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3.0 AFFECTED ENVIRONMENT

This chapter contains a description of the existing conditions at the Western New York Nuclear Service
Center (WNYNSC) and surrounding area. This information provides the context for understanding the
environmental consequences and also serves as a baseline to evaluate the alternatives in this
environmental impact statement as of completion of the Interim End State. The affected environment at
WNYNSC is described for the following resource areas: land use and visual resources; site infrastructure;
geology, geomorphology, seismology, and soils; water resources; meteorology, air quality, and noise;
ecological resources; cultural resources; socioeconomics; human health and safety; environmental justice;
and waste management and pollution prevention.

In accordance with the Council on Environmental Quality’s National Environmental Policy Act (NEPA)
regulations (40 Code of Federal Regulations [CFR] Parts 1500 through 1508), the affected environment is
“interpreted comprehensively to include the natural and physical environment and the relationship of people
with that environment.” In addition, the State Environmental Quality Review Act (6 New York Code of Rules
and Regulations [NYCRR] 617.9) states that the affected environment is to be a “concise description of the
environmental setting of the areas to be affected, sufficient to understand the impacts of the proposed action
and alternatives.” The affected environment descriptions provide the context for understanding the
environmental consequences described in Chapter 4 of this environmental impact statement (EIS). For the
purposes of this analysis, this chapter serves as a baseline from which any environmental changes brought
about by implementing the alternatives can be evaluated.

For this Final Environmental Impact Statement for Decommissioning and/or Long-Term Stewardship at the
West Valley Demonstration Project and Western New York Nuclear Service Center (Decommissioning and/or
Long-Term Stewardship EIS), each resource area is described that may be particularly affected by the Proposed
Action and alternatives. The level of detail varies depending on the potential for impacts resulting from each
alternative. A number of site-specific and recent project-specific documents are important sources of
information in describing the existing environment at the Western New York Nuclear Service Center
(WNYNSC) and were summarized and/or incorporated by reference in this chapter. Numerous other sources
of site- and resource-related data were also used in the preparation of this chapter and are cited as appropriate.

The U.S. Department of Energy (DOE) evaluated the environmental impacts of the alternatives within defined
regions of influence (ROIs) and along potential transportation routes. The ROls are specific to the type of
effect evaluated, and encompass geographic areas within which impacts may occur. For example, human
health risks to the general public from exposure to hazardous and radionuclide airborne contaminant emissions
were assessed for an area within an 80-kilometer (50-mile) radius of WNYNSC. The human health risks from
shipping materials were evaluated for populations living along certain transportation routes. Economic effects
such as job and income changes were evaluated within a socioeconomic ROI that includes the county in which
WNYNSC is located and nearby counties in which substantial portions of the site’s workforce reside. The
affected environment resource areas and associated ROIls are summarized in Table 3-1.

Site Facilities

Chapter 1 contains a general description of the Project Premises. The Project Premises and State-Licensed
Disposal Area (SDA) are shown on Figure 3-1. The Project Premises within the greater WNYNSC site are
shown on Figure 3-2.
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Table3-1 General Regions of I nfluence by Resource Area

Affected Environment 2

Region(s) of Influence®

Land use and visual resources

Land ownership information, land use
practices, policies, and controls, and
viewsheds of the site and surrounding
region

WNY NSC and nearby offsite areasin
Cattaraugus and Erie Counties

Site infrastructure

Utilities that service the site, including
dectricity, fuel, water, sewage
treatment, and roadways

WNY NSC and nearby offsite areasin
Cattaraugus and Erie Counties

Geology, geomorphology,
seismology, and soils

Geologic and soil characteristics;
mineral and energy resources; soil
contamination; site erosion processes,
and geologic hazards, including seismic
activity and history

WNY NSC and nearby offsite areas to include
regional seismic sources

Water resources

Surface water features and watersheds;
groundwater hydrology; water supply
sources; and surface and groundwater
quality, including contaminant sources

Surface waterbodies and groundwater at
WNY NSC and downstream from the site

Meteorology, air quality, and
noise

Meteorologica conditions

(i.e., temperature, precipitation, severe
weather), air pollutant concentrations
and emissions, site and surrounding
Noise sources

Meteorology: WNYNSC and the western
New Y ork region.

