeup cooling water) contaminated Par
Pond with low levels of radioactive materals,
primarily Cesium-137. Releases (except tritium)
stopped after the shutdown of R-Reactor in
1964. Most of the Cesium-137 in Par Pond lies
in the upper 1 foot of fine sediments, primarily
in the area of the original stream corridor. An
estimated 43 curies of Cesium-137 remain
(DOE 1997).

In the 1960s researchers found elevated levels
of mercury in Par Pond bottom sediments. In
the early 1970s, an estimated 40 pounds of mer-

——

cury were in Par Pond water, sediments, and
biota (Newman and Messier 1994), approxi-
mately half of which came from Savannah River
water and half from natural sources (i.e., soils
inundated when the reservoir was filled). The
sources of mercury in the river water were in-
dustrial and manufacturing operations upstream
of the SRS that discharged wastes to the rver.
With the implementation of the Clean Water
Act and NPDES regulations in the mid-1970s,
these industries dramatically reduced the levels
of pollutants in their permitted discharges.
Levels of mercury entering SRS water bodies
with river water showed a corresponding de-
cline (Newman and Messier 1994). Recent sur-
veys of Par Pond sediments (Koch, Martin, and
Friday 1996) found no elevated concentrations
of mercury. Table 3-6 lists water quality pa-
rameters near the Par Pond Cold Dam and re-
flect conditions since DOE stopped reactor
operations.

The “Pre-cooler” Ponds: Ponds 2, 5, and C.
DOE built Pond C at the same time it built Par
Pond (1957-1958) to pre-cool heated effluent
from P-Reactor before it entered Par Pond.
Ponds 2 and 5 were added in 1961 to enhance
Par Pond’s efficiency as a cooling reservoir.
These small impoundments and their connect-
ing canals dissipated about 86 percent of the
heat in the P-Reactor effluent by the time it en-
tered Par Pond (Wilde 1985). When P-Reactor
was operating, its thermal effluents caused sur-
face temperatures in the immediate discharge
area of Par Pond (the “bubble up”) to be ap-
proximately 9°F higher than those in control ar-
eas in the North and South Amms of the
reservoir (Wilde and Tilly 1985).

Since DOE shut down P-Reactor in 1988, the
pre-cooler ponds have received no heated efflu-
ents. Inputs from the River Water System
stopped in early 1996 (Cooney et al. 1996).
Pond 2, which has an area of about 17 acres,
appears to be relatively shallow, but details
about its basin morphometry are not readily
available. Pond 5, which is actually two ponds
connected by a narrow dredged channel, has an
area of about 41 acres. Pond C has an area of
165 acres, a mean depth of 13 feet, a2 maximum
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depth of 36 feet, and a shoreline length of
4.7 miles (Wilde and Tilly 1985). Water in
Pond C flows to Par Pond through a culvert in
the Hot Dam.

3.3.2.2 Groundwater

Industral solvents, metals, tntum, and other
chemicals used or generated on the SRS have
contaminated the shallow aquifers beneath 5 to
10 percent of the Site (Arnett, Karapatalis, and
Mamatey 1993). In general, DOE does not use
these aquifers for SRS operations or drinking
water, although there are a few low-yield wells
in the Gordon Aquifer. The shallow aquifer
units discharge to SRS streams and eventually to
the Savannah River (Arnett and Mamatey 1996).
Figure 3-10 shows the locations of major
sources and potential sources of groundwater
contamination at SRS.

F- and H- Areas, more than 1 mile southwest of
the preferred APT site, are the closest sources
of contaminated groundwater. As discussed in
Section 3.3.1, the general direction of ground-
water flow from the northern portions of F-
and H-Areas is toward Upper Three Runs
(toward the alternate site) in the water table aq-
uifer and to the northwest in the Gordon Aqui-
fer, and toward the Savannah River in the
Crouch Branch and McQueen Branch Aquifers
(Aadland, Gellici, and Thayer 1995).

The groundwater at the APT site has no
detectable or only minor concentrations of
organic compounds; inorganic constituents
(metals, chlorine, fluorine, nitrogen, sulfate,
etc.) occur within the range expected for re-
gional aquifers. Radiological analysis of
groundwater from the water table (Upper
Three Runs) aquifer showed that gross al-
pha, nonvolatile beta, total radium, and trit-
ium are present in some locations beneath
the preferred APT site and are slightly above
the respective drinking water standards.

In January 1991 a groundwater quality study
(WSRC 1991a) at the preferred APT site col-
lected samples from 34 sampling wells. Twenty
samples were from the Upper Three Runs Ag-

uifer (i.e., the water table aquifer), 10 were from
the underlying Gordon Aquifer, three were
from the deeper Crouch Branch Aquifer, and
one was from the deepest McQueen Branch
Aquifer. The study also recorded field data
(pH, water temperature, etc.) durng the
groundwater sample collection (Table 3-7 lists
field sampling results).

Laboratory analyses of the groundwater samples
charactenized aquifer geochemistry and screened
the groundwater for any potential contamina-
ton. The analyses tested for the following
chemical parameters:

® Metals (arsenic, barium, cadmium, calcium,
chromium, copper, iron, lead, magnesium,
mercury, nickel, selenium, silver, sodium)

e Inorganic constituents (chlorine, fluorine,
ammonia, nitrate, sulfate, total phosphate)

¢ Twenty-eight volatile organic constituents
¢  Phenol (a semivolatile organic)
o Six selected pesticides and herbicides

¢ Total organic Carbon content (indicator pa-
rameter for a general group of organic
constituents) Total organic halogens con-
tent (indicator parameter for a general
group of organic constituents)

e Radiological testng for gross alpha, non-
volatle beta, total radium, and tritium con-
tent

No pesticides or herbicides were detected in the
34 groundwater samples. This was similar to
the other organic constituents, of which only
phenol, total organic Carbon, and total organic
halogens had detectable concentrations. The
highest concentrations of total organic halogens
were 121 micrograms per liter in the Upper
Three Runs Aquifer, 238 micrograms per liter in
the Gordon Aquifer, 24.5 micrograms per liter
in the Crouch Branch aquifer, and none in the
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deepest McQueen Branch Aquifer (WSRC
1991a).

Detected concentrations of total organic carbon
and phenols were only marginally above the
detection level of 1 milligram per liter and 5 mi-
crograms per liter, respectively. Phenol was
detected in one sample from the Upper Three
Runs Aquifer at a concentration of 5.18 micro-
grams per liter. The highest detected concen-
trations of total organic carbon were 4.82 and
5.56 micrograms per liter in the Upper Three
Runs and Gordon Aquifers, respectively. Total
organic carbon is a gross indicator that can re-
flect compounds such as natural organic acids
and organic matter. The absence of volatile or-
ganic constituents (typical of solvents used at
the SRS) in the groundwater indicates that in-
dustrial activities have not affected the ground-
water (WSRC 1991a).

Air and water measurements for radioactivity
often include measurements for gross alpha,
nonvolatile beta, and total radium content.
Gross alpha refers to the total alpha emis-
sion rate of the sample and is an indicator of
the radionuclides in the sample that decay
by alpha emission. Similarly, nonvolatile
beta refers to the beta emission rate but is |
limited to constituents that are not gaseous
(i.e., not capable of being volatilized). Total
radium refers to measurements of the ra-
dium content in the sample; because most
radium isotopes also emit alpha particles,
the gross alpha measurement includes a |
contribution from radium isotopes. Meas-
urements of gross alpha, nonvolatile beta,
and total radium content cannot be used by
themselves to calculate radiation dose, be-
cause the specific radionuclides are not
known. However, using these measure-

ments to develop trends over time can help
assess small increases in radioactive mate-
rial in the environment.

In general, inorganic parameters were within the
ranges expected for regional aquifers, indicating
that agricultural and other human impacts to
groundwater have been negligible (WSRC
19912). However, one groundwater sample
from the water table aquifer showed concentra-
tions of lead (126 micrograms per liter) and

mercury (2.39 micrograms per liter) that ex-
ceeded the drinking water standards (50 micro-
grams per liter for lead and 2 micrograms per
liter for mercury). These exceedances were
caused by the assimilation of components of the
drlling mud (sodium bentonite) that were still
being desorbed by sediments around the moni-
toring well, indicated by the higher than normal
sodium and calcium concentrations in the same
well (WSRC 1991a).

Radiological analyses of groundwater from the
water table aquifer (Upper Three Runs Aquifer)
showed that gross alpha, nonvolatile beta, total
radium, and triitum are present in some loca-
tons under the preferred APT site at or slightly
above the drinking water standard. The analy-
ses detected total radium and tritum only once
at a concentration equal to their respective
drinking water standards. All other groundwa-
ter samples had either nondetectable levels of
total radium and tritium or concentrations that
were less than the drinking water standard.
Analyses of the deeper aquifers below the pre-
ferred site revealed no other radiological con-
stituents in excess of the drnking water
standards (WSRC 1991a). Table 3-7 summa-
rizes the radiological sampling results for each
aquifer beneath the preferred site.

DOE has not characterized the groundwater
quality at the alternate APT site for geochemical
properties or contamination. DOE would
complete characterizaton studies if the alternate
site is selected.

3.3.3 CLIMATE

The climate at the SRS is relatively mild, with an
average frost-free season of approximately 246
days. The average annual rainfall, about
48 inches, is fairly evenly distributed throughout
the year. There is no strong prevailing wind di-
rection; however, there is a relatively high fre-
quency of east-to-northeast winds during the
summer and fall and of south-to-northwest
winds during the late fall, winter, and spring
(Hunter 1990). The average wind speed is
8.5 miles per hour. With the exception of the
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Savannah River, no topographic features signifi-
cantly influence the general climate.

DOE uses meteorological data as input for
atmospheric transport and dose models that
-estimate the dispersion of radionuclides and
emissions from various SRS facilities.
“Analyses use a 5-year average data base
rather than actual annual data because of
 the difficulty of compiling, entering, and vali-
dating the data in time for use in current-
year calculations, and because there is little
year-to-year variation in the SRS meteorol-
ogy. These measurements include disper-
sion conditions observed during the 5-year
period, ranging from unstable (considerable
turbulence, which leads to rapid dispersion), |
to very stable (very little turbulence, which
produces a narrow, undispersed plume). In
general, as the atmosphere becomes more
unstable, atmosphenc dispersion of airborme
pollutants increases and ground-level con-
centrations decrease. The meteorology at
"the SRS is unstable about 56 percent of the
time.

The average annual temperature at the SRS is
64°F. The average relative humidity is greatest
during the summer and lowest during the winter
and ranges from 90 percent in the early morming
to about 43 percent in the afternoon (Hunter
1990). During the summer months, the maxi-
mum and minimum daily average humidities
range from 98 to 41 perceat, rcspccnvely
During the winter, the maximum and minimum

daily average humidity ranges from 89 to 36
percent, respectively.

Savannab River Site Affected Environment (Shedrow
1993) contains more detailed information on
the SRS climate, including severe weather pat-
terns.

3.3.4 AIR RESOURCES

3.3.4.1 Radiological Air Quality

In the SRS region, airborne radionuclides origi-
nate from natural sources (ie., terrestrial and
cosmic), worldwide fallout, and nuclear facility
operations. DOE maintains a network of air

monitoring stations on and around the Site to
determine concentrations of radioactive particu-
lates and aerosols in the air (Arnett and Ma-
matey 1996).

Tritium is the only radionuclide of SRS origin
detected routinely in offsite air samples. All
radiological releases are within regulatory
limits.

Table 3-8 lists average and maximum atmos-
pheric concentrations of radioactivity at the SRS
boundary, at a 25-mile radius, and at back-
ground monitoring locations (100-mile radius)
during 1995. Tritum is the only radionuclide of
SRS origin detected routinely in offsite air sam-
ples above background concentrations (Arnett
and Mamatey 1996). Most of the radionuclides
cannot be measured in the environment around
the Site due to their extremely low concentra-
tons. However, DOE used SRS-specific com-
puter models such as MAXIGASP and
POPGASP to calculate radiological doses for
members of the public for the 1995 releases
based on the amount released and the estimated
concentrations in the environment.

3.3.4.2 Nonradiological Air Quality

The SRS is in a region that is designated an ar-
tainment area because it complies with National
Ambient Air Quality Standards (NAAQS) for
crteria pollutants. The closest nonattainment
area (an area that does not meet NAAQ stan-
dards) is the Atlanta, Georgia, air quality region,
about 145 miles to the west. Attainment areas
do not have restrictions on growth that nonat-
tainment areas might have. Prevention of Sig-
nificant Deterioratdon (PSD) regulations apply
to new or modified sources of air pollution if a
net increase in emissions from the new or
modified source exceeds the PSD maximum
allowable increments (40 CFR 52.21).

DOE models the atmospheric dispersion of
both maximum potential and actual emissions
of regulated pollutants using the U.S. Environ-
mental Protection Agency (EPA) Industrial Soxrce
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Table 3-8. Radioactivity in air at the SRS boundary, at the 25-mile radius, and at the 100-mile radius

during 1995 (picocuries per cubic meter).2

Location Gross alpha Nonvolatile beta Trittum
Site boundary
Average 0.0014 0.018 16
Maximum 0.0043 0.035 96
25-mile radius
Average 0.0014 0.018 10
Maximum 0.0036 0.032 42
Background (100-mile radius)
Average 0.0016 0.018 10
Maximum 0.0041 0.032 20

a. Sources: Amett and Mamatey (1996); Arnett (1996).

'DOE measures nonradiological air emis-
-sions from SRS facilities at their points of
‘discharge by direct measurement, sample
extraction and measurement, or process
knowledge. Using monitoring data and me-
‘teorological information, DOE estimates the
concentration of certain pollutants at the Site
boundary. The Site is in compliance with
-National Ambient Air Quality Standards.

The Environmental Protection Agency re-
cently approved revisions to the national
ambient air quality standards for ozone and
particulate matter that will become effective
on September 16, 1997 (62 FR 138). For
‘ozone, the current 1-hour primary standard
will be replaced with a more stringent 8-hour
standard with a limit of 0.08 part per million.
In addition, the revision adds strict monitor-
ing requirements for particulate matter with a
diameter less than or equal to 2.5 microme-
ter. According to the Clean Air Act, the next
step for EPA is to complete a periodic re-
view of the new standards -- during the next
5 years for particulate matter and during the
next 3 years for ozone. In that time, EPA
will determine areas that are in nonattain-
ment with the new standards. These areas
will have 3 years to develop pollution control
plans and submit them to the EPA, showing
how they will meet the new standards. Then
the areas will have 10 years to reach attain-
ment with the revised standards. In the SRS |
region, Augusta-Richmond County, Georgia,
is likely to fail the new ozone standards; it is
uncertain if the county would exceed the
new particulate matter standards.

Complex Short Term Mode! (EPA 1992). The
major categories of monitored emissions in-
clude sulfur dioxide (SO;), Carbon monoxide
(CO), oxides of nitrogen (NOx), particulate
matter smaller than 10 microns (PMig), volatile
organic compounds (VOCs) (ozone precursors),
and toxic air pollutants. SRS facilities that pro-
duce such emissions include those associated
with diesel-engine-powered equipment, package
steam boilers, the Defense Waste Processing
Facility, the in-tank precipitaion process,
groundwater air strippers, and other process
faciliies. In addition, the perodic prescrbed
burning of forested areas across the Site con-
tributes to the release of several criteria pollut-
ants (SO2, CO, NOx, PMjo, ozone (O3), lead,
and gaseous fluorides) (Arett and Mamatey
1996). Some 14,000 to 18,000 acres are pre-
scribed burned annually, primarily in the spring
of the year (Myers 1997). Table 3-9 lists est-
mated ambient concentrations of these regu-
lated air pollutants.

The South Carolina Department of Health and
Environmental Control has the authority to
regulate air quality over the SRS and determine
compliance based on pollutant emission rates
and estimates of concentrations at the Site
boundary based on modeling. The SRS is in
compliance with SCDHEC Regulation 61-62.5,
Standard 2 (Ambient Air Quality Standards) and
Standard 8 (Toxic Air Pollutants). Table 3-9
lists limits from these standards. Standard 2 sets
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Table 3-9. Estimated ambient concentration contributions of air pollutaats from existing SRS sources
and sources planned for construction or operation through 1995 (micrograms per cubic meter of air).%,b

SRS maximum  Concentrations  Most stringent Maximum poten-
potential based on actual AAQSt tial concentration

Averaging  concentration emissions (Federal or state)  as a percent of
Pollutant® time (ug/m3)d (ug/m3)e (ug/m3) AAQSS

SO2 3 hours 1210 634 1,300h44 93

24 hours 356 185 365hs 98

Annual 18 9.55 sob 23
NO3 (as NOy) Annual 30 38 100k 30
co 1 hour 3553 180 40,0002 9

8 hours 819 23 10,000t 8
Gaseous fluorides (as HF) 12 hours 2412 0.62 3.78 65

24 hours 0.60 0.314 298 41

1 week 0.11 0.170.03 1.68 38

1 month 0.88 14
PM19 24 hours 93 56 150h 62

Annual 9.1 2.7 50b 18
O3 1 hour NAj NA 235k NA
TSP Annual

geometric

mean 20 11 758 27
Lead Calendar

quarter

mean 0.002 0.0003 1.58 0.13

a. Source: Hunter and Stewart (1994).

b. The concentrations are the maximum values at the SRS boundary.

c. SO2 = sulfur dioxide; NOx = nitrogen oxides; CO = carbon monoxide; HF = hydrogen fluoride; PM1( = particu-
late matter < 10 microns in diameter; O3 = ozone; TSP = total suspended particulates.

d. Based on maximum potential emissions from all SRS sources permitted through July 1993; listed values are from

calculations reported to SCDHEC in September 1993.

Based on actual emissions from SRS sources plus maximum potental emission for sources permitted for construc-

tion through December 1992.

o

f. AAQS = Ambient Air Quality Standard.

g Source: SCDHEC (1976).

h. Source: 40 CFR Part 50.

i Concentration not to be exceeded more than once a year.

j-  NA = not available.

limits for the six NAAQ criteria pollutants and 3.3.5 HISTORIC AND ARCHAEOLOGI-
two additional pollutants, gaseous fluorides and CAL RESOURCES

total suspended particulates (TSP). Standard 8

regulates the emission of 257 toxic air pollut- Field studies conducted since the 1970s by the
ants. DOE has identified emission sources for South Carolina Institute of Archaeology and
139 of these substances. Anthropology of the University of South Caro-
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lina, under contract to DOE and in consultation
with the South Carolina State Historic Preser-
vation Officer (SHPO), have provided informa-
ton about the distribution and content of
archaeological and historic sites on the SRS. By
the end of October 1996, these studies had ex-
amined about 70 percent of the Site, and had
identified 1,200 archaeological (historic and
prehistoric) sites. Of these sites, 53 are eligible
for the National Register of Historic Places. No
SRS facilities have been nominated for the Na-
tional Register, and there are no plans for
nominations at this time (Brooks 1996). Ar-
chaeologists have divided the SRS into three
zones related to their potential for containing
sites with multiple archaeological components
or dense or diverse artifacts, and their potential
for nomination to the National Register of
Historic Places (DOE 1995b).

® Zone 1 is the zone of the highest archaeo-
logical site density, with a high probability
of encountering large archaeological sites
with dense and diverse artifacts, and a high
potential for nomination to the National
Register of Historic Places.

® Zone 2 includes areas of moderate archaeo-
logical site density. Actvities in this zone
have a moderate probability of encounter-
ing large sites with more than three prehis-
toric components or that would be eligible
for nomination to the National Register of
Historic Places.

® Zone 3 includes areas of low archaeological
site density. Activities in this zone have a
low probability of encountering archaeo-
logical sites and virtually no chance of en-
countering large sites with more than three
prehistoric components; the need for site
preservation is low. Some exceptions to
this definiion have been discovered in
Zone 3; some sites in the zone could be
considered eligible for nomination to the
National Register of Historic Places.

The preferred APT site falls in archaeology
zone 3 and consists of a large portion of a tract

evaluated by the Savannah River Archaeological
Research Program (SRARP) in 1986 for a new
waste storage/disposal facility (Brooks et al.
1986). No archaeological sites were located at
the tme. In June 1996, the SRARP conducted
additonal surveys for the APT site areas that
were not part of the 1986 work and to further
evaluate 20th-century homesites. The most re-
cent survey resulted in the discovery of seven
archaeological sites: one site consists of a pre-
historic lithic scatter; the remaining sites are late
19th- and 20th-century homesites.

The alternate site includes archaeology zones 1,
2, and 3, although more than half lies in Zone 3.
This site has not had a systematic survey and
evaluation, but because it is in an area with low
potential for significant prehistoric sites, the Sa-
vannah River Archaeology Research Program
does not expect to find prehistoric sites that
would be eligible for nomination to the Na-
tional Historic Register. There is greater poten-
tial for sites of the historic period (Sassaman
1997).

In 1991 DOE solicited the concerns of Native
Americans about religious rights in the Central
Savannah River Valley. During this study, three
Native American groups -- the Yuchi Tmnbal
Organization, the National Council of Musk-
ogee Creek, and the Indian People’s Muskogee
Tribal Town Confederacy -- expressed general
concerns about SRS and the Central Savannah
River Area, but did not identify specific sites as
having religious significance. The Yuchi Tribal
Organizadon and the Natonal Council of
Muskogee Creek are interested in plant species
traditionally used in tribal ceremonies, such as
redroot, button snakeroot, and American gin-
seng (NUS 1991a). Redroot and button snake-
root occur on the SRS (Batson, Angerman, and
Jones 1985).

3.3.6 SITE LAND USE AND INFRA-
STRUCTURE

SRS occupies approximately 198,000 acres in a
generally rural area in western South Carolina.
Administrative, production, and support facili-
ties occupy 5 percent (approximately 17,000
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acres) of the total SRS area. The remaining
land, approximately 181,000 acres is forest land
and swamp managed by the U.S. Forest Service
(under an interagency agreement with DOE).
Approximately 14,000 acres of SRS have been
set aside exclusively for nondestructive envi-
ronmental research (DOE 1993) in accordance
with SRS’s designation as a National Environ-
mental Research Park. Research in the set-aside
areas is coordinated by the University of Geor-
gia’s Savannah River Ecology Laboratory.

Roads and Rail

The SRS transportation infrastructure consists
of more than 143 miles of primary roads, 1,200
miles of unpaved roads, and 64 miles of railroad
track. These roads and railroads provide con-
nections between the SRS facilities and links to
offsite transportation (see Figure 3-11).

In general, heavy traffic on roads occurs in the
early moming and late afternoon when workers
commute to and from the SRS. The Savannab
River Waste Management Final Environmental Impact
Statement (DOE 1995b) summarizes baseline
traffic flows for primary SRS roads. During
working hours official vehicles, solid waste
haulers, and logging trucks constitute most of
the traffic. The Environmental Assessment for the
Construction and Operation of the Three Rivers Sokd
Waste Authority Regional Waste Management Center
at the Savannab River Site (DOE 1995¢) describes
the projected traffic volume associated with
solid waste landfill operations.

The SRS rail yard, an eight-track facility east of
P-Reactor, sorts and redirects onsite rail cars.
Deliveries of shipmeats to the SRS can occur at
rail stations in the former towns of Ellenton
and Dunbarton. From these stations, an SRS
engine moves rail cars to the approprate facil-
ity. Historically, the Ellenton staton, which is
on the main Augusta-Yemassee line, received
coal for the D-Area Powerhouse, while the
Dunbarton station received other rail shipments
and coal for the smaller SRS Powerhouses.
However, coal is now delivered to the Site by
truck, not by rail. As a result, the SRS railroad

system receives sporadic limited use (Mclain
1997).

Current railroad use consists of shipments of
radioactive casks of spent nuclear fuel from off
the Site or between the reactor areas and sepa-
rations facilities. In addition, shipments of ra-
dioactive waste destined for treatment or
disposal at the SRS arrive on the Site by rail.

Utilid IR U

Electrical Power Distribution System. The
South Carolina Electric and Gas Company
(SCE&G) supplies SRS electric power needs via
one 160-kilovolt and two 115-kilovolt transmis-
sion lines with available power of about 390
megawatts. Current Site demand is about 70
megawatts. Figure 3-12 shows the SRS electrc
distrbution system (Shedrow 1997). The D-
Area Powerhouse, which once provided a por-
ton of the Site’s electricity needs, is now under
lease to SCE&G, which in turn sells electricity
to DOE.

SCE&G also provides electric service to more
than 446,000 customers in a 15,000-square-mile
service area in the central, southemn, and south-
western portions of South Carolina; the area
extends into 24 of the State’s 46 counties. Sys-
tem-wide electric sales grew by 3.4 percent in
1990 to 15.4 billion kilowatt-hours. Residential
and commercial sales accounted for most of the
increase. The electric base grew by 2.6 percent.
Over a 4-year period before 1990, total custom-
ers and kilowatt-hour sales increased at average
annual rates of 2.4 and 3.0 percent, respectively
(SCE&G 1995). SCE&G has a combined gen-
erating capacity of 4,200 megawatts. The cur-
rent peak load is 3,700 megawatts; resulting in a
reserve capacity of 500 megawatts (White 1997).
In additon, SCE&G has the ability to sell
power to or purchase power from companies
within the region through a common udlity
practice know as “retail wheeling,” when system
loads require augmenting or when the system
has excess power.
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Figure 3-11. Principal SRS facilities, roads, and railroads.
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PK68-21-PC
Figure 3-12. Electrical distribution system at the Savannah River Site.
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Steam Distribution System. Steam genera-
ton facilides at the SRS include coal-fired pow-
erthouses at A-, D-, and H-Areas, and two
package boilers, which use number 2 fuel oil, in
K-Area. At present, steam generation occurs
continuously at the A- and D-Area facilites.
DOE has privatized the D-Area Powerhouse,
which provides most of the steam for the SRS.
DOE leases this area to SCE&G, which in turn
produces and sells steam to DOE.

Natural Gas. The Site does not have natural
gas distribution systems.

Domestic and Process Water Distribution
System. Current groundwater withdrawals at
SRS for domestic and process uses total 9 to
12 million gallons per day (Arnett and Mamatey
1996). Domestic water is supplied from
groundwater wells in several SRS areas. The
main well system supplies water to A-, M-, B-,
C-, F, and H- Areas. The outlying areas (P-, L-,
TNX) receive water from wells in those areas.
Figure 3-13 shows the SRS domestic water sys-
tem; the average current demand is about 960
gallons per minute; the peak available flow is
about 3,450 gallons per minute (Shedrow 1997).

The Primary Sanitary Sewer Collection System
at SRS consists of 16.5 miles of force main
piping, 1 mile of gravity lines, and 12 pump sta-
tons in different areas. Wastewater from this
collection system is treated at the Central Sani-
tary Wastewater Treatment Facility, which dis-
charges to Fourmile Branch. The facility has a
treatment capacity of 1.05 million gallons per
day and a current average daily flow of 30,000
gallons per day. In addition, there are small
satellite wastewater treatment plants in D-, K-,
L-, P-, and TNX-Areas (Shedrow 1997). Fig-
ure 3-14 shows the SRS wastewater collection
system. The total average daily wastewater
flows from these facilies (D-, K-, L-, P-, and
TNX) to SRS streams and ultimately the Savan-
nah River total 26,500 gallons per day (Shedrow
1997).

River Water System. The River Water System
(see Figure 2-5) includes three pumphouses,
two (1G and 3G) on the Savannah River, and

one (6G) on Par Pond. Pumphouse 5G is also
on the Savannah River, but it is a separate pip-
ing system that supplies cooling water to the
D-Area Powerhouse. Pumphouses 1G and 6G
are no longer operating, but DOE has main-
tained the 1G pumphouse and system. The to-
tal design capacity of the 1G and 3G
pumphouses is 400,000 gallons per minute. In
1997, DOE installed a 5,000 gallon per minute
pump in Pumphouse 3G to save energy and
costs. At present, only Pumphouse 3G is in
use, withdrawing 5,000 gallons per minute from
the Savannah River to supply SRS facilities.

DOE prepared an environmental impact state-
ment that investigated alternatives for placing all
or parts of the River Water System in standby
[Final Environmental Impact Statement, Shutdown of
the River Water System at the Savannah River Site
(DOE 1997)]. The alternatives included shut-
ting down and deactivating the system with no
capability for restart, and placing all or parts of
the system in a layup condition to support fu-
ture missions.

Waste an
SRS acuvities generate several types of wastes:
low-level (low and intermediate activity) radio-
active waste, liquid high-level radioactive waste,
hazardous waste, mixed waste (radioactive and
hazardous combined), and transuranic waste.
The Savannabh River Site Waste Management Envi-
ronmental Impact Statement (DOE 1995b) dis-
cusses the waste generation forecast and the
current treatment, storage, and disposal of these
wastes at the Site. As discussed in Chapter 2,
the APT will not generate high-level or tran-
suranic waste. Therefore, this section does not
discuss the SRS facilides that handle such

‘wastes.

The following paragraphs discuss SRS waste
handling systems. Appendix A contains more
details on facility operations.

Low-Level Radioactive Waste. Low-level
radioactive waste is waste that contains radioac-
tivity and is not classified as high-level waste,
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. . o . . PK68-21-PC
Figure 3-13. Domestic water distribution system at the Savannah River Site.
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Figure 3-14. Wastewater collection system at the Savannah River Site.
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transuranic waste, spent nuclear fuel, or by-
product material DOE packages low-level
waste for disposal in the SRS Low-Level Radio-
active Waste Disposal Facility, which consists of
a series of vaults in E-Area that began receiving
such waste in September 1994. The vaults store
low-actvity, intermediate-activity, intermediate-
level nontritium, and intermediate-level tritum
wastes.

Hazardous Waste. At the SRS, routine facility
operations and environmental restoration proj-
ects can generate hazardous waste as defined by
the Resource Conservation and Recovery Act
(RCRA). DOE stores such waste in hazardous
waste storage facilities in new buildings in B-
and N- Areas before shipping it to permitted
treatment, storage, and disposal facilities.

DOE began offsite shipments of hazardous
waste to treatment and disposal faciliies in
1987. In 1990 the Department imposed a
moratorium on shipments of hazardous waste
from radiological materals areas or waste that
was not proven to be nonradioactive. DOE
continues to send hazardous waste that is not
subject to the moratorium (e.g., recyclable sol-
vents) off the Site for recycling, treatment, or
disposal.

Mixed Waste. Mixed waste contains both haz-
ardous waste (as discussed above), and source,
special nuclear, or byproduct material (subject
to the Atomic Energy Act of 1954). The SRS
mixed waste program consists primarily of con-
tinuing to store such wastes safely untl treat-
ment and disposal facilities are available. The
SRS mixed waste storage facilities are in E-, N-,
M-, S-, and A- Areas. In addition, DOE built
the Consolidated Incineraton Facility in H-Area
to treat mixed, low-level, and hazardous waste.

Sanitary Waste. Sanitary waste is solid waste
that is neither hazardous as defined by RCRA,
nor radioactive. It consists of salvageable ma-
terial and materials deposited in municipal sani-
tary landfills. Sanitary waste streams include
such items as paper, glass, discarded office ma-
teral, and construction debms. At present,
DOE trucks sanitary waste off the SRS for dis-

posal at the Beaufort County Landfill. Further,
the Department has signed an agreement that
would allow the Three Rivers Solid Waste
Authority to construct and operate a solid waste
landfill on the SRS at the intersecton of High-
way 125 and SRS Road 2. The Authority has
received a solid waste landfill permit from
SCDHEC to operate the landfill, which will re-
ceive SRS waste and sanitary waste from a
number of counties in the area. This landfill
will begin accepting waste in mid-1998.

DOE also operates the Burma Road Landfill on
the SRS for the disposal of demolidon and
construction debris. This landfill has a South
Carolina Department of Health and Environ-
mental Control permit for the disposal of
wastes and uncontaminated soil, rock (stone),
concrete rubble, and inert construction debris.
DOE estimates that the landfill will reach its
permitted capacity by 2008 (DOE 1995c).

3.3.7 VISUAL RESOURCES AND NOISE
Visual Resources

The dominant aesthetic settings in the SRS vi-
cinity are agricultural land and forest, with lim-
ited residential and industrial areas. The SRS is
almost completely forested, with only about
5 percent of the total area in industral use. The
industrial areas are primarily in the intedor of
the Site, away from public access. Because of
the distance to the boundary from the indus-
trialized areas, the rolling terrain, normally hazy
atmospheric conditions, and heavy vegetaton,
SRS faciliies are not generally visible from
roads with public access.

Noise

SRS facilities include many noise sources, most
of which are in areas that are a considerable
distance from the Site boundary and, therefore,
result in little or no contrbuton to offsite
sound levels under most conditions. Major SRS
noise sources include cooling towers, fans,
pumps, compressors, steam vents, paging sys-
tems, construction equipment, material handling
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equipment, alarms, and vehicles. Major sources
outside the activity areas consist of vehicle and
railroad operations, which are also the major
sources of noise at offsite areas that can be at-
tributed to SRS activities.

A sound-level study performed in 1989 and
1990 provided background sound-level data for
major transportation routes near the SRS and
for a limited number of onsite locations. The
estimated 24-hour equivalent sound levels at all
measurement locations were below the EPA
guideline level of 70 dBA, which is required to
protect the public from hearing loss. The EPA
general guideline for environmental noise pro-
tection limits the average day-night sound level
to 55 dBA; many SRS areas exceed this level,
largely because of insect and wildlife noise. Air
Quwality, Cooling Tower, and Noise Impact Analyses in
Support of the New Production Reactor Environmental

Impact Statement (NUS 1991b) summarizes the
results of this study.

3.4 Human and Biological Envi-
ronment

This secton provides information on human
health, plants, and animals. The human and
biological environment comprises the receptor
groups that exposures generated by an accelera-
tor and associated operations would affect.

3.41 HUMAN HEALTH

The actions described in this EIS have the po-
tential to affect the health of the public and SRS
workers. Emissions from the Site can expose
both groups to radioactive and nonradioactive
materials. In addition, workers are exposed to
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occupational hazards similar to the hazards at
any industrial work site.

The following paragraphs discuss current re-
leases of radioactive and nonradicactive
sources. Historic information establishes a
baseline for a comparison to the estimated im-
pacts described in Chapter 4.

Public Health

Radiological. The release of radioactive mate-
rial to the environment from any nuclear facility
is a sensitive issue. Because there are many
other sources of radiation in the human envi-
ronment, evaluations of releases from nuclear
faciliies must consider all ionizing radiation
from which people receive routine exposures.

Public radiatdon exposure in the SRS region
amounts to approximately 360 millirem per
year, consisting of natural background radiation
from cosmic, terrestrial, and internal body
sources along with radiation from medical diag-
nostic and therapeutic practices; weapons test
fallout; consumer and industdal products; and
nuclear facilities. Figure 3-15 shows the relative
contributions of each type of source to people
living near the SRS. All radiation doses men-
tioned in this EIS are effective dose equivalents;
internal exposures are reported as committed
effective dose equivalents.