WNYNSC and nearby offsite
areas within local air quality
control regions
(nonradiological emissions)
Nearby offsite areas, and
access routes to the site

Air Quality:

Noise:

Ecological resources

Plants and animals; habitat types and
assemblages, including terrestrial
resources; wetlands; aguatic resources;
and threatened and endangered species
or special status species

WNY NSC and nearby offsite areas

Cultura resources

Historical and archaeological resources
and Traditional Cultural Resources

WNYNSC and nearby offsite areas within a
146-hectare (360-acre) area, Seneca Nation of
Indians

Socioeconomics

The regional population, housing,
public services (i.e., safety, health,
education), and local transportation
facilities and services

Income and housing/public servicesin
Cattaraugus and Erie Counties, population
distribution within an 80-kilometer (50-mile)
and 480-kilometer (300-mile) radius of
WNYNSC

Human health and safety

The health of site workers and the
public

WNY NSC and offsite areas and waterbodies
within 80 kilometers (50 miles) of the site
(radiological air emissions); and the
transportation corridors and waterbodies
where worker and general population
radiation, radionuclide, and hazardous
chemical exposures could occur

Environmental justice

The presence of minority and low-
income populations

The minority and low-income populations
within 80 kilometers (50 miles) of WNYNSC

Waste management and
pollution prevention

Hazardous and nonhazardous solid
waste and wastewater generation and
management infrastructure practices

WNYNSC

WNY NSC = Western New Y ork Nuclear Service Center.
& The baseline conditions of the environment.
® The geographic region evaluated by the Proposed Action or alternatives.
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Figure 3-1 The West Valley Demonstration Project Premises (including the NRC [U.S. Nuclear
Regulatory Commission]-Licensed Disposal Area) and the State-Licensed Disposal Area
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Baseline conditions for each environmental resource area were determined for ongoing operations from
information provided in previous environmental studies, relevant laws and regulations, and other Government
reports and databases. More-detailed information on the affected environment at WNYNSC can be found in
annual site environmental reports.

3.1 Land Use and Visual Resources
3.1.1 Land Use

WNYNSC is on a 1,351-hectare (3,338-acre) site located near the Hamlet of West Valley in the Town of
Ashford, New York, and was acquired by the State of New York in 1961. The property was leased to Nuclear
Fuel Services, Inc. (NFS), who developed 68 hectares (167 acres) of the land and operated a nuclear fuel
reprocessing center there from 1966 to 1972. NFS processed 640 metric tons (705 tons) of spent fuel at its
West Valley reprocessing facility from 1966 to 1972 under an Atomic Energy Commission license. Fuel
reprocessing ended in 1972 when the plant was shut down for modifications to increase its capacity, and
reduce occupational radiation exposure and radioactive effluents. By 1976, NFS judged that over $600 million
would be required to modify the facility. Later that year, NFS withdrew from the reprocessing business and
requested to return control of the facilities to the site owner, New York State Energy Research and
Development Authority (NYSERDA) (DOE 1978). In 1982, DOE assumed control, but not ownership, of the
68-hectare (167-acre) Project Premises portion of the site, as required by the 1980 West Valley Demonstration
Project (WVDP) Act. DOE provides general surveillance and security services for all of WNYNSC site
(DOE 19964, 2003e).

Major land uses in Cattaraugus County include: residential (29.3 percent); wild, forested, conservation lands,
and public parks (22.8 percent); vacant land (22.4 percent); and agriculture (19.2 percent). The remaining
6.3 percent of the land within the county is classified as community services, recreation and entertainment,
public services, industrial, commercial, or unknown (Crawford 2008). Land use within 8 kilometers (5 miles)
of WNYNSC is predominantly agricultural and the setting includes cropland, pasture, woodlands, natural
areas, ponds, and house lots. The major exception is the Village of Springville, which comprises
residential/commercial and industrial land use (DOE 2003e). The Hamlet of West Valley is primarily
characterized by residential and commercial land uses. The residential land use is generally rural in nature
(WVNS 2006).

Agricultural land use is concentrated in the northern region of Cattaraugus County because the landscape is
more favorable for agricultural practices (Paoletta 2003). Urban land use increases north of WNYNSC toward
Buffalo and west along the Lake Erie shoreline. Recreational land use increases to the south toward Allegany
State Park and west toward Lake Erie. The section of Cattaraugus Creek that is downstream from WNYNSC
is primarily used for recreational purposes; however, some water is used for irrigation purposes (WVES and
URS 2008).

Light industrial and commercial (either retail or service-oriented) land use occurs near WNYNSC. A field
review of an 8-kilometer (5-mile) radius did not indicate the presence of any industrial facilities that would
present a hazard in terms of safe operation of the site (DOE 2003e, WVNS 2006). A small military research
installation is located approximately 5 kilometers (3 miles) northeast of the Project Premises. The facility,
operated by Calspan Corporation, is used to conduct research operations for the U.S. Department of Defense.
Although the facility uses small amounts of hazardous materials, it does not produce any products of a
hazardous nature (DOE 2003e).

A similar land use field review of the Village of Springville and the Town of Concord did not indicate the
presence of any significant industrial facilities. Industrial facilities near WNYNSC include Winsmith-Peerless
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Winsmith, Inc., a gear reducer manufacturing facility; Wayne Concrete Co., Inc., a readi-mix concrete supplier
and concrete equipment manufacturing facility; and Springville Manufacturing, a fabricating facility for air
cylinders. The industries within the Village of Springville and the Town of Concord, Erie County, are located
in a valley approximately 6.4 kilometers (4 miles) to the north and 11.3 kilometers (7 miles) to the northwest,
respectively, of WNYNSC (DOE 2003e).

The Southern Tier West Regional Planning and Development Board, a regional planning board that includes
Cattaraugus County, has issued its 2004 Regional Development Strategy (Southern Tier West 2004). The
objectives of the document include identifying an economic development strategy for the region,
recommending implementation strategies, ensuring coordinated development, identifying the need to improve
public facilities and utilities, facilitating economic development, and supporting Cattaraugus County corridor
economic development and land use planning along U.S. Route 219 and NY Route 16 in the vicinity of
WNYNSC.

Most of the land use data for the region date back to the late 1960s and 1970s, when many of the region’s land
use plans were developed. Since that time, minor changes include a decrease in active agricultural land
acreage, an increase in maturing forest acreage, and an increase in the number of recreational, commercial, and
residential lots (Southern Tier West 2004). In Cattaraugus County, future use of agricultural land is expected
to remain relatively unchanged. Residential growth near WNYNSC is expected to continue in the towns of
Yorkshire, Machias, and Ashford. Other towns near WNYNSC are expected to remain rural for the
foreseeable future. Commercial land use is expected to remain in the commercial centers of the county’s
villages, towns, and cities. Industrial land use is expected to increase in Yorkshire Township (northeast
Cattaraugus County). Recreation on the Allegheny River, approximately 32 kilometers (20 miles) south of
WNYNSC, is also expected to increase.

Construction improvements to U.S. Route 219 will promote development and expansion by increasing the
area’s accessibility to major markets and transportation networks (Cattaraugus 2006a, ACDS 2007). Increased
development is expected to occur in the village of Ellicottville and in Erie County (ACDS 2007). A proposed
Business Park will be located on an estimated 30 to 40 hectares (75 to 100 acres) of land within the Village of
Ellicottville (Cattaraugus 2006b). The proposed Ashford Education and Business Park would be located next
to the Ashford Office Complex and would require approximately 8 hectares (20 acres) of land
(Cattaraugus 2006a). A Railyard Industrial Park is planned at a site that previously served as a railyard in the
Town of Great Valley. This park will support warehouse, industrial, distribution, intermodal, office, and
research uses and facilities (Cattaraugus 2006c¢).

Growth in areas surrounding Ellicottville is partially due to the increased demand for tourism and recreation-
related infrastructure (Southern Tier West 2006). Ski areas, including Holiday Valley and HoliMont,
contribute to Ellicottville’s development as a tourist destination (Cattaraugus 2006b). Proposed projects to
develop tourism in Ellicottville include a tourist information center, an interpretive center, a performing arts
center, and studio and shopping spaces that are estimated to total 32 to 40 hectares (80 to 100 acres). Tourism
development will be concentrated in the central business district to limit sprawl in outlying areas
(Cattaraugus 2006d). In the surrounding area, the Seneca Allegany Casino and Hotel in Salamanca was
completed in March 2007 and includes a casino and a 212-room hotel (Seneca Gaming Corporation 2008).

The Zoar Valley Multiple Use Area located in the Towns of Collins, Persia, and Otto, includes three areas that
total 1,183 hectares (2,923 acres). The 2006 Draft Unit Management Plan contains a proposal to designate a
“protection area” that would encompass the Cattaraugus Creek Gorge and nearby trails along the gorge and the
banks of the Cattaraugus Creek’s South Branch (NYSDEC 2006d).
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3.1.2 Visual Environment

WNYNSC islocated in the northwest-southeast trending valley of Buttermilk Creek and consists mainly of
fields, forests, and the ravines of several tributaries to Buttermilk Creek. WNYNSC is in a rural setting
surrounded by farms, vacant land, and single homes. From distant northern hilltops, the site appears to be
primarily hardwood forest and would beindistinguishable from the surrounding countrysideif the Main Plant
Process Building and main stack were not visible. From that distance, the Main Plant Process Building
resembles a factory building or power plant. Several public roads pass through WNY NSC, including Rock
Springs Road, Buttermilk Road, and Thomas CornersRoad. Thesite boundary ismarked along the roadsides
by abarbed wirefence with regularly spaced “POSTED” signs. Passers-by mainly see hardwood and hemlock
forests, overgrown former farm fields, the southern end of the south reservoir bordered by pinetrees, and wet,
low-lying areas.