DOE uses the dose-to-risk conversion factors
recommended by the Natonal Council on Ra-
diation Protection and Measurements (NCRP)
to estimate the number of latent cancer fatalides
that could result from radiaton exposure. No
data indicate that small radiation doses cause
cancer; to be conservatve, however, the NCRP
assumes that any amount of radiation carries
some rsk of inducing cancer. DOE has
adopted the NCRP factors of 0.0005 latent can-
cer fatality for each person-rem of radiation
dose to the general public and 0.0004 latent
cancer fatality for each person-rem of radiation
dose to radiation workers (NCRP 1993).

‘Releases of radioactive material to the envi-
ronment from the SRS account for less than
0.1 percent of the total annual average envi-
ronmental radiation dose to individuals
within 50 miles of the Site. Natural back-
ground radiation. contributes about 82 per-
cent of the annual dose of 360 millirem.

Nuclear facilities within 50 miles of the SRS in-
clude a low-level waste bural site operated by
Chem-Nuclear Systems, Inc., near the eastem
Site boundary, and the Georgia Power Com-
pany Vogtle Electric Generating Plant, directly
across the Savannah River from the Site. In
addition, Carolina Metals, Inc., which is north-
west of Boiling Springs in Barnwell County,
processes depleted Uranium. Based on DOE
measurements, the Chem-Nuclear and Carolina
Metals facilides do not influence radioactvity
levels in the air, precipitation, groundwater, soil,
vegetation, or external radiation (SCDHEC
1995). In 1992, releases from Plant Vogtle pro-
duced an annual dose to the maximally exposed
individual of 0.11 millirem at the plant boundary
and a total population dose within a 50-mile ra-
dius of 0.045 person-rem (NRC 1996).

In 1995, releases of radicactive materal to the
environment from SRS operations resulted in 2
maximum individual dose from such releases of
0.064 millirem per year at the boundary in the
north-northwest sector around the Site, and a
maximum dose from liquid releases of 0.14 mil-
lirem per year, for 2 maximum total annual dose
at the Site boundary of 0.20 millirem. The
maximum dose to downstream consumers of
Savannah River water -- 0.053 millirem per year
-- occurred to users of the Port Wentworth
public water supply (Arnett 1996). All releases
are within the established regulatory guideline of
100 millirem for all exposure pathways. Ta-
ble 3-10 lists the 1995 dose to the hypothetical
maximally exposed individual and the exposure
limits DOE has established in Order 5400.5.
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SRS contribution
intamal tarractrial 0.20 millirem per year
External terrestrial radi:
rocl
24 millirer ier products
3m per year
Other
Cosmic radiati sources
from :)cut ton <imrem
er space Der yoar

29 millirem per year

Radon in homes and buildings
200 millirem per year

Sources: NCRP 1987a (unless noted).
NCRP = National Council on Radiation Protection and Measurements.

Notes: 1. Values are effective dose equivalent.

2. Cosmic: 26 millirem per year for sea level. Multiplying value by a factor of 1.1 to correct
for the altitude of 300 meters above sea level gives 29 millirem per year.

3. Extemal terrestrial: NCRP (1987b) reports an absorbed dose rate for Augusta, Georgia, of 4 microrad per hour,
which is 35 millirad per year. NCRP (1987b) uses a factor of 0.7 to convert absorbed dose in air to effective
dose equivalent, so 35 x 0.7 = 24 millirem per year.

4. Value for SRS contribution is from Amett and Mamatey (1996).

5. Other sources include commercial nuclear facilities (nationwide), occupational exposure, air travel, and fallout.

= ™| Natural Background
Medical Radiation
Consumer Products

.Olher

PKe8-Z1-PC
Figure 3-15. Major sources of radiation exposure in the vicinity of the Savannah River Site.
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Table 3-10. Doses to maximally exposed indi-
vidual during 1995 and comparison to DOE

limits (millirem per year).
DOE
Source Dose standard
SRS air emissions 0.064 10
Consumption of water from Sa- 0.053 4
vannah River
All environmental pathways from 0.1202 100

SRS emissions

a.  This dose assumes that the same person receives
both the air and liquid doses, which is highly un-
likely.

The maximally exposed individual (MEI) is a
hypothetical member of the public who
would receive the highest radiation dose
from the activity being considered. In de-
termining the dose to the MEI, assumptions
are made about the MEI's habits, such as
where the MEI resides; how the MEI obtains
water; and the amounts of meat, fruit, and
vegetables ingested.

In 1990 the population within 50 miles of the
SRS was about 620,000. In 1995 the collective
effective dose equivalent to that population (i.e.,
the total dose received by all 620,000 people)
was 3.5 person-rem from atmospheric releases.
Dovwnstream users of the Savannah River (some
of whom might not live within 50 miles of the
SRS) received a collective dose equivalent of 1.7
person-rem from liquid pathways (e.g., drinking
water, consumption of contaminated fish and
invertebrates, and exposure during recreational
activities along the river) (Amett 1996). Popu-
lation statistics indicate that cancer caused 23.5
percent of the deaths in the United States in
1990 (CDC 1993). If this percentage of deaths
from cancer continues, 23.5 percent of the U.S.
population will contract a fatal cancer. Thus, in
the population of 620,000 within 50 miles of the
Site, 145,700 persons would be likely to contract
fatal cancers from all causes. The population
dose from the SRS of 3.5 person-rem from at-
mospheric pathways could result in 0.0018 ad-
ditional latent cancer death expected in the
same populadon (based on 0.0005 cancer death

per person-rem). Thus, the annual radiation
dose from atmospheric doses from the SRS re-
sults in a calculated risk of cancer death that is
essentially zero in comparson to the over-
whelming incidence of fatal cancer expected in
the same population from all causes. The 1.7
person-rem from liquid pathways similady
could result in 0.0009 additional latent cancers.

Nonradiological. The hazards associated with
the alternatives described in this EIS include
exposure to nonradiological chemicals in air and
water pollution. Table 3-9 lists ambient air
quality standards and concentrations for se-
lected pollutants; Table 3-5 lists water quality
standards and concentrations. These standards
are designed to protect the public health. The
concentrations from SRS sources, as listed in
the tables, are lower than the established stan-
dards.

Worker Health

Radiological. One of the major goals of the
SRS Health Protection Program is to keep
worker exposures to radiation and radioactive
material as low as reasonably achievable
(ALARA). An effective ALARA program must
balance minimizing individual worker doses
with minimizing the collective dose of all work-
ers in a given group.

The purpose of an ALARA program is to
minimize doses from both external and internal
exposures. Such a program must evaluate both
doses with the goal to minimize the total effec-
tve dose equivalent. ALARA evaluatons must
consider individual and collective doses to en-
sure the minimization of both. For example,
using many workers to perform extremely small
portions of a task would reduce the individual
worker doses to very low levels. However, the
frequent worker changes could make the work
inefficient, with the result that the total dose re-
ceived by all workers could be significantly
higher than if fewer workers received slightly
higher individual doses.

3-42



DOE/EIS-0270D
DRAFT, December 1997

Alffected Environment

DOE set administrative exposure guidelines
at a fraction of the exposure limits to help
enforce doses that are as low as reasonably
achievable. SRS worker doses are typically
well below the DOE guidelines. For exam-
ple, the current DOE worker exposure limit
-is 5 rem per year, and the current SRS ad-
ministrative exposure guideline was 0.80
rem per year.

Table 3-11 lists the maximum and average indi-
vidual doses and SRS collective doses from
1988 to 1995.

Table 3-11. SRS annual individual and collec-
tive radiation doses.2

Site
collective
Individual dose (rem) dose
Year  Maximum  Averageb  (person-rem)
1988 2.040 0.070 864
1989 1.645 0.056 754
1990 1.470 0.056 661
1991 1.025 0.038 392
1992 1.360 0.049 316
1993 0.878 0.051 263
1994 0.957 0.022 3n
1995 1.335 0.018 247
1996 1.399 0.019 237

2. Sources: Du Pont (1989), Petty (1993), WSRC
(1991b, 1992, 1993, 1994, 1995, 1996¢).

b. The average dose includes only workers who re-
ceived a measurable dose during the year.

In 1995, 13,307 SRS workers received a measur-
able dose of radiation. Statistically, these work-
ers would be likely to contract approximately
3,130 fatal cancers from all causes during their
lifedmes; however, this cancer incidence rate
depends on the age and sex distribution of the
populaton. In 1995 this group received 247
person-rem and could experience as many as 0.1
additional cancer death due to their 1995 occu-
pational exposure. Continuing operation of the
SRS could result in as many as 0.1 additional
cancer death for each year of operation, assum-
ing future annual worker exposures continue at
the 1995 level. Thus, as with the public, the an-
nual radiatdon dose to SRS workers results in a
calculated cancer risk that is extremely small in

comparison to the natural incidence of fatal
cancer.

Nonradiological. A well-defined worker pro-
tection program is in place at the SRS to protect
the occupational health of DOE and contractor
employees. To prevent occupational illnesses
and injuries and to preserve the health of the
SRS workforce, contractors involved in the
construction and operation of Site facilities es-
tablish and implement essential health and
safety programs based on DOE Orders, DOE-
prescrbed standards, and contractor worker
protection standards and procedures. The his-
toric data in Tables 3-12 and 3-13 indicate that
the implementation of health and safety pro-
grams based on these requirements results in
accident and injury rates lower than those that
occur in general industry. In addition, the Oc-
cupational Safety and Health Administration
(OSHA) has established Permissible Exposure
Limits (PELs) to regulate worker exposure to
hazardous chemicals. These limits refer to air-
borne concentrations of substances and repre-
sent conditions under which nearly all workers
could receive repeated exposures day after day
without adverse health effects.

Table 3-14 lists OSHA-regulated workplace
pollutants likely to be generated by the accelera-
tor and its associated facilities and the applicable
OSHA limit.

3.4.2 TERRESTRIAL ECOLOGY

Both the preferred and alternate APT sites are
largely forested, dominated by stands of loblolly
and slash pine. The loblolly stands on the pre-
ferred site are generally larger and older (10 to
12 inches in diameter; planted in the late 1950s)
than those on the alternate site (about 10 inches
in diameter and planted from 1972 to 1982).
Younger stands of loblolly pine planted in the
late 1980s cover about 20 percent of the pre-
ferred site. About 15 percent of the alternate
site is longleaf pine planted in 1992. The stands
of slash pine are generally older, dating back to
the early 1950s (SRFS 1997). Understory spe-
cles common in the pine stands include black
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Table 3-12. Comparison of 1996 rates for SRS construction subcontractors and SRS construction to

1995 rates for general industry construction.3,b

SRS Con-
SRS Construction struction De- Construction
Incident rate Subcontractors? partment? industryb
Total recordable cases 4.69 5.05 10.60
Total lost workday cases 1.48 1.93 4.90

a. Source: Saban 1997.
b. Source: Bureau of Labor Statstics 1995.

Table 3-13. Comparison of 1996 rates for SRS operations to 1995 incidence rates for private industry

and manufacturing.3,b
Incident rate SRS operations®  Private industryd Manufacturingb
Total recordable cases 0.88 8.10 11.60
Total lost workday cases 0.40 3.60 5.30

a. Source: Saban 1997.
b. Source: Bureau of Labor Staustics 1995.

cherry, various oaks, and persimmon (Wike et
al. 1994). Both sites also have small pockets of
40- and 60-year old upland hardwood stands of
white oak, red oak, and hickory ranging in size
from 8 to 12 inches in diameter (SRFS 1997).
Understory species found on the preferred site
include vacciniums (blueberries), sparkleberry,
hickories, laurel oak, water oak, southern red
oak, sweetgum, black cherry, persimmon, sassa-
fras, and winged sumac. Ground cover includes
Japanese honeysuckle, yellow jessamine, green
brier, muscadine grape, spotted wintergreen,
various grasses, legumes, and composites (Imm
1997). Figures 3-16 and 3-17 show the forest
cover types of each site.

The SRS contains diverse reptle and amphibian
communities due to its physiographic character-
istics, large size, climate, varety of terrestrial
and aquatic habitats, and protection from public
intrusion (Gibbons and Patterson 1978; Gib-
bons and Semlitsch 1991). Thirty-six species of
snakes, 26 frogs and toads, 17 salamanders, 12
turtles, 9 lizards, and the American alligator oc-
cur on the Site (Wike et al. 1994). Amphibian
and reptile species likely to occur in the pine
and upland hardwoods stands found at both
APT sites include the southern toad, eastern
fence lizard, and the black racer.

A variety of mammals also inhabit the SRS.
White-tailed deer, feral hog, gray and red foxes,
raccoon, gray and fox squirrels, eastern cotton-
tail rabbit, and Virginia opossum are species
that are likely to occur on the proposed accel-
erator sites (Cothran et al. 1991; Imm 1997).

A variety of birds including migrants and per-
manent residents occur in the pine forests and
open acres of the SRS and would likely be
found at both APT sites. Some 213 species of
birds have been identified on the SRS (Wike et
al. 1994). Species likely to udlize the pine
dominated forests of the preferred and alternate
sites include common native songbirds (e.g.,
Carolina wren, wood thrush, northern mock-
ingbird, and rufous-sided towhee), neotropical
migrant songbirds (e.g., pine warbler, praire
warbler, and red-eyed vireo), woodpeckers (e.g.,
red-bellied woodpecker and common yellow-
shafted flicker), birds of prey (e.g., sharp-
shinned hawk and common screech owl), and
upland game birds (common bobwhite and
eastern wild turkey) (Wike et al. 1994). Open
areas such as powerlines, openings and road-
sides would be utilized by northern mocking
bird, mourning dove, rufous-sided towhee, and
common bobwhite Imm 1997). Appendix D
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Table 3-14. Potential Occupational Safety and Health Hazards and Associated Exposure Limits.2

System Hazard Limit
Water chemistry laboratory Acetic acid 10 parts per million
Acetone 1,000 parts per million
Ammonium persulfate None established
Argon Asphyxiant
n-butyl acetate 150 parts per million
Ethanol 1,000 parts per million
Ethylenediaminetetraacetic acid None established
Hexane 500 parts per million
Hydrochloric acid 5 parts per million -- ceiling
Hydrofluoric acid 3 parts per million
Methanol 200 parts per million
Nitic aad 2 parts per million
Nitrogen Asphyxiant
Oxalic acid 1 milligram per cubic meter
Pentane 1,000 parts per million
Potassium hydroxide 2 milligrams per cubic meter -- ceil-
ing
Sulfuric acid 1 milligram per cubic meter
Xylene 100 parts per million
Demineralizer building radwaste Ammonium hydroxide 25 parts per million
reverse osmosis
Citrdc acid None established
1-(2-chloroallyl)-3,5,7-triaza-1- None established
azoniqaadamantane chloride
Hexamethylenetetraamine hydrochlo-  None established
nde
Nitric acid 2 parts per million
Phosphoric acid 1 milligram per cubic meter
Sodium bicarbonate None established
Sodium hydroxide 2 milligrams per cubic meter
Tetrasodium EDTA None established
Cryogenics maintenance facility Hydrofluosic acid 3 parts per million
Nitric acid 2 parts per million
Phosphorc acid 1 milligram per cubic meter
HVAC and process chillers Hydrotreated heavy naphthentic distil- 5 milligrams per cubic meter
lates
Potassium hydroxide 2 milligrams per cubic meter -- ceil-
ing
1-h-benzotriazole, methyl None established
Ethane, 1,2 - dichlorotetrafluoro 1,000 parts per million
(Freon-114)
Noise 90 dBA
Water treatment facility Anionic polymer None established
5-chloro-2-methyl-4 0.1 milligram per cubic meter
isothiazolin-3-one
2,2-dibromo-3-nitrilopropionamide 2.0 milligrams per cubic meter
manufacturer recommended limit
Hydrazine 0.1 part per million
2-methyl-4-isothiazolin-3-one None established
Sodium molybdate 5 milligrams per cubic meter
Sodium nitrate None established
Sulfuric acid 1 milligram per cubic meter
Noise 90 dBA
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Table 3-14. (continued).

System Hazard Limit
Linear accelerator Electromagnetic frequencies Frequency dependent ACGIH rec-

ommendations

Ozone 0.1 part per million

Nitric acid 2 parts per million

Lasers Wavelength dependent ACGIH rec-
ommendations

Visible light Wavelength dependent ACGIH rec-
ommendations

2. The OSHA permissible exposure limits listed in Tables Z-1-A or Z-2 of the OSHA General Industry Air Contami-
nants Standard (29 CFR 1910.1000) provided if appropriate. These limits, unless otherwise noted (e.g., ceiling),

must not be exceeded during any 8-hour work shift of a 40-hour work week. If the designation of “ceili

” is 2550~

ciated with one of the limits listed in this table, the air concentration must not exceed that limit during any part of

the workday.

of the Final/ Environmental Impact Statement, Shut-
down of the River Water System at the Savannah River
Site (DOE 1997) contains a comprehensive list
of wildlife found on the Savannah River Site.

3.4.3 AQUATIC ECOLOGY

The aquatic resources of the SRS have been the
subject of intensive study for more than
40 years. Research has focused on the flora and
fauna of the Savannah River, the five tributary
streams of the rver that drain the Site, and two
manmade impoundments (Par Pond and
L-Lake) that DOE built to receive heated efflu-
ents from nuclear production reactors. Detailed
information on SRS aquatic biota and aquatic
ecosystems appears in several monographs
(Patrick, Cairns, and Roback 1967; Bennett and
McFarlane 1983), the 8-volume Comprehensive
Cooling Water Study (DuPont 1987), and a
number of environmental impact statements
concerned with SRS water resources (DOE
1984; 1987; 1990; 1997).

Savannah River

Since 1951, DOE has sponsored continual
monitoring of periphyton or attached algae, in
the Savannah River above, below, and adjacent
to the SRS (Wike et al. 1994). These ongoing
studies, conducted by the Academy of Natural
Sciences of Philadelphia (ANSP) include semi-
monthly surveys of diatom communities, quar-
terly cursory studies of both diatom and non-

diatom algae, and detailed surveys of attached
algac every 4 years. The annual environmental
reports published annually by DOE (e.g., Arnertt
and Mamatey 1996) summarize the results of
the ANSP studies. The studies have generally
concluded that SRS effluents do not have an
adverse impact on the health of the Savannah
River.

Periphyton — Small organisms, such as al-
gae, that attach to rocks, submerged logs,
stems, and leaves of plants, and other sub-
strates in streams, rivers, ponds, and lakes.

Benthic macroinvertebrates — Small ani-
mals that live on the bottom of a body of
water that are visible to the naked eye and
have no vertebral column (backbone), such
as larval aquatic insects (mayflies and cad-
disflies) and mollusks (clams and mussels).

Plankton — Microscopic organisms in rivers,
ponds, lakes, and reservoirs that are sus-.
.pended in the water column and whose
movements and distribution are largely de-
termined by winds and currents. Phyto-
plankton are microscopic plants (algae);
zooplankton are microscopic animals (e.g.,
“water fleas”).

Ichthyoplankton — Eggs and early larvae of
fish that are carried passively with currents
in rivers and lakes.

Benthic macroinvertebrates (small, bottom-
dwelling organisms) such as insect larvae were
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Stand establishment date -
timber type

1954, 1956 and 1958 - loblolly pine|

1979 - loblolly pine

1987, 1988 and 1989 - loblolly pine
1935 - white oak, red oak, hickory
1950 - white oak, red oak, hickory
1957 and 1958 - slash pine

1944 - longleaf pine

]

Source: SRFS (1897). _—\ “~_

N\

Figure 3-16. Forest cover of preferred APT site.

PKes-Z1-PC
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]

" Stand establishment date -
timber type

“l 1930 - white oak, red oak, hickory

’

1955 - white oak, red oak, hickory

1933, 1943 - loblolly pine, hardwood

1946 - loblolly pine

—— —
/B

1972 - loblolly pine
1980, 1982 - loblolly pine

1955, 1959 - slash pine

Figure 3-17. Forest cover of alternate APT site.

1968 - slash pine ,;
1992 - longleaf pine ,,'
| Source: SRFS (1"997). [ ! I,"
PK68-21-PC
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collected monthly at nine locations in the Sa-
vannah River from October 1983 through Sep-
tember 1985 using artificial substrate samplers
(Wike et al. 1994). Table 3-15 summarizes the
results of the study. These same locations (plus
two additional stations) were sampled quarterly
over the same period with drift nets to deter-
mine if organisms were moving from location
to location or abandoning particular areas.

During the 2-year study, 146 macroinvertebrate
taxa were collected from the Savannah River.
Of these, 96 taxa were collected from the mul-
dplate samplers and 50 were collected exclu-
sively in the drift. Dipterans accounted for 46.5
to 73.8 percent of the organisms collected from
the multiplate samplers (Table 3-15). The most
commonly collected dipterans included chiro-
nomids and blackflies. Other common insect
groups included Trichoptera (caddisflies; 18.5 to
30.3 percent), Ephemeroptera (mayflies; 5.2 to
17.3 percent), and Plecoptera (stoneflies; 1.2 to
3.1 percent). Oligochaetes and amphipods were
also locally abundant at one or more stations.

The most abundant groups of macroinverte-
brates in the drift were oligochaetes (aquatc
earthworms) and chironomids (midges). Other
common taxa included nematodes, Hydracanina,
amphipods, mayflies, caddisflies, and blackflies.

Most fisheries studies in the Savannah River can
be grouped into two categories: those empha-
sizing the reproductive requirements and suc-
cess of striped bass and those designed to assess
the impacts of SRS operations on fish spawning
and the survival of fish eggs and larvae. Early
efforts concentrated on the identification of
striped bass spawning areas and the assessment
of tide-gate operations on striped bass spawning
success. Recent studies have focused on the re-
production, recruitment, and habitat require-
ments of striped bass (Wike et al. 1994).

Programs designed to assess the impacts of SRS
operations began in 1977 with studies on the
entrainment of American shad eggs in the SRS
Savannah River intakes (Wike et al. 1994). Be-
ginning in 1982, the SRS initiated 2 much larger
project in the midreaches of the Savannah River

that, at one point, encompassed 26 sample sta-
tons in the nver (plus 36 more in oxbows and
the mouths of tributary creeks) between River
Miles 18.4 and 116.3. Specific project objec-
tives were to assess entrainment rates for fish
eggs and larvae at SRS water intakes and, more
generally, the impacts of SRS operations on fish
spawning. This study also generated informa-
ton on the distribution and abundance of ich-
thyoplankton (fish eggs and plankton) in the

nver.

Over the 1983-1985 period, an average of 7,603
fish were impinged on river water pump intake
screens each year (Wike et al. 1994). Entrain-
ment losses averaged 10 million eggs and 18.8
million larvae annually. Species most affected
by impingement were bluespotted sunfish and
threadfin shad. Entrainment losses were pri-
marily American shad and other clupeids.

Additional entrainment-related studies were
conducted during 1991 (Dames and Moore
1992). A total of 33 taxa were collected during
this study. American shad and striped bass ac-
counted for 76 percent and 5 percent, respec-
tively, of the fish eggs collected. Minnows and
spotted sucker comprsed most of the fish lar-
vae collected. These patterns were generally
similar to those observed during the earlier
studies. Four sturgeon larvae were collected,
but it was not determined if these were larvae of
the Atlantic sturgeon or the endangered short-
nose sturgeon.

Upper Three Runs

At least 551 species of aquatic insects occur in
Upper Three Runs (Wike et al. 1994). A 1993
study identfied 93 species of caddisflies, includ-
ing three not previously found in South Caro-
lina and two that were new to science. In
addition, Davis and Mulvey (1993) identified a
rare clam species in the Upper Three Runs
drainage. In 1997, the US. Fish and Wildlife
Service redesignated the American sand-
burrowing mayfly, a relatively common mayfly
in Upper Three Runs, a species of Federal con-
cern from its former Category 2 species status

349



Affected Environment

DOE/EIS-0270D
DRAFT, December 1997

Table 3-15. Relative abundance (percent) of major taxonomic groups of macroinvertebrates on Hester-
Dendy Multiplate Samplers in the Savannah River, 1984-1985.

Station (niver mile)
Taxon 152.2 152.0 150.8 150.4 141.7 141.5 137.7 129.1 128.9
Oligochaeta (aquatic 24 20 0.4 0.2 <01 0.2 4.2 0.8 03
earthworms)
Amphipoda (scuds) <0.1 <0.1 <0.1 <01 <0.1 14 0.2 <0.1 <0~1
Ephemeroptera 6.0 5.6 6.1 5.2 8.5 10.2 13.4 17.3 16.3
(mayflies)
Plecoptera 1.2 1.5 1.3 1.2 1.2 1.6 31 1.9 20
(stoneflies)
Trichoptera 256 224 275 18.5 29.8 30.3 29.6 30.0 221
(caddisflies)
Diptera (true flies) 63.2 66.3 63.6 738 59.5 54.8 46.5 487 58.0
Other? 1.6 22 11 11 1.0 1.5 3.0 1.3 1.3

Source: Wike at al. (1994).

a  Taxa that each comprised less than 1 percent of the organisms collected at a station; these included Turbellaria, Nematoda, Hi-
rudinea, Gastropoda, Pelecypoda, Hydracarina, Decapoda, Collembola, Odonata, Hemiptera, Coleoptera, and Lepidoptera.

(Fridell 1997). This species is sensitive to silta-
tion, organic loading, and toxic releases (Wike et
al. 1994). Between 1987 and 1991, the density
and varety of insects collected from Upper
Three Runs decreased for unknown reasons.
Data collected more recently indicate, however,
that the insect communities might be recovering
(Wike et al. 1994).

Fish were sampled in Upper Three Runs in
1984-1985, 1992, and 1993. The 1984-1985
samples were part of the Comprehensive Cool-
ing Water Study, and included ichthyoplankton
collections from the lower reaches of the
stream. The 1992 samples were part of an ef-
fort to characterize fish assemblages on the SRS
and assess possible impacts resulting from the
outcropping of contaminated groundwater from
F- and H-Areas into Upper Three Runs (Wike
et al. 1994).

The fish assemblages at most Upper Three
Runs sample stations were dominated by shin-
ers and sunfishes. Larger predatory and bot-
tom-feeding species were typical of those found
in larger streams. The smaller tributary sample
stations were dominated by shiners, followed by
pirate perch, madtoms, and darters -- a pattern
typical of unimpacted streams on the SRS
(Paller 1994).

Pen Branch and Indian Grave Branch

The macroinvertebrate communities of Pen
Branch were surveyed from 1983 to 1985 when
K-Reactor was discharging heated effluent to
that stream, and in 1988 and 1989 after the
K-Reactor shutdown (Wike et al. 1994). Before
the shutdown, portions of Pen Branch directly
downstream from the reactor outfall contained
few benthic macroinvertebrate taxa, while areas
farther removed from the outfall (such as the
Savannah River Swamp) had a more diverse
benthic macroinvertebrate community.  The
macroinvertebrates in thermally impacted areas
were generally pollution-tolerant forms (e.g,
chironomids, nematodes, and oligochaetes) ca-
pable of surviving high temperatures and low
oxygen levels. After the K-Reactor shutdown,
macroinvertebrate communities began to re-
cover, with densities and taxa richness generally
higher (86 taxa collected in 1988-1989 versus 51
in 1984-1985). The benthos continued to be
dominated by pollution-tolerant groups (e.g.
chironomids and blackflies) after K-Reactor op-
erations ended.

Aho et al. (1986) investigated the community
structure of fishes in Pen Branch, Meyers
Branch, and Steel Creek in 1984 and 1985 as
part of the Comprehensive Cooling Water
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Study. Steel Creek had the highest diversity,
with slightly lower values for Pen Branch and
Meyers Branch. In each stream, diversity was
highest at downstream locations.

Upper reaches of Pen Branch were character-
ized by low species richness (11 species col-
lected) and diversity: six species (mud sunfish,
brown bullhead, dollar sunfish, chubsucker,
redfin pickerel, and mosquitofish) made up
more than 91 percent of all fish collected (Aho
et al. 1986). Lower reaches of Pen Branch
contained more species (27), a higher percent-
age of which were small-bodied species (e.g.,
yellowfin shiners, madtoms, and darters) com-
monly found in blackwater streams of the
Coastal Plain.

After the K-Reactor shutdown, fish rapidly
recolonized Pen Branch and Indian Grave
Branch (Wike et al. 1994). Yellowfin shiners,
bluehead chubs, and pirate perch were the most
common species in the upper reaches of the
stream. Largemouth bass, lake chubsucker, red-
ear sunfish, and redbreast sunfish were most
abundant in the middle reaches. Brook silver-
sides, coastal shiners, spotted sunfish, and lake
chubsuckers were most common in the delta.
Indian Grave Branch collections were domi-
nated by four species: spotted sucker (22.2 per-
cent of total), coastal shiner (18.5 percent), lake
chubsucker (14.8) percent, and redbreast sun-
fish (14.8 percent).

Lower Three Runs

The macroinvertebrate communities of Lower
Three Runs were last surveyed in 1983 and 1985
as part of the Comprehensive Cooling Water
Study (Wike et al. 1994). The macroinvertebate
community just downstream of the Par Pond
dam was characterized by extremely high densi-
ties, most notably midges (chironomids). Cad-
disflies and blackflies were also abundant.
Many of these organisms are filter feeders, pre-
sumably taking advantage of nutrients carried
downstream from Par Pond.

At a staton roughly 16 miles downstream of the
Par Pond dam, densites of macroinvertebrates

were reduced, but species richness (diversity)
was high (Wike et al. 1994). Common taxa in-
cluded a number of midges, a stonefly, two
mayfly species, and a caddisfly.

The macroinvertebrate community in the lower
reach of Lower Three Runs (just above its con-
fluence with the Savannah River) was character-
ized by relatively high densities and relatively
low diversity. Midges (chironomids) made up
84 percent of all organisms collected. Other
common organisms included a mayfly and a
caddisfly.

Flows in Lower Three Runs during the 1984-
1985 study were higher than those observed in
more recent years, and the 1984-1985 com-
munity characterizations might not reflect cur-
rent conditons. However, general upstream-to-
downstream trends likely remain the same:
relatively high densities of macroinvertebrates in
the area below the dam and at the mouth of the
stream; and highest species richness and diver-
sity in middle reaches of the stream.

Surveys of fish in Lower Three Runs were con-
ducted in 1990 as part of an effort to assess fish
community structure in SRS streams (Wike et al.
1994; Paller 1994). Fish communities showed
pronounced upstream-to-downstream trends.
Upstream areas where the stream is shallow and
relatively narrow were dominated by a mixed
assemblage of sunfish (primarily redbreast and
spotted sunfish), shiners, and pirate perch.
More downstream areas, which are typically
deeper and wider, were dominated by spotted
suckers, largemouth bass, and creek chubsuck-
ers. This pattern -- a mixed community of
small-to-medium sized insectivorous species at
shallow, narrow stream sites and a community
of large benthic insect-eating and predatory fish
at wider, deeper sites -- was fairly typical of
southeastern coastal plain streams (Paller 1994).

Par Pond System

DOE has not conducted a systematic survey of
the flora and fauna of Ponds 2, 5, and C (the
“pre-cooler” ponds). For this EIS, the De-
partment conducted a cursory field survey of
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plants and animals on July 14, 1997
(Kennemore 1997). This survey and interviews
of scientists from the Savannah River Ecology
Laboratory led to the development of basic in-
formation on the ecological communities of
Ponds 2 and 5. Pond C was the subject of sev-
eral studies of behavioral thermoregulaton in
fishes (and recurring fish kills) in the 1970s and
1980s, but little is known of its plant and inver-
tebrate communites.

Because the pre-cooler ponds historically re-
ceived water from the River Water System and
Par Pond (recirculated through Pumphouse
6G), DOE assumes that the aquatic communi-
des of these ponds represent a less diverse sub-
set of the communities in Par Pond. In
addidon, DOE assumes that the pre-cooler
ponds contain periphyton (attached algae)
communities similar to those in Par Pond,
which are dominated by three major taxonomic
groups — green algae, diatoms, and blue-green
algae (Wilde 1985; Wilde 1987). Community
composition of the periphyton in these ponds
almost certainly changes seasonally, in response
to changes in temperature, light intensity, rain-
fall, and nutrient inputs from the watershed.
Similarly, DOE assumes that the pre-cooler
ponds contain macroinvertebrate communities
numerically dominated by dipterans (“true”
flies) and oligochaetes (aquatic earthworms)
with small numbers of aquatic insects such as
odonates (dragonflies), trichopterans
(caddisflies), and ephemeropterans (mayflies)
also present (Wilde 1985; Wilde 1987). The
following fish species are known to occur or
likely occur in Ponds 2, 5, and C: gizzard shad,
redfin pickerel, golden shiner, true shiners
(Notropis  spp.), lake chubsucker, bullheads
(Ameiurus spp.), pirate perch, mosquitofish,
brook silverside, redbreast sunfish, warmouth,
bluegill, spotted sunfish, and largemouth bass.
The relative abundance of these species is un-
known, but bluegill and largemouth bass are
partcularly abundant in Pond C and Par Pond
(Bennertt and McFarlane 1983; Aho and Ander-
son 1985).

The aquatic ecology of Par Pond was studied
intensively from January 1984 through June

1985 as part of a Clean Water Act Secton
316(a) thermal effects demonstration. It found
that the reservoir supports a diverse phyto-
plankton (algae) community; green algae were
most abundant, followed by diatoms and blue-
green algae (Chimney, Cody, and Starkel 1985).
In terms of density, diatoms were the most
abundant algal group. In terms of primary pro-
ducdvity, chlorophyll-z concentrations and algal
community composition, Par Pond was similar
to other lakes in the southeastern United States.

Protozoans and rotifers dominated the
zooplankton community, with protozoans more
abundant in the winter and spring and rotifers
in the summer (Chimney, Cody, and Starkel
1985). Larger-bodied cladocerans (water fleas)
and copepods were most abundant in the sum-
mer, indicating a lack of strong pressure from
fish predadon. As with phytoplankton, the
zooplankton community in Par Pond was simi-
lar to that in other southeastern lakes.

The fishes of Par Pond have been studied in-
tensively for more than 25 years; Wike et al
(1994) lists 50 major studies (journal articles and
monographs) dealing with Par Pond fish. Most
of these studies were concerned with the effects
of thermal discharges from SRS reactors on fish
behavior, physiology, and ecology. Population
studies in the 1970s and 1980s showed large-
mouth bass, bluegill, black crappie, lake chub-
sucker, brook silverside, and mosquitofish to be
particularly abundant in Par Pond (Wike et al.
1994).

The 1991-1995 drawdown of Par Pond tempo-
rarily affected fish populations due to reduced
spawning and nursery habitat for many species
and increased predation on small forage species
[e.g., brook silverside, golden shiner, and min-
nows (No#rgpis species)] and young-of-the-year
sunfish that use littoral zone macrophyte beds
for escape cover.