The WNY NSC facilities are predominantly located on plateaus between Dutch Hill and Buttermilk Creek. The
surrounding topography and forested areas obstruct views of the site areas from roadways, however, most of
the facilities can be seen from hilltops along Route 240 (east of WNYNSC). WNYNSC isgeneraly shielded
from Rock Springs Road by pinetrees, but can be seen from Rock Springs Road and Thornwood Drivewhen
approaching from the south. Facilities, including the Main Plant Process Building and main stack; a
warehouse; alarge, white, tent-like lag storage area; the Remote-Handled Waste Facility; and other smaller
structures, resemble an industrial complex. Two large paved parking lots arelocated outs de the barbed wire—
topped chain link security fence. Disposal areas include the SDA and the NRC [U.S. Nuclear Regulatory
Commission]-Licensed Disposal Area (NDA). The NDA and SDA each have a geomembrane cover that is
sloped to provide drainage. Security lights illuminate the entire Project Premises at night. The developed
portion is consistent with the Bureau of Land Management’ s Visual Resource Management Class 1V rating,
where major modifications to the natural landscape have occurred. The baance of the site’'s viewshed
generaly ranges from Visua Resource Management Class|| to Class|11, where visible changesto the natural
landscape are low to moderate but may attract the attention of the casua observer (DOI 1986).

3.2 Sitelnfrastructure

Site infrastructure includes those utilities required to support the operations of WNYNSC and local
trangportation infrastructure, as summarized in Table 3-2.

Table3-2 Western New York Nuclear Service Center Sitewide I nfrastructure Characteristics

Resource | Site Usage Site Capacity

Electricity

Energy consumption (megawatt-hours per year) 15,860 105,120

Peak |oad (megawatts) 228 12
Fuel

Natural gas (cubic meters per year) 2,170,000 27,300,000 °

Fuel oil (liters per year) 26,500 38,000 ©
Water (liters per year) 153,000,000 788,000,000
Sanitary Sewage Treatment (liters per day) - 151,000
U.S. Route 219 near WNYNSC Level of Service D

& Peak load estimated from average sitewide electrical energy usage, assuming peak load is 120 percent of average demand.

® Calculated from installed capacity and may not reflect sustainable supply.
¢ Reflects onsite bulk storage only. Capacity is only limited by the ability to ship resources to the site.

Note: To convert liters to gallons, multiply by 0.264; cubic meters to cubic feet, multiply by 35.314.

Sources: Steiner 2006, WV NS 2004a.
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As a participant in the now discontinued U.S. Environmental Protection Agency (EPA) National
Environmental Performance Track Program, DOE committed to reduce total non-transportation energy use by
5 percent by the end of 2009, using 2006 as the baseline. In 2007, DOE reduced total energy use by
15.6 percent (WVES and URS 2008).

3.2.1 Electricity

Electrical power is transmitted to WNYNSC via the National Grid USA (formerly Niagara Mohawk)
distribution system (WVNS 2006). For the Project Premises, electricity is purchased through the Defense
Energy Support Center (Steiner 2006). Power for the Project Premises is supplied via a 34.5-kilovolt loop
system. A feeder line from a 34.5-kilovolt switching station transmits power to the site substations where it is
stepped down to 480 volts. Electricity from the 34.5-kilovolt line is routed to two 2,500-kilowatt-ampere
transformers at the Main Plant Process Building and Utility Room Expansion in Waste Management Area
(WMA) 1. The substation switchgears are interconnected through cables to provide backfeed capabilities in
the event that any 34.5-kilovolt-to-480-volt substation transformer fails (WVNS 2006).

The reservoir pumps that supply water to the Radwaste Treatment System Drum Cell (WMA 9), the Remote-
Handled Waste Facility in WMA 5, the NDA facilities, and the site perimeter monitoring stations obtain power
from a separate 4,800-volt-to-480-volt rural distribution system (WVNS 2006).

Backup electrical power is supplied by three standby (backup) diesel-fired generators with diesel fuel provided
from onsite storage tanks. The generators include a 625-kilovolt-ampere unit located in the Utility Room
(WMA 1), a 1,560-kilovolt-ampere unit located in the Utility Room Expansion (WMA 1), and a
750-kilovolt-ampere generator located in the Permanent Ventilation System Building mechanical room
(WMA 3). In the event of failure of the main power supply, all of the diesel generators will initiate
automatically and then the associated switchgears will disconnect the utility line and noncritical loads and
supply power to essential systems. Day tank storage capacity is sufficient for each generator to operate
continuously for 8 hours (WVNS 2006).

Between April 2005 and March 2006, electrical energy consumption was 15,860 megawatt-hours
(Steiner 2006). This consumption reflects an average load demand of about 1.8 megawatts. WNYNSC
substations have a combined installed capacity of 12 megawatts, which is equivalent to a site electrical energy
availability of about 105,000 megawatt-hours annually. Electricity consumption is expected to decrease as
buildings continue to be decommissioned (Steiner 2008a).

3.2.2 Fuel

The National Fuel Company provides natural gas, the primary fuel used by WNYNSC facilities, to WNYNSC
through a 15-centimeter (6-inch) supply line. The supply is pressure regulated and metered at the Utility
Room. Natural gas is distributed from the Utility Room to onsite areas for heating purposes and is regulated at
the points of use. Natural gas is not routed through areas that contain, or historically contained, radioactive
materials. Two major users of natural gas are two natural gas steam boilers housed in the Utility Room
Expansion. The boilers can also use No. 2 diesel fuel oil. However, cessation of nuclear fuel reprocessing
operations resulted in a major reduction in steam usage and associated natural gas demand (WVNS 2006).

Natural gas consumption totaled approximately 2.17 million cubic meters (76.8 million cubic feet) in 2005.
Natural gas consumption has historically averaged about 2.8 million cubic meters (100 million cubic feet)
annually (Steiner 2006). The natural gas distribution system serving site facilities has an installed capacity of
about 3,110 cubic meters (110,000 cubic feet) per hour or approximately 27.3 million cubic meters
(964 million cubic feet) annually (WVNS 2006).
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No. 2 diesel fuel oil is also used to operate the backup generators and to run forklifts (Steiner 2006). In
addition to day tanks at each generator, the bulk of the fuel is stored in a 38,000-liter (10,000-gallon)
aboveground storage tank (Steiner 2008a, WVNS 2006). In 2005, approximately 26,500 liters (7,000 gallons)
of fuel oil were consumed at the site (Steiner 2006). Fuel use is expected to be smaller in the future
(Steiner 2008a).

3.2.3 Water

WNYNSC has its own reservoir and water treatment system to service the site. The system provides potable
and facility service water for operating systems and fire protection. The reservoir system was created by
constructing dams on Buttermilk Creek tributaries south of the Project Premises. The reservoirs provide the
raw water source for the noncommunity, nontransient water supply operated on site (DOE 2003e).
Specifically, the two interconnected reservoirs (north and south reservoirs) cover about 10 hectares (25 acres)
of land and contain approximately 2.1 billion liters (560 million gallons) of water (see Figure 3-2). A pump
house located adjacent to the north reservoir with dual 1,500-liters-per-minute- (400-gallons-per-minute-) rated
pumps supplies water to the Project Premises through a 20-centimeter (8-inch) pipeline. A clarifier/filter
system in WMA 1 provides treatment for incoming raw water, prior to transfer into a 1.8-million-liter
(475,000-gallon) storage tank. An electric pump with a diesel backup is used to pump water from the storage
tank through underground mains to the plant or utility system. Water pressure is furnished by two 950-liter-
per-minute (250-gallon-per-minute) pumps that supply water at a minimum pressure of 520 kilopascals
(75 pounds per square inch). The utility provides makeup water for the cooling operations and other
subsystems and directly feeds the fire protection system (WVNS 2006).

Water for the domestic (potable) system is drawn on demand from the utility water and is further chlorinated
using sodium hypochlorite, with the treated water stored in a 3,800-liter (1,000-gallon) accumulator tank for
distribution. Demineralized water can be produced in the Utility Room (WMA 1) via a cation-anion
demineralizer. The demineralized water system will normally produce 60 liters per minute (16 gallons per
minute) of demineralized water that is stored in a 68,000-liter (18,000-gallon) storage tank. Three pumps are
available to distribute demineralized water to chemical process areas within Project Premises (WVNS 2006).

The raw water supply system has an installed capacity of approximately 1,500 liters per minute (400 gallons
per minute) or approximately 795 million liters (210 million gallons) annually (WVNS 2004a). Water use
across WNYNSC has averaged roughly 153 million liters (40.3 million gallons) annually (Steiner 2006). This
estimate is based on the average demands for the site’s workforce and industrial demands for systems still in
operation. Annual water use may be reduced in the future due to ongoing decommissioning activities
(Steiner 2008a).

3.2.4 Sanitary Sewage Treatment

The Sewage Treatment Plant (WMA 6) treats sanitary sewage and nonradioactive industrial wastewater from
the Utility Room. The treatment system consists of a 151,000-liter-per-day (40,000-gallon-per-day) extended
aeration system with sludge handling (WVNS 2004a).

There are no entry points into the sanitary sewage system other than toilet facilities, washroom, kitchen sinks,
and shower facilities. No process area or office building floor drains are connected to the sanitary sewer
system other than the floor drains in the facility shower rooms and lavatory facilities (WVNS 2004a).
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Industrial wastewater from the Utility Room is collected using dedicated pipes, tanks, and pumps. The
collected wastewater is pumped into the Sewage Treatment Plant, where it is mixed with sanitary sewage and
treated. Entries to the system are through dedicated lines from the Utility Room water treatment equipment,
boilers, and floor drains in the Utility Room Expansion. Liquid is discharged to one of four outfalls where
liquid effluents are released to Erdman Brook. These four outfalls are identified in the State Pollutant
Discharge Elimination System (SPDES) permit, which specifies the sampling and analytical requirements for
each outfall (WVNS 2004a).

3.2.5 Local Transportation

Transportation facilities near WNYNSC include highways, rural roads, a rail line, and aviation facilities. The
primary method of transportation in the site vicinity is by motor vehicle on the local roads (see Figure 3-3).