3.44 WETLAND ECOLOGY

The SRS has extensive widely distributed wet-
lands, most of which are associated with flood-
plains, creeks, or impoundments.  Using
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information from a land cover and land use
geographic information system data base devel-
oped from multidate aeral photography taken
in the late 1980s, DOE estimates that SRS wet-
lands cover almost 49,000 acres (Wike et al.
1994). There are about 300 Carolina bays
(Kirkman et al. 1996), a wetland feature unique
to the southeastern United States, on the Site;
they exhibit extremely varable hydrology with
resident plant communities ranging from herba-
ceous marshes to forested wetlands.

Savannah River

The Savannah River supports an extensive
swamp, coverng about 9,400 acres of the SRS;
a natural levee separates the swamp from the
river. Predominating the forest cover in the
swamp is second-growth bald cypress, black
gum, and other hardwood species. The five
streams draining the Site have floodplains with
bottomland hardwood forests or scrub-shrub
wetlands in varying stages of succession.
Dominant species include red maple, box elder,
bald cypress, water tupelo, sweetgum, and black
willow (Wike et al. 1994).
Pen B - ve B

The Pen Branch-Indian Grave Branch system
would receive blowdown from the K-Area
natural-draft cooling tower, if DOE chose it to
cool the heated water from the APT facilides.
At present, the stream receives nonthermal ef-
fluents (nonprocess cooling water, ash basin ef-
fluent waters, powerhouse wastewater, and
sanitary wastewater) from K-Area and sanitary
effluents from the Central Shops Area. Since
shutdown of the K-Reactor, wetlands in the Pen
Branch corridor and delta have shifted from
nonpersistent vegetation and water to more
persistent vegetaton and drer conditions.
Acreage in the stream corridor consists pre-
dominantly of bottomland hardwood (64 per-
cent) along with willow (18 percent), scrub-
shrub (10 percent), deep water (9 percent), and
mud flats (6 percent). The delta is dominated
by willow (36 percent), cattails (32 percent),
shallow water (17 percent), scrub-shrub (9 per-

cent), and deep water (4 percent) (Wike at al.
1994).

Par Pond System

Since the P-Reactor shutdown in 1988, the Par
Pond system has not received heated effluent.
Flow from the River Water System stopped in
carly 1996 (Cooney et al. 1996). The canals
connecting the pre-cooler ponds are lined with
rip-rap and contain a heavy growth of alligator-
weed. Zones of dense emergent vegetation
along the margins of the ponds provide habitat
for a variety of aquatic and semi-aquatic animals
(water snakes, frogs, turtles, and wading birds).
Cattails and burweed dominate the shoreline of
Pond 2; sedges, grasses, and bulrushes are also
present but are minor components of the emer-
gent vegetation community. The Pond 5 shore-
line is dominated by cattails, with arrowhead,
rushes, sedges, and bulrushes as minor compo-
nents. Pond C, like Pond 5, has a shoreline
dominated by cattail, with spike-rush and water-
shield in some areas (Kennemore 1997).

In March 1991 DOE discovered a depression
on the downstream slope of the Par Pond dam.
While DOE was determining what repairs were
needed, it lowered the water level from 200 feet
to 181 feet. As a result, the wetlands vegetation
that developed with the fairly stable water levels
that characterized Par Pond from 1958 to 1991
were exposed to drying conditions, and exten-
sive losses occurred along the shoreline (DOE
1997). In the spring of 1995, DOE restored Par
Pond to a full pool level. Shoreline aquatic
vegetation is undergoing rapid redevelopment.
Maidencane, the current dominant emergent
species, has become less abundant in deeper
water since DOE refilled the pond. Several
other species that dominated wetland areas be-
fore the drawdown are increasing in abundance,
including lotus, water lily, watershield and spike
rush. Cattails are scattered throughout most of
Par Pond, and long beds are forming in the
Middle Arm. In 1996 lotus expanded into areas
formerly dominated by cattails. Woody species
(e.g., loblolly pine, willow, and red maple) that
colonized the edge of the reservoir during the
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drawdown, are declining in abundance since the
refill, although there is 2 band of willow and red
maple around the margin of the lake (DOE
1997).

For the most part, wetlands along Lower Three
Runs downstream of Par Pond are bottomland-
hardwood swamps associated with the flood-
plain (DOE 1990). Bottomland hardwoods on
the SRS are typical of the mixed hardwood for-
ests in low wet areas of the southeastern Coastal
Plain (Workman and McLeod 1990). Common
tree species in these areas tolerate flooding of
limited depth, which is normally restricted to
late winter and early spring when the plants are
dormant (Whipple, Wellman, and Good 1981)
This includes several species of oak, sweetgum,
cottonwood, American elm, sycamore, and red
maple. In addition, some scrub-shrub and other
emergent wetlands occur in the main channel
and tributaries of Lower Three Runs. Although
most influenced by Par Pond releases, these
bottomland areas have also been affected by
beaver activity (DOE 1990). Some cypress-
tupelo areas are near the confluence of Lower
Three Runs and the Savannah River (DOE
1997).

Mammal species found in the wetland areas in-
clude beaver, otter, weasel, marsh rabbit, musk-
rat, star-nosed mole, mink, rice rat, and raccoon
(Wike et al. 1994). Extensive studies of reptle
and amphibian use of the wetlands of the SRS
have been conducted by the Savannah River
Ecology Laboratory (Gibbons and Semlitsch
1991; Schalles et al. 1989). Christmas bird
counts and ecological inventores provide in-
formation on the avian species common to SRS

wetlands (Wike et al. 1994).

3.4.5 THREATENED AND ENDAN-
GERED SPECIES

Table 3-16 lists the threatened and endangered
species that occur on the SRS (Wike et al. 1994).
There is no designated critical habitat for any
listed threatened or endangered species on the
proposed APT sites.

Table 3-16. Threatened and endangered spe-

cies of the Savannah River Site.

Common name Status
Bald eagle T2
Wood stork Eb
Red-cockaded woodpecker E
American alligator T/SAc
Shortnose sturgeon E
Smooth coneflower E

a. T - Federally threatened species.

b. E - Federally endangered species.

c.  T/SA - Threatened due to similarity of appearance
to the endangered American crocodile.

The smooth coneflower is the only endangered
plant species on the SRS. The closest colony of
this plant is on Burma Road approximately
1 mile south of the intersection with Road C,
approximately 6 miles from the preferred APT
site. A second colony is near the junctions of
SRS Roads 9 and B (LeMaster 1994). The
habitat of the smooth coneflower is open
woods, cedar barrens, roadsides, clearcuts, and
power line rights-of-way. Optmum sites are
characterized by abundant sunlight and litde
competition in the herbaceous layer (FWS
1995). Suitable habitat for this species occurs
throughout the SRS, including the powerline
nght-of way adjacent to the preferred APT site,
though none have been found in the vicinity of
cither sites (Imm 1997).

Wood storks feed in the Savannah River Swamp
and the lower reaches of Steel Creek, Pen
Branch, Beaver Dam Creek, and Fourmmile
Branch. They foraged at Par Pond during the
drawdown in 1991 (Bryan 1992). Neither of the
APT sites contains suitable foraging habitat for
wood storks, and no storks have been reported
in these areas (Imm 1997). Bald eagles nest
near Par Pond and L-Lake and forage in these
reservoirs (USDA 1988; Bryan et al. 1996; Le-
Master 1996). One bald eagle was reported
flying near the junction of SRS Roads E and 4,
south of H-Area, in November 1985 (Mayer,
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Kennamer, and Hoppe 1986). However, nei-
ther APT site contains suitable foraging habitat
for bald eagles Imm 1997). The red-cockaded
woodpecker inhabits and uses open pine forests
with mature trees (older than 70 years for nest-
ing and 30 years for foraging). While the pre-
ferred site  contains no  red-cockaded
woodpecker nesting or foraging areas in use by
the birds, it does contain unoccupied habitat

approaching suitable age (LeMaster 1997).

Shortnose sturgeon, typically residents of large
coastal rivers and estuaries, have not been col-
lected in the tributaries of the Savannah River
that drain the SRS. Sturgeon ichthyoplankton
have been collected in the rver near the Site
(Wike et al. 1994).

The American alligator occurs in a vardety of
SRS habitats, including river swamps, small
streams, abandoned farm ponds, and Par Pond
and L-Lake (Du Pont 1987). Par Pond contains
the largest concentration of alligators, with
more than 200 animals (LeMaster 1996). High
stream flows and temperatures from K-Reactor
operations made most of Pen Branch unsuitable
for alligators untl 1988, but there are indica-
tions that the lowest reaches of the stream are
being recolonized (Wike at al. 1994). Lower
Three Runs has historically supported a repro-
ducing population of alligators, most of which
are concentrated in an area below the Par Pond
dam where they are protected from human en-
croachment (Murphy 1981; Wike et al. 1994).

3.5 The Regional Economic and
Social Environment

This section descrbes the economic and demo-
graphic baseline for the area around the SRS.
The purpose of this information is to assist in
understanding the impacts accelerator construc-
ton and operation could have on community
service needs and prospects for economic
growth, and any disproportionate impacts they
could have on minority and low-income neigh-
borhoods. -

3.5.1 CURRENT ECONOMIC CONDI-
TIONS

The socioeconomic region of influence for the
proposed action is a six-county area around the
SRS where the majority of Site workers reside
and where socioeconomic impacts are likely to
occur. The six counties are Aiken, Allendale,
Barnwell and Bamberg in South Carolina, and
Columbia and Richmond in Georgia. Socioeco-
nomic Characteristics of Selected Counties and Com-
munities Adjacent 1o the Savannah River Size HNUS
1997) contains details on the region of influ-
ence, as well as most of the information dis-
cussed in the following sections.

3.5.1.1 Regional Fiscal Conditions

The countes with the greatest potental to be
affected by activides at the Savannah River Site
are Aiken and Barnwell in South Carolina and
Richmond and Columbia in Georgia. Data
available for fiscal year 1994 for these countes
indicate that revenues exceeded expenses in all
but Columbia County. Barnwell County had
the lowest revenues at $8 million. Columbia,
Aiken, and Richmond Counties followed with
$20, $30, and $62 million, respectively. Socioeco-
nomic Characteristics of Selected Counties and Com-
munities Adjacent to the Savannab River Size HNUS
1997) contains the funding levels for the Cites
of Aiken, Barnwell, and New Ellenton, South
Carolina, and Augusta, Georgia. -

3.5.1.2 Employment and Income

In 1994 the total civilian labor force for the re-
gion of influence was 206,518, with 6.9 percent
unemployment. The unemployment rate for
the United States for the same period was 6.1
percent. In 1994 total employment according to
Standard Industrial Code sectors ranged from
479 workers in the mining sector (e.g., clay and
gravel pits) to 58,415 workers in the services
sector (e.g., health care and education). Average
per capita personal income in 1993 (adjusted to
1995 dollars) was $18,867, in comparison to the
U.S. figure of §21,937.
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Based on a detailed workforce survey completed
in the Fall of 1995, the SRS had 16,625 workers
(including contractors, permanent and tempo-
rary workers, and persons affiliated with Federal
agencies and universities who work on the Site)
with a total payroll of slightly over $634 million.
DOE has continued to reduce the size of the
Site workforce. By March 1997 the workforce
was 15,112.

3.5.1.3 Housing

In 1990 (the latest housing census data), there
were 167,356 year-round housing units in the
six-county region, approximately 12 percent of
which were vacant. About 68 percent of the
year-round housing are single-unit structures,
14 percent are mobile homes, and 18 percent
are mult-unit structures. According to the
Muldple Listing Service, more than 3,500 resi-
dential housing units were for sale in January
1997 in the greater Augusta area.

3.5.1.4 Community Services and Infrastruc-
ture

Water Supply. The 55 public water systems in
the region of influence serve almost 90 percent
of the population in the six counties. In areas
not served by a public water system, prvate
wells supply water to individual residences.
Most county and municipal water supply sys-
tems obtain water from deep wells. Other ju-
risdictions derive their water from nearby creeks
and rivers such as the Savannah River. In 1996
all 55 systems were operating at well below ca-
pacity (50 percent or less) and could accommo-
date additional demand.

Wastewater Treatment. The region has 15
major public wastewater treatment facilities that
provide sewer services to almost 60 percent of
the housing units, serving almost 70 percent of
the population. In 1996 four of the six counties
(Aiken, Barnwell, Columbia, and Richmond) are
at 50- to 60-percent capacity, while Allendale
County is at capacity and Bamberg County ex-
ceeds its treatment capacity.

Solid Waste. As discussed in Section 3.3.6, the
Three Rivers Waste Authority is building a
1,400-acre solid waste management facility on
the SRS with projected operation in mid-1998.
Three of the four South Carolina countes in the
region of influence (Aiken, Bamberg, and
Barnwell) are participating in the project. Al-
lendale County will not participate, and will
transport its solid waste to neighboring Hamp-
ton County. The other three counties will close
their existing landfills when the Three Rivers
facility opens. The new facility will receive as
much as 2,000 tons of solid waste a day, and
wil accommodate member-county and SRS
solid waste needs for at least the next 20 years.

Both Georgia counties in the region (Richmond
and Columbia) have landfills. The Richmond
County landfill has an area of approximately
1,100 acres and probably can accommodate the
county’s waste at current generation rates for
the next 100 years. Columbia County operates a
landfill of approximately 130 acres. To extend
the life of this landfill, a 40-acre site in the
county has received a permit to operate as an
inert landfill to accept lawn trimmings and
wood waste; this could be expanded to con-
struction and demolidon waste. Two smaller
landfills serve the two municipalities in the
county.

3.5.2 CURRENT SOCIAL CONDITIONS

3.5.2.1 Population

Based on state and Federal agency surveys and
trends, the estimated 1994 population in the re-
gion of influence was 457,824. More than 89
percent lived in Aiken (29 percent), Columbia
(17 percent), and Richmond (43 percent) Coun-
tes (see Table 3-17). The populaton in the re-
gion grew at an average annual growth rate of
1.2 percent during the 1980s, which slowed to
less than 1 percent between 1990 and 1994.
The positive net inmigration that occurred in
the region was consistent with populaton
growth in Georgia and South Carolina. Co-
lumbia County experenced the greatest in
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Table 3-17. Population distribution and percent of region of influence for counties and selected com-

munities.
1994 1994
Jurisdiction Population % ROI

South Carolina 3,663,984
Aiken County 132,060 28.8
Aiken? 24,929 5.4
Jackson2 1,876 04
New Ellenton 2,494 0.5
North Augusta? 17,610 38
Allendale County 11,690 26
Bamberg County 16,702 36
Bamwell County 21,418 4.1
Barmnwell2 5,600 12

Georgia 7,055,336
Columbia County 79,922 17.5
Richmond County 196,032 42.8
Augusta? 43,459 9.5

Six-county total 457,824

United States 260,341,000

a.  City data preseated is also included in the respective counties.

crease, 146 percent of the total net increase.
Aiken County was second with 53 percent of
the total net increase. Over the same period,
however, Bamberg, Barnwell, and Richmond
Counties experienced net outmigration.

In 1992 the estimated median age of the popu-
ladon in the region was 31.8 years, an estimated
13-percent increase from 1980, although median
ages in the region are generally lower than those
of the nation and the two states. The region
had slightly higher percentages of persons in
younger age groups (under 5 and 5 to 19) than
the United States, while for all other age groups,
the region was comparable to U.S. percentages.
The only exception to this was Columbia
County, with only 6 percent of its population
65 years or older while the other counties and
the United States were 10 percent or greater in
this age group.

Population projections indicate that the overall
population in the region should continue to
grow until about 2040. Three counties -- Allen-
dale, Bamberg, and Barmwell -- should exper-
ence little growth after 2000, while the others
should increase consistently (see Table 3-18).

Columbia County will continue to show a sig-
nificant upward growth pattern. The propor-
tdon of persons younger than 20 should
continue to decrease, while the proportion of
persons older than 64 should increase.

3.5.2.2 Social Services and Institutions

Emersgency Services. The six-county region
has 50 fire departments, 20 of which are classi-
fied as municipal departments with 564 paid
staff and 1,100 volunteer personnel. Some of
the municipal departments also serve rural areas
outside their municipal limits.

Emergency medical and ambulance service in
the six countes is not uniformly associated with
the fire departments, although rescue squads
and ambulance services often house their
equipment in fire stations. The six-county re-
gion has 19 ambulance and rescue units (9
county or city and 10 private). In 1996 these
units had 333 paid full-ime, 119 part-time, and
249 volunteer medical personnel who operated
85 ambulance and rescue vehicles and a variety
of other trucks and equipment.
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Table 3-18. Population projections and percent of region of influence.2

2000 2010 2020
Junsdiction Population % ROI Population % ROI Population % ROI
South Carolina
Aiken County 133,760 26.8 145,798 26.3 156,587 26.2
Allendale County 12,965 26 14,131 26 15,177 25
Bamberg County 18,694 3.8 20,376 37 21,884 37
Barnwell County 22 444 45 24,464 44 26,274 44
Georgia
Columbia County 80,294 16.1 90,009 16.3 97,390 16.3
_ Richmond County 230,698 46.2 258,613 46.7 279,819 46.9
Six-county total 498,854 100 553,391 100 597,091 100
2030 2040
Jurisdiction Population % ROI Population % ROI
South Carolina
Aiken County 168,175 26.2 180,619 26.1
Allendale County 16,300 25 17,506 25
Bamberg County 23,503 37 25,243 36
Barnwell County 28,219 44 30,307 44
Georgia
Columbia County 105,376 16.4 114,017 16.5
Richmond County 300,526 46.8 325,169 46.9
Six-county total 642,099 100 692,861 100

a. Source: HNUS (1997).

County sheriff departments and municipal po-
lice departments provide most law enforcement
services in the region. State law enforcement
agents and state troopers assigned to each
county provide additional protection. There are
26 county and municipal law enforcement de-
partments in the region with 976 full-time offi-
cers (1992 data) and 788 detention facility beds.
The region has fewer officers than the South
Carolina and Georgia state averages, but it also
bas a lower crime rate than the states as a
whole.

Health Care. Eight hospitals that serve the
general public plus two military hospitals oper-
ate in the six-county region. In 1993 these
hospitals had a combined bed capacity of 3,754.
There were 5.2 licensed beds per 1,000 popula-
tion, higher than either of the two states and the
United States. The region had a combined
nursing home capacity of 2,208 beds, and three

mental health facilities provided a total capacity
of 342 beds. Current data on physicians and
nurses indicate the region has higher ratios than
either of the two states or the United States.
There are 3 physicians per 1,000 population
compared to 1.7, 1.8, and 2.4 for South Caro-
lina, Georgia, and the United States, respec-
tvely.

3.5.2.3 Educational Services

In 1995, there were 110 elementary and middle
schools, 24 high schools, and 16 post-secondary
institutions in the region. In addition, 46 pn-
vate schools serve 5.5 percent of the student
population. The average number of elementary
and middle school students per teacher ranged
from a low of 14 in Allendale County to a high
of 18 in Aiken and Columbia Countes. High
school students per teacher ranged from a low
of 13 in Allendale County to a high of 21 in
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Aiken County. Recent data on school capacities
indicate that Aiken County and parts of Barn-
well County are over the South Carolina state
average of 16.2; parts of the Columbia County
system are operating over capacity including all
middle schools, one elementary school, and
three high schools. Richmond County schools
are also generally over capacity; the county is in
a 4-year construction program to build several
new schools: one high school, one middle
school, and four or five elementary schools.

3.5.2.4 Environmental Justice

In 1995 DOE completed an analysis of the
economic and racial characteristics of the
population in areas affected by SRS operations
for the Environmental Impact Statement, Interim
Management of Nuclear Materials (DOE 1995d).
That EIS evaluated whether minority commu-
nities or low income communities could receive
disproportionately high and adverse human
health and environmental impacts. Geographi-
cally, it examined the populaton within a
50-mile (80-kilometer) radius plus areas down-
stream of the Site that withdraw drinking water
from the Savannah River. The area encom-
passes a total of 147 census tracts, resulting in a
total affected populatdon of 993,667. Of that
population, 618,000 (62 percent) are white. In
the minority population, approximately 94 per-
cent are African American; the remainder con-
sists of small percentages of Asian, Hispanic,
and Native American persons (see Table 3-19).

The analysis determined that, of the 147 census
tracts in the combined region, 80 contain
populations of 50 percent or more minorities.
An additional 50 tracts contain between 35 and
50 percent minorities. These tracts are well
distributed throughout the region, although
there are more of them toward the south and in
the immediate vicinities of Augusta and Savan-
nah (see Figure 3-18).

Low income communities [25 percent or more
of the population as living in poverty (ie., in-
come of $8,076 for a family of two)] occur in 72
census tracts distributed throughout the region
of interest, but primarily to the south and west

of the SRS (see Figure 3-19). This represents
more than 169,000 persons or about 17 percent
of the total population (see Table 3-20).

3.5.3 PROJECTED ECONOMIC AND
POPULATION CONDITIONS

This section establishes the projected economic
and population baseline for the No action alter-
native. The No action alternative assumes no
new missions at the Savannah River Site and a
leveling of the workforce at approximately
10,000 by 2001. To show the regional effects of
the changed workforce for the No action alter-
native, a simulation using the Regional Eco-
nomic Models, Inc. Economic-Demographic
Forecasting and Simulaton 53-Sector Model
(REMI EDFS-53) was run (REMI 1996). The
regional model provides control and simulation
forecasts through 2035 for the eight-county re-
gion under review. These counties are Aiken,
Allendale, Bamberg, Barnwell, and Edgefield in
South Carolina, and Burke, Columbia, and
Richmond in Georgia. REMI uses Bureau of
Economic Analysis regional employment, wage,
and personal income data, supplemented by Bu-
reau of Labor Statistics (BLS) and County Busi-
ness Pattern data to establish historical tables
which are the basis for the control forecasts.
Control economic projections are primarily
based on BLS moderate growth benchmark
projections. BLS labor force and Census Bu-
reau projections are used to project labor force.
Occupational data are from BLS, and popula-
tion data and projections are from the Census
Bureau.

Recently, Bridgestone-Firestone, Inc. an-
nounced plans to construct and operate a
$435 million dre factory in Aiken County, em-
ploying 800 when in full operation. However,
there has been no attempt in either this projec-
tion or the Chapter 4 impacts analyses to factor
in this or other expected or potential changes in
regional employment except as described based
on the SRS scenarios. This will allow the APT
EIS to focus on a comparison of the APT alter-
natives. Impacts of the Bridgestone factory will
be discussed in the cumulative impacts section.
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Table 3-19. General racial characteristics of population in the Savannah River Site region of interest.

Toual African Natve Percent
State population White Minoriies Amercan  Hispanic  Asian  American Other Minorities?
South Carolina 418,685 267,639 151,046 144,147 3,899 1,734 £2Y | 355 36.1%
ROI
Georgia ROI 274982 330233 224749 208,017 1245 146 1546 478  391%
Total 993,667 617,872 375,795 352,164 11,144 9,197 2,457 833 37.8%

a  Minorities population divided by total population.

In the short term, total regional employment for
the No action alternative would be expected to
fall and in year 2 of the analysis regional em-
ployment would be down by more than 2,600
from current levels. However, after the second
year of the analysis, regional employment would
again begin to increase, returning to current
levels in year 5. After that tme, regional em-
ployment would continue to grow at rates con-
sistent with historic regional trends. Figure 3-20
shows the projected total regional employment
for the no acton alternative.

The annual rate of regional population growth
under the No action alternative for the first
4 years of the analysis would be approximately
60 percent of the rate of growth for the 4 years
prior to the period of analysis, slowing from 1.0
to 0.6 percent per year. After that period, the
rate of annual growth would be expected to re-
turn to rates of approximately 0.8 percent for
the analysis period of 10 to 20 years. Fig-
ure 3-21 shows the projected population for the
no acton alternative.

Total regional personal income (annual) under
the No action alternative would continue to
grow, although at a slower pace during the early
years of the analysis than during the years im-
mediately preceding the analysis period. During
years 1 to 4 of the analysis, total personal in-
come would be expected to increase by ap-
proximately $600 million dollars, an annual
increase of 1.4 percent, in contrast to the an-
nualized increases of 2.7 percent for the 4 years
pror to the analysis period.

Gross Regional Product (GRP, analogous to
Gross Domestc Product) under the No acton

alternative would decrease slightly from current
levels by approximately 0.54 percent, $§70 mil-
lion dollars (1996 dollars), in year 1 of the
analysis, although it would begin to grow again
in year 2. The annual growth rate for the 4
years immediately prior to the analysis period
was approximately 2.1 percent, although the
rate had slowed to less than 1.4 percent in the
last year. In the long run, the GRP would be
expected to stabilize at approximately 1.3 per-
cent annual growth.

For the analysis period years 1 through 4, the
annual rate of growth for state and local gov-
ernment expenditures will be approximately
1.4 percent, a decrease from approximately
2.4 percent from the prior four year period. In
the longer run, it is expected that the annual rate
of government expenditures will increase by ap-
proximately 1.8 percent over the first 10 years
of the analysis before leveling at growth rates of
less than 1.5 percent after that.

Under the No Action altemative, the regional
economy and population will grow at a re-
duced rate from recent years.

Figure 3-22 shows projected personal income,
GRP, and state and local government expendi-
tures for the no action alternative over the
analysis pedod.

In summary, because the largest influence on
regional economies is the national economy
(assumed to be growing), it would be expected
that after a few years changes in the SRS work-
force would be assimilated and the regional
economy will return to a steady growth stage.
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PK68-21-PC
Figure 3-18. Distribution of minority population by census tracts in the SRS region of analysis.
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Figure 3-19. Low income census tracts in the SRS region of analysis.
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Table 3-20. General poverty characteristics of population in the Savannah River Site region of interest.
Area Total population Persons living in poverty2 Percent living in poverty

South Carolina 418,685 72,345 17.3%

Georgia 574982 926,672 16.8%

Total 993,667 169,017 17.0%

a. Families with income less than the statistical poverty threshold, which in 1990 was 1989 income of $8,076 for a
family of two.
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Figure 3-20. Projected Regional Employment.
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Materials released from the SRS reach the environment and people in a number of ways. The
routes the materials follow to get from an SRS facility to the environment and then to people are
called exposure pathways. A person can take airborne effluents into the body directly by
breathing or indirectly due to deposition on crops, followed by ingestion of the crops. Similarly,
a person can ingest liquid effluents directly from drinking water or indirectly from food that has
absorbed the effluents. Trittum can also be absorbed through the skin.
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CHAPTER 4. ENVIRONMENTAL IMPACTS

This chapter estimates the potential environmental impacts that might occur from the construction and
operation of the APT at the Savannah River Site. In general, analyses of potential impacts show that.
the consequences of the proposed actions would be within established Federal and state guidelines.
The potential impacts of each technology altemative are compared to the Preferred APT alternative
(Superconducting Operations of Accelerator Structures, Helium-3 Feedstock Material, Mechanical-
Draft Cooling Towers with River Water Makeup, construction on a site 3 miles northeast of the Tritium
loading facility, and electricity supplied from existing capacity and market transactions). Design varia-
tions for the modular accelerator and the extraction facility for Lithium-6 feedstock material within the
-APT are still being developed. Current estimates indicate the potential environmental impacts asso-
ciated with these design variations are bounded by the projected impacts for the APT. The modular
design variation would require a larger site footprint. Some of the following sections in this chapter
have text boxes that summarize key differences between the impacts of the alternatives or simply in-

Environmental Impacts

formation the reader should note.

The U.S. Department of Energy (DOE) has es-
timated the impacts of the alternatives described
in Chapter 2 above the baseline conditions de-
scrbed in Chapter 3; in other words, the im-
pacts described in this chapter are in addition to
those that exist from other operations at the Sa-
vannah River Site (SRS). DOE determined
these impacts by analyzing the actions it would
complete under each alternative; assessing the
actions that could have impacts; identifying the
nature of the environmental impact; and quant-
fying (if possible) the magnitude of the impact.

Most actions would occur at the preferred or
alternate Accelerator Production of Tritium
(APT) site on about 250 acres of land. Should
the Department decide to implement the
modular design option described in Section
2.5.1, additional land would be required. Prior
to expanding the footprint of either APT site,
DOE would evaluate adjacent land for the pres-
ence of threatened and endangered species, ar-
chaeological sites, and other sensitive resources
such as wetlands. The primary environmental
impacts would occur at the APT site. Smaller
impacts could occur as the result of clearing and
construction activiies in corridors totaling
about 30 acres on the SRS that would connect
to the Site infrastructure (e.g., existing roads,
pipelines, and outfalls). Prior to selection of
specific routes, DOE would evaluate the corri-
dors for the presence of threatened and endan-
gered species, archaeological sites, and other
sensitive resources, such as wetlands. This envi-

ronmental impact statement (EIS) also discusses
potential impacts of providing electricity for the
APT through market transactions or the con-
struction of a new electric generating facility in
Sections 4.3 (as part of the evaluation of socio-
economic impacts) and 4.4.

In addition to the constructon activites de-
scribed in Chapter 2, DOE could build two
temporary facilities -- concrete batch plants and
a construction debris landfil. DOE would ul-
timately use water from existing sources of
process water on the SRS to make concrete.
The batch plants could be located near the
construction site to reduce the amount of con-
struction-related traffic on roads. The con-
struction and operation of the batch plants
could result in some land clearing and airborne
emissions. DOE would ensure that the batch
plants met stringent permit requirements so the
impact of operating these plants would not be a
substantal contributor to construction-related
impacts.

DOE is currently investigating the need for a
landfill to receive debris from APT construction
activiies. The landfill would require the clear-
ing of land. The landfill would comply with
SCDHEC landfill requirements.

As in the case of udlity corridors, prior to the
selectdon of sites for batch plants and a con-
struction debrs landfill, DOE would evaluate
the sites for the presence of threatened and en-

41



Environmental Impacts

DOE/EIS-0270D
DRAFT, December 1997

dangered species, archaeological sites, and other
sensitive resources such as Carolina bays and
wetlands.

In addition to constructing and operating the
accelerator at the preferred or alternate site,
DOE could place support functions in M-Area.
Because these activities would involve existing
facilities in industrialized areas and the existing
SRS transportation infrastructure, DOE be-
lieves there would be little or no impact on the
environment. DOE does not anticipate impacts
to ecological resources, surface water, or their
associated wetlands because activities would be
confined to developed areas. For APT-related
missions in H-Area, the proposed construction
and operation of the Tritium Extraction Facility
and the upgrade and consolidation of existing
Tritium facilities, the Department is preparing a
separate EIS and environmental assessment
(EA), respectively. However, this APT EIS in-
cludes estimated emissions for the proposed
Trdtium Extraction Facility for the Lithium-6
feedstock alternative.

Should the Department discover threatened,
endangered, or other sensitive resources on ei-
ther potentially affected areas, avoidance or
other appropriate mitigation measures would be
taken. Likewise, the potental exists that exca-
vation-related activities could result in the dis-
covery of previously unknown and
undocumented hazardous, toxic, and/or radio-
active material. In the event that any hazardous,
toxic, and/or radioactive material were discov-
ered, DOE would remove and dispose of such
material in accordance with all applicable laws
and regulations.

DOE has not identified any significant cultural
resources (see Sections 3.3.5 and 7.1.2) that the
APT could affect. However, if DOE discov-
ered such sites during the construction of the
accelerator, udlity corridors, other infrastruc-
ture, or on potential landfill and batch plant
sites, it would comply with the stipulations of
the Programmatic Memorandum of Agreement
(PMOA) between DOE, the South Carolina
State Historic Preservadon Officer, and the
Advisory Council on Historic Preservation.

The PMOA is the instrument for the manage-
ment of cultural resources at the SRS; DOE
uses it to identfy cultural resources, assess them
in terms of eligibility for the National Register
of Historic Places, and develop mitigation plans
for affected resources in consultation with the
State Historic Preservation Officer.

This chapter presents construction and opera-
tion impacts separately; this enables a clear dis-
tincion between the one-ime impacts
associated with construction activities and the
recurring impacts associated with routine op-
erations. Where possible, the chapter presents
construction impacts as total impacts over the
period of construction; in some instances, how-
ever, it provides construction impacts on an an-
nual basis to indicate how construction effects
would vary by time.

This EIS presents operational impacts on an
annual basis. For some resource areas, DOE
has estimated quantitative impacts; for these,
DOE presents the impacts of the Preferred al-
ternative (i.e., the collection of preferred design
elements described in Chapter 2) and then pres-
ents the impacts for other alternatives as per-
centage increases or decreases in relation to the
Preferred alternative. This approach enables a
comparison of impacts, and enables the deci-
sionmaker to select any combination of alterna-
tives and evaluate the impacts of combining the
relative percentage increases or decreases for
the selected alternatives. The potential impacts
associated with design alternatives (e.g., ex-
changing room temperature for superconduct-
ing as one of the elements of the Preferred
alternative) do not change and are independent
of the impacts associated with the other ele-
ments comprising the Preferred alternative.

IMPACTS OF THE NO ACTION
ALTERNATIVE

As discussed in Chapter 2, the No Action alter-
native would result in the design, but not the
construction of the APT facilities. Therefore,
the No Action alternative would result in no in-

cremental environmental impacts beyond the
current baseline for the SRS. Because DOE
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used the existing baseline of impacts from the
Site as its basis for discussion in Chapter 3, it
believes that the descriptions in Chapter 3 are
representative of the impacts of the No Action
alternative.

4.1 Impacts on the Physical and
Manmade Environment

4.1.1 LANDFORMS, SOILS, GEOLOGY,
AND HYDROLOGY

In its consideration of landforms, soils, geology,
and hydrogeology, this EIS evaluates the poten-
dal for the construction and operation of the
APT facilities to cause the following impacts:

e Erosion of soil
e Changes to the topography

e Reduction or destruction of economically
valuable or geologically significant forma-
tions

e Depletion of aquifers beyond their capacity
to replenish due to the use of wells to sup-
ply cooling water to the APT site

e Change in the groundwater flow near the
APT site

e Contamination of the aquifers through act-
vation of stable atoms in the soil and
groundwater

4.1.1.1 Construction

No known deposits of economic or geologic
value occur on either APT site. Changes to
landforms would occur during construction ac-
tivities for the APT, its support facilites, and
utlliies. These activides would include the ex-
cavation of surface and subsurface materials,
their possible use as fill for the site, the excava-
tion for APT facilities, and construction of the
roads and utlity corridors. Construction at ei-
ther APT site would level the surface topogra-

phy to accommodate the proposed structures.
The accelerator tunnel would be bermed.

Because the erosion potental for the soils at
either APT site is slight and because DOE
would use best management practices and
would ensure compliance with Federal and state
regulations to ensure that the excavation and
placement of soils during construction would
limit soil loss, impacts would be minimal.

Construction of the APT could require an
excavation about 65 feet deep. At the pre-
ferred site, this would reach the water table
and thus require dewatering. The potentially -
affected aquifer is not a source of potable
process water. Impacts to the water table
would be minimal due to the relatively short
period of dewatering and the fact construc-
tion would only affect the shallowest portion.