The majority of roads in Cattaraugus County, with the exception of those within the cities of Olean and
Salamanca, are considered rural roads. Rural principal arterial highways are connectors of population and
industrial centers. This category includes U.S. Route 219, located about 4.2 kilometers (2.6 miles) west of the
site; Interstate 86, the Southern Tier Expressway located about 35 kilometers (22 miles) south of the site; and
the New York State Thruway (1-90), about 56 kilometers (35 miles) north of the site. U.S. Route 219 exists as
a freeway from its intersection with Interstate 90 near Buffalo, New York, to its intersection with Route 39 at
Springville, New York, but exists as a 2-lane road from Springville to Salamanca, New York. Average annual
daily traffic volume along U.S. Route 219 between Springville and the intersection with Cattaraugus County
Route 12 (East Otto Road) ranges from approximately 8,900 vehicles near Ashford Hollow to approximately
9,700 vehicles at Route 39 near Springville (NYSDOT 2006). This route, as it passes the site, operates at a
level of service D, reflecting high density and unstable flow, an operating speed of 80 kilometers (50 miles) per
hour, and limited maneuverability for short periods during temporary backups (USDOT and NYSDOT 2003b).

Rock Springs Road, adjacent to the site’s western boundary, serves as the principal site access road. The
portion of this road between Edies Road and U.S. Route 219 is known as Schwartz Road. Along this road,
between the site and the intersection of U.S. Route 219, are fewer than 21 residences. State Route 240, also
identified as County Route 32, is 2 kilometers (1.2 miles) northeast of the site. Average annual daily traffic on
the portion of NY Route 240 that is near the site (between County Route 16, Roszyk Hill Road, and NY
Route 39) ranges from 880 vehicles to 1,550 vehicles (NYSDOT 2006).

One major road improvement project could impact access to WNYNSC. In January 2007, the New York State
Department of Transportation started construction to extend the U.S. Route 219 freeway at NY Route 39 in
Springville to Interstate 86 in Salamanca. Near West Valley, the new freeway will be located only 0.2 to
0.4 kilometers (0.1 to 0.25 miles) from the existing U.S. Route 219, which will be retained. Completion of a
6.8-kilometer (4.2-mile) extension from Route 39 to Peters Road in Ashford (west-northwest of WNYNSC) is
expected in Winter 2009/2010 (NYSDOT 2009). An interchange at Peters Road in Ashford will accommodate
employees living north of the site (NYSDOT 2003). Continued expansion to Interstate 86 in Salamanca will
not proceed until an agreement is reached with the Seneca Nation of Indians (Seneca Nation) or additional
environmental studies have been completed (NYSDOT 2005). In addition, a supplemental EIS is being
prepared for the freeway project EIS issued in 2003 (NYSDOT 2003). The supplemental EIS will evaluate a
new route or upgrades to U.S. Route 219 between the town of Ashford and Interstate 86 due to (1) a significant
increase in identified wetlands in the project corridor, and (2) observed changes in traffic growth rates for some
segments of existing U.S. Route 219 that could influence the safety and operational characteristics of
previously identified EIS alternatives (74 FR 41781).
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The Buffalo and Pittsburgh Railroad line is located within 800 meters (2,600 feet) of the site. Owned and
operated by Genesee and Wyoming, Inc., the Buffalo and Pittsburgh Railroad is part of an integrated regional
rail operation that includes Rochester and Southern Railroad and the South Buffalo Railway. Together they
have direct connections to the two major U.S. railroads that service the east (CSX Transportation and Norfolk
Southern) as well as both of Canada’s transcontinental railroads (Canadian National and Canadian Pacific).
Major types of freight include coal, petroleum, metals, and forest products (G&W 2008). In 1999, the Buffalo
and Pittsburgh Railroad completed the connection of a track between Ashford Junction and Machias,
New York. Service by the Buffalo and Pittsburgh Railroad on the rail line from the Project Premises to
Ashford Junction and then to Machias provides WNYNSC with rail access (DOE 2003e). This access is
expected to continue despite the plan to abandon a 44.4-kilometer (27.6-mile) portion of the Buffalo and
Pittsburgh rail system between Orchard Park, New York, and Ashford, New York (north of Ashford Junction).
The railroad right of way may be converted to a bicycle trail (73 FR 58297).

There are no commercial airports in the site vicinity. The only major aviation facility in Cattaraugus County is
the Olean Municipal Airport, located in the Town of Ischua, 34 kilometers (21 miles) southeast of WNYNSC.
Regularly scheduled commercial air service was terminated at this airport in early 1972. The nearest major
airport is Buffalo Niagara International Airport, 55 kilometers (34 miles) north of the site (DOE 2003e).

3.3  Geology and Soils

The geologic conditions, including physiographic location, surface topography, glacial lithology and
stratigraphy, and bedrock conditions underlying and surrounding WNYNSC and the Project Premises are
described in the following sections.

3.3.1 Geology

Geologic unit descriptions and origins obtained in 1986 (Prudic 1986) were modified by the West Valley
Nuclear Services Company (WVNS 1993d, 1993f). The thickness of stratigraphic units was obtained from
lithologic logs of borings drilled in 1989, 1990, and 1993 (WVNS 1994b); Well 905 (WVNS 1993d); and
Well 834E (WVNS 1993f).