APT operations, however, could result in
potentially greater impacts if the groundwa-
ter makeup altemative is chosen. The re-
moval of 6,000 gpm on a sustained basis
could result- in changes or reduction of
groundwater flows to some streams sur-
rounding the well field, and compaction of
clay layers.

During operations, neutrons would be pro--
duced which could penetrate the accelera-
tor's shielding and be absorbed by the soil
and groundwater. The accelerator would be
designed so that the dose associated with
this activity is less than one-eighth of the
EPA drinking water staridard of 4 millirem.

Conceptual design information indicates that
the Target/Blanket Building would be deep
enough, approximately 65 feet, in the soil to in-
tersect the water table at the preferred APT site,
making it necessary to remove water from the
shallowest portion of the aquifer to permit
construction. Dewatering over a short period
would cause minimal impacts to the aquifer be-
cause construction would occur only in the
shallowest portion. The potentially affected
aquifer is not a source of potable or process
water at the SRS. DOE would perform a
geotechnical evaluation of the effects of dewa-

43



Environmental Impacts

DOE/EIS-0270D
DRAFT, December 1997

tering on the compaction of the soils of the
water table aquifer before beginning such ac-
tivides. At the alternate site the water table is
deeper and would require less dewatering than
the preferred site. Because DOE would use
existing potable water sources by extending
water lines to reach the selected APT site, there
would be no hydrogeologic impacts from this
actvity.

DOE does not anticipate using groundwater
near the APT site for construction activities
(process water, potable water, etc.) under any
alternative. Water for construction activities
would be brought in by tanker truck or be ob-
tained from existing process water or ground-
water sources. However, DOE could install
wells near the APT site to supply makeup water
for the operation of mechanical-draft cooling
towers discussed in the next section.

4.1.1.2 Operations

DOE has identified two actions during opera-
dons that could affect geologic resources:

e Extraction of water from wells to supply
makeup water for the Mechanical-Draft
Cooling Towers with Groundwater Makeup
alternative

® C(Creadon of radioactive material in the
groundwater due to neutron activation

As discussed in Chapter 2, the Mechanical-Draft
Cooling Towers with Groundwater Makeup al-
ternative would require about 6,000 gallons per
minute (or 8.6 million gallons per day) of water
from multiple wells near the APT site. DOE
estimates this would require the drlling of 18
wells, each capable of supplying 500 gallons per
minute; thus, 12 wells could supply the neces-
sary 6,000 gallons per minute and 6 could serve
as backup water supply. Under this alternative,
a central well-field tank would collect water
from the wells and supply it to the cooling tow-
ers. The APT groundwater makeup water re-
quirements would approach the total current
site-wide groundwater withdrawal rate of 9 to
12 million gallons per day (Arnett and Mamatey

1996). Based on two recent estimates, the pro-
duction capacity of the aquifer ranges from 16
to 25 million gallons per day (WSRC 1996a). If
the APT groundwater makeup water require-
ments (8.6 million gallons per day) are added to
the current groundwater use (9 to 12 million
gallons per day), total groundwater withdrawals
could exceed the estimated production capacity
of the aquifer of 16 to 25 million gallons per
day. SRS groundwater usage is detailed in Sec-
tion 3.3.6.

Because of the volume of water required, DOE
would drll the wells into the McQueen Branch
Aquifer, a deep aquifer which is a source of
water for several SRS facilities and could supply
the required volumes. The wide placement of
the wells pumping at this rate on a temporary
basis or on a periodic basis is likely to be mini-
mal to the groundwater flow system. There is
less certainty as to the possible long-term im-
pact of continuous pumping at this rate.

Possible impacts to the groundwater flow sys-
tem that might result from sustaining this ex-
traction rate indefinitely might include the

following:

e Sufficient decline in hydraulic heads in the
McQueen Branch Aquifer that horzontal
flow directions within the sub region sur-
rounding the well field are significanty al-

tered (Hiergesell 1997).

e Propagation of the decline in hydraulic
heads in the overlying Crouch Branch and
Gordon Aquifers such that: (1) the vertical
upward flow direction from the former to
the latter is reversed in critical areas. Crit-
cal areas are those locations where near-
surface contaminant plumes exist; (2) a
gradual reduction in baseflow in some
streams surrounding the wellfield, and
(3) compacton of clay layers comprising the
McQueen Branch Confining Unit and the
Crouch Branch Confining Unit (Hiergesell
1997).

During accelerator operations, some neutrons
could penetrate the accelerator shielding and be
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available for absorption by stable (non-
radioactive) atoms in the soil and groundwater
to form radioactive atoms that groundwater
could transport away. The accelerator tunnel
and target/blanket building shielding would be
designed (Fikani 1997) so that the radiation
dose from the calculated Tritium concentration
in groundwater, for a hypothetical individual
drinking the APT site groundwater continuously
throughout the year, would be less than one-
eighth of the US. Environmental Protection
Agency (EPA) drinking water standard of
4 millirem per year. Because more detailed cal-
culatons to account for dispersion during
movement to a real receptor would produce
even lower doses, there would be minimal im-
pacts from the activation of groundwater.

4.1.2 SURFACE WATER RESOURCES

4.1.2.1 Construction

DOE does not expect to withdraw surface wa-
ter for APT construction. Water for construc-
tion activiies would be brought in by tanker
truck or be obtained from existing groundwater
or process water sources. As discussed in Sec-
ton 4.1.1.1, however, excavation of the APT
facilities could require dewatering with possible
discharges to nearby surface water streams. Be-
cause the water table at the preferred site con-
tributes much of the flow in these streams, the
discharge of groundwater from the APT facili-
des would not alter the constituents of the
streams. However, because gross alpha, non-
volatle beta, total radium, and Tritium concen-
trations in groundwater samples from the water-
table aquifer sometimes exceed regulatory stan-
dards, the South Carolina Department of Health
and Environmental Control (SCDHEC) would
be consulted to ensure that water from dewater-
ing operations is disposed of in accordance with
State regulations. Discharge flows from dewa-
tering operations could produce a temporary in-
crease in levels of suspended solids in surface
water streams.

As part of its preparation for construction,
DOE would augment its existing sedimentation

and erosion plans, ensuring that they were in
compliance with State regulatons on stormwa-
ter discharges and approved by SCDHEC. Af-
ter the APT facilides began operation, DOE
would include the augmented plans in the SRS
Stormwater Pollution Prevention Plan. As shown in
Figures 3-4 and 3-9, neither the proposed nor
the alternate APT site are in the 100-year
floodplain.

. Operation of the APT would result in thermal
-discharges from the cooling water system to
a series of pre-cooler ponds and ultimately
Par Pond. For all cooling water alternatives,
except the Once-Through Cooling Water
alternative, water temperatures in the receiv- .
ing water bodies would not exceed 90°F,
meeting SCDHEC standards for freshwa-
ters. In the case of the Once-Through
Cooling Water altenative, however, dis-
charges to the pre-cooler ponds would be
well in excess of 90°F in late summer. Un-
der this scenario, DOE could be required to
conduct a Clean Water Act Section 316(a)
Demonstration. :

Under each cooling water alternative, Ce-:
sium-137, trapped in the fine sediments of
Par Pond, would be remobilized. The Once-
Through Cooling Water alternative would |
suspend the most Cesium-137. Potential
exposures to the public, in either case,
would be small.

Potential health impacts associated with
water pathways are included in the totals re-
ported in Section 4.2.1."

4.1.2.2 Qperations

DOE has identified the following potental
sources of impacts on surface water during the
operation of the APT facilities:

e Discharge of wastewater containing radio-
logical and nonradiological constituents to

onsite surface water bodies that empty into
the Savannah River

e Remobilization of radioactive Cesium al-
ready in the sediments at outfall locations
due to increased water flow
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e Removal of large volumes of water from
the Savannah River that could disturb the
current condition of the river

e Discharge of heated wastewater with non-
radioactive constituents to onsite surface
water bodies that empty into the Savannah
River

e Discharge of volumes of water into surface
water bodies that exceed current flows and
disturb current conditions

DOE would treat sanitary wastewater from the
facilities at the existing treatment plant; the ef-
fluents from this plant would continue to meet
the requirements of the SRS National Pollutant
Discharge Elimination System (NPDES) per-
mits. The APT process wastewater system
would treat nonradioactive process wastewater
as necessary to meet NPDES requirements.

The APT radioactive liquid waste system would
process radioactive wastewater. The average
flow rate of the liquid radioactive waste system
discharge would be 0.5 gallons per minute,
which DOE would combine with other nonra-
dioactive process wastewater before releasing it
at the NPDES-permitted outfall from the accel-
erator (England 1997). The major radionuclides
expected to be found in the APT liquid effluent
and their respective annual releases are reported
in Table 4-1. DOE used the LADTAP XL
Computer Code (Simpkins 1997a,b,c) to model
the results of this radioactive liquid discharge on
downstream receptors, and calculated the dose
to the maximally exposed individual (MEI) re-
siding along the Savannah River and to the
downstream population; Table 4-2 lists these re-
sults. Almost all (99.9 percent) of the dose
would be due to the release of Tritium, chiefly
from the ingestion of water that is slightly con-
taminated with Tritum. Because the amount of
radioactive liquid releases would not vary much
by alternative, the radiation dose from such re-
leases would be essendally the same for all the
alternatives.

DOE also calculated concentrations of nonra-
diological constituents of concern (expressed as
total solids and total dissolved solids) that the
APT faciliies could discharge and lists them in
Table 4-2. The cooling water from the APT
facilities (either blowdown from cooling towers
or discharge from the Once-Through Cooling
Using River Water alternative) represents most
of the liquid discharges. Small amounts of non-
radiological constituents would originate in the
APT facilities, but these amounts are negligible
in relation to the constituents in the cooling
water that are present prior to entering the APT
cooling water system. DOE calculated the dis-
charge concentrations based on the constituents
in the cooling water taken from the Savannah
River. APT cooling tower operations would re-
sult in the addition of more material to the wa-
ter through the concentration of chemicals used
to reduce the accumulation of microorganisms
in the cooling loops.

Table 4-1. Estimated annual releases (curies) of
major radionuclides in liquid discharges from
the APT.2

Radionuclide Annual releasesb
Trtum 1,000
Cobalt-60 0.0001
Chromium-51 0.002
Sodium-22 0.001

a. Source: England (1997).
b. Annual releases will not change significantly with
alterative.

DOE previously identified the presence of Ce-
sium-137 (from R-Reactor operations pror to
1964) in the upper fine sediments of Par Pond,
as well as historical releases of Cesium-137 to
Pen Branch (DOE 1997a). It is estimated that
about 43 curies of Cesium-137 remain in Par
Pond, more than two thirds below the 190-foot
level (DOE 19972). DOE has evaluated the
potental for the increased water flow associated
with the cooling water discharge to agitate the
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contaminated sediments, resuspending them so
that they can be transported to the Savannah
River. DOE developed an upper bound est-
mate of the transport of this radioactive Cesium
based on previous DOE studies of Cesium re-
mobilization from thermal discharges in site
streams (DOE 1987a). Using the discharge
rates corresponding to each alternative, DOE
calculated the amount of Cesium-137 likely to
be resuspended and estimated the correspond-
ing dose to the MEI and the population down-
stream of the SRS along the Savannah River.
The values reported in Table 4-2 for the dose
from this source are the estimates for the early
years of operation; subsequent years of opera-
tdon would result in lower doses as the Cesium
is gradually removed from the sediments.

DOE has assessed possible impacts on the Sa-
vannah River due to removal of large volumes
of water by comparing the net required volumes
of river water (representing the differences in
flow rate withdrawn from the river and the flow
rate discharged back to the river) for the cooling
water alternatives that use river water to the cur-
rent flow rate of the river given in Section 3.3.2.
The net volumes of river water removed from

Table 4-3. Monthly discharge temperatures (°F).

the Savannah River are approximately equal for
all alternatives, being 0.1 percent of the dver
flow at the water intake. The once-through
system, although resulting in an equivalent (to
the cooling tower systems) net removal of water
from the nver, will result in approximately
2 percent of the river flow being removed at the
water intake (almost all of which is returned
further downstream).

Discharges from the cooling water system can
affect the temperature, chemical makeup, and
flow rate of the surface water bodies that re-
ceive them. These impacts would depend on
the cooling water system alternative (e.g., Me-
chanical-Draft Cooling Tower with River Water
Makeup) but would not vary much with other
alternatives. Table 4-3 lists the monthly average
and maximum discharge temperatures for all
alternatives. The temperatures from the me-
chanical towers and the K-Area Cooling Tower
would be essentally the same. Discharges from
the Once-Through Cooling Using River Water
alternative would be substantially warmer than
the receiving waters in the Par Pond system.
The discharge would flow first into Pond 2, and

Mechanical-draft towersa K-Area Cooling TowerP Once-through
Month Average¢ Maximumd Average¢ Maximumd Average¢ Maximumf
Januazy 58 65 54 59 75 7
February 60 67 56 65 72 75
March 64 72 62 71 79 85
Aprl 68 76 67 77 84 86
May 74 82 73 83 91 95
June 78 86 78 87 96 99
July 81 88 81 89 100 102
August 81 88 81 89 100 101
September 77 85 77 85 98 101
October 70 79 69 78 94 95
November 65 73 63 72 88 93
December 60 67 57 66 81 83

Calculated by the methods presented in DOE (1987a); applies regardless of makeup water source.

a.

b. Calculated using vendor-supplied design curves.

c. Using long-term average meteorological data from Augusta, Georgia (NWS 1994).

d.  Using daily maximum temperature (NWS 1994).

e. Average monthly Savannah River (above SRS) temperature from Amett (1993, 1994, 1995, 1996, and 1997) plus
25°F.

f.

25°F.

Maximum monthly Savannah River (above SRS) temperature from Amert (1993, 1994, 1995, 1996, and 1997) plus

4-8
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then through engineered canals to Pond 5,
Pond C, and finally to Par Pond (see Figure
2-5). To better analyze the impacts of the
Once-Through Cooling alternative, DOE per-
formed calculations to estimate the tempera-
tures that would be expected in the Par Pond
System under this alternative. Table 4-4 lists
projected average and maximum temperatures
entering these ponds by month for the Once-
Through Cooling Using River Water alternative.
As can be seen in the table, temperatures would
decline as the water moves from Pond 2 to Par
Pond.

SCDHEC has established water classifications
and water quality standards to “protect classi-
fied and existing water uses...and maintain and
enhance water quality” in South Carolina
(SCDHEC 1992). These standards also serve as
a basis for decisionmaking in other water quality
program areas, such as NPDES permitting.
The State has classified the Savannah River and
its trbutares in the area of the SRS as
“Freshwaters,” which means waters “suitable
for fishing and the survival and propagation of a
balanced and indigenous community of flora
and fauna” (SCDHEC 1992). According to the
SCDHEC regulations, the weekly average tem-
perature of lakes or reservoirs classified as
“Freshwaters” shall not be increased by more
than 5°F above natural conditions or exceed

90°F as a result of the discharge of 2 heated ef-

fluent unless (1) a new temperature standard is
adopted, (2) a portion of the lake or reservoir is
designated a “mixing zone,” or (3) a Section
316(a) determination has been completed.

As shown in Tables 4-3 and 4-4, heated dis-
charges to the pre-cooler ponds (Ponds 2, 5,
and C) could require DOE to conduct 2 Section
316(a) demonstration. However, based on a
previous 316(a) study conducted when P-
Reactor was operating and 150-165°F effluent
was entering the pre-cooler ponds at a rate of
175,000 gallons per minute (Wilde 1985), DOE
believes a2 new 316(a) demonstration would not
be required. Chapter 7 discusses the Clean
Water Act, the responsibilides of agencies
charged with enforcing the Act, and the Clean
Water Act Section 316(a) process.

Table 4-5 shows the monthly total solids
(dissolved and suspended) concentrations in the
cooling water discharge; either cooling tower
type (mechanical-draft or the K-Area Cooling
Tower) would operate at three cycles of concen-
tration and, therefore, would have the same dis-
charge concentrations (three times that of the
intake water). The once-through system would
not concentrate the intake chemical concentra-
dons and, therefore, would discharge at a lower
concentration (but higher flow) than the cooling
towers.

Table 4-4. Monthly average and maximum water temperatures in Par Pond system from Once-
Through Cooling with River Water Alternative (°F).

Pond 2 Pond 5 Pond C Par Pond (main)
Month Average  Maximum _ Average ~ Maximum  Average = Maximum  Average = Maximum

January 75 77 73 75 69 72 60 66
February 72 75 71 74 68 72 61 67
March 79 85 78 84 74 82 68 77
April 84 86 82 86 80 85 74 82
May 91 95 89 94 87 93 82 91
June 96 99 95 98 92 97 88 95
July 100 102 98 101 95 100 90 98
August 100 101 98 100 95 99 90 97
September 98 101 96 99 93 97 86 93
October 93 95 91 93 86 90 78 85
November 88 93 85 90 80 86 70 78
December 82 83 78 81 74 77 63 69
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Table 4-5. Monthly solids discharge concentrations (milligrams per liter).
Cooling towers2 Once through

Month Parameterb  Average = Maximum Average< Maximumd
January TDS 161 177 54 59
TS 178 201 61 67
February TDS 185 255 62 85
TS 215 270 72 90
March TDS 178 204 59 68
TS 209 258 70 86
Aprl TDS 180 213 60 71
TS 220 252 73 84
May TDS 204 273 68 91
TS 240 294 80 98
June TDS 235 258 78 86
TS 267 285 89 95
July TDS 208 249 69 83
TS 239 258 80 86
August TDS 205 252 68 84
TS 237 288 79 96
September TDS 180 195 60 65
TS 207 216 69 72
October TDS 185 201 62 67
TS 215 231 72 77
November TDS 200 225 67 75
TS 224 246 75 82
December TDS 157 177 52 59
TS 182 207 61 69

a. Three cycles of concentration, river water makeup. If groundwater is used as makeup, these concentrations would
be reduced by an order of magnitude. Includes mechanical-draft cooling towers and the K-Area Cooling Tower.

b. TDS = Toual dissolved solids.
TS = Total solids (dissolved + suspended).

c. Average measured on Savannah River (above SRS) from Amett (1993, 1994, 1995, 1996, and 1997).
d. Maximum measured on Savannah River (above SRS) from Armett (1993, 1994, 1995, 1996, and 1997).

The blowdown flow from the cooling tower
discharges would be about 2,000 gallons per
minute (4.5 cubic feet per second) for both the
K-Area Cooling Tower and the Mechanical-
Draft Cooling alternatives. For the K-Area
Cooling Tower alternative, the blowdown
would flow to Pen Branch via Indian Grave
Branch. The natural flow in Indian Grave
Branch is about 10 cubic feet per second; when
K-Reactor was operating, the flow was 400 cu-
bic feet per second. The mean flow of Pen
Branch downstream of its confluence with In-
dian Grave Branch was 56 cubic feet per second
during water year 1995, about 10 times the pro-
jected blowdown flow (Shedrow 1997a).

Cooling water from the mechanical-draft towers
would be discharged to Pond 2 and subse-
quenty flow to Ponds 5, C, and Par by man-
made conveyances. Since nver water inputs
stopped in early 1996, rainwater and groundwa-
ter seepage have been the only inputs to Ponds
2 and 5 (Pinder 1997; Cooney 1996). The flow
summary for the P-Area canal discharging to
Pond 2 (the only monitoring station associated
with Ponds 2 and 5), for March 1996 through
September 1996 indicated 2 mean discharge of
0.14 cubic feet per second and a seasonal
maximum temperature of 81°F (Cooney 1996).
Flows from the mechanical-draft cooling towers
would increase the mean flow into the receiving
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pond 32 fold. The 125,000 gallons per minute
discharge associated with the Once-Through
Cooling with River Water alternative represents
a 280-fold increase in flow to the system.

Discharges resulting from the Mechanical-Draft
Cooling Tower alternative or the Once-
Through Cooling alternative would eventually
flow from Par Pond to Lower Three Runs. If
the entire blowdown flow from the Mechanical-
Draft Cooling Tower alternative was transmit-
ted to Lower Three Runs, the incremental flow
in the creek downstream of Par Pond would
represent an increase of less than 10 percent,
based on the mean flow in water year 1995 (60
cubic feet per second) (Cooney et al. 1995).
The once-through discharge to Par Pond would
represent an almost five-fold increase in creek
flow for the same water year; when P-Reactor
was operating (its operation ended in 1988), the
discharge flow to the Par Pond-Lower Three
Runs system was about 346 cubic feet per sec-
ond (Wike et al. 1994).

4.1.3 AIR RESOURCES

DOE has determined that air impacts would
arise from two major types of activities: con-
structon and operation of the APT facility.
Construction activities would include those ac-
tions necessary to prepare land and erect neces-
sary facilities for the alternatives evaluated in
this EIS. Routine operations would include
normal use of these facilites. This section
evaluates air emissions from both construction
and routine operations.

DOE based the amounts of air releases on es-
timates of the projected actions and the operat-
ing characteristics of the faciliies. Table 4-6
lists by alternative the expected emission

sources that DOE identified in its assessment of -

air quality impacts. The table lists emission
sources next to the corresponding alternative
and includes the sources that would be present
regardless of the alternative.

Air releases for the preferred APT site would be
the same as those for the alternate site because
construction activities and operating character-

istics of the facilities would be the same. Simi-
larly, the emissions sources listed by alternative
in Table 4-6 would apply to the alternate site.
Differences in impacts are attributable to the
distance to the site boundary; impacts would be
slightly greater for the alternate site since it is
situated closer to the SRS boundary.

Air emissions for both radiological and non-
radiological pollutants would be well below
applicable regulatory standards for both the
construction and operational phases of the
APT. Offsite concentrations would be
slightly higher at the alternate site because it
is closer to the SRS boundary. If DOE
chooses the modular design variation, con-
struction impacts could be spread over a
longer period and eventually require the
clearing of more land. Tritium would con-
tribute over 99 percent of the offsite dose,
but is still well below the 10 millirem dose
limit for SRS atmospheric releases.

Potential health impacts associated with air
pathways are included in the totals reported
in Section 4.2.1.

4.1.3.1 Construction

DOE estimates it would clear about 250 acres
of land to construct facilites at the APT site in
the Preferred alternative. Construction would
take approximately 8 years (10 months of site
preparation and 7 years of construction) and
would involve the use of heavy equipment such
as graders, cranes, and scrapers to clear the land,
construct buildings, and develop the infrastruc-
ture to support the facilides (e.g., pave roads
and install storm drain systems). Particulates in
the air, caused by construction activities, settle
quickly and pose minimal adverse health effects.
At present, the National Ambient Air Quality
Standards for total suspended particulates (TSP)
are regulated as particulate matter with a diame-
ter of 10 micrometers or less. DOE expects no
change in air quality impacts due to construc-
ton for the various cooling water system alter-
natives; the K-Area cooling tower and the River
Water System are already in place, while me-
chanical-draft cooling towers would be prefab-
rcated units requiring minimal site disturbance.
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Table 4-6. Sources of air emissions for the APT project.

Alternatve

Source? of air emissions

Cooling Water Altematives

Mechanical-Draft Cooling Towers with River Water Makeup

Mechanical-Draft Cooling Towers with Ground Water Makeup

Once-Through Cooling Using River Water
K-Area Cooling Tower (Natural Draft)

Operating Temperature Alternatives

Room Temperature Operation
Superconducting Operation

Feedstock Material Altematives
Helium-3 Feedstock Maternial

Lithium-6 Feedstock Material

Electrical Power AlternativesC
Power from Existing Sources
Construction of a new Electrical Power Station

Base sources (independent of alternative)

Construction of cooling towers
Drift from cooling towers
Construction of cooling towers
Drift from cooling towers
None

Drift from cooling tower

None
Construction of Cryogenics Facility
Operation of Cryogenics Facility

Construction of Trittum Separation Facility
Operation of Tritium Separation Facility
Noneb

Operation of existing power plant
Construction of new power plant
Operation of new power plant

Construction activities at APT sited
Construction activities in M-Area
Operations in M-Area

Releases from accelerator tunnel
Releases from target/blanket building
Releases from klystron gallery
Releases from beamstop building
Emergency diesel generators

a.  This table lists only the most notable sources and is not intended to describe each possible emission source from the

APT Project.

b. Under this alternative the proposed Trtium Extraction Facility would recover Tritium from the Lithium/aluminum
rods. The construction and operation of that facility is the subject of a separate EIS, which will discuss impacts
arising from recovering Tritium from Lithium/aluminum rods. TEF information that pertains to cumulative im-

pacts is also discussed in Chapter 5 of this EIS.
c.  Electric power impacts are discussed in Section 4.4.

d. Construction in this instance would apply only to facilities not associated with a specific alterative.

In accordance with good dust control practices
required by South Carolina regulations
(SCDHEC R.62.6), measures will be imple-
mented to control fugitive particulate matter.
Best management practices would be used dur-
ing construction, grading of roads, or clearing of
land to minimize airborne dust. During times

when grading activities were not occurring,
DOE would ensure the stabilization of bare
land by using compaction, vegetation, or spray-
on adhesives to reduce the probability for air
dispersion. Wet or chemical dust suppressants
would reduce fugitive dust emissions by ap-
proximately 50 percent (EPA 1985).
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The EPA Fugitive Dust Model computer pro-
gram was used to calculate the fugitive dust im-
pacts from construction activities. DOE based
its inputs for the program on estimates related
to construction activites taking place, including
acreage of land disturbed and number of heavy
equipment pieces used (Shedrow 1997b).

Heavy-duty construction equipment (i.e., trucks,
scrapers, and other diesel-powered support
equipment) would be used for excavation and
grading, hauling soil and other debns for dis-
posal, and performing other routine construc-
ton actvities. Exhaust emissions from these
diesel engines would result in releases of sulfur
dioxides (SO2), oxides of nitrogen (NO,) par-
ticulate matter, and carbon monoxide (CO).
The EPA's Industrial Source Complex Short
Term Version 3 (ISCST3) model was used to
estimate the air emissions from the operation of
these types of equipment.

Maximum concentrations were estimated at the
SRS site boundary where members of the public
could be exposed (Table 4-7) and at the locaton
of a hypothetical nearby site worker [640 meters
downwind (Table 4-8)]. As can be seen in Ta-
ble 4-7, the concentrations of pollutants at the
SRS boundary from construction activides
would be low compared to the regulatory limits.
Construction impacts would not vary markedly
for most of the alternatives because the majority
of constructon actvities would be the same re-
gardless of alternatives. All EPA DHEC regu-
lated pollutants associated with construction
activities listed in Table 4-8 are below the estab-
lished limits.

Because the results listed in Tables 4-7 and 4-8
would be associated solely with construction,
they would be temporary and would last only
until construction ended. The results listed in
the tables also would not occur at the same time
as impacts from routine operations. Therefore,
effects on the environment would initially be
due solely to construction and, after startup,
would then be due solely to operations. Untl
the facility becomes operational, there would be
no radiological air emissions attributable to the

APT project; thus, Tables 4-7 and 4-8 list only
nonradiological emissions.

As discussed above, air releases for the alternate
site for the APT would be the same as those for
the preferred site because construction activities
would remain the same. Because the proposed
APT faciliies would not change with locaton,
the same land requirements exist, construction
would occur over the same duration, equal vol-
umes of soil would be removed, and all the
same construction equipment would be needed
as for the Preferred alternative.

Table 4-7 also lists expected concentrations of
regulated pollutants at the SRS boundary from
construction for the Preferred alternative at the
alternate site. The concentrations would be
slightly higher in all instances than those for the
preferred site but would be well below the
SCDHEC standards. Concentrations at the hy-
pothetical SRS worker locaton would be the
same as for the Preferred alternative reported in
Table 4-8 since the receptor would be the same
distance and direction from the source of emis-
sions.

4.1.3.2 Operations

APT operations will result in the emission of
both radiological and nonradiological constitu-
ents. To determine the impact on air quality,
DOE estimated the emission rates associated
with the operation of the APT. This included a
consideration of what potential air sources exist
and how air would be filtered or treated before
being released to the environment.

4.1.3.3 Nonradiological Air Emissions

Maximum ground-level concentrations for non-
radiological releases were determined by using
the EPA’s ISCST3 dispersion model (Hunter
1997) assuming ground levels releases. As with
construction impacts, maximum concentrations
were estimated at the SRS boundary where
members of the public could be exposed and at
the location of a hypothetical neatby site worker
640 meters downwind. Onsite hourly meteoro-
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logical data were used for the criteria pollutants
and air toxics dispersion calculations.

For the Preferred alternative, nonradiological
emissions are expected from the accelerator
building, the Target/Blanket Building, the Trit-
ium Separation Facility, and the balance of the
plant, including three emergency generators.
Nonradiological emissions (tons/year) for rou-
tine operations are listed in Table 4-9. The APT
facility collectively is expected to emit 24 hours
a day, 365 days a year. The three emergency
generators are projected to operate less than
250 hours per year each. Expected emission
rates from operations are compared to the
emission rates listed in SCDHEC Standard 7,
Prevention of Significant Deterioration (PSD),
to determine if the facility emissions would be
considered a significant net emissions increase.
Facilities located in attainment areas that have
any new or modified sources which exceed the
PSD “significant” increase amount are required
to obtain a PSD permit prior to construction.
However, as can be seen in Table 4-9, all of the
expected emissions from the APT facility are
well below the PSD significant emission rates.

The maximum air concentratdons at the SRS
boundary associated with the Preferred alterna-
tve are listed in Table 4-10. As the results indi-
cate, all emissions are less than 1 percent of the
applicable standards. Most of the pollutants,
with the exception of ethyl alcohol and particu-
late matter (TSP and PMj(), would result pri-

from the three

marily from emissions
emergency generators.

Changes in the maximum ground-level concen-
trations at the SRS boundary would occur only
for the Lithium-6 Feedstock Material alterna-
tive. Concentratons would decrease slighdy
because this alternative would not require the
use of the proposed Tritium Separation Facility;
however, additional emissions would occur un-
der this alternative from the use of the Tridum
Extraction Facility. As with the Preferred alter-
native, most of the emissions would be attribut-
able to the diesel generators.

Table 4-11 lists air quality impacts to a hypo-
thetical worker in the vicinity of the APT facili-
des. For all the regulated pollutants emitted,
exposures to this nearby worker would be be-
low the permissible exposure levels defined in
29 CFR Part 1910.100.

For the alternate site, Table 4-10 lists the maxi-
mum air concentrations at the SRS boundary in
the last column and all the resulting emissions
would be well below the SCDHEC limits. As
the results indicate, all emissions are less than 1
percent of the applicable standards. Most of
the nonradiological emissions at the alternate
site also are attributable to the three diesel gen-
erators. As with the construction activides,
concentrations from routine emissions to the
hypothetical SRS worker located 640 meters

Table 4-9. Nonradiological air emissions (tons per year) for APT routine operations.2

PSD Significant Net

Air emissions Diesel units APT Emissions Increase
Sulfur oxides 0.16 N/Ab 100
Total suspended particulates 0.24 0.30 25
Particulate matter (<10 pum) 0.16 0.15 15
Carbon monoxide 25 0.76 100
Ozone (as total VOC) 0.33 0.023 40
Oxides of nitrogen 9.8 12 40
Lead 0.0002 N/A 0.6
Beryllium 3.6x10-3 N/A 0.0004
Mercury 4.4%x10-5 N/A 0.1
Ethyl alcohol N/A 0.02 NA

a.  Source: Hunter 1997.
b. N/A = No emissions of the regulated pollutant.
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from the APT facilies at the alternate site
would be essentially the same as those for the
preferred site listed in Table 4-11.

Although the various alternatives for supplying
cooling water to the APT facilites would not
contribute to the release of regulated pollutants,
those alternatives utilizing cooling towers would
have some impacts due to drift, fogging, and
solids deposition in the vicinity of the towers.
DOE has studied the environmental effects of
atmospheric releases from natural draft and me-
chanical-draft cooling towers at the SRS (DOE
1987a2). That study was for the purpose of
providing cooling to the SRS reactors. The heat
to be dissipated to the atmosphere from the
APT cooling towers would be approximately
one-fifth of that analyzed for the reactors. Be-
cause the amount of drift, fogging, and solids
deposition is directly related to heat load, the
environmental effects from the APT would be
significantly less than those for reactor cooling.

The recirculating cooling towers considered for
use with the reactors consisted of a hot end
natural-draft tower in seres with mechanical-
draft towers. The heat load on the mechanical-
draft portion of the system was approximately
the same as that projected for the APT towers.
The tower system intended to cool K-Reactor
would have a calculated maximum annual fre-
quency of ground-level visibility reduced to less
than 0.6 mile in any direction (fogging) of about
2 hours a year. The calculated maximum ice ac-
cumulation on horizontal surfaces (e.g., roads)
would be no more than 0.3 inch, occurring
within 0.2 miles of the towers, and no more
than 0.04 inch beyond 0.5 miles from the tow-
ers. The maximum occurrence of visible
plumes aloft would be about 180 hours per year
at 1.2 miles from the tower.

The preferred APT cooling system would op-
erate at three cycles of concentration (i.e., three
times as much solids in the blowdown as in the
makeup), the same as the towers analyzed in
1987. The maximum total solids deposition
would be about 60 pounds per acre per year,
occurring within 0.3 mile of the towers, decreas-
ing to 5.7 pounds per acre per year at 1.2 miles

from the towers. These deposition concentra-
tions assume the Savannah River would be the
source of makeup water; if DOE chose the op-
ton of groundwater as the source of cooling
tower makeup water, the deposition concentra-
tions would be 3 orders of magnitude less (the
difference in source water dissolved solids con-
centration). The impacts from the APT me-
chanical-draft cooling towers would be
significantly less than those projected for reac-
tor operation because of the decreased heat load
(i.e., reactor impacts are due to both the hot end
natural-draft tower and the mechanical-draft
towers). APT impacts would be comparable to
the mechanical-draft tower alone.

Section 4.2.2.1 discusses impacts on vegetation
or wildlife from cooling tower operation. Non-
radiological impacts from cooling towers for the
alternate site would be the same as those de-
scrbed for the preferred site.

The natural-draft tower analyzed for use with
the K-Reactor is the same tower DOE is con-
sidering for the K-Area Cooling Tower alterna-
tve for the APT. The tower would have a
maximum annual frequency of ground-level
visibility reduced to less than 0.6 mile in any di-
rection (fogging) calculated to be less than 2
hours per year; the calculated maximum ice ac-
cumulation on horizontal surfaces (e.g., roads)
would be no more than 0.4 inch. The maxi-
mum occurrence of visible plumes aloft would
be 180 hours per year in the immediate vicinity
(0.2 mile) of the cooling tower and 50 hours per
year at 1.2 miles from the tower.