3.3.1.1 Glacial Geology and Stratigraphy

WNYNSC is located within the glaciated northern portion of the Appalachian Plateau physiographic province
(Figure 3-4). The surface topography is dominated by Buttermilk Creek and its tributaries, which are incised
into bedrock and the surrounding glaciated upland topography. The maximum elevation on the WNYNSC site
occurs at the southwest corner of the property at an elevation of 568 meters (1,862 feet) above mean sea level.
The minimum elevation of 338 meters (1,109 feet) above mean sea level occurs near the confluence of
Buttermilk Creek and Cattaraugus Creek on the floodplain at the northern extent of the WNYNSC. The
average elevation across WNYNSC is 435 meters (1,426 feet) with a modal elevation of 423 meters
(1,387 feet) above mean sea level (URS 2008a). The facility is approximately midway between the boundary
line delineating the southernmost extension of Wisconsin Glaciation and a stream-dissected escarpment to the
north that marks the boundary between the Appalachian Plateau and the Interior Low Plateau Province. The
Appalachian Plateau is characterized by hills and valleys of low-to-moderate relief between the Erie-Ontario
Lowlands to the north and the Appalachian Mountains to the south (WVNS 1993f).

The Project Premises are located on a stream-dissected till plain that occurs west of Buttermilk Creek and east
of the glaciated upland. Surface topography on the Project Premises declines from a maximum elevation of
441 meters (1,447 feet) in the main parking lot to 398 meters (1,305 feet) near the confluence of Franks Creek
and Erdman Brook with an average elevation of 423 meters (1,389 feet) above mean sea level. Erdman Brook
separates the Project Premises into the North and South Plateau areas (WVNS 1993f). The confluence of
Franks Creek and Erdman Brook delineates an eastern plateau area that is contiguous with the South Plateau.
The surface topography east of the Project Premises declines to approximately 366 meters (1,200 feet) within
the Buttermilk Creek Valley (Figure 3-5).
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WNYNSC islocated on the west flank of the Buttermilk Creek Valley, which is part of alonger steep-sided,
northwest-trending U-shaped valley that hasbeen incised into the underlying Devonian bedrock. A 150-meter-
(500-foot-) thick sequence of Pleistocene-age deposits and overlying Holocene (recent age) sediments occupies
thevalley. Repeated glaciation of the ancestral bedrock valley occurred between 14,500 and 38,000 years ago,
resulting in the deposition of three glacial tills (Lavery, Kent, and Olean) that comprise the magjority of the
valley fill deposits (WVNS 1993f, WV NS and URS 2005). The uppermost Lavery till and younger surficia
depositsform atill plain with elevation ranging from 490 metersto 400 meters (1,600 to 1,300 feet) from south
to north that covers 25 percent of the Buttermilk Creek basin. The Project Premises and the SDA arelocated
on the stream-dissected till plain west of Buttermilk Creek. The Holocene sedimentswere primarily deposited
asdluvial fansand apronsthat were derived from the glacia sedimentsthat covered the uplands surrounding
WNY NSC and from floodplain deposits derived from the Pleistocenetills (WVNS 1993f, 2006).

The stratigraphy underlying WNY NSC exhibits key differences between the North and South Plateaus as
summarized in Table 3-3 and shown in the generalized cross-sections on Figures 3-6 and 3—7, respectively.
The surficial geology on the Project Premises and the SDA is shown on Figure 3-8. Additional information
on the hydrogeologic characteristics of the site stratigraphy is provided in Section 3.6.2 and Appendix E of
thisElS.

Table 3-3 Stratigraphy of the West Valley Demonstration Project Premises and the
State-Licensed Disposal Area

Thickness
North Plateau South Plateau
Geologic Unit Description Origin (meters) (meters)
Colluvium Soft plastic pebbly silt only on slopes, Reworked Lavery or 0.3t00.9 0.3t00.9
includes slump blocks several meters thick Kent till
Thick-bedded Sand and gravel, moderately silty Alluvial fan and 0to12.5 Oto1.5at Well
unit terrace deposits 905 % not found at
other locations
Slack-water Thin-bedded sequence of clays; silts, Lake deposits 0to4.6 Not present
sequence sands, and fine-grained gravel at base of
sand and gravel layer
Wesathered Fractured and moderately poroustill, Westhered glacial Oto2.7 0.9t04.9,
Lavery till primarily composed of clay and silt ice deposits (commonly absent) average=3
Unweathered Dense, compact, and slightly porous clayey | Glacid ice deposits 1to3l.1 4.3t027.4
Lavery till and silty till with some discontinuous sand Lavery till thins Lavery till thins
lenses west of the Project west of the Project
Premises Premises
Lavery till-sand | Fine-to-coarse sand within Lavery till in Possible meltwater 03to21 Not present
the southeastern portion of the North or lake deposits
Plateau
Kent recessional | Gravel composed of pebbles, small Proglacial lake, 0t021.3 0to 134
sequence cobbles, and sand, and clay and clay-silt ddtaic, and alluvia
rhythmic layers overlying the Kent till stream deposits
Kent till, Kent and Olean tills are clayey and silty till Mostly glacial ice 0to91.4 Oto 101
Olean similar to Lavery till. Olean Recessional deposits
Recessiona Sequence predominantly clay, clayey silt,
Sequence, and silt in rhythmic layers similar to the
Olean till Kent recessional sequence
Upper Devonian | Shale and siltstone, weathered at top Marine sediments > 402 > 402
bedrock