4.1.3.4 Radjological Air Emissions

After determining the routine emission rates,
DOE used the computer codes MAXIGASP
and POPGASP to estimate radiological doses to
the maximally exposed individual (MEI) and to
the populaton surrounding the SRS.
MAXIGASP and POPGASP are both site-
specific computer programs, which means that
meteorological parameters (e.g., wind speed and
direction) and population distribution parame-
ters (e.g., number of people surrounding the
SRS, location of people in sectors around the
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site) are integrated into the programs. Meteor-
ology gathered at the SRS for the period from
1987 through 1991 (the most recent validated
data set available) was used for the radiological
dispersion modeling. For conservatism, releases
were assumed to be ground level. The 1990
population census database was used to repre-
sent the population that lives within a 50-mile
radius of the center of the SRS. For the APT
airborne releases, the MEI would be at the SRS
boundary in the north sector.

Although a large number of radionuclides
would be emitted as a result of normal opera-
tions, only a few would account for essentially
all of the potental dose. For the Preferred al-
ternative, radiological emissions are expected
from the accelerator building, the target blanket
building, and the Tritum Separation Facility.
The APT facility is assumed to operate 24 hours
a day, 365 days a year. Sources of radioactive
emissions include activated air in the accelerator
tunnel which includes radionuclides such as Ar-
gon-41 and Carbon-11. Operation of the Trit-
ium  Separaton  Facility accounts for
approximately 85 percent of the Tritium emitted
by the APT facilides. A majority of the radi-
onuclides emitted come from the target/blanket
building, including some Trtium and Carbon-
11 and all of the Beryllium-7 and Iodine-125
emissions. Emissions also can result from fugi-
tive sources such as minor leaks in system pip-
ing and other process leaks, as well as
maintenance activities which require systems to
be opened. Annual emissions (curdes) for the
radionuclides that are the major contributors to
dose are presented in Table 4-12. Trtium
(assumed to be Tritium oxide) emissions would
produce the highest impact to the MEI with
99.35 percent of the estimated dose, followed
by Argon-41 with 0.43 percent of the dose
(Simpkins 1997d).

Table 4-13 presents the calculated maximum
radiological doses from routine operations. Ac-
cording to these results, the calculated maxi-
mum committed effective dose equivalent to a
hypothetical individual at the SRS boundary is
0.036 millirem for each year of operaton, which

Table 4-12. Annual radionuclide emissions
from routine operations of the APT facility

(curdes).2
Radionuclide Annual emissions
Tritium 10,000
Carbon-11 250
Argon-41 30
Beryllium-7 .02
Iodine-125 .0027

a. Source: Shedrow 1997a.

is well below the annual dose limit of 10 mil-
lirem from SRS atmospheric releases. None of
the cooling water configuratons contribute to
the annual dose; likewise, using room tempera-
ture operation or using inductive output tubes
does not affect the dose results. The use of
Lithium-6 feedstock material would necessitate
operation of the Tritum Extracton Faality
which would have additional radiological emis-
sions. The estimated dose to the MEI for the
Lithium-6 Feedstock Material alternative is
0.014 millirem, of which 57 percent is attribut-
able to the Tridum Extraction Facility.

Tritium is estimated to be the major contributor
to the offsite population dose with a calculated
dose of 1.2 person-rem per year for the pre-
ferred configuraton. The population dose as-
sociated with the use of a Lithium-6 feedstock
material is 0.58 person-rem with 0.39 person-
rem or 67 percent attributable to the Tridum
Extraction Facility in H-Area.

Table 4-13 also lists the onsite worker dose
(hypothetical worker 640 meters downwind) re-
sulting from radiological releases. The est-
mated maximum committed effective dose
equivalent to the worker from annual Tritium
releases is 1.4 millirem for each year of opera-
tion. As with the MEI dose, using the Lithium-
6 feedstock material affects the radiological im-
pacts. The dose for the Lithium-6 Feedstock
Material alternative decreases the dose from the
Preferred alternatve by 77 percent. Doses
would decrease under this alternative because
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the Tritum Extraction Facility is likely to emit
less Trittum than the Trittum Separation Facility
(5,000 curies per year versus 8,500 cures per
year) and is farther from the SRS boundary. In
the event the Tritium Separaton and Trtum
Extraction Facilities are combined at the APT
site, administrative controls would limit the cu-
rie content of the facilities.

As with the nonradiological impacts, radiologi-
cal doses from the alternate site are slightly
greater due to the site's location in relation to
the SRS site boundary. The calculated commit-
ted effective dose equivalent to the MEI resid-
ing at the SRS boundary is 0.056 millirem for
each year of operation, which is well below the
annual dose limit of 10 millirem from SRS at-
mospheric releases (Table 4-13). The offsite
populaton dose from APT operations at the
alternate site would be 1.3 person-rem per year.

The onsite worker dose resulting from radio-
logical releases is the same as that reported in
Table 4-13 since the worker is located the same
distance (640 meters) from the APT for both
sites.

None of the alternatives for either the preferred
or alternate site would result in concentratons
or radiological doses that would exceed the
regulatory limits. Section 4.2 describes the po-
tential health effects of these releases on mem-
bers of the public and workers for the alternate
site.

4.1.4 LAND USE AND
INFRASTRUCTURE

This section evaluates potential impacts of the
construction and operation of the APT on SRS
land use and infrastructure (e.g., roads, power

lines, and piping).

Construction. DOE would clear land to pro-
vide the area for the APT (facilites
(approximately 250 acres) in additon to land for
concrete batch plants and corridors that would
connect the site to SRS utiliies, provide roads
and railroads, provide access to liquid effluent
discharge outfalls, and connect to other support

facilities (e.g., liquid waste treatment facilites).
Both APT sites are designated as forest dmber
units under the SRS land use system, but would
be redesignated for APT use if either became
the APT site.

Construction of the APT would result in con-
verting about 250" acres (additional land
would be required for the modular design
variation) of forested land into an industrial-
ized area. New roads, bridge upgrades, and
rail lines would be required. Negligible op-
erational impacts on existing site infrastruc-
ture are expected.

The amount of roads and railroads necessary
for APT operadons would depend primarily on
the site selected. DOE would build about
8 miles of new road, upgrade bridges, and build
3.8 miles of railroad for the preferred site
(Shedrow 1997b); these lengths would be neces-
sary to connect the APT site to existing SRS
roads and rail lines and to provide additonal ac-
cess to the APT site. The alternate site is closer
to an existing road and, therefore, would require
less roadway construction. However, the alter-
nate site is farther from a rail line and would re-
quire a longer rail connection than the preferred
site. In addition, the rail line to the alternate site
would require the construction of a support
trestle across Tims Branch or Upper Three
Runs, which could affect wetlands. Figure 3-10
shows the SRS network of primary roads and
the SRS railroad system in relation to the pre-
ferred and alternate sites. Pror to selecting rail
spurs, DOE would evaluate corridors for the
presence of threatened and endangered species,
archacological sites, or other sensitive resources
such as wetlands.

Pipeline construction would be required to carry
river water to the preferred site (approximately
18,000 feet); for the alternate site about 24,600
feet would be required. The groundwater
makeup alternative would require additional
land disturbance activities to install a well sys-
tem.

The preferred site would require construction of
approximately 23,000 feet of discharge line to
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reach the proposed APT outfall. The alternate
site. would require construction of approxi-
mately 43,000 feet of discharge line (WSRC
1996b).

The preferred and alternate sites are relatively
close to existing transmission lines, so con-
struction of connector transmission lines would
have minimal environmental impacts. The im-
pact of providing additional electrical capacity
to support the APT facilities is discussed in
Section 4.4.

DOE would pump sanitary wastewater from
the APT to the Central Sanitary Wastewater
Treatment Facility. Both the preferred and al-
ternate APT sites are within about 3 miles of a
main collection system line that flows to this
facility. However, the construction of a sewer
collection line from the preferred site would
have fewer environmental impacts because
DOE would have to build the line connecting

the alternate site to the collection system in and

across more sensitive areas (wetlands and
streams).

Operations. DOE analyzed the amount of
electric power necessary to operate the APT
components and estimated requirements by al-
ternative, as listed in Table 4-14 (Shedrow
1997c). The table indicates that power use is
more for the Room Temperature Operation al-
ternative and less for the Inductive Output
Tube alternative; the other alternatives would
use such similar equipment that their power re-
quirements would be virtually the same. In
addition to the electric power listed in Ta-
ble 4-14, DOE would maintain diesel generators
at the site to provide backup power when
needed, and would operate the generators on a
routine basis to ensure their operability; this
would consume 20,000 gallons of diesel fuel per
year, regardless of alternative.

DOE has estimated the volume of water neces-
sary to operate the APT facilities. To determine
total use, DOE considered both potable and
nonpotable water. DOE based its estimates of
potable water use on the projected number of
workers who would work in the APT facilities

on an annual basis, because the largest use of
potable water would be for human consump-
don. Therefore, for most alternatives, potable
water use would not vary much; the Lithium-6
Feedstock Material alternative would use less
water because it would not include a Tritum
Separation Facility, as discussed in Chapter 2.
DOE would provide potable water by connect-
ing to existing SRS water lines, as shown in Fig-
ure 3-13.

The major use of nonpotable water for APT
facilities would be as cooling water. Therefore,
the volume of nonpotable water would vary
somewhat depending primarily on the cooling
water alternative that DOE implemented and
on the heat generated by the other alternatives.
Table 4-14 lists nonpotable water requirements
by alternative. Understandably, the require-
ments would be less for alternatives that in-
volved cooling towers and for alternatives that
generated less heat in the facility. As discussed
in Chapter 2, DOE would supply nonpotable
water through either the existing River Water
System or new groundwater wells. The De-
partment could supply nonpotable water for
uses other than cooling water (e.g., fire protec-
ton) by connecting to existing SRS process
water lines. The cooling water impacts are dis-
cussed in Section 4.1.2.

4.1.5 WASTE MANAGEMENT

DOE has determined that construction and op-
eration of the APT facilities would result in
generation of several types of radioactive and
nonradioactive waste.

The generation of construction waste could
require the construction of a state-permitted
construction debris landfill on the SRS.
Sanitary solid waste would be disposed of in
the Three Rivers Regional Landfill. Opera-
tional waste would be managed and treated
according to waste type using both SRS and
offsite facilities. Potential impacts to other
facilities are expected to be negligible due to
the relatively low volume of waste gener--
ated. The potential impacts of transporting
the radioactive waste is discussed in Section
4212
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Construction. The construction phase would
generate nonhazardous, nonradioactive wastes,
including sanitary solid wastes, construction de-
bris (mixed rubble, metals, plastics), and sanitary
wastewater. Table 4-15 lists estimated maxi-
mum annual quantities of waste for construc-
ton of the Preferred alternative and compares it
with the other alternatives.

DOE could dispose of APT sanitary solid waste
at the Three Rivers Regional Landfill, an onsite
regional nonhazardous landfill. The maximum
annual volume of sanitary solid waste attribut-
able to APT construction under any alternative
would be less than 1 day’s contribution to the
average daily disposal rate of 900 tons at the
Three Rivers Regional Landfill. The landfill will
be operational during the projected APT con-
struction and operation periods (DOE 1995a).

DOE could construct a State-permitted con-
struction and debris landfill on the SRS exclu-
sively for APT construction wastes to dispose
of mixed rubble and other nonrecyclable con-
struction debrs. In additon, DOE could use
an existing SRS landfill or transfer the construc-
tdon waste to an offsite commercial landfill.
DOE estimates a total of 170,000 cubic meters
of construction debris for disposal during APT
construction.

During construction, sanitary wastewater would
be managed by an offsite vendor using portable
restroom faciliies until DOE could build per-
manent restroom facilities at the APT site. Be-
cause the vendor would be responsible for
disposing of this sanitary wastewater, it would
not affect SRS wastewater treatment facilities.
After the connection of the APT facilities to the
Central Sanitary Wastewater Treatment Facility,
the maximum annual volume attributable to
APT construction under any alternative during
construction would represent approximately 1.5
days at that facility’s daily operating capacity of
about 1 million gallons.

Operations. APT operations would generate a
number of radioactive and nonradioactive waste
streams. In addition, some of the APT radioac-
tive waste would be mixed (Resource Conser-

vadon and Recovery Act hazardous and
radioactive) waste. Because APT does not in-
volve fission and DOE would not use materials
with high atomic numbers in the accelerator, the
accelerator would not generate high-level radio-
active or transuranic wastes. However, some of
the radioactive waste from the target/blanket
cavity would be high concentration radioactive
waste (Shedrow 1997a).

RCRA is the Federal statute goveming the
management of hazardous waste from gen-
eration to disposal. Hazardous waste in-
cludes such materials as waste solvents,
toxic metals, and industrial process waste
products. :

The classification of radioactive wastes is
based on the concentration of short- and
long-lived radionuclides. High concentration
wastes contain long-lived radionuclides.
Classes A and B include radioactive wastes
with concentrations of short-lived and per-
haps some long-lived radionuclides. Be-
cause high concentration radioactive wastes
contain long-lived radionuclides they require
special disposal considerations.

The wastes would be generated as part of the
production process, decontamination process,
analytical activities, and operation of supporting
facilities; they would also be generated inciden-
tally as a result of failed equipment, routine
maintenance, and off-normal events. Table
4-16 lists the waste types generated by actvity
and examples of items included in each waste

type.

Table 4-15 lists estimated annual waste quanti-
tes from APT operations for the Preferred al-
ternative and compares them to the other
alternatives. The waste estimates are based on
engineering assessments, waste forecasts, and

waste management plans.

The APT faciliies would be able to pretreat,
treat, accumulate, handle, and package the
wastes it generated to prepare them for ship-

ment to a waste treatment, storage, or disposal
facility. DOE would manage APT wastes for
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Table 4-16. Waste types, generating activities, and examples.2

Waste type Generating activity Examples of waste stream items
Sanitary solid Offices, change rooms Paper
Industrial Production, maintenance, housekeeping  Failed nonrecyclable equipment, ex-
pired nonhazardous chemicals
RCRA hazardous Production, maintenance, housekeeping  Batteries
Radioactive wastewater Cooling water systems, cooling pool, de-  Radioactive light water, aqueous solu-
contamination, radiological control ana-  tons
lytical activities, pollution control
equipment
Low-level radioactive Maintenance, radiological surveys, pro- Personal protective equipment, ab-
duction sorbent wipes, failed equipment
High concentration radioactive ~ Maintenance Target/blanket cavity vessel window
modules, tungsten neutron source
modules
Mixed Production, maintenance Failed process equipment
High concentration mixed Maintenance Lead modules
Sanitary wastewater Bathrooms Wastewater

Nonradioactive process waste-
water

Tertiary cooling system, radiofrequency
tube cooling, rainwater and groundwater
infiltration, waste treatment secondary

Cooling water with traces of salts, cor-
rosion inhibitoz, slimicide, dispersant;
rainwater, groundwater, wastewaters

wastes, groundwater monitoring

a.  Source: Shedrow (1997a).

treatment and disposal according to waste type,
using SRS and offsite waste treatment, storage,
and disposal facilities. Table 4-17 lists the waste
types and quantides destined for treatment,
storage, and disposal facilities and the subse-
quent impact to the facility, divided by preferred
configuration and alternative.

The SRS Consolidated Incineration Facility
(CIF) would be in operation for the first 20
years of APT operations (DOE 1995b), and
DOE would add APT incinerable waste (low-
level radioactive and mixed wastes) to incoming
CIF waste volumes (Shedrow 1997c). Table
4-17 lists impacts to the CIF. When the CIF
was no longer operational, DOE would con-
tinue to manage APT wastes as directed in ap-
plicable Federal, state, and DOE requirements.
At present, offsite vendor facilities are available
for the volume reduction of many low-level ra-
dioactive waste streams (Shedrow 1997a), and
DOE expects such facilities to be available
when the CIF is no longer operational.

DOE may send low-level radioactive waste suit-
able for compaction to an on- or offsite vendor-

operated compactor. At present, the SRS ships
such waste to an offsite vendor for compaction
(Shedrow 1997a). DOE could place an existing
onsite compactor in service in the future; Table
4-17 lists potential impacts to that compactor.

APT low-level waste treated at offsite vendor
facilides would return to the SRS for disposal in
the E-Area vaults. These vaults would also dis-
pose of APT low-level waste not treated off the
site. Two types of vaults -- Low-Activity Waste
and Intermediate-Level Tridum -- would be
available for the disposal of APT wastes. Ta-
ble 4-17 lists the impacts to each.

Consistent with current practice, DOE could
dispose of APT hazardous waste at a DOE-
approved commercial facility (Shedrow 1997a).
The estimated annual volume of hazardous
waste that DOE would treat and dispose of off
the Site would be low (1.0 cubic meter), and its
impact on the offsite facility would be negligi-
ble.
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Table 4-17. Impacts on treatment, storage, and disposal facilities for operation of preferred configura-
tion and alternatives.a,b

Impact for
Waste quantity Impact for Lithium-6
(Preferred Operating preferred  Impact for room Feedstock
Waste facility© alternative) Waste typed capacity configuration temperature Matenal
CIF 500 m3/yr Incinerable LLRW, 9500 m3/yref 5 percent of N/Cg N/C
incinerable MW capacity
Onsite compactor 75 m3/yr LLRW 1,600 m3/yr 5 percent of N/C +80%
capacity
E-Area LAW 33,000 m3 toralt  LLRW, compacted 31 000 m3/ vaulee 1.1 vault N/C +8%
vault LLRW, LLRW ash
E-Area ILTV 2,100 m3 toralt  LLRW with Tratium 5300 m3/vaulte 0.4 vault N/C +6%
Storage building 600 m3 toralh MW, MW ash, high 620 m3/bldge 1 building N/C +20%
concentration
Three Rivers 5,600 metric tons  Sanitary solid, in- 900 metric tons 6.2 days per N/C N/C
Landfill per year dustral solid per dayi year
Central Sanitary 3.3 million gallons Sanitary wastewater 1 million gallons 3.3 days N/C N/C
WTF per day

Source: Shedrow (1997a).

Impacts for other alternatives would not vary from the Preferred alternative impacts.

Waste facilities: CIF = Consolidated Incineration Facility; LAW = Low Activity Waste; ILTV = Intermediate Level Trdt-
ium Vaults; WTF = Wastewater Treatment Fadility.

0o op

d.  Waste types: LLRW = low-level radioactive wastes; MW = mixed waste.

e. Source: DOE (1995b).

f.  All waste considered as solid feed.

g N/C = difference within 5 percent.

h.  40-year total.

i Source: DOE (1995a).

DOE would treat mixed waste that could not be The APT would generate several hundred cubic
incinerated at the Consolidated Incineration meters of high concentration radioactive waste
Facility at the APT and then store the treated (Greater-Than-Class-C Waste) over its 40-year
waste at SRS mixed waste storage pads or operational life; most would be mixed waste.
buildings before disposing of it off the Site. In DOE is investigating material substitutions that
addidon, DOE would store stabilized APT would minimize or eliminate this waste stream;
mixed waste ash from the CIF before disposing however, if the waste was generated, the De-
of it. Similar to APT-generated hazardous partment has several potential disposal optons,
waste, the annual volume of mixed waste that each requiring more investigaion. The most
would require onsite storage and offsite treat- likely options are the proposed Yucca Mountain
ment and disposal would be relatuvely low Repository in Nevada, the Hanford Site, the
(1.0 cubic meter). Table 4-17 lists the impacts Nevada Test Site, and the SRS. The SRS inven-
of storing APT mixed waste and high concen- tory of such waste (excluding APT) will be
traion waste (mixed and nonmixed) in SRS 1,500 cubic meters by 2035 (England 1997).
mixed-waste storage faciliies. Other DOE sites The operation of the APT would increase the
could treat and dispose of mixed waste, and the inventory of this waste stream by one-third.
Department has approved commercial vendors

for treating and disposing of mixed wastes DOE would selectively treat radioactive and
(Shedrow 1997a). DOE expects impacts on the nonradioactive process wastewater in the APT
treatment capabilities of other facilities to be waste treatment systems described in Appen-
negligible due to the low volume of waste. dix A, and would discharge treated wastewater
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to a State-permitted outfall The estimated an-
nual discharge volumes would be 920 million
gallons for the preferred configuration
(Shedrow 1997a). Sections 4.1.2 and 4.2.2 dis-
cuss the impacts of these discharges.

APT sanitary wastes and wastewaters would
have little impact on the SRS treatment and dis-
posal facilides. The sanitary wastes would in-
clude nonhazardous industrial solid waste such
as failed nonradioactive nonrecyclable equip-
ment, and nonhazardous chemicals and bio-
cides. Table 4-17 lists estimated waste volumes
and expected impacts on the Three Rivers Re-
gional Landfill and the SRS Central Sanitary
Wastewater Treatment Facility.

4.1.6 VISUAL RESOURCES AND NOISE
4.1.6.1 Yisual Resources

Impacts on visual resources would be influ-
enced by the relative size (particularly height) of
the APT facilities, dissimilarity to surroundings
(shape and color), and number and frequency of
viewers.

The construction and operation of the APT and
associated support structures would not be
visible to ground-level observers from the SRS
boundaries at either the preferred or alternate
site. Views of the accelerator and its associated
buildings by visitors or employees using the SRS
road network would be limited by the forest
vegetation and rolling terrain surrounding the
sites. Most of the proposed buildings would
not exceed the height of the surrounding forest
vegetation. The tallest structures, two air emis-
sion stacks and a water storage tank, would not
be more than 200 feet high and like the K-Area
Cooling Tower (which is 490 feet high) would
not be generally visible to ground-level observ-
ers from the SRS boundaries. Site visitors and
employees observing the APT facility and sup-
port structures would find the site similar to
other developed industrial areas on the SRS.
Visible plumes aloft would have a limited im-
pact on visual resources. Section 4.1.3.2 dis-
cusses the potential impacts to air quality and to

visual resources of mechanical-draft and natu-
ral-draft cooling tower emissions.

4.1.6.2 Noise

Noise can produce adverse effects on the physi-
cal, mental, and emotional health of individuals.
It can also disturb wildlife, displacing animals
and interfering with normal patterns of resting,
foraging, feeding, roosting, nesting, and repro-
ducing. This section examines the impacts of
noise from construction and operation of the
accelerator and its related faciliies on workers
and nearby offsite residents, and provides data
for analysis of noise impacts on wildlife in Sec-
tion 4.2.2.

Construction. All alternatives would produce
noise from the construction of the APT facili-
tes at the preferred or alternate site, construc-
tdon of a rail spur to the APT facilides,
operation of concrete batch plants and other
support facilities, and traffic from construction
workers and delivery trucks. For alternatives
that would use rver water cooling, the con-
strucdon of supply and discharge pipelines
would generate noise. This noise, originating
from several locations, would occur with vary-
ing intensity over the 10-year construction pe-
rod.

DNoise Near the APT Site. Heavy noise from the

construction of facilities, operation of batch
plants, and construction of pipelines and rail-
ways would consist of noise from earth-moving
equipment, trucks, air compressors, jackham-
mers, and other sources listed in Table 4-18.

Construction noise at the APT site could be
higher than the limits imposed by OSHA.
However, DOE would ensure compliance
with OSHA 8-hour noise exposure guide-
lines through the use of administrative con-
trols, engineering, and protective equipment.
Noise to offsite receptors would not present
a nuisance. Operational noise would be less
than construction phase noise and would
have negligible impacts to workers and the
public.
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Table 4-18. Peak and attenuated noise levels (in dBA) expected from operation of construction equip-

ment.2
Noise level Distance from source
Source (peak) 50 feet 100 feet 200 feet 400 feet
Heavy trucks 95 84-89 78-83 72-77 66-71
Dump trucks 108 88 82 76 70
Concrete mixer 105 85 79 73 67
Jackhammer 108 88 82 76 70
Scraper 93 80-89 74-82 68-77 60-71
Bulldozer 107 87-102 81-96 75-90 69-84
Generator 96 76 70 64 58
Crane 104 75-88 69-82 63-76 55-70
Loader 104 73-86 67-80 61-74 55-68
Grader 108 88-91 82-85 76-79 70-73
Dragline 105 85 79 73 67
Pile driver 105 95 89 83 77
Forklift 100 95 89 83 77

a. Source: Golden et al. (1980).

The table indicates that construction noises can
be quite loud close to the sources, but rapidly
decrease with distance. During peak construc-
tion times, 2 number of noise sources would be
distributed across the construction site. For ex-
ample, DOE calculated the noise of 10 dump
trucks and 10 pile drivers at the same point; us-
ing the data from Table 4-18, the noise level
would be 83 dB(A) at 400 feet. DOE uses this
value as the sound pressure level for determin-
ing ecological impacts at the edge of the con-
struction site (see Section 4.2.2). Section 3.3.7
provides a scale for comparing predicted noise
with common noise levels.

Construction Noise at the APT Site. Workers at the

construction site(s) could encounter noises
higher than the limits imposed by the Occupa-
tonal Safety and Health Administration
(OSHA). However, DOE would ensure that
construction contractors complied with OSHA
noise regulatdons (29 CFR Part 1926.52), which
limit 8-hour noise exposures to 90 dB(A).
Administrative controls, engineering controls,
or personal protective equipment would be used
as required to comply with OSHA limits.

Construction Transportation Nozse. Noise from the

transportation of workers and materals to and

from the construction site could increase along
the most frequently used routes. The most
probable routes are State Route 125 from
Augusta, Georgia, State Route 19 from Aiken,
South Carolina, and U.S. Route 1 between
Augusta and Aiken connecting State Routes 125
and 19. In 1991 DOE commissioned 2 quant-
tative analysis of construction traffic noise for a
proposed new reactor at the SRS (Chun and
Rabchuk 1991), which concluded that construc-
tion traffic noise would not result in a signifi-
cant incremental noise increase. The APT
construction project would involve 66 percent
fewer construction workers than the proposed
reactor project; however, the assumed baseline
traffic volume would be less due to decreases in
overall SRS employment since 1991.

Offsite Noise. The nearest SRS boundary is about
6 miles north of the preferred site and 4 miles
north of the alternate site; the nearest popula-
tion centers (New Ellenton and Talatha, South
Carolina) are about 8 miles north of either site.
The land between the two sites and the popula-
ton centers is heavily forested, providing
maximum noise reduction.

Based on the following information, DOE be-
lieves that construction noise at offsite recep-
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tors would be sufficiently low in comparison to
background noise that it would not present a
nuisance to most receptors.

e A survey of baseline sound pressure levels
performed in the summer of 1989 and the
winter of 1990 (NUS 1990) indicated that
sound pressure levels near population cen-
ters ranged from 65 to 67 dB(A) during
daytime hours on summer weeckdays and
extended as low as 56 dB(A) during night-
time hours on winter weekends. The meas-
urement notes from these studies do not
report identifiable noises from the SRS, al-
though three SRS industrial facilities were 5,
7.5, and 8 miles away (M-, F-, and H-Areas,
respectively).

¢ Quantitative modeling of potential impacts
from construction of the New Production
Reactor (Chun and Rabchuk 1991) indi-
cated that construction noise at the SRS
boundary 7 miles north of the proposed site
was below the threshold of hearing.

Operations. For all alternatives, noise would
arise from the operation of the APT at the pre-
ferred or alternate site, trains on the rail spur to
the facility, and traffic from APT personnel.
Other noise could occur from cooling towers,
cryogenics compressors, river water pumps, and
pipelines.

DNotse Near the APT Site. Table 4-19 lists the

most significant noise sources. Figure A-1
shows their physical locatons. Even during

peak operating times, these sources would not
operate simultaneously.

Based on earlier studies near large SRS facilites
(INUS 1990), sound pressure levels could be
near 60 dB(A). Therefore, DOE does not be-
lieve that noise from APT operations would be
much greater than background in the wooded
areas adjacent to the facility because sound
pressure levels decrease rapidly with distance.

Qperations Noise at the APT Site. Operational
workers at the APT site or 2 power generation
site could be subject to noises that exceeded the
limits imposed by the Occupational Health and
Safety Administraion. DOE would design en-
gineered noise attenuation features into these
facilides as approprate and would incorporate
administrative controls and require the use of
personal protective equipment to ensure ade-
quate worker protection.

Operations Trangportation Noise. As with con-

struction transportation, noise from the vehicles
of commuting workers could increase along the
most frequently used transportation routes.
The 1991 study of traffic noise for a new reac-
tor at the SRS (Chun and Rabchuk 1991) con-
cluded that operations traffic would not result
in a significant incremental noise increase. For
comparison, the APT project would involve 48
percent fewer operational workers.

Qffsite Noise. Based on the following informa-
don, APT operations noise at offsite receptors
would be sufficiently low in comparison to

Table 4-19. Major noise sources during accelerator operations.

Estimated sound

Source Descrption Units pressure level
Mechanical-draft cooling tower  Three cells, each with 150-horsepower motor 9 110 dB (near the tower)
Air compressors 500 horsepower; 2,000 scfma at 125 pounds 2 85-90 dB(A) (near the

per square inch gage compressors)
Pumps 300 horsepower 36 90dB at3 feet
Chillers 350 horsepower 54  90dB at 3 feet
Target pumps 5,000 gallons per minute at 40 pounds per 5 90 dB at 3 feet

square inch; 250-horsepower motor
TSF HVAC exhaust fans 48,000 scfm; 75-horsepower motor 4 90 dB at 3 feet
Cryogenics facilities Compressors, turbines, etc. 3 96 dB outside building

a. scfm = Standard cubic feet per minute.
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background noise that it would not present a
nuisance.

A survey of baseline sound pressure levels
(NUS 1990) indicated that such levels at a
remote location on the SRS ranged from 30
to 43 dB(A) in the winter and from 49 to 53
dB(A) in the summer. (The higher summer
values indicate that much of the noise was
from insects.) Although the remote loca-
ton was surrounded by four major operat-
ing facilities (F-Area at 3.5 miles, H-Area at
2.5 miles, K-Area at 3.5 miles, and L-Area at
3 miles), the sound pressure levels were less
than at any of the offsite survey locations.
Nevertheless, measurement notes from
these studies report some industrial noises
from SRS facilides. Given the low sound
pressure levels at this location, noise from
the APT site probably would not be detect-
able at population centers 8 miles away.

Quantitative modeling of potental impacts
from construction of the proposed New
Production Reactor (Chun and Rabchuk
1991) indicated that construction noise
would be about 14 dB(A) at the SRS
boundary 7 miles north of the proposed
site. The 1990 baseline sound pressure lev-
els near population centers north of the Site
ranged from 56 to 67 dB(A). Combining
the New Production Reactor sound pres-
sure level to these levels would result in a
range from 56 to 67 dB(A) (i.e., the noise
would be imperceptible). The noise sources
modeled for the New Production Reactor
were as loud as those at the APT site and
were more numerous (about 100 255-
horsepower mechanical-draft cooling tow-
ers).

The K-Area Cooling Tower alternative would
introduce a2 new noise source. A study for the

New Production Reactor (NUS 1991) predicted
offsite sound pressure levels from two natural-
draft cooling towers would be less than the
threshold of hearing; the proposed site was
7 miles from the SRS boundary. Noise from

pumps on the river would probably not be
audible except by occasional boat traffic under
certain weather conditions.

Noise Impact Summary. Table 4-20 summa-
rizes noise impacts by alternative.

4.2 Impacts on Human and Bio-
logical Environment

4.21 HUMAN HEALTH

Actions at the SRS affect two groups of people:
site workers and the public. In its consideradon
of impacts, DOE evaluated potential actions in
which the alternatives could affect each group
of people, and analyzed actions that are rea-
sonably foreseeable for three conditions:

e Construction

¢ Normal operations (nonaccident condi-
dons)

o Accident conditions

DOE expects an incremental increase in oc-
cupational injuries based on historic SRS
information for injuries requiring first aid, in-
juries requiring medical attention, and inju-
ries resulting in lost work time during the
construction phase. DOE also expects a
slight increase in the potential for traffic fa-
talities. . .

From normal operations, DOE expects the
increase of latent cancer fatalities attribut-
able to the APT related radiological releases
to the public to be very small. Similarly, all
concentrations for noncarcinogenic materi-
als are well below all established limits and
consequently no health impacts are ex-
pected. Beryllium is the only carcinogen of
concem. The incremental risk of cancer
from this material is also very small. Im-
pacts would be slightly higher at the alter-
nate site because it is closer to the SRS
boundary. Potential impacts to workers
would be slightly higher although in all cases

below threshold limits. ]
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Table 4-20. Noise impacts by alternative.

Alternative Impact
Preferred configuration Construction: Significant near-field noise with potential to disturb
wildlife near the project boundary. Offsite impacts are not expected.
Operations: Significant near-field noise with potential to disturb
wildlife near the project boundary. Offsite impacts are not expected.
Cooling water alternatives

Once-Through Cooling Using River Water

Same as Preferred altemative except there would be no mechanical-

draft cooling tower noise, which constitutes a large fraction of opera-

tional noise

K-Area Cooling Tower with River Water
Makeup

Same as Preferred alternative except K-Area cooling tower would
provide additional noise sources remote from the project site and the

operations noise of the APT would be less.

Mechanical-Draft Cooling Tower with
Groundwater Makeup

Room Temperature Operation

Same as the Preferred alternative except there would be no river wa-
ter pump noise.

Same as the Preferred alternative. The APT site noise could be

slightly less with room-temperature technology, because there would
be no cryogenics facilities.

Lithium-6 Feedstock Material
Inductive Output Tube

Same as the Preferred alternative.

Same as the Preferred alternative.

4.2.1.1 Construction

DOE has reviewed the activides to be com-
pleted during construction and has identfied
the following as the primary impacts during this
phase:

o Increased traffic-related accidents for both
the public and site workers

e Increased exposure to nonradiological
constituents for both the public and site
worker

e Increased incidence of occupational injuries
to workers

DOE used traffic statistics for public highways
near the SRS to determine the normal accident
rates for the public and site workers combined
for existing traffic patterns. DOE then est-
mated the increase in traffic from construction
activities and calculated the relative increase in
accidents that could occur due to the greater
number of vehicles on the roadways.

Section 4.1.3 discusses the methods used by
DOE to calculate exposure of workers and the
public to nonradiological constituents.  As
shown in Tables 4-7 and 4-8, the concentrations
to which workers or the public could be ex-
posed are well below regulatory limits and thus
are expected to pose no health impact. In addi-
don, these estimated concentrations do not vary
markedly by alternative.

DOE estimated impacts on the worker popula-
tion from occupational injuries using historic in-
formation at the SRS. First, DOE obtained the
normal incidence rate (the number of injuries
for a given number of work hours) of three
categories of injuries: injuries requiring first aid,
injuries requiring medical attention, and injuries
resulting in lost work time. DOE then pro-
jected the total number of person-hours to
build the APT facilities and calculated the ex-
pected number of injuries using the historic in-
cidence rates.

Table 4-21 lists expected construction impacts
on the health of site workers and the public.
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The table lists vehicle accident and occupational
injury information for the preferred configura-
tion, and changes in the impacts if DOE im-
plemented other alternatives. The data in the
table indicate some changes in construction im-
pacts for the Room Temperature Operation and
Lithium-6 Feedstock Materal alternatives; these
changes would be due almost entrely to differ-
ences in the number of workers and labor hours
spent to construct the facility.

4.2.1.2 Operations

Impacts to the Public. DOE has considered
the activities that would be performed following
construction of the APT facilities and has iden-
tified potential impacts to the public in the fol-

lowing areas:

e Exposure to radiation, radioactive material,
or nonradioactive material from facility
emissions

¢ Transportation of radioactive material

e Exposure to increased traffic conditdons on
roads near the SRS with potential increased
accident frequencies

e Exposure to electromagnetc fields (EMF)

To estimate impacts to the public from facility
emissions, DOE used water and air quality data
from Sections 4.1.2 and 4.1.3 to calculate the
radiation dose to the maximally exposed indi-
vidual and the public surrounding the SRS.

After DOE calculated the total radiation dose
to the public from all sources associated with
the accelerator, it used dose-to-risk conversion
factors established by the National Council on
Radiaton Protecion and Measurements
(NCRP) to estimate the number of latent cancer
fatalities that could result from the calculated
exposure. No data indicate that small radiation
doses cause cancer; to be conservative, how-
ever, the NCRP assumes that any amount of
radiation carries some sk of inducing cancer.
DOE has adopted the NCRP factors of 0.0005
latent cancer fatality for each person-rem of ra-

diation exposure to the general public and
0.0004 latent cancer fatality for each person-rem
of radiaton exposure to radiation workers
(NCRP 1993).

Similar to radiological emissions, DOE used the
air quality and water quality data in Section 4.1.2
and 4.1.3 to evaluate potential impacts to the
public from nonradiological material. Of the
materials expected to be released from the APT
facilities, only Beryllium is a carcinogen. For
noncarcinogenic material, DOE evaluated the
material concentrations against concentration
limits set by the State or Federal government to
protect the public against other potental health
effects (e.g., irritation of the lungs). The limits
represent a conservative threshold below which
no health effects would occur. As demon-
strated in Sections 4.1.2 and 4.1.3, all concen-
trations for noncarcinogenic materials are well
below any regulatory limits and DOE therefore
expects no health impact.

For the special case of Beryllium emitted by the
air pathway, DOE used the EPA's Integrated
Risk Information System (IRIS) data base to es-
timate the increased risk of cancer from expo-
sure to airborne Beryllium. Using the slope
factor of 0.0024 per microgram per cubic meter,
DOE calculated a risk of an additional lifetime
latent cancer risk of 4.6x10-9 to the maximally
exposed individual for the concentration listed
in Table 4-10. This value is well below the
0.000001 nsk value that EPA typically uses as
the threshold of concern.

To determine the potential radiation exposure
to the public from transportation of radioactive
material, DOE first identified the types of
shipments it would make as follows:

1. Onsite transportation of low-level radioac-
tive waste (primarily job-control waste)

2. Onsite transportation of Trtium (Helium-3
Feedstock Material alternative)

3. Onsite transportation of irradiated Lith-
ium-6 rods (Lithium-6 Feedstock Material
alternative)
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4. Offsite transportaton of mixed waste
(irradiated lead)

5. Offsite transportation of low-level radioac-
tive waste (window modules, steel shielding,
aluminum and irradiated tungsten)

DOE analyzed onsite transportation of low-
level radioactive waste in detail as part of the
SRS Waste Management EIS (DOE 1995b).
The APT will produce some radionuclides that
are different (ie., not beta-gamma emitting)
than those analyzed previously; however, these
radionuclides represent a small fracton (less
than 1 percent) of the total inventory. There-
fore, DOE believes that the impacts presented
in the SRS Waste Management EIS for onsite
transportation of low-level radioactive waste are
representative of those from the transportation
of waste associated with the APT facilities.

For transportation of the other material types
listed above, DOE determined the radiatdon
dose rate from the various transport packages
and then used the RADTRAN computer pro-
gram to estimate the consequences to the public
from incident-free transportation. DOE has
not postulated a reasonably foreseeable trans-
portation accident for these materals because
they would all be transported in Type B pack-
ages, which are designed to maintain their con-
tents in severe accidents.

Similar to the methodology described for con-
struction impacts, DOE calculated the andci-
pated traffic accidents attributable to APT
operations by using historical information on
traffic accidents on roads near the SRS. DOE
then applied this rate to the expected traffic as-
sociated with APT operations to estimate the
number of traffic accidents.

Table 4-22 lists projected health impacts from
routine operation of the APT faciliies. The ta-
ble lists radiological dose information and traffic
information for the preferred configuration; it
also list changes in the expected impacts for the

alternatives.

Impacts to Workers. DOE has considered the
activities that it would perform following con-
struction of the APT facilides and has identfied
potental impacts to workers in the following
areas:

e Exposure to radiation, radioactive material,
and nonradioactive material from facility
operations

¢ Exposure to radiation from transportation
of radioactive material

e Exposure to occupational injuries

e Exposure to electromagnetic fields in the
facilides

e Exposure to increased traffic conditdons on
roads near the SRS with potential increased
accident frequencies

DOE based its estimates of radiaton doses to
workers on historic experience at the Tritium
Facilites in H-Area. In addition, DOE re-
viewed the design of the APT facilities and es-
timated the likely radiaton dose rates from the
components. DOE then projected the number
of workers who could be exposed to determine
the total dose to workers and the maximum
dose to an individual worker. Using the air
quality data in Section 4.1.3, DOE also calcu-
lated the radiation dose to an uninvolved
worker (one not associated with APT opera-
tions and not on the APT site) who receives a
dose from radiological emissions from the APT
stacks.

Based on the conceptual design of the accelera-
tor, DOE does not expect workers in the facili-
tes to be exposed to other than incidental
concentrations of airborne nonradioactive ma-
terial, primarily in the form of cleaning agents.
Therefore, DOE did not perform a detailed
analysis of health effects from exposure to non-
radiological materal inside the facility. How-
ever, similar to the calculadon of the radiologi-
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cal dose to workers, DOE calculated the air
concentration an uninvolved worker, as dis-
cussed above, could receive from emissions at
the APT site. Of the airborne constituents re-
leased from the APT facilities, only Beryllium is
a carcinogen. DOE calculated the risk of can-
cer to the uninvolved worker using the same
methodology described above for public expo-
sure to Beryllium. Using the same slope factor
of 0.0024 per microgram per cubic meter, the

calculated risk to the worker would be 6.7x10-8
which is well below the threshold of 1.0x10-6.

To determine the impacts from transportation
of radioactive matenal, DOE used the meth-
odology described above for determining im-
pacts to the public, but it chose the receptors of
interest to be a maximally exposed worker and
the worker population. DOE calculated the
doses to these receptors for the same types of
shipments described above and lists the results
in Table 4-23.

To estimate the number of occupational injuries
that could occur during normal APT operations,
DOE muldplied the SRS injury rate by the es-
timated work-hours per year for three types of
injuries: those requiring first aid, those requir-
ing medical attention, and those resulting in lost
work time.

Workers could be exposed to electromagnetic
fields in and near the APT faciliies. These
fields would come from such sources as power
lines, large electric motors, and radiofrequency
tubes. The primary frequencies of the sources
would be less than 1,000 megahertz, which is
lower than the frequency of visible light. At
these frequencies, electromagnetic waves have
not been shown to cause cancer (American
Cancer Society 1997). Therefore, DOE com-
pared expected EMF levels to exposure limits
set by the Occupational Safety and Health Ad-
ministration (10 mW/cm?2 for periods of 0.1
hour or more, 29 CFR 1910.97) and expects no
health impacts under normal operation.

As discussed above, DOE calculated increased
incidents of traffic accidents based on historc

information coupled with expected traffic asso-
ciated with APT operations. The values pre-
sented in Table 4-22 are the estmated total
number of accidents attributable to APT opera-
don and reflect total accidents for workers and
the public.

Table 4-23 lists estimated impacts on workers
for normal operating conditions. The table in-
dicates that impacts would not vary much
among the alternatives; however, some vana-
tons would occur as a result of the size of the
work force for a particular alternatdve.

4.2.13 Accidents

All accidents with a postulated frequency of
less than once during the operating life of
the accelerator (40 years) have negligible
consequences. Only four low-probability
accidents (highest frequency = once per
2,000 years) have offsite doses high enough
to warrant public protective actions under
the SRS Emergency Plan (1 rem at site
boundary) (WSRC 1996c).

This section summarizes nsks to members of
the public and workers from facility accidents
associated with the operation of the APT. This
EIS defines an accident as a seres of unex-
pected or undesirable events possibly leading to
a release of radioactive or hazardous materal in
the facility or to the environment; however, not
all accidents result in a release. Each alternative
discussed in this EIS has the potental for acd-
dents.

All accidents have several things in common, as
shown in Figure 4-1: a hazard (radioactive ma-
terial, hazardous chemicals, etc.) and an energy
source to breach protective barriers. The bar-
rier to a release can be a single item or a combi-
nation of many items; for example, a tank of
material inside a vault inside a storage facility
would have three barners -- the tank wall, the
walls of the vault, and the walls of the storage
facility. In addition, the physical form of the
material can act as 2 barrier to its release. For
this example to have a release to the environ-
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1,
/‘\,

Barrier to Release Released material

Figure 4-1. An accident resulting in a release
of material.

ment, an accident would have to have enough
energy to breach all three barriers.

In most cases, breaching a barrier will not result
in the release of all of the hazardous materal.
The nature of the accident will control the
amount of material released. This analysis takes
this into account by using the estimated release
fraction, which is the fraction of material that
DOE has calculated the accident would release.
After its release to the environment, a material
undergoes dilution similar to releases from rou-
tine operations.

The purpose of accident analyses is to deter-
mine two crucial pieces of information: the fre-
quency (or probability) of an accident and the
consequences of that accident if it occurred.
This analysis based the estimated frequency of
an accident on calculated failures that must oc-
cur for the accident to happen; that is, an acdi-
dent usually requires a number of events to
happen in sequence, and the overall probability
is the product of the probabilites for the inde-
pendent individual events. The consequence of
the accident is usually related to the human
health of the workers and public surrounding
the facility; this analysis based its calculated con-
sequences on the assumed amount of released
material and the location of workers and the
public. For radiological accidents, the analysis
first calculated consequence as a radiaton dose,
and then based its determination of the health
effects on the dose. For chemical accidents, the
analysis calculated the concentration to which
people are exposed, and then determined the
health effects.

DOE analyzed the hazards from the operation
of the proposed facility and the associated bar-
riers to prevent release of the hazards. In addi-
ton, to identify the probability for and the
magnitude of a release if it occurred, DOE
identified possible energy sources that could be
available to breach the barders. DOE also as-
sessed the likelihood of each event (probability
per unit time) based on Departmental guidance
documents. Table 4-24 summarizes potental
significant events. Appendix B describes indi-
vidual accident assumptions. Among those ac-
cidents postulated but not considered credible
or significant were airplane crashes and site
flooding enhanced by upstream dam failure.
The key portions of the APT are underground
and the facility is located well away from the
nearest commercial airport. As for flooding, the
APT preferred site is on a bluff over 100 feet
above the nearest flood plain.

Table 4-24 lists the information on each poten-
tal accident as follows:

o  Event description: The accident identifier (i.e.,
a name for the accident). In most cases, it
is the major event in the sequence that
would lead to the release, although it is not
necessarily the first or the last event in the
sequence.

¢ Hazard: The materal that could be released.
Most hazards listed are radioactive material;
however, some accidents involve the release
of chemicals. This column lists the type
and location of the hazard (e.g., target, tun-
nel).

®  Barrier breached: The primary barrier the ac-
cident would breach. Although there could
be other barriers, this column lists the first
barrier the matenal encounters to enable a
better understanding of the concept of ac-
cident analysis.

o  Energ for release: The source of energy that
breaches the barner; that is, the circum-
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Table 4-24. General information on accidents associated with APT facilities.
Calculated
Dominaat accident
Event Hazard Barrer Driving force Materials frequency
Accidents applicable to all alternatives
Target cooling pump failure Radioactive materi- Cooling piping ~ Residual heat Negligible Once per 6 years
als in target for target from target
Loss of secondary cooling Radioactive materi- Cooling piping ~ Residual heat Negligible Once per 6 years
als in target for target from target
Chemical releases Hazardous chemi-  Chemical con-  Container breach  Hydrofluoric Once per 10 years
cals tainers assumed with add, hydrazine,
evaporation ammonium hy-
droxide
Tunnel purge of normally acti-  Activated tunnel air  Air confinement  Air Handling Negligible Once per 100
vated air without delay system System years
Resin bed fire Radioactive materi-  System piping ~ Fire H-3,0-15, Once per 100
als filtered from C-11,N-13 years
cooling system
Cooling pipe break in target Radioactive materi- Cooling piping ~ Residual heat O-15 Once per
als in target for target from target 1,000 years
Full power beam/beam stop ~ Radioactive materi-  Containment Beam energy C-11,Be-7, Once per
interaction als in beam stop around beam H-3 10,000 years
stop
Misdirection of beam with loss Radioactive materi-  Physical form of Beam impinge-  N-13, O-15, Once per
of confinement als in accelerator material ment Ar-41, C-11 10,000 years
tube wall
Target handling accident Radioactive materi- Target cladding  Residual heatin  Negligible Once per
als in target target 10,000 years
Beam expander failure Radioactive materi-  Target cladding  Beam energy Negligible Once per
als in tacget 100,000 years
Additonal accdents for Helium-3 Feedstock Matesial only
Small fire in Tritium Separation Tritum in faclity Containment Fire H-3 Once per 100
Fadility systems years
Large fire in Tritium Separa- Tritium in facility Conuinment Fire H-3 Once per
tion Fadility systems 10,000 years
Design-basis seismic event Tritum in facility Containment Fire and beam H-3,N-13, Once per
and activated airin  systems tube Ar-41, O-15, 2,000 years
beam tnnel C-11
Seismic event beyond design ~ Various radioactive  Containment Thermal energy ~ H-3, O-15,C-11  Less than once
basis materals systems per 100,000 years
Failure to shut down beam Various radioactive ~ Containment Beam energy Negligible Less than once
during transient matedals systems per 1 million years
Addidonal accidents for Lithium-6 Feedstock Material only
Design-basis seismic event Tritium in facility Containment Fire and beam H-3,N-13, Once per
and activated airin  systems tube Ar-41, O-15, 2,000 years
beam tunnel c-11
Seismic event beyond design ~ Vadous radioactive  Containment Thermal energy ~ H-3,0-15,C-11  Less than once
basis matenals systems per 100,000 years
Failure to shut down beam Various radioactive  Containment Beam energy Negligible Less than once
during transient materials systems per 1 million years

a2 “Negligible” means that DOE does not expect release of a measurable amount of materal.
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stance that is immediately responsible for
the barrier failure.

o Dominant materials: Major components of
the released materials. For radiological re-
leases, it lists major radionuclides; for
chemical releases, it identfies the chemicals
(see Appendix B).

o Caleulated accident frequency: Calculated value
for the likelihood that the accident would
occur. DOE estimated these values by
identifying events that would have to occur
for the accident to progress and then calcu-
lating the frequency for each of the events.
The product of the individual frequencies is
the overall probability for the entire acci-
dent.

During the analysis, DOE determined that most
major accidents would not depend on imple-
mented alternatives; events that would lead to
releases would rely on systems and features
common to almost all alternatives. However,
the Preferred alternative for the accelerator in-
cludes the Helium-3 feedstock materal, which
would require the associated Tritium Separation
Facility. For the Lithium-6 feedstock material,
DOE would not build the TSF (see Chapter 2);
therefore, accidents that occurred in the TSF
would not be possible if DOE implemented the
Lithium-6 feedstock material alternative. There-
fore, Tables 4-24 and 4-25 list accidents that
would be unique to the Helium-3 and Lithium-6
feedstock material alternatives separately. The
other listed accidents would be applicable to all
facility alternatives (i.c., operating temperatures,
sources of electrical power, sources of cooling
water, or radiofrequency tubes). If the TEF
were colocated with the TSF, any accidents for
the combined facility would be bound by this
analysis.

DOE analyzed each accident scenario to de-
termine the quantity of hazardous material that
would be present in the facility and the amount
that would be available for release to the envi-
ronment, and used these values in a computer
model that calculated the effects of transporting

the material through the atmosphere and the
radiation doses at selected locations. DOE cal-
culated the dose to three receptors:

e The offsite maximally exposed individual at
the SRS boundary

e An uninvolved worker at the Savannah
River Site, not associated with APT opera-
tions and at least 640 meters from the aca-
dent site

e Members of the public within 50 miles of
the facility (population = 620,000)

DOE performed accident calculations for the
preferred site (6.38 miles to the SRS boundary)
and for the alternate site (3.8 miles to the SRS
boundary). As the administrative limits for ra-
dionuclide inventory are adjusted for site loca-
tdon, there is essendally no difference in
accident consequences between the preferred
and alternate sites. However, as the preferred
site is farther from the site boundary, the pro-
jected radionuclide inventory limit could be
higher allowing greater operational flexibility.

The increased number of latent cancer fatalites
to the public, as discussed in Section 4.2.1.4, is
0.0005 times the dose in person-rem for doses
less than 20 rem. For larger doses, when the
rate of exposure would be greater than 10 rads
per hour, the increased likelihood of latent can-
cer fatality is doubled, assuming the body’s di-
minished capability to repair radiation damage.
DOE calculated the expected increase in the
number of latent cancer fatalities above those
expected for the population, and has listed these
values and other accident consequence data in
Table 4-25.

In general, DOE performed dose calculadons
for a 1-year exposure period (i.e., people would
be exposed to the released materals for 1 year
following the accident). However, the SRS
Emergency Plan (1) follows the EPA Guidelines
and (2) recommends evacuation of affected
people when committed dose is greater than 1
rem. Therefore, if the projected local dose
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Table 4-25. Calculated accident consequences for accidents listed in Table 4-24 for Preferred APT site.

Population
dose Uninvolved Cancer Calculated
MEIdose  (person- workerdose fataliiesin  accident fre-
Event (rem) rem) (rem) population quency
Accidents applicable to all altematives
Target cooling pump failure Negligiblea Negligible Negligible  Negligible Once every
6 years
Loss of secondary cooling Negligible  Negligible Negligible = Negligible =~ Once every
6 years
Chemical releases Negligible  Negligible  Negligible = Negligible =~ Once every
10 years
Tunnel purge of normally activated air with- Negligible  Negligible Negligible =~ Negligthle =~ Once every
out delay 100 years
Resin bed fire 0.50 800 75 0.40 Once every
100 years
Cooling pipe break in target 0.03 57 28 0.029 Once every
1,000 years
Full power beam/beam stop interaction 0.0043 5.0 0.96 0.0028 Once every
10,000 years
Misdirection of beam with loss of confine- 0.000012 0.057 0.00078 0.000029  Once every
ment 10,000 years
Target handling accident Negligible  Negligible = Negligible  Negligible Once every
10,000 years
Beam expander failure Negligible  Negligible = Negligible  Negligible Once every
100,000 years
Additional accidents for Helium-3 Feedstock Matenal only
Small fire in Trittum Separation Facility 0.21 360 7.0 0.18 Once every
100 years
Large fire in Trittum Separation Facility 1.9 3,500 8.1 1.7 Once every
10,000 years
Design-basis seismic event 29 5,100 150 26 Once every
2,000 years
Seismic event beyond design basis 3.0 5,500 168 27 Less than
once every
100,000 years
Failure to shut down beam during transient Negligible = Negligible  Negligible =~ Negligible  Less than
once every
1 million
cars  y
Additional accidents for Lithium-6 Feedstock Material only
Design-basis seismic event 0.96 1,600 146 0.8 Once every
2,000 years
Seismic event beyond design basis 17 3,100 200 1.6 Less than
once every
100,000 years
Failure to shut down beam during transient Negligible  Negligible = Negligible =~ Negligible ~ Less than
once every
1 million
years

a.“Negligible” means that DOE expects no quantifiable health impact.
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would be greater than 1 rem, DOE calculated
the doses to the maximally exposed individual
and the uninvolved worker for 1 day of expo-
sure, instead of 1 year of exposure.

4.2.2 ECOLOGY

This secton evaluates potential impacts of
construction and operation of the APT on the
ecological resources of the SRS.

4.2.2.1 Terrestrial Ecology

Potential impact to terrestrial ecology would
result from the clearing of 250 acres
(additional land would be required for the
‘modular design variation) of forested land at
either site. DOE does not expect, however,
that this would create a long-term reduction
in the local or regional diversity of plants and
animals. Plant stress from salt deposition
from cooling tower operations would be neg-
ligible.

Construction. DOE identified the following
potential impacts on terrestrial vegetation and
wildlife in evaluating the actions it would have
to complete during construction:

e Removal of vegetation that provides wildlife
habitat

¢ Displacement of mobile wildlife from con-
struction areas

e Loss of less mobile wildlife in construction
areas

e Loss of wildlife from wildlife-vehicle colli-

sions

The preferred and alternate sites for construc-
tion are predominantly forested with stands of
loblolly and slash pine and small upland hard-
wood stands of white oak, red oak, and hickory.
Construction actvities would result in the
clearing, grading, or disturbance of approxi-
mately 250 acres at either of these sites
(Shedrow 1997b). Construction activides would
affect virtually all vegetation in this area. The

Savannah River Insttute (formerly known as
the Savannah River Forest Stadon) would co-
ordinate the removal and sale of marketable
timber; however, clearing and grading would
disturb the remaining understory vegetatdon. In
addidon, every alternative would include the
clearing of about 30 acres for pipelines, and as-
sociated facilities (substations and pumping sta-
tions) and a smaller amount of land for the
construction of roads and a rail line (Shedrow
1997b). DOE has not identified any unique or
sensitive plants (or plant communities) at the
preferred or alternate site or in the probable
corrdors for infrastructure expansion. There-
fore, DOE does not expect a reduction in the
local or regional diversity of plants and plant
communities during construction for any alter-
native. (See Section 4.2.2.4 for discussion of
threatened and endangered species.)

Impacts to wildlife would vary during construc-
don. As the site underwent clearing and grad-
ing, disturbance and habitat loss would displace
more mobile animals (birds and larger mam-
mals). Some of these animals, particularly
young individuals, could be killed by predators
and automobiles, or could be forced to occupy
less suitable habitat. Species -- including rac-
coons, opossums, eastern cottontails, red-tailed
hawks, screech owls, blue jays, and common
crows that can adapt to disturbed or developed
areas -- would recolonize the site as construc-
don ended and site condidons became stable
(Mayer and Wike 1997). Other animals would
be displaced permanently, dispersing from the
site to the surrounding area. Species more de-
pendent on forested habitat or more sensitve to
disturbance (e.g., birds such as wood warblers
and vireos) probably would be permanenty
displaced.

Clearing and grading the site would result in the
loss of some individuals, primarily less mobile
animals such as toads, turtles, lizards, snakes,
mice, moles, and voles. Some small mammal
losses would also result as individuals become
more vulnerable to predaton as a result of dis-
placement. Because these animals are common
throughout the SRS, DOE expects negligible
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reduction in their populations as a result of
construction.

Increased traffic on roads during construction is
likely to result in increased wildlife-vehicle col-
lisions, which would result in the loss of mam-
mals such as the gray squirrel, opossum, and
white-tailed deer, as well as reptiles and am-
phibians such as snakes and toads. Because
these animals are common throughout the SRS,
DOE expects their populations to be unaffected
by these losses.

Operations. DOE has evaluated the following
potential impacts on terrestrial vegetation and
wildlife during operation of the APT facilites:

® Stress or loss of vegetadon due to salt
depositon from cooling tower operation

¢ Displacement of wildlife near the APT site
due to noise

o Loss of wildlife due to wildlife vehicle colli-
sions

During operation, impacts to terrestrial vegeta-
tion could result from salt deposition attribut-
able to drift from mechanical- or natural-draft
cooling towers. Cooling-tower drift can cause
vegetation stress through direct deposition of
salts on foliage or through excess accumulation
of salts in the soil (NRC 1985) Salt stress in
plants can occur through a number of mecha-
nisms, including (1) the increased osmotc po-
tental of the soil solution, which affects the
availability of moisture in the soil to the plant;
(2) an alteration of the mineral nutridon balance
in plant tissues; and (3) toxic effects due to in-
creases in specific ion concentratons in the
plants (DOE 1987a).

The tolerances and susceptbilites of plants to
salt deposition are highly variable, depending on
the species and environmental conditons. In
vegetative studies, the threshold for visible salt
stress symptoms on the most sensitive species
occurred at approximately 183 pounds of so-
dium chloride per acre per year (INTERA
1980). Deposition rates of about 90.4 pounds

of sodium chloride per acre per year can reduce
agricultural productivity (Mulchi and Arm-
bruster 1981).

Modeling results indicate that maximum total
deposition rates for solids would depend on the
cooling tower type and the source of cooling
water.  However, the maximum reported
deposition rate for any alternative would be 60
pounds per acre per year. Even if the solids
consisted entirely of sodium chloride, this
deposition rate would be less than the amount
that would be expected to cause damage to
vegetation; therefore, salt deposition should
cause negligible impacts on vegetation.

Every alternative would involve noise from the
operation of APT facilities, trains on the rail
spur to the facility, and vehicle traffic. In gen-
eral, animals habituate to a regular predictable
noise, or one of a continuous nature, more
readily than to sporadic noise bursts (Golden et
al. 1980). The noise sources identified in Sec-
tion 4.1.6.2 should have negligible impacts on
wildlife in the area around either APT site be-
cause they would be relatively constant or local
to the site such that sounds would decrease be-
low critical levels before they could reach the
facility boundary. Species that can adapt to
human disturbance would recolonize portions
of the site (the open grassy areas) despite the
noise level. Birds such as killdeer, common
bobwhite, and eastern meadowlark could nest in
the open fields and weedy graveled areas while
species such as mouming dove, northern
mockingbird, and eastern bluebird could forage
in the area. Predatory species such as rat snake,
red-tailed hawk, and gray fox probably could
hunt in the open grassy areas, taking advantage
of expanding small mammal populatons.
Mammals such as raccoons, opossums, and
skunks would also likely frequent the area, pos-
sibly establishing dens and territores in and
around the buildings (Mayer and Wike 1997).

Increased traffic on roads near the APT facili-
ties probably would result in increased wildlife-
vehicle collisions, which could result in the loss
of mammals such as the gray squirrel, opossum,
and white-tailed deer, as well as frogs, turtles,
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and snakes. These animals are common
throughout the SRS, and their populations
would be unaffected by these small losses.

4.2.2.2 Aquatic Ecology

The withdrawal of Savannah River water for
cooling would result in the impingement of
adult fish and the entrainment of fish eggs
and larvae at the river water intake. The
Once-Through Cooling Water alternative
would result in considerably higher rates of
impingement and entrainment than the vari-
ous cooling tower alternatives, but losses of
adult fish, fish eggs, and fish larvae under all
alternatives would be small relative to total
fish production in the upper and middle
reaches of the Savannah River.

Heated effluent from the APT facility would
be discharged to either Indian Grave/Pen
Branch or the pre-cooler ponds and Par
Pond. Discharge temperatures under the
Once-Through Cooling Water alternative
would be high enough to cause limited fish
kills in the pre-cooler ponds. Fish kills in In-
dian Grave/Pen Branch and the pre-cooler
ponds are unlikely under the other cooling
water alternatives.

Construction. As discussed above, surface
water impacts from construction activities
would be minor, and similar for all alternatives.
DOE would use appropriate soil and erosion
control measures to protect Upper Three Runs
and its trbutares; such measures could include
silt fences, spray-on adhesives, and seeding ar-
eas thought to be prone to erosion. As a con-
sequence, impacts from erosion and
sedimentation to aquatic organisms in Upper
Three Runs and its trbutaries would be minor,
and would not be a concern after DOE had
stabilized and revegetated disturbed areas.

Operations. Depending on the alternative se-
lected, the APT facilites would withdraw water
from the Savannah River for once-through
cooling or for cooling tower makeup water.
Chapter 2 discusses anticipated rates of with-
drawal from the river for the various alterna-
tives. The APT tertiary cooling water system
would discharge thermal effluent or cooling

tower blowdown to either Par Pond (through
Ponds 2, 5, and C) or Pen Branch (through In-
dian Grave Branch). The following sectons
discuss potential impacts to (1) Savannah River
biota from river water withdrawal and (2) the
aquatic communities of the Par Pond system
(including the pre-cooler ponds) and the
Pen Branch-Indian Grave Branch system from
APT nonradioactive liquid discharges.

Impingement and Entrainment. Section 316(b) of
the Clean Water Act (33 USC 1326) directs the
Environmental Protecdon Agency to establish
standards that require “...the locaton, design,
construction, and capacity of cooling water in-
take structures reflect the best technology avail-
able for minimizing adverse environmental
impacts....” Section 316(b) studies or
“demonstrations” assess potental impacts to
aquatic communities from impingement and
entrainment at the process or cooling water in-
takes of industrial faciliies and powerplants,
and are often a condition of a Natdonal Pollut-
ant Discharge Eliminatdon System (INPDES)
permit or permit renewal.

As a conditon of NPDES permit SC0000175,
issued in October 1976, the Environmental
Protection Agency required DOE to conduct
Section 316(b) studies to evaluate the impinge-
ment of juvenile and adult fish on river water
intake (trash) screens and the entrainment of
fish eggs and larvae into the river water pump-
ing system. Three of the five SRS production
reactors (P, K, and C-Reactors) operated during
most of the study period. Based on biweekly
observations of fish impinged at the river water
intake screens, an estimated 7.3 fish per day
(2,680 fish per year) were impinged at the dver
water intakes (McFarlane, Frietsche, and Miracle
1978). The most commonly impinged species
were bluespotted sunfish, warmouth, channel
catfish, and yellow perch. Assuming “worst-
case conditions,” an estimated 6.8 million eggs
and 19.6 million larvae were lost annually to
entrainment, representing 9.5 and 9.1 percent,
respectively, of the total number of fish eggs
and larvae moving past the cooling water in-
takes during the April-May-June (peak) spawn-
ing period (McFarlane, Frietsche, and Miracle
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1978). American shad comprised 96 percent of
the fish eggs collected. Blueback herring and
three shad species (American, gizzard, and
threadfin) dominated the larval fish collections,
along with large numbers of spotted sucker and
black crappie.

DOE conducted additional impingement and
entrainment studies from 1983 through 1985 to
assess potential impacts of the restart of
L-Reactor. The 1983-1985 studies showed that
an average of 7,603 fish were impinged annually
on river water intake screens (DOE 1987b).
Entrainment losses averaged about 10 million
eggs and 18.8 million larvae annually. The spe-
cies affected most by impingement were
bluespotted sunfish and threadfin shad; en-
trainment losses were primarily American shad
and other clupeids. The study concluded that
“these losses do not appear to have a significant
impact on the Savannah River fisherdes, there-
fore no mitigation seems justified” (DOE
1987b).

In early 1988, when three production reactors
(K-, L-, and P) last operated, the maximum rate
of nver water withdrawal at the 1G and 3G in-
takes was about 380,000 gallons per minute, or
179,000 gallons per minute each for once-
through cooling at K- and L-Reactors and
22,000 gallons per minute for makeup water at
P-Reactor. Based on the studies described
above, DOE estimated that continued opera-
tdon of K-, L-, and P-Reactors would result in
the entrainment of an estimated 18 million fish
larvae and 9 million fish eggs annually during
the spring and summer spawning period. Clu-
peid (shad and herring), centrarchid (sunfish
and crappie), and cyprinid (minnow and com-
mon carp) larvae would be entrained most of-
ten, while eggs of two anadromous species,
American shad and striped bass, would be en-
trained most often. The Final Environmental Im-
pact Statement Continued Operation of K-, L, and P-
Reactors concluded that impacts to fisheries from
entrainment of fish eggs and larvae at the SRS
would be small and limited to fish populations
in the immediate vicinity of the Site (DOE
1990).

Since 1988 there has been a dramatic reduction
in the rates of water withdrawn from the Sa-
vannah River by the SRS. By the end of 1988,
DOE had shut down the SRS production reac-
tors or placed them in cold standby, and was
reviewing their future status. By 1996, all five
reactors were shut down permanently.

In 1993, DOE placed Pumphouse 1G in
“layup” (unused but routnely inspected and
maintained), and in 1995 deactivated and aban-
doned Pumphouse 6G (on Par Pond). In June
1996 only one of the 10 pumps in Pum-
phouse 3G was operating, pumping approxi-
mately 28,000 gallons per minute to maintain L-
Lake water levels; auxiliary equipment cooling in
K-, L-, and P-Areas; fire protection in K-, L-,
and P-Areas; and sanitary wastewater in K-, L-,
and P-Areas (DOE 1997a). In 1997, DOE in-
stalled a 5,000 gallon per minute pump in the
3G pumphouse to conserve energy and reduce
costs, and shut down the last large capacity
pump that was still in service.

Under the Preferred alternative, the preferred
cooling water alternative would be the Mechani-
cal-Draft Cooling Tower with rver water
makeup. Based on the results of the 1983-1985
impingement and entrainment studies (DOE
1987b) and assuming impingement and en-
trainment rates are proportional to river water
withdrawal rates, the anticipated 6,000-gallons
per minute withdrawal of Savannah River water
under the preferred cooling water alternative
would result in the impingement of an est-
mated 132 fish and the entrainment of an est-
mated 173,000 fish eggs and 326,000 larvae
annually (Table 4-26). Impingement and en-
trainment rates under the K-Area (natural-draft)
Cooling Tower alternative would be essentially
the same. Under the Once-Through Cooling
alternative, DOE would withdraw an estimated
125,000 gallons per minute for cooling in the
APT facilides. This would impinge an est-
mated 2,600 fish and entrain an estimated 3.4
million fish eggs and 6.4 million larvae annually,
approximately one-third the rates of impinge-
ment and entrainment observed during the
1983-1985 period (DOE 1987b). To put these
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Table 4-26. Estimated annual rates of impingement and entrainment for APT cooling water alterna-
dves.2
Natural-draft Mechanical-draft Once-through
Factor Baseline cooling tower cooling tower cooling
Rate of river water withdrawal 5,000 6,000 6,000 125,000
(gallons per minute)
Annual impingement 110 132 132 2,600
Annual entrainment (eggs) 144,000 173,000 173,000 3,400,000
Annual entrainment (larvae) 272,000 326,000 326,000 6,400,000

a. Total annual impingement and entrainment losses for each cooling water altemative would be the sum of the base-
line impingement/entrainment and the losses expected from the cooling water alternative selected.

entrainment rates in perspective, a single female
American shad can produce 200,000 to 600,000
eggs per spawning season, and a single gizzard
shad can produce as many as 500,000 eggs per
spawning season (Scott and Crossman 1973).
Therefore, withdrawal of river water under any
of the cooling water alternatives would not have
a significant impact on the fisheries of the Sa-
vannah River.
-radioacts; 5ch

Thermal Effects. Many blue-green algae are toler-
ant of high water temperatures, preferring tem-
peratures above 95°F; a relatively large number
of green algae species grow best at temperatures
as high as 95°F; most diatoms prefer tempera-
tures below 86°F (Patrick 1969). Therefore,
periphyton (“attached” algae) communities
could be altered by thermal discharges under
the various cooling water alternatives. In gen-
eral terms, dominance of the periphyton by a
diverse diatom community indicates good water
quality, while dominance by a few blue-green or
green algae is often associated with poor water
quality. When the SRS production reactors
were operating, thermophilic blue-green algae
(those that can grow and reproduce in warmer
waters) often dominated the algal communities
in waters that received thermal -effluents
(Gibbons and Sharitz 1974).

Under the Mechanical-Draft Cooling Tower al-
ternative, maximum discharge temperatures to
ponds 2 and 5 would range from 65 to 88°F,
and would be highest in July and August. These
discharges could affect the periphyton com-

munites of the Par Pond system, but changes in
community structure probably would be subtle
and difficult to detect outside of the immediate
area of the discharge. Under the Once-Through
Cooling alternative, discharge temperatures
would increase steadily over the summer, ulu-
mately reaching 102°F in July and August in
Pond 2, 101°F in Pond 5, and 100°F in Pond C
(see Section 4.1.2). Temperatures of this magni-
tude would favor growth and reproduction of
green and blue-green algae and would likely
displace species, such as diatoms, less tolerant
of heated waters.

Because the 2,000-gallon-per-minute blowdown
from the K-Area natural-draft cooling tower is
not likely to exceed 89°F and represents only a
10-percent addition to the normal Pen Branch
flow (see Section 4.1.2), the heated discharge
probably would only affect attached algae
communities in the 1-mile secton of Indian
Grave Branch below the discharge canal. Be-
yond the confluence of Pen Branch and Indian
Grave Branch, impacts would be subtle to im-
perceptible.

Benthic macroinvertebrates are bottom-dwelling
organisms (such as mollusks and insect larvae)
that live part or all of their life cycles in and on
various submerged substrates.  Long-term
changes in water temperature can influence the
composition of the macroinvertebrate com-
munity because these organisms are usually un-
able to disperse rapidly, if at all, from areas of
thermal influence and typically live in a water
body over several seasons.
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Thermal stress tends to reduce community di-
versity (the number of kinds of animals in a
body of water) by making the environment un-
suitable for intolerant species or by conferring
competitive advantage to species that are able to
tolerate large temperature changes. Howell and
Gentry (1974) studied aquatic insect communi-
ties on the SRS and found increasing diversity
from thermal to post-thermal to natural
streams. Two species, a conxid (backswimmer)
and a chironomid (midge larva), comprised al-
most 96 percent of individuals collected from a
thermal stream; more stoneflies, dragonflies,
mayflies, and caddisflies were found in the natu-
ral stream than the post-thermal or thermal
stream.

Researchers have investigated temperature tol-
erances for certain groups of benthic macroin-
vertebrates, but the temperature preferences
and limits of many other groups are unknown.
Lethal temperatures for some sensitive stonefly
and mayfly species are as low as 68°F, while
those for some dragonfly species are as high as
105°F (Wiederholm 1984). In terms of com-
munity responses, field studies have shown that
water temperatures above 86°F can cause a re-
duction in species richness, abundance, bio-
mass, or producdon (Wiederholm 1984).
Temperatures of 95 to 106°F eliminated virtu-
ally all aquatic insects from cooling water canals
at powerplants (Durrett and Pearson 1975;
Parkin and Stahl 1981).

The sublethal effect of temperature on aquatic
macroinvertebrates might be more important
than absolute tolerance to high temperatures.
For example, increased temperatures can dis-
rupt the normal seasonal emergence pattern of
aquatic insects. Insects emerging too early in
the season can be killed by low air temperatures
or rendered more vulnerable to predadon. Al-
tering the normal sequence of male-female
emergence can affect reproduction.

Under the preferred cooling water alternative
(mechanical-draft cooling towers), maximum
discharge temperatures to Ponds 2 and 5 would
range from 65° to 88°F. The maximum tem-

perature observed in the canal entering Pond 2
over the 1994-1996 period, when unheated Sa-
vannah River water was pumped to Par Pond
via Ponds 2 and 5 to maintain the water level in
the reservoir, was 81°F (Cooney et al, 1995,
1996). The effect of heated discharges on ben-
thic macroinvertebrates in summer is well
documented. Temperatures higher than 86°F
have been found to reduce numbers and di-
versity of benthos (Dahlberg and Conyers 1974;

Wiederholm 1984). Therefore, the 88°F maxi-
mum discharge temperature to Ponds 2 and 5
would be expected to result in reduced benthic
macroinvertebrate numbers and diversity in
Ponds 2 and 5, but would probably have no dis-
cernible effect on Pond C or Par Pond.

Under the Once-Through Cooling alternative,
discharge temperatures as high as 102°F would
occur in July and August in Ponds 2 and 5.
Temperatures as high as 100°F would occur in
Pond C. Under these conditions, many benthic
macroinvertebrates (e.g., caddisflies and may-
flies) probably would undergo thermal stress
and displacement by other forms, such as chi-
ronomid (midge) larvae, that are less affected by
higher temperatures or reduced dissolved oxy-
gen levels. Thus, community diversity would
probably be reduced in these ponds, particularly
during hot summer months. Benthic commu-
nities in Par Pond probably would be affected
only near the Hot Dam, where water tempera-
tures would be several degrees higher than
normal.

Fish are cold-blooded vertebrates with body
temperatures and physiologic functions that
fluctuate approximately with the temperature of
their environment. As environmental tempera-
ture increases, most metabolic processes be-
come more rapid, up to a lethal temperature, at
which metabolism ceases rapidly. Changes in
temperature influence most physiologic proc-
esses, including feeding and nutrient assimila-
tion, growth, development, and reproduction.
Fish behavior is also influenced by temperature.
Within their range of temperature tolerance, fish
either seek or avoid heated waters.
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A number of studies have defined thermal pref-
erences and tolerance limits of fish, including
many species indigenous to the Savannah River
and its tributaries. Table 4-27 summarizes op-
tmum spawning temperatures, temperature
preferences, upper avoidance temperatures, and
reported lethal temperatures for several impor-
tant species in the middle reaches of the Savan-
nah River and in SRS waters. While study
objectves, techniques, and definitions vared
among the studies cited, patterns of temperature
tolerance are generally evident for the species.
Temperature preferences and tolerance of the
bluegill, a species that occurs in the pre-cooler
ponds of the Par Pond system, are well known
(see Table 4-27). The bluegill prefers tempera-
tures between 81 and 91°F, and generally avoids
temperatures higher than this. Thermal prefer-
ences for the largemouth bass, which is also
common in the pre-cooler ponds, are similar to
those of the bluegill (Table 4-27).

Other fish species likely to occur in the pre-
cooler ponds include mosquitofish, minnows of
the genus Nosrgpss, bullheads, and redbreast
sunfish (Bennett and McFarlane 1983; Aho and
Anderson 1985; Wike et al. 1994). To evaluate
the influences of the APT discharge on these
species, DOE compared projected maximum
discharge temperatures to upper avoidance and
lethal temperatures of the various species. Ta-
ble 4-28 lists the projected maximum tempera-
tures during the summer in relation to upper

avoidance and lethal temperatures for the im-
portant species.

Under the preferred cooling water alternative
(mechanical-draft cooling towers), the maxi-
mum temperature of discharges to Ponds 2 and
5 would be 88°F. This is high enough to pro-
duce an avoidance response in some fish spe-
cles, but would not be high enough to kill
resident fishes. Fish may be forced to seek out
thermal refuges in late summer, areas within the
ponds that are slightly cooler because they are
deeper, or cooled by seeps and springs, or influ-
enced by one of the small streams that flow in-
termittently into the ponds.

Maximum water temperatures in Ponds 2, 5,
and C in late summer under the Once-Through
Cooling alternative would be higher than those
preferred by virtually all indigenous fish species,
and could be high enough to kill more sensitive
species. This is consistent with the observadons
of Aho and Anderson (1985), who studied the
relatonship between reactor operations and fish
kills in Pond C. Fish kills in this cooling pond
occurred in all months of the year, but tended
to be more severe in late summer (when pond
temperatures were highest and dissolved oxygen
levels were lowest) and after extended reactor
outages (when fish had recolonized areas that
received the warmest water). Juveniles of all
species tended to be more affected than adults.

Table 4-27. Temperature requirements of selected fish species of the Savannah River Site.

Temperature (°F)

Spedies Spawning Preferred  Avoidance Lethal Reference
Redbreast sunfish 68-82 68-86 — — Aho etal 1986
Warmouth 70-81 77-86 — - McMahon et al. 1984
Bluegill — 88 93 97 Peterson and Shutsky 1976

63-81 82-91 — 97 Carlander 1977

— 81-90 90-95 — Coutant 1977

— — — 104 Holland et al. 1974
Largemouth bass — 81-90 84-93 — Coutant 1977

— 81-90 88-91 — Carlander 1977

— — — 97 Cvancara et al. 1977

— — — 101 Drew and Tilton 1970
Notropis (3 species) — — — 93 (winter) McFarlane et al. 1976

104(summer)
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Table 4-28. Comparison of maximum discharge temperatures in Ponds 2 and 5 and temperatures lethal

to resident fish species.

Temperature (°F)
Ponds 2and 5 Ponds 2 and 5
predicted maximum predicted maximum
Species Avoidance Lethal (cooling towers) (once-through)
Notropis spp. — 93-104 89 102
Bluegill 90-95 97-104 89 102
_Largemouth bass 84-93 97-101 89 102

Based on the Pond C studies (Aho and Ander-
son 1985), fish kills could occur in Ponds 2 and
5 under two sets of circumstances. First, lim-
ited fish kills probably would occur in late
summer when temperatures in Ponds 2 and 5
exceed known lethal limits for more sensitive
species. Second, fish kills could occur at any
time when DOE restarted the accelerator after
an extended outage and water temperatures in
the pre-cooler ponds rose suddenly.

In summary, discharge temperatures under the
Once-Through Cooling alternative would be
high enough to produce an avoidance response
in fish in the pre-cooler ponds in summer
months and could, under certain circumstances,
result in fish kills. The severity and extent of
these kills would depend on operational factors
(e.g., iming and rate of power ascension when
the APT facility restarts after an outage),
weather (fish kills would be more likely if air
temperatures were unusually high), and biologi-
cal factors (e.g., species composition of Ponds 2
and 5 fish communities, as well as age, sex, and
condition of fish). Thermally-related fish kills
would not be likely under the cooling tower al-
ternatives, because their predicted discharge
temperatures would fall within the range of
those tolerated, if not preferred, by resident fish
species.

Chemical Effects.  Under the Once-Through
Cooling alternative, 125,000 gallons per minute
of effluent from the APT facility would dis-
charge to Par Pond through the pre-cooler
ponds. Under the two cooling tower alterna-
tives, 2,000 gallons per minute of blowdown
would discharge continuously either to Par
Pond (through the pre-cooler ponds) or Pen

Branch (through Indian Grave Branch). These
discharges would contain small amounts of
chlorides, or salts.

The Environmental Protection Agency periodi-
cally publishes ambient water quality criteria
(AWQC), concentrations or levels of substances
that are known to affect “diversity, productivity,
and stability” of aquatic communities, including
“plankton, fish, shellfish, and wildlife” (EPA
1986). The purpose of these criteria is to assist
state regulatory agencies in the development of
location-specific standards to protect aquatic
life. The acute and chronic AWQC for chloride
are 860 and 230 milligrams per liter, respectively
(EPA 1991). The maximum predicted
(instantaneous) concentrations of chlorides in
once-through cooling water and cooling tower
blowdown would be 13 and 39 milligrams per
liter, respecuvely. Both of these values are an
order of magnitude lower than the acute and
chronic AWQC for chloride. The highest aver-
age concentrations of chloride in once-through
cooling water and cooling tower blowdown
would be 9 and 27 milligrams per liter, respec-
tvely. In addidon, chlorides in cooling water
would be diluted on discharge to the Par Pond
system or Pen Branch. Therefore, there would
be no impacts to aquatic biota in Par Pond and
Pen Branch from chlorides in once-through
cooling water or cooling tower discharges.

APT cooling water discharge would also contain
dissolved and suspended solids. Fish and other
aquatic life must tolerate a2 range of dissolved
solids concentrations to survive under natural
conditons. A study of fish in Canadian lakes
concluded that waters with dissolved solids
greater than 15,000 milligrams per liter were un-
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suitable for most freshwater species (EPA
1986). The maximum predicted dissolved solids
concentration in once-through cooling water
would be 91 milligrams per liter in May (see
Table 4-5). The maximum predicted dissolved
solids concentration in cooling tower blowdown
would be 273 milligrams per liter, also in May.
These concentrations would also be diluted on
discharge to Par Pond or Pen Branch. There-
fore, the possibility of adverse effects on aquatic
organisms in Par Pond or Pen Branch from dis-
solved solids in APT discharge water is remote.

Excess suspended solids may result in adverse
effects on fish and fish forage populations. The
four primary effects are (EPA 1986):

e Direct effects on fish in the water column
(e.g., reduced resistance to disease)

¢ Inhibited development of fish eggs and lar-

vae

o Interference with natural movements and
migration

¢ Reduction in the abundance of fish forage

In additon, suspended materials can settle and
blanket the bottom of water bodies, resulting in
effects to benthic species, blocking of gravel
spawning beds, and removal of dissolved oxy-
gen from the overlying water. No ambient wa-
ter quality standards are available for suspended
solids. EPA (1986) suggests that “Settleable
and suspended solids should not reduce the
depth of the compensation point for photosyn-
thetic activity by more than 10 percent from the
seasonally established norm for aquatic life.”
The National Academy of Sciences (see Ameri-
can Fisheries Society 1979) recommended the
following “settleable/suspended” solids criteria
(maximum concentrations) for the protection of

aquatic organisms:

¢ High level of protecion 25 milligrams

per liter

¢ Moderate protection 80 milligrams
per liter

¢ Lowlevel of protecion 400 milligrams
per liter

Total suspended solids in once-through cooling
water would range from 3 to 18 milligrams per
liter (instantaneous maximum), while total sus-
pended solids in cooling tower blowdown
would range from about 9 to 54 milligrams per
liter. These relatively low concentrations of
solids in once-through cooling water and cool-
ing tower blowdown would be further diluted
on discharge to Par Pond or Pen Branch. Based
on the National Academy of Sciences recom-
mendations, the levels of suspended solids ex-
pected under the various cooling water
alternatives would pose litde or no threat to
aquatic life in the Par Pond or Pen Branch sys-
tems.

DOE would use a number of proprietary
chemicals in the tertiary cooling water system
and cooling towers to control scale, corrosion,
algae, and microbial organisms. These chemi-
cals would control corrosion or buildup of algae
or microbial organisms. Application and dosage
rates would be recommended by the manufac-
turer. Blowdown from the cooling towers,
normally 2,000 gallons per minute, would be re-
duced during treatment cycles to prevent the
release of potentially toxic chemicals to the en-
vironment. Once chemicals have been neutral-
ized or degraded to safe levels (based on testing
or monitoring), the normal blowdown would
resume.

4.2.2.3 Wetland Ecology

Construction. DOE has identified wetlands
near the proposed APT sites and does not ex-
pect any impacts to wetlands as a result of con-
struction activiies. Both the preferred and
alternate sites are upland locations with no wet-
lands (including Carolina bays) within their
boundaries. The locations of pipelines, trans-
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mission lines, roads, and railway lines to support
the APT facilides would be chosen so as to
minimize potential impacts to any wetlands near
the routing corridors. In addition, DOE would
protect adjacent or downgradient wetlands from
construction impacts by implementing Best
Management Practices to prevent the offsite
movement of soil or sedimentation of water
bodies, as discussed in Secdon 4.1.1.

Operations. DOE has identified two potential
sources of impacts on wetlands from operation
of the APT facilities:

¢ Discharging heated water from the accelera-
tor cooling system to onsite surface water
bodies such that the increased temperatures
affect wetlands vegetation and wildlife

e Discharging large volumes of water from
the cooling system, thereby changing the
flow and water levels in surface water bod-
ies and affecting wetlands vegetaton and
wildlife

Heated blowdown from cooling tower opera-
tions would be marginally higher than the
ambient maximum temperature.  During
cooler months, the warmth provided by the
cooling water blowdown could have positive
impacts, including the lengthening of the
growing season for floating-leaved and
emergent vegetation, amphibians, and rep-
tiles. Under the Once-Through Cooling

Water alternative, DOE expects the loss of
some less hardy wetland vegetation.

All alternatives for APT operation would cause
impacts to wetlands because of cooling water
discharges. The discharge of the K-Area Cool-
ing Tower alternative could be as high as 89°F
at a flow rate of about 2,000 gallons per minute
into Indian Grave Branch, which flows into Pen
Branch. Recent measurements in the Pen
Branch system indicate an annual average tem-
perature of 72°F (Wike et al. 1994); in 1995 the
seasonal maximum temperature for Pen Branch
in its lower reaches was 85°F. Thus the maxi-
mum blowdown temperature would be only
marginally higher than the ambient maximum

temperature, and the temperature increase
caused by the cooling water discharge would
have negligible negative impacts on wetlands
vegetation and wildlife. During cooler months,
the warmth provided by the cooling water
blowdown could have positive impacts, includ-
ing a slight lengthening of the growing season
for the floating-leaved and emergent vegetation,
amphibians, and reptiles inhabiting the stream
and its delta in the Savannah River Swamp
(Grace and Tilly 1976; Wilde and Tilly 1985;
Brisbin 1997).

Alternatives that used mechanical-draft cooling
towers would discharge blowdown to Pond 2,
and in turn to Pond 5, Pond C, and Par Pond in
sequence. As indicated in Table 4-3, the maxi-
mum annual discharge temperature would be
88°F at a flow rate of about 2,000 gallons per
minute, depending on the alternative. The
maximum ambient temperature in the canal
between P-Area and Pond 2 was 81°F from
October 1994 through September 1996
(Cooney et al. 1996). Thus the temperature in-
crease caused by the cooling water discharge
would have a negligible negative impact on
wetlands vegetation and wildlife. The warmth
provided by the cooling water blowdown during
cooler months could provide positive impacts,
including a lengthening of the growing season
for the floating-leaved and emergent vegetation,
amphibians, and reptiles inhabiting the canals
and ponds (Grace and Tilly 1976; Wilde and
Tilly 1985; Brisbin 1997).

The Once-Through Using River Water alterna-
tive would discharge water to the Par Pond
system (through Ponds 2, 5, C, and Par Pond)
with a2 maximum temperature during warmer
months of about 102°F (Table 4-4). Most ac-
tvely growing plants cannot survive for long
periods at temperatures above about 104°F
(Wike et al. 1994). Although the cooling water
discharge would be slightly less than this
threshold, DOE expects the loss of some less
hardy wetlands vegetation, with greater impacts
in Ponds 2 and 5, as compared to Pond C and
Par Pond. Heated effluent from the APT under
the Once-Through Cooling alternative could af-
fect aquatic and semi-aquatic animals in down-
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stream wetlands. Amphibians, repties, and
semi-aquatic mammals (e.g., muskrats and bea-
vers, if present) in the pre-cooler pond wetlands
would be most affected. Amphibians and rep-
tiles, which like fish are unable to regulate their
body temperatures internally, are particularly
sensitive to changes in the thermal environ-
ment. These animals regulate their body tem-
peratures by selecting habitats in which
temperatures are suitable (e.g., a warmer or
cooler part of a pond) or by controlling expo-
sure to the sun’s radiation (seeking out shady or
sunlit areas). As a general rule, mammals are
less affected by heated discharges from indus-
trial facilities, because they are larger and more
mobile. As a result, they are able to move
longer distances in response to thermal pertur-
bations, and are better equipped to seek out
more favorable habitats.

The effects of thermal effluents on amphibians
and reptiles, which can range from elimination
of more sensitive species to subte c in
community structure, were intensively studied at
the Savannah River Site during the years in
which production reactors operated (Gibbons
and Sharitz 1974; Nelson 1974). For example
researchers at the SRS found that larval frogs
and toads in a reservoir (Pond C) receiving
heated effluent from a production reactor de-
veloped more rapidly and metamorphosed
sooner that those in unheated areas and had a
longer-than-normal breeding seasons. As a re-
sult, frogs and toads were smaller than normal
as juveniles and adults, and were present as
young later in the season than normal. As a re-
sult, they were more vulnerable to terrestral
predators, susceptible to seasonally-related food
shortages, and exposed to adverse weather
conditions. Turtes (yellow-bellied sliders), on
the other hand, grew more rapidly, grew to
larger sizes, achieved sexual maturity sooner,
and had larger clutch sizes in areas receiving
heated effluent (Chrsty et al. 1974; Gibbons
and Sharitz 1974). Thus, reproductive potential
was enhanced as a indirect result of thermal al-
teraton.

In the area of Par Pond surrounding the dis-
charge point, the warmth provided by the

heated effluent during cooler months could
provide positive impacts, including a lengthen-
ing of the growing season for the floating-
leaved and emergent vegetation, as well as am-
phibians, and reptiles (Grace and Tilly; Wilde
and Tilly 1985; Brisbin 1997).

As discussed in Section 3.2.2, the natural flow
of Indian Grave Branch is about 10 cubic feet
per second. The increase in flow due to dis-
charges from the K-Area Cooling Tower alter-
native (about 2,000 gallons per minute,
depending on the selected alternative) would
raise the water level in the upper reaches of the
stream (an estimated 0.5 to 0.75 feet) and cause
a loss of wetlands vegetation and changes in
species composition in the stream corridor and
delta (Nelson 1997). Species less tolerant of
flooding that have become established since the
cessation of discharges from K-Reactor would
be replaced by flood-tolerant vegetation. The
ongoing forest wetland restoration activities in
Pen Branch, which are a part of the mitigation
mandated in the Record of Decision for the Fi-
nal Environmental Impact Statement, Continued Op-
eration of K-, L-, and P-Reactors, Savannabh River Site,
Asken, South Carolina (DOE 1990) could be ad-
versely affected. Less flood-tolerant hardwoods
planted in the upper reaches of the Pen Branch
corridor could be lost (Nelson 1997).

Secton 4.1.2 contains flow rates for the P-Area
canal for March through September 1996.
Additions of about 2,000 gallons per minute of
blowdown under the Mechanical-Draft Cooling
Tower alternative would increase the mean flow
coming into Pond 2 32-fold. Additons of
125,000 gallons per minute of effluent under the
Once-Through Cooling alternative would in-
crease the mean flow through the system by a
factor of 280 and could raise water levels in
Ponds 2 and 5 by 1.5 feet (Pinder 1997). Im-
pacts to wetlands vegetaton would be very
small under the Mechanical-Draft Cooling
Tower alternatve. However, the Once-
Through Cooling alternative would raise water
levels significantly, causing vegetation to move
along the hydrologic gradient in the littoral zone
around the ponds. Some vegetation would be
lost, but it would become reestablished along
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the new shore line as water levels stabilized at
full pool.

Hydrologic modeling predicts that water levels
in Par Pond would nse between 0.1 and 0.6
foot, maintaining the 200-foot elevation (ful
pool) between 5 and 8 months a year under the
Mechanical-Draft Cooling Tower alternative.
Under the Once-Through Cooling alternative,
full pool would be maintained all year (DiFiore-
Smith 1997a). Impacts to wetlands vegetation
in Par Pond would be minimal under both Me-
chanical-Draft Cooling Tower and Once-
Through Cooling alternatives. The discharges
to the system would act to stabilize water levels
and so encourage the development of stable
communities of wetlands vegetation around the
lake. The stable water levels could result in
stagnant sediments in some of the back regions
of Par Pond coves, producing areas devoid of
vegetation (DOE 1997a).

Hydrologic modeling predicts that water levels
in Lower Three Runs would not be substantally
raised under either the Mechanical-Draft Cool-
ing Tower or the Once-Through Cooling alter-
natives. The mean flow in Lower Three Runs at
Road B during water years 1974 through 1992
was 37 cubic feet per second with the highest
and lowest daily mean discharges for the period
at 220 and 0.6 cubic feet per second (Bennett et.
al 1992), respectively. This translates to an es-
timated average depth of flow of 1.3 feet at a
velocity of 0.83 foot per second. Assuming that
all flow in Lower Three Runs at Road B is from
Par Pond, discharge of about 2,000 gallons per
minute under the Mechanical-Draft Cooling
Tower alternative would result in an average
discharge of 0.8 cubic feet per second in Lower
Three Runs. Average annual flows ranged from
0.4 t0 9.5 cubic feet per second. The estimated
average depth of flow in the stream at Road B
would be 1.31 feet at a velocity of 0.84 foot per
second. Under the Once-Through Cooling al-
ternative, an increase of 125,000 gallons per mi-
nute would result in an average discharge of
11.6 cubic feet per second in Lower Three Runs
with the average annual flow ranging from 9.3
to 40.4 cubic feet per second. The estimated
average depth of flow in the stream would be

1.5 feet at a velocity of 0.9 foot per second
(DiFiore-Smith 1997b).

4.2.2.4 Threatened or Endangered Species

Construction. DOE has not identified any
populations of threatened or endangered plant
or animal species on the preferred or alternate
site or in the likely corridors for related trans-
mission lines, pipelines, and roads. DOE will
continue to review these locations durng the
design and construction of the infrastructure for
the APT to ensure there would be no adverse
impacts to threatened or endangered species.

Operation. Actons related to cooling water
withdrawal and discharge would be those most
likely to affect threatened or endangered spe-
cies, especially:

® The shortnose sturgeon
¢ The American alligator
¢ The bald eagle

No threatened or endangered species occur.
within either APT site. Par Pond and the
pre-cooler ponds, however, are used by
American alligators and bald eagles. The
-alligators do not breed in Ponds 2 and 5 and
would abandon the ponds if water tempera- |
ture exceeded their tolerance range. In Par
Pond and Pen Branch, potential effects on-
alligators could be positive in that the
warmer waters could lengthen the active pe-
riod for the reptiles. Bald eagles use the Par
Pond system for feeding. Potential fish kills
associated with Once-Through Cooling
Water alternative could provide the eagles
with-an additional food source.

DOE evaluated impingement and entrainment
of shortnose sturgeon during withdrawals of
large volumes of cooling water from the Savan-
nah River and concluded that these operations
would not affect the continued existence of this
species in the Savannah River (Muska and
Matthews 1983; DOE 1990). DOE based this
conclusion in part on the facts that entrainment
was unlikely because shortnose sturgeon eggs
are demersal (sinking), adhesive, and negatively
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buoyant and that impingement of healthy ju-
venile and adult shortnose sturgeon on cooling
water system screening devices is highly unlikely
given their strong swimming ability. Therefore,
DOE does not expect any impact on this spe-
cies from APT operations, which would require
much smaller volumes of cooling water.

The American alligator population of the Par
Pond system, including Ponds 2, 5, and C,
would be relatively unaffected by the discharges
of heated effluent associated with the Once-
Through Cooling alternative. The species has
relatively broad temperature tolerances, with a
crtical thermal maximum of 100°F (Wike et al.
1994). Discharges into the Par Pond system
from the APT facility would at times during the
summer season exceed this temperature slightly
and could cause the alligators in Ponds 2 and 5
to abandon the ponds. These ponds do not
have breeding populations, and alligator use of
the ponds is intermittent and transitory (Brisbin
1997). However, displacement could result in
increased incidence of intraspecific encounters
as alligators from Ponds 2 and 5 are forced into
established territories of adults in other areas.
There could be an increased likelihood of fatal
encounters with humans and automobiles as
well. Discharges associated with the other
cooling water alternatives could have a positive
impact on the alligator populations in the Par
Pond system or the Indian Grave/Pen Branch
system by lengthening the active period of the
reptiles.

Bald eagles use the Par Pond system for feed-
ing. Operation of the APT facilides and dis-
charge of cooling water under the Once-
Through Cooling Water alternative could result
in fish kills in Ponds 2 and 5. Eagles would be
able to forage on the dead fish as a food source,
as they have in the past (Wike et al. 1994). Any
reductions in overall fish stocks in Ponds 2 and
5 would have little if any impact on eagle use of
the Par Pond system. The other alternatives
would have no negative impacts to the eagles.

4.3 Socioeconomics

Economic and demographic forecasting models
such as the REMI model are used to project
through simulations the effects of changes of
local economic variables (e.g., number of jobs in
a particular industry, wage rates, or increases in
capital investment) on other economic measures
such as total employment, population, or total
personal income. In this EIS, multiple simula-
tions, one for each alternatve which identfies a
differeat level of APT employment, were run
with the REMI model. The results of these
simulations are tabulated and compared to show
the different economic effects of each of the
EIS alternatives. The REMI model holds all
other regional inputs constant, which allows the
analysis to isolate and distinguish the impacts of
changes between alternative economic scenar-
ios.

The potential socioeconomic impacts asso-
ciated with APT are relatively small in com-
parison with historical trends and are not
expected to stress existing regional infra-
structure or result in a “boom” situation.

Data for the APT action alternatives are derived
from the APT Conceptual Design Report.

The following scenarios are analyzed.

¢ Construction and operation of the Preferred
alternative

¢ Construction and operaton of the APT
with the following technologies:

— Lithium-6 feedstock material
— Room temperature operation

— Use of K-Area cooling tower;, once-
through cooling water; mechanical-draft
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cooling
makeup

towers with groundwater

Construction and operation of a new
generating station for electricity

43.1 PREFERRED ALTERNATIVE

4.3.1.1 Construction

Economic and Population Changes. An
analysis of the APT Conceptual Design Report
provided information on the size and schedule
of the expected work force to construct and op-
erate the APT faciliies. These data were re-
viewed and the work force was assigned by their
expected Standard Industrial Code (SIC) classi-
ficaion according to that annual schedule.
These work force data were entered into the
REMI model as increases from the No Action
alternative. There is no distinction made in any
of the analyses for the two different sites.
Construction and operation at either site are as-
sumed to be the same, except that the length of
pipe for the hookup to existing river water
supply and blow down lines will vary. Because
this variance would be only approximately 2 to
3 employees for 1 year (WSRC 1996b), the dif-
ference in the regional economic impacts of
constructing at one site as opposed to the other
would be negligible.

The cooling water option under the Preferred
alternative is mechanical-draft cooling tower
with river water makeup. Because the work

Table 4-29. Preferred alternative work force.

force for another cooling option, mechanical-
draft cooling tower with groundwater makeup,
would not be appreciably different, the differ-
ence in the regional economic impacts of con-
structing either of these options would be

negligible.

Table 4-29 lists the APT Preferred alternative
construcdon, startup, and operating work force
by SIC category.

In the short term, there would be a construction
work force at the SRS of up to 1,000 in the
sixth year of the analysis, with a total peak em-
ployment in year five of approximately 1,400,
including all APT employees at SRS. Region-
ally, employment under the Preferred alternatve
would exceed employment under the No Action
alternative by 2,300 in the sixth year. The gap
between these two scenarios would narrow to
approximately 700 seven years later as the con-
structon and startup work forces phased out.
Under the Preferred alternative, population
changes (which lag employment) would exceed
the populaton under the No Action alternative
by almost 3,200 in year nine of the analysis.
Figures 4-2 and 4-3 show the employment and
population differences between the No Action
alternative and the other APT configuration al-
ternatives. Because there would be no meaning-
ful long-term difference in any of the measures
between APT alternatives, the figures in this
section show only the first 15 years of con-
struction, startup, and operations.

Year
SIC Category 1 2 3 4 5 6 7 8 9 10 11
Professional 38 208 402 430 270 182 147 96 68 6 4
Chemical 7 37 72 107 175 198 250 304 486 516 516
Construction 7 138 464 710 958 993 916 530 251 7 4
Total 52 383 939 1,247 1404 1373 1312 930 804 529 525
Year
12 13 14 15 16 17 18 19 20 21 After
Total (Chemical) 482 472 463 453 445 439 434 428 423 418 418
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Figure 4-2 Regional employment differences greater than No Acton alternative.
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Figure 4-3. Regional population differences greater than No Action alternative.
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Personal income and GRP would show in-
creases over the No Action alternative during
the construction build up. These increases of
personal income and GRP peak at $77 and $120
million in the sixth year, respectively. Figures
4-4 and 4-5 show the projected total personal
income and GRP differences between the No
Action alternative and the other APT alterna-
tves.

Regional expenditures by state and local gov-
ernments under the Preferred alternative would
be approximately $11 million higher than under
the No Acton alternative by year nine of the
analysis. Figure 4-6 shows projected state and
local government expenditure differences be-
tween the No Action alternative and the other
APT alternatives.

The increased work force employed under the
Preferred alternative will stimulate regional eco-
nomic growth which is greater than the eco-
nomic growth described in Section 3.5.3 for the
No Acton alternative. However, the average
annual rates of growth for all of the analyzed
regional economic measures during the con-
struction period are less than the regional rates
of growth during the 4-year period prior to the
period of analysis and the measures do not
show an economic boom and rapid population
growth which could strain the local infrastruc-
ture and services. These annual rates are shown
in Table 4-30. Instead, these economic meas-
ures show an economy which on the whole is
growing slowly during the construction period.
Because infrastructure and government services
have historically expanded to meet population
and economic growth in excess of rates pro-
jected during the construction phase, there is no
reason to believe that construction of the APT
Preferred alternative will adversely strain the
regional infrastructure.

4.3.1.2 Operations

In the long run, as the construction and project
management professionals complete their work
and are replaced by the operations staff of 342
and 153 support employees, a total of 495, the
differences between the Preferred alternative

and No Action alternatives become relatively
constant for employment and populaton. After
operations begin, the analysis reflects the Con-
ceptual Design Report assumption that there
would be increased efficiencies in operations
with consequent reductions in staff. Ten years
after startup, the operations staff would be re-
duced from 342 to 265, and total staff to 418,
and would remain constant thereafter. Regional
employment under the Preferred alternative
would be greater by approximately 885 than
under the No Action alternative. Similarly, re-
gional population would be greater under the
Preferred alternative by approximately 1,750.
The gaps between the Preferred and No Action
alternatives for employment and population
would gradually increase at the end of the
analysis period. During the operations phase,
total personal income and total GRP would be
approximately $46 million and $110 million
higher, respectively, for the Preferred alterna-
tve. State and local government expenditures
would be approximately $7 million higher under
the Preferred alternative.

During the operations phase, the analysis shows
growth of the regional economic measures
would return to rates consistent with the na-
tonal economy, and within historic rates of
growth for the region. Thus, the Preferred al-
ternative would cause no long-term significant
Impacts.

‘Regional economic growth under the pre-
ferred APT alternative would be greater than
under the No Action alternative. However,
temporary increases in construction em-
ployment and long-term operation of the ac-
celerator would not cause a boom and would
have negligible impacts.

4.3.2 APT WITH SUPERCONDUCTING
ALTERNATIVE

4.3.2.1 Construction

Table 4-31 shows the consolidated construc-
tion, startup, and operating work force for each
of the alternatives and options for APT. Dif-
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Figure 4-6. State and local government expenditures differences greater than No Action alternative.

Table 4-30. Rates of growth for economic measures.2

Preferred alternativeb 4-year historical period
(percent) (percent)
Employment 0.4 12
Population 0.6 1.0
Total personal income 1.6 5.1
Gross regional product 1.1 21
State/local government expendi- 1.9 24
tures

a. Source: REMI (1996).
b. Average annual rates for construction period.

ferences in the SRS work force attributable to
APT alternative options would be primarly in
the construction industry.

Under the Room Temperature alternative, the
construction and associated professional work
force would be less during the construction
phase than under the Preferred alternauve.
However, the increased workforce would be
approximately 120 fewer employees than for the
Preferred alternative in year five of the analysis.
Changes in regional employment and popula-

ton would be approximately 200 less than un-
der the Preferred alternative. This small short-
term regional decrease from the Preferred alter-
native would not have any meaningfully differ-
ent effect on the regional economy or
socioeconomic infrastructure than was dis-
cussed under the Preferred alternative. There is
no appreciable difference in total personal in-
come, GRP, or State and local expenditures
between these two alternatives. See Section
4.3.1.1.
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Table 4-31. Workforce by alternative.2

Year
Alternative 1 2 3 4 5 6 7 8 9 10 11
Preferred alterna- 52 383 939 1,247 1,404 1373 1312 930 804 529 525
tve
Room temperature 49 369 912 1,190 1,283 1280 1,222 875 767 529 525
Lithium-6 Feed- 49 365 898 1,171 1266 1,267 1,173 807 719 529 525
stock
K-Area Cooling 49 369 908 1,171 1262 1259 1,204 865 759 529 525
Tower
Coal-fired powetb 49 369 974 1,599 2380 2282 1545 1,059 951 713 709
Gas-fired powerb 49 369 912 1,322 1,591 1561 1,342 985 877 639 635
Year
Alternative 12 13 14 15 16 17 18 19 20 21 After
Preferred alterna- 482 472 463 453 445 439 434 428 423 418 418
tive
Room temperature 482 472 463 453 445 439 434 428 423 418 418
Lithium-6 Feed- 482 472 463 453 445 439 434 428 423 418 418
stock
K-Area Cooling 482 472 463 453 445 439 434 428 423 418 418
Tower
Coal-fired powerb 666 656 647 637 629 623 618 612 607 602 602
Gas-fired powerb 592 582 573 563 555 549 544 538 533 528 528

a. Source: LANL (1997).
b. Includes Preferred altemative plus power plant labor.

4.3.2.2 Operations

In the longer term the differences between the
room temperature and Preferred alternative
would not be meaningful in any of the meas-

ures.

The regional socioeconomic impacts under the
room temperature alternative would be the
same as for the Preferred alternative. See Sec-
tion 4.3.1.2.

4.3.3 APT WITH LITHIUM-6
FEEDSTOCK

4.3.3.1 Construction

Under this alternative, the APT construction
and associated professional work force would

be approximately 140 less than that for the Pre-
ferred alternative in year 5, with a smaller or
nonexistent difference in other years. Under
the Lithium-6 Feedstock Material alternadve,
annual regional employment and populatdon
would be less than that under the Preferred al-
ternative by approximately 200 and 250, respec-
tively, in the short term. Total personal income
and GRP would be approximately $7 and
$9 million less than under the Preferred alterna-
tive. There would be no appreciable difference
in state and local expenditures between either
the Lithium-6 Feedstock Material or Preferred
alternative during the construction phase.

The regional socioeconomic impacts under the
Lithium-6 Feedstock Materal alternative would
be the same as those for the Preferred alterna-
tive. See Section 4.3.1.1.
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433.2 Operations

During the operations phase, there would be no
appreciable differences in any of the regional
measures between this alternative and the Pre-
ferred alternative. The regional impacts under
this alternative are the same as for the Preferred
alternative. See Section 4.3.1.2.

4.3.4 APT WITH K-AREA COOLING
TOWER AND APT WITH ONCE-
THROUGH COOLING

4.3.4.1 Construction

Under the K-Area Cooling Tower alternative,
the APT construction and associated profes-
sional work force would be approximately 40
less than for the Preferred alternative in year 5,
with smaller or nonexistent differences in other
years. A fourth (and last) cooling option is
once-through with river water make-up. The
workforce for this option is estimated to be
close to the workforce for the K-Reactor cool-
ing water tower. As such, there would not be
appreciable differences in the regional economic
impacts of these two cooling options and there
is no distinction made in the analysis between
them.

Under the K-Area Cooling Tower alternative,
annual regional employment and population
would be approximately 210 and 230 less than
under the Preferred alternative.

Total personal income and GRP would be ap-
proximately $7 and $9 million less than under
the Preferred alternative. There would be no
appreciable difference in state and local ex-
penditures between the K-Area Cooling Tower
alternative and the Preferred alternative. The
short-term regional socioeconomic impacts of
construction would be the same as those for the
Preferred alternative. See Section 4.3.1.1.

43.3.2 Operations

In the longer term, there would be no appre-
ciable difference in employment or population
between this alternative and the Preferred alter-

native. There would be no appreciable differ-
ence in total personal income, GRP, or State
and local expenditures between either the K-
Area Cooling Tower or Preferred alternative in
either the long or short term.

The regional socioeconomic impacts under the
K-Area Cooling Tower alternative would be the
same as those for the Preferred alternative. See
Section 4.3.1.2.

4.3.5 ENVIRONMENTAL JUSTICE

This EIS examines whether minorities or low-
income communities (as defined in Section
3.5.2) could receive disproportionately high and
adverse human health and environmental im-
pacts. Even though DOE expects little or no
adverse health impacts from any of the alterna-
tives, it analyzed whether there would be
“disproportionately high and adverse human
health or environmental effects (of these alter-
natives) on minority populations or low-income
populations” (Executive Order 12898). Fig-
ures 3-17 and 3-18 show minorities or low-
income communities, respectively, by census
tract. This section discusses predicted average
radiatdon doses received by individuals in those
communities and compares them to the pre-
dicted per capita doses that other communities
in the 50-mile region could receive. It also dis-
cusses impacts of doses that downstream com-
munities could receive from liquid effluents
from all alternatives, and potential impacts from
nonradiological pollutants

Figure 4-7 shows a wheel with 22.5-degree sec-
tors and concentric rings from 10 to 50 miles at
10-mile intervals. DOE calculated a fraction of
the total population dose for each sector (Table
4-32), laid the sector wheel over the census tract
map, and assigned each tract to a sector. If a
tract fell in more than one sector, the analysis
assigned it to the sector with the largest value.

DOE analyzed the impacts by comparing the
per capita dose received by each type of com-
munity to the other types of communities in a
defined region. To eliminate the possibility that
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Legend:

=== Sector boundaries
—— Tract boundaries
- County boundaries
==z Savannah River

Note: Each ring outside the SRS boundary represents a 10-mile distance.

PK68-Z1-PC
Figure 4-7. Annular sectors around the Savannah River Site.
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impacts to a low-population community close
to the SRS with a high dose per person would
be diluted and masked by including it with a
high-population community farther from the
SRS, the analysis made comparisons within a
series of concentric circles, the radii of which
increase in 10-mile increments.

To determine the radiation dose received per
person in each type of community, DOE mul-
dplied the number of people in each tract by
that tract’s dose value to obtain a total popula-
ton dose for each tract. DOE summed these
population doses for each type of community
over each concentric circle and divided by the
total community population to obtain a com-
munity per capita dose for each circular area.
Because the per capita dose for communities
(Table 4-32) would be constant for all alterna-
tives, the relatve differences in impacts between
any identfied communities also would remain
constant for all alternatives. Thus, Figure 4-8
and Table 4-33 show the distribution of per
capita dose to types of communities within the
50-mile region. As shown in Figure 4-8, this
analysis indicates that releases would not dis-
proportionately affect minority communities
(population equal to or greater than 35 percent
of the total population) or low income (equal to
or greater than 25 percent of the total popula-
ton) in the 50-mile region; that is, when the per
capita doses are compared horizontally in Fig-
ure 4-8, the per capita doses do not vary greatly.

For illustrative purposes, DOE used an annual
total populaton dose of 1 person-rem to pre-
pare Figure 4-8 and its supporting data in Table
4-33. For any other population dose, the per
capita dose for identified communities can be
determined by multplying that population dose
by the numbers in Table 4-33.

Sections 4.1.2 and 4.1.3 discuss predicted po-
tential doses to the downstream population
from exposure to water resources and to the
offsite maximally exposed individual, respec-
tively. Those doses reflect people using the Sa-
vannah River for drinking water, sports, and
food (fish). Because the identified communities

in the areas downstream from the SRS are well
distributed, there would be no disproportionate
impacts among minority or low-income com-
munities.

The distibution of carcinogenic and criteria
pollutant emissions due to routine operations,
and of crteria pollutants from construction ac-
tvitdes, would be essentially identical to those
presented for airborne radiological emissions
because distribution pathways would be the
same. As a result, minorities or low-income
communities would not be disproportionately
affected by nonradiological emissions from any
of the alternatives. Because nonradiological
pollutant emissions would have only minimal
impacts for any of the alternatives, and would
not be disproportionately distributed among
types of communities, there are no environ-
mental justice concerns related to these pollut-
ants for any of the alternatves.

4.4 Impacts of Electric Power
Supply

The APT will require large amounts of elec-
tricity to operate. The Department is con-
sidering either purchasing electricity from
existing sources and through market trans-
actions, or obtaining from a new electricity
power generating plant. If a new generating
plant is required, appropriate NEPA analy-
ses would be performed and tiered to this
document. |

Under .the existing capacity and market
transaction scenario, assuming the pro-
jected mix of electricity generation sources
for the years 2005-2007, potential incre-
mental environmental impacts would in-
crease by 1 to 3 percent. If a new electricity |
generating plant is constructed, potential
impacts would depend upon its location.
Section 4.4.2 describes representative im-
pacts, assuming SRS is the location for a
new plant. In this case, impacts would likely
be larger on a local basis than purchasing

electricity from existing capacity which would
have the effect of decentralizing the impacts.
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Figure 4-8. Community impacts from a unit population dose.

Table 4-33. Estimated per capita annual dose for identified communities in 50-mile region.2

Equal to or Equal to or
Less than more than Less than 35 percent to more than
25 percentof 25 perceat of 35 percentof 50 percentof 50 percentof  All commu-
Distance population population population population ‘population nities

0-10 miles 0.000011 0.000010 0.000010 0.000012 0.000010 0.000011
0-20 miles 0.000005 0.000005 0.000005 0.000007 0.000004 0.000005
0-30 miles 0.000003 0.000003 0.000003 0.000003 0.000002 0.000003
0-40 miles 0.000002 0.000002 0.000002 0.000003 0.000002 0.000002
0-50 miles 0.000002 0.000002 0.000002 0.000002 0.000002 0.000002

a. Per capita dose based on a population dose of 1 person-rem. Per capita doses for other population doses can be
obtained by multiplying the values in this table by the population dose.

This section describes representative environ-
mental impacts that could occur from supplying
electric power to the APT facilides, from a
combination of purchasing electricity through
wholesale market transactions and existing re-
gional capacity or from the construction of a

new electric generating plant. The assessment is
based on the Preferred  alternative
(superconducting accelerator using klystrons).
Electricity requirements would be less for the
Inductive Output Tube alternative and more for
the Room Temperature alternative.
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The analysis provides information on potential
impacts associated with the power supply alter-
natives and issues that would be included in
future NEPA documents. The analysis quana-
fies impacts where appropriate and compares
the Power Purchase/Existing Capacity alterna-
tive and the New Electricity Generating alter-
native, along with two options for a new plant --
coal-fired and natural-gas-fired.

Section 4.4.1 discusses potential environmental
impacts of the Power Purchase alternative, and
Section 4.4.2 addresses new electricity generat-
ing plants. Section 4.4.3 compares the electric
power supply alternatives.

4.4.1 ELECTRICITY FROM EXISTING
CAPACITY AND THROUGH MARKET
TRANSACTIONS

Under this alternative, electricity for the APT
faciliies would come from a combination of
existing capacity and purchases on the whole-
sale power market rather than a newly con-
structed, dedicated power plant (Exeter 1996).
A number of generation sources would provide
this power, rather than a single dedicated gen-
eration source such as the new coal-fired and
natural-gas-fired powerplant options.

The Department is having discussions with the
South Carolina Electric & Gas Company
(SCE&G) concerning acquiring the electricity
required for the APT. Currenty, SCE&G has
indicated no plans to build a new electricity
generating facility to meet APT power demands.
Rather than constructing a new facility, power
could be obtained from the wholesale market.
Should SCE&G agree to serve in a wholesale
marketing role, a pilot program could be insa-
tuted early in the construction phase of the APT
to begin wholesale types of purchases for test-
ing loads. Under a marketing arrangement, ap-
proximately 50-100 Mw of electricity from firm
power contracts could be supplemented with a
mixture of interruptible contracts (Toole 1997).

To assess potential environmental impacts as-
sociated with acquiring electricity through exist-
ing capacity and market transactions, DOE

applied environmental impact factors that had
been developed for another Environmental Im-
pact Statement (DOE 1995c). These impact
factors are the environmental releases for a va-
riety of power generation sources normalized to
power level and are used to calculate the envi-
ronmental impact of the generation of electricity
required for the project. The environmental
impact factors were combined with energy in-
formation forecasts of electrical generation
mixes for the years 2005, 2010, and 2015 (DOE
1997b).

The average generation mix for the forecasted
years is assumed to be the mix that would sup-
ply the APT average load of 350 megawatts.
The estimated releases that could be attributable
to the accelerator and its associated facilities are
listed in Table 4-41.

DOE estimated annual air emission rates but
did not model concentrations because the loca-
dons of the emission sources and receptors are
not known. Radiological emissions and radio-
logical effluent indicate that nuclear reactors are
part of the national generation mix.

Using DOE Energy Informaton Administra-
don (EIA) national, regional, and state energy
forecasts, DOE based its estimates of the rela-
tive incremental impacts associated with the
APT on baseline projections for the following
geographical areas:

Region Incremental impact

South Atlantic Regiona Less than 1 percent

South Carolina and Between 1 and 2 percent
Georgia

South Carolina Between 2 and 3 percent

Georgia Between 1 and 2 percent

a. The South Atantic Region Census Division in-
cludes Delaware, the Distrct of Columbia,
Florida, Georgia, Maryland, North Carolina,
South Carolina, Virginia, and West Virginia.

To estimate the environmental impact of the
APT power supply on a regional scale as op-
posed to the U.S., a baseline was established by
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applying the assumed representative generation
mix used for the U.S. assessment to the regional
power generation forecasts. These relative in-
creases are independent of the power generation
mix since the environmental impact multipliers
are applied as constants to both the baseline and
the APT-adjusted baseline. These incremental
impacts would be relatively small when com-
pared to baseline projections. The estimated
impacts assume that electricity generation
(based on the applied mix) would occur in that
region and does not account for potential shifts
in generation mix due to such factors as changes
in fuel prices.

4.4.2 CONSTRUCTION AND
OPERATION OF NEW ELECTRICITY
GENERATING PLANT

The Tritium Supply PEIS (DOE 1995¢) identi-
fied two types of electricity generation -- coal-
fired and natural-gas-fired -- as reasonable op-
dons if DOE chose to construct and operate a
new plant to provide electricity for the APT
faciliies. The Tritium Supply PEIS identfied
these sources but indicated the uncertainties
about the type of plant that would be built if
needed. This EIS provides an assessment of
the options; however, the type, size, and loca-
don of a powerplant in consultation with com-
mercial utilities through which the action could
possibly be privatized, and would perform engi-
neering, technical, and detailed environmental
evaluations (appropriate NEPA tered to this
EIS).

The following sections address the potential
environmental impacts associated with repre-
sentative coal- and natural-gas-fired plants.
They do not address impacts that would be
closely related to a specific location, such as
those on threatened and endangered species,
biological resources, floodplains and wetlands,
prime farmland, cultural resource, visual re-
sources, noise, and infrastructure (e.g., roads
and rail) because candidate sites have not been
selected. Generic issues associated with land-
forms, geology, and hydrogeology are discussed
since issues would be essenually the same re-
gardless of location. Future siting decisions and

site-specific National Environmental Policy Act
documentation would consider such impacts.

For impact categories that are potentally more
regional in nature such as impacts on air and
water and waste generation, estimates of repre-
sentative impacts are based on the representa-
tive plants. For assessment purposes, the SRS is
the assumed location for the powerplant, con-
sistent with the option from the Tritium Supply
PEIS of construcing an electric generating
plant with the APT. Where possible, this
analysis uses information obtained for the Cope
Coal-Fired Plant (SCE&G 1995) and the Polk
Gas-Fired Plant (EPA 1994) to estimate the im-
pacts if a similar facility is built on the SRS.

The analysis used a scaling approach to deter-
mine environmental impact factors based on
both megawatt capacity and plant configuration
(i.e., the number and type of operating units)
that would depend on the impact factor. For
example, the designs, processes, and impacts in
the environmental assessment for the Cope
plant (SCE&G 1995) are based on one unit
scaled to the APT peak load requirement at 490
megawatts. The EIS for the Polk Plant (EPA
1994) separates the Integrated Gasification
Combined Cycle unit from the Combined Cycle
and Combustion Turbine units with respect to
designs, processes, and impacts and were simi-
larly scaled to the APT load requirement.

Table 4-34 compares the rated capacities of the
two generic plants and fuel consumption.

Table 4-34. Comparison of rated capacites.

Operational factor Coal-fired plant  Gas-fired plant

Annual electricity 3.6 TWhrs/year 3.6 TWhrs/year

generation
capacity

Average electricity 420 MW 420 MW
generation

Peak electricity 490 MW 490 MW
generation

Fuel (coal and gas 1.6x106 4.0x1010 cubic
consumption) tons/year feet per year

The following sections provide an estimate of
environmental impacts for each facility type.
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4.4.2.1 Landforms, Soils, Geology, and Hy-
drogeology

Construction. The magnitude of potential im-
pacts to landforms, soils, geology, and hydro-
geology would vary depending on the
characteristics of the selected site. As with the
APT facilides, powerplant construction would
require shaping the site topography, which
could include excavations for below-grade coal
unloading facilities, scrubber sludge ponds, and
ash disposal areas. Impacts from these actions
could include soil erosion, disturbance of eco-
nomically valuable geologic resources, loss of
farmland, and groundwater depletion through

dewatering.

DOE used the Cope and Polk plants as the
baseline to determine the acreage requirements
for a plant to serve the APT electricity require-
ments. A coal-fired plant large enough to sup-
port the APT and its related facilites could
require approximately 290 acres; a natural-gas-
fired plant could require about 110 acres. In-
take and discharge corridors, transmission lines,
and substations could require additional acreage.
A npatural-gas fired plant would require the
construction of gas trunk lines. The selecdon of
either type of plant on the SRS or elsewhere in
the Central Savannah River Region would re-
quire the commitment of land resources and the
conversion of land from its current use. In
addition, the selection of a site outside the SRS
boundary could result in the loss of agricultural
land and displacement of homeowners.

Operations. During operations, a coal-fired
plant could require water for scrubber ponds,
ash disposal areas, and coal piles. The impacts
would vary depending on site characterisdcs.
Additional impacts could occur if groundwater
is chosen as a source of cooling water. A coal-
fired plant of the capacity required to support
the APT facilides would require about 5,400
gallons of makeup water per minute, while a
natural-gas-fired plant would require about
2,000 gallons per minute.

4.4.2.2 Surface Water Resources

Construction. Potential surface water impacts
from the construction of a coal- or gas-fired
electric generating facility would include the dis-
charge of groundwater to surface streams due to
potential dewatering of excavated areas such as
foundations, stream bed scouring, flooding,
bank erosion, and sedimentation. The magni-
tude of the impacts would depend on the dis-
tance to receiving water bodies, the quality of
the water bodies, and the extent the constitu-
ents of the discharge water differ from those of
the receiving water.

Operations. Potential impacts to surface wa-
ters would include the removal of large volumes
of water from the Savannah River and the dis-
charge of heated water and nonradiological
consttuents to surface water bodies. DOE
used the information for the Cope coal-fired
plant (SCE&G 1995) and the Polk gas-fired
plant (EPA 1994) to scale the likely impacts
from a plant of the size required to support
APT electrical needs. Table 4-35 summarizes
and compares the approximate water require-
ments and operating parameters for both types
of facility.

This analysis used cooling tower design parame-
ters in the Cope environmental assessment to
model thermal impacts from powerplant cool-
ing water blowdown and assumed Par Pond
would be the receiving water body. The analysis
conservatively represents the natural-gas-fired
plant.

The discharge of heated water from cooling
water systems can affect the temperature,
chemical makeup, and flow rate of the surface
water bodies that receive them. The magnitude
of the impacts depend on the design of the
cooling water system, and the size, configura-
don, and capacity of receiving water bodies (ie.,
large reservoirs versus small streams). Impacts
to surface waters at the SRS would be similar to
those described for the APT facilities in Section
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Table 4-35. Water requirements and operating parameters.

Parameter Coal-fired plant Natural-gas-fired plant
Circulating water flow rate 220,000 gallons per minute 130,000 gallons per minute
Cooling tower temperature rise 22.7°F 20°F
Blowdown rate 960 gallons per minute 380 gallons per minute
Make-up water 5,400 gallons per minute 2,000 gallons per minute
Blowdown stream temperature? Average 76°F Average 76°F

Maximum 92°F Maximum 92°F

Annual potable water consumption 1.5 million gallons per year 0.8 million gallons per year
Annual nonpotable water consumption 2.4 billion gallons per year 0.7 billion gallons per year
Annual nonpotable water usage 4.7 billion gallons per year 1.4 billion gallons per year

2. Thermal impact modeling results.

4.1.2, because cooling water system designs
would be based on the parameters of both the
Savannah River, as the source of cooling water,
and Par Pond, as the receiving water body. As
discussed in Section 4.1.2, the discharge of ad-
ditional volumes of water to Par Pond could in-
crease the chance of resuspending Cesium-137.
The level of total dissolved solids discharged by
the powerplant would depend on the number of
concentration cycles of the cooling water sys-
tem and the chemicals added to prevent corro-
sion, scaling, and biological growth.

4.4.2.3 Air Resources

Construction. The construction of a new gen-
erating facility could result in air quality impacts
such as fugitive dust due to site clearing and
emissions from the operation of construction
equipment. The impacts would be temporary
and would depend on the amount of acreage to
be cleared and the type and duration of con-
struction equipment operation, as discussed in
Secton 4.1.3. Other construction-related im-
pacts could result from the need to build new
transmission lines and substations; discharge
corridors and outfalls; and pipelines for the
natural-gas-fired plant.

Operations. The operation of either a coal- or
natural-gas-fired plant would result in air emis-
sions, visible plume occurrences, and salt
deposition.

Potential air emission sources for the coal-fired
powerplant, based on the Cope design, would
include pulverized coal-fired boilers, emergency
diesel generators, ash-scrubber waste silos,
Number 2 fuel oil storage tanks, lime unloading
from rail cars, an auxiliary boiler, coal transfer
towers, lime silos, a coal storage and handling
system, and vehicle traffic. In additon, the
handling, conveying, and storing of coal, lime,
and ash and scrubber waste would produce fu-
gitive dust.

For the natural-gas-fired plant, based on the
Polk design, combustion-related air emissions
would come from combined-cycle units, com-
bustion turbines, and the combustion of natural
gas or backup Number 2 fuel oil. Table 4-36
lists the emission rates and types of emissions
that would be likely from a coal- or natural-gas-
fired generating facility. Table 4-37 lists the
modeled concentradons from an assumed loca-

tion on the SRS.

The air quality assessment evaluates the conse-
quences of pollutants associated with the coal-
and natural gas-fired powerplants. DOE mod-
eled powerplant emissions in compliance with
the guidelines of the Environmental Protection
Agency (EPA) Guideline on Air Quality Models
(EPA 1993). The EPA recommended Indus-
trial Source Complex Short Term Model
(Version 3) (ISCST3) as the most approprate
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Table 4-36. Estimated powerplant emission rates (pounds per hour).
Coal-fired Natural-gas-fired
Pollutant powerplant powerplant
Carbon dioxide 970,000 640,000
Oxides of sulfur 1,700 1,700
Total suspended particulates 150 290
Particulate matter less than 10 microns 150 290
Carbon monoxide 990 1,400
Volatile organic compounds 14 220
Oxides of nitrogen 1,700 1,900
Lead 0.026 0.31
Beryllium 0.0006 0.017
Mercury 0.066 0.28
Trace radioactive materals (curies) 0

Sources: Derived from SCE&G (1995), EPA (1994), DOE (1995¢), and Okamoto (1984).

Table 4-37. Estimated air quality impacts for coal- and natural-gas-fired powerplants at the Savannah

River Site.
Concentration (micrograms per cubic meter)
Natural-
Coal-fired gas-fired
Averaging SCDHEC SRS base-  powerplant powerplant
Pollutant time standarda lineb increment®  increment®
Oxides of sulfur 3-hour 1,300 690 87 37
24-hour 365 220 18 11
Annual 80 16 1.2 10
Total suspended particulates Annual 75 43 0.11 0.75
Particulate matter (<10 microns) 24-hour 150 81 1.6 13
Annual 50 4.80 0.11 0.75
Carbon monoxide 1-hour 40,000 5,000 69 88
8-hour 10,000 630 24 33
Ozone (as total VOC) 1-hour 235d N/Ae 0.9 N/A
Orxides of nitrogen Annual 100 8.8 12 0.79
Lead Max. 1.5 <0.01 <0.01 <0.01
Quarter
Beryllum 24-hour 0.01 <0.0001 <0.01 <0.01
Mezrcury 24-hour 0.25 0.0024 <0.01 <0.01

2. South Carolina Ambient Air Quality Standards.

b. Source: Shedrow (1997b). Based on 1994 SRS air emission inventory, except Beryllium and mercury, which

are from the 1990 inventory.

Modeling results.
Federal Ozone standard (40 CFR 50).

a0

e. N/A = Not available.
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model to perform the air dispersion modeling
analysis because it enables the estimation of dis-
persion from a combination of point, area, and
volume sources. DOE provided SRS input
data, including 1-year onsite meteorological data
that represent Site characteristics. The analysis
based source characteristics on the Cope envi-
ronmental assessment (coal-fired powerplant)
and the Polk EIS (natural-gas-fired powerplant).
For unavailable source characteristics, the
analysis assumed characteristics based on similar
source configurations at other udlity facilities
that use similar processes.

DOE based the emission rates on an assumed
annual operating factor of 85 percent. It con-
servatively assumed that the natural-gas-fired
powerplant would burn gas and fuel oil simulta-
neously.

The evaluated concentrations were the maxi-
mum occurring at or beyond the SRS boundary
or public access roads. In addition, the evalua-
tion assumed that the emissions for a power-
plant with incomplete source characteristics
would originate from a single point source; this
assumption generally results in higher concen-
trations than would actually occur because the
emission sources are commonly separated geo-
graphically from one another.

Another potential impact from the operation of
a electric power generating facility would be
visible plumes (fogging) from cooling tower op-
erations. Such plumes are a function of ambi-
ent temperature, ambient dew point, and
turbulent mixing. The magnitude of plume im-
pacts would depend on the locaton of recep-
tors (e.g., the surrounding population). A
comparison of representative coal- and natural-
gas-fired powerplant heat loads to the assess-
ment of cooling tower plumes in Section 4.1.3.3
indicates that the coal-fired generating plant
would have a greater potental for visible plume
occurrences than either the APT facilites and
the natural-gas-fired powerplant.

4.42.4 Waste Generation

Construction. The construction of a power
generating facility would produce nonhazard-
ous, nonradioactive wastes, including solid
sanitary wastes, construction debrs (mixed
rubble, metals, plastics), and sanitary waste.

Operations. The operation of an electric gen-
erating facility would produce a number of lig-
uid and sold waste streams. Based on the Cope
design, the coal-fired plant could generate about
3.2 million gallons per day of wastewater; the
natural-gas-fired plant, based on the Polk de-
sign, could generate about 290,000 gallons per
day of wastewater. If a plant were built on the
SRS, processes and management systems similar
to those described for the APT facilites (see
Section 4.1.6.1 and Appendix A) to dispose of
the wastewater effluent.

The Cope environmental assessment, indicated
that the coal-fired powerplant would not pro-
duce hazardous waste by burning coal to gen-
erate electricity. However, such a plant would
generate some hazardous wastes, similar to
those generated at any industrial facility, as a re-
sult of ancillary activides (SCE&G 1995). The
Polk EIS indicated that the operation of most
power generation and ancillary equipment does
not generate hazardous wastes, as regulated un-
der Subtitle C of the Resource Conservation
and Recovery Act, although generation facilities
use process-related-chemicals and other materi-
als that typically contain small amounts of haz-
ardous constituents.

The Polk EIS assumed a routine hazardous
waste generation rate equivalent to a small
quantity generator (between 100 and 1000 kilo-
grams per month). However, it also indicated
that, during periods of shutdown or high main-
tenance, such a facility could generate larger
quantities of hazardous wastes, greater than
1,000 kilograms per month. These projections
would also apply to a coal-fired powerplant.
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Hazardous wastes from powerplant mainte-
nance activities would include waste oils con-
taining solvent residuals, waste paint and paint
thinner, solvents and degreasers, and some ex-
pendable components of machinery and equip-
ment, such as batteries.

The combustion of pulverized coal in conven-
tonal coal-fired boilers results in the generation
of fly ash and bottom ash. For the coal-fired
powerplant, about 80 percent of the ash pro-
duced in the coal-fired units would leave the
furnace in the flue gas stream as fly ash, leaving
about 20 percent in the form of bottom ash.
The coal-fired powerplant would produce no
hazardous solid wastes by burning coal to gen-
erate electricity.

Scrubber operations used to clean flue gases
would generate calcium sulfite and sulfate. The
combination of fly ash and calcium sulfite and
sulfate would result in a solid waste. The con-
stituents of scrubber waste are about 50 percent
fly ash and 50 percent calcium sulfite and sul-
fate.

Pyrites would be mixed with the bottom ash
and placed in the ash waste area. Pyrites are
materials with a high iron content separated
from coal during the pulverizing process.

The treatment of plant wastewater would also
generate solid wastes. Solids that settled in a
holdup basin would be placed in the ash storage
area. Solids that settled in a coal pile runoff ba-
sin would be returned to the coal pile. Solids
that settled in the ash and scrubber waste runoff
basin would be returned to their respective ba-
sins.

Table 4-38 lists estimated quantites for each
solid waste type that a coal-fired plant would be
likely to generate.

4.4.2.5 Human Health

The two main issues related to human health ef-
fects from the generation of electric power are
air pollution (the release of gases and particulate

Table 4-38. Estimated coal-fired solid waste

generation.
Waste type Quantty
(tons per year)

Bottom ash 26,000
Pyrites 9,600
Fly ash 110,000
Scrubber waste 150,000
Holdup basin solids 16
Total solid wastes 290,000

matter from incomplete fuel combustion) and
electromagnetic fields.

Scientists have conducted significant research
on the relationship between air pollution and
health effects to humans in terms of mortality,
hospitalization for respiratory and heart disease,
aggravation of asthma, incidence and duration
of respiratory symptoms, lung function, and re-
stricted activity. While the research shows evi-
dence of a statistical association between air
pollution and health effects, causal reladonships
are nonconclusive (Wilson and Spingler 1996).
In general, the effects of air pollution appear to
reduce the lung function in an irreversible way.
Lung functions decline with age, and in the
presence of air pollution, pulmonary ailments
occur at an earlier age than otherwise (Wilson
1996). Applying the results of previous studies
conducted in the United States (which suggest
that 70,000 persons die early through air pollu-
ton) and assuming that one-third arse from
coal-fired electricity generation produces a co-
efficient of 100 deaths per gigawatt hour
(Wilson 1996). The health effects from the op-
eraton of a gas-fired facility would be less be-
cause the gaseous and particulate emissions
would be much less than those from a coal-fired
plant. The Polk EIS (EPA 1994) discusses
health effects associated with natural-gas-fired
turbines.

The other potential health effect associated with
electric power generation is exposure to elec-
tromagnetc fields, potentdally resulting in cer-
tain types of cancer. Transmission lines create
these fields, which are a function of the amount
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of current carried by the line and the height of
the conductors above the ground. Some epi-
demiological evidence suggests an association
between magnetic field exposure and illness but
the body of evidence is not conclusive
(American Cancer Society 1997).

4.4.2.6 Socioeconomics

As discussed above, the Preferred alternative is
that the APT electricity demand would be met
through capacity and market transactions. This
section examines the regional socioeconomic
impacts of constructing and operating a com-
mercial electricity generating plant fueled by ei-
ther coal or natural gas.

The analysis does not include a review of the ef-
fect of such a generating facility on regional
electric rates or other economic implications of
expanding the regional electricity generating ca-
pacity. In addition, it does not address costs of
building a generating plant except as the effects
of expanding the work force for construction
and operation.

Work force estimates for construction and op-
eration of the coal-fired electricity generating
plant are derived from the Cope environmental
assessment (SCE&G 1995). The estimates are
for construction and operation of two of the
three units discussed in that assessment. Est-
mates for operations work force for the natural-
gas-fired electricity generating plant are from
the Western Area Power Administraion (DOE
1995c¢). The natural-gas-fired plant construction

work force figures are scaled from the coal-fired
plant workforce by use of a conversion factor
(DOE 1995c). These two documents provide a
planning basis for estimating impacts and are
not intended to represent actual staffing of a
specific facility. Those decisions would be
made, as necessary, by the organization respon-
sible for construction and operation of the gen-
erating facility.
-Fired ici i t.
Table 4-39 shows the construction, startup, and
operating work force by SIC category of the
coal-fired plant. These numbers are added to
the Preferred alternative for the economic
analysis (see Table 4-29).

Construction. The analysis showed an increase
in regional employment, population, total per-
sonal income, Gross Regional Product, and
state and local expenditures over both the No
Acton and Preferred alternatives. The average
annual rates of growth for employment and
population (0.44 percent and 0.67 percent, re-
spectively) during the construction phase would
stll be less than for the 4 years prior to the
analysis period.  Similarly, annual rates of
growth for total personal income, Gross Re-
gional Product, and state and local expenditures
would be 1.59 percent, 1.14 percent, and 1.88
percent, respectively, which are less than the
historic values. See Table 4-30. The impacts
would not institute 2 boom and would not ad-
versely strain regional infrastructure or services.

Table 4-39. Coal-fired electricity generating plant work force.2

Year
SIC Category 1 2 3 4 5 6 7 8 9 10 11
Construction 0 0 0 77 444 1030 485 0 0 0 0
Utlity 75 149 149 149 149
Totalb 0 0 0 77 444 1030 560 149 149 149 149
Year
12 13 14 15 16 17 18 19 20 21 Afer
Totl (Utlity) 149 149 149 149 149 149 149 149 149 149 149

a. Source: SCE&G 1995.

b. Power plant work force only; does not include preferred optio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>