# Coarse sandy material was encountered in thiswell. It is unknown whether this deposit is equivalent to the sand and gravel layer on the North

Plateau.

Note: To convert meters to feet, multiply by 3.2808.
Source: Geologic unit descriptions and origins (Prudic 1986) as modified by the West Valley Nuclear Services Company (WVNS 1993d,
1993f). Thickness from lithologic logs of borings drilled in 1989, 1990, and 1993 (WVNS 1994b); from Well 905 (WVNS 1993d); and from
Well 834E (WVNS 1993f). Kent and Olean till thickness from difference between bedrock elevation (based on seismic data) and projected
base of Kent recessional sequence (WVNS 1993f); upper Devonian bedrock thickness from Well 69 U.S. Geological Survey 1-5 located in the
southwest section of WNYNSC (WVNS 1993f).
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Sand and Gravel - Alluvial fans and floodplains deposited before incision
by present day streams. Includes thick-bedded unit and underlying
slack-water sequence.

Lavery Till - Predominantly clay and silt, incorporating discontinuous

deformed fragments of layered sediments. Includes weathered and
unweathered Lavery till and associated colluvium.

ﬁ Kent Recessional Sequence Gravel and (or) Sand - Locally underlain by
fine sand to silt: deltaic and floodplain deposits.

Kent Recessional Sequence Silt and Clay in Rhythmic Layers -
Scattered pebbles and unsorted sediments dropped from
floating ice.

Kent Till - Similar to Unit 5 and includes associated colluvium.

ﬁ Olean Recessional Sequence Layered, Locally Disturbed Silt and Clay -
2 Similar to Unit 9.

Olean Till - More sandy and stony than Units 5 and 10.

78°39’

9 NDA NRC [U.S. Nuclear Regulatory Commission]-Licensed Disposal Area

SDA State-Licensed Disposal Area

———  Confact Between Geologic Units -
Dashed where inferred
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Figure 3-8 Topography and Surface Geology at the West Valley Demonstration
Project Site and Vicinity
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North Plateau

Surficial Units (Colluvium, Thick-bedded Unit, and Slack-water Sequence)—The surficial sand and gravel
consists of an upper alluvial deposit, the thick-bedded unit, and a lower glaciofluvial deposit, the slack-water
sequence (Figures 3-9 and 3-10). The thick-bedded unit, the thicker and more extensive of the coarse
deposits, is an alluvial fan that was deposited by Holocene streams entering the Buttermilk Creek Valley. The
alluvial fan overlies the Lavery till over the majority of the North Plateau and directly overlaps the Pleistocene-
age glaciofluvial slack-water sequence that occurs in a narrow northeast-trending trough in the Lavery till
(Figures 3-9 and 3-10). The Main Plant Process Building and the adjacent facilities partially or fully penetrate
the thick-bedded unit (WVNS 1993d, 1993f, 2004a). Holocene landslide deposits (colluvium) also overlie or
are interspersed with the sand and gravel on steeper slopes (WVNS 1993f). Fill material occurs in the
developed portions of the North Plateau, and mainly consists of recompacted surficial sediment that is mapped
with the sand and gravel (WVNS 1993d).

The slack-water sequence consists of Pleistocene glaciofluvial deposits that overlie the Lavery till in a narrow
northeast-trending trough across the North Plateau (WVNS 1993d, 1993f, 2004a). The slack-water sequence
consists of undifferentiated thin-bedded layers of clay, silt, sand, and small gravel deposited in a glacial lake
environment (WVNS 2004a).

The average textural composition of the surficial sand and gravel is 41 percent gravel, 40 percent sand,
11 percent silt, and 8 percent clay, classifying it as a muddy gravel or muddy sandy gravel (WVNS 1993d).
The sand and gravel is thickest along a southwest-to-northeast trend across WMA 1, based on borehole
observations. The total thickness ranges from approximately 9 meters (30 feet) along this trend to 12.5 meters
(41 feet) near the northeastern corner of WMA 1. Locally thick sand and gravel deposits are inferred to
correspond to channels in the underlying Lavery till. The sand and gravel thins to the north, east, and south
where it is bounded by Quarry Creek, Franks Creek, and Erdman Brook, respectively, and to the west against
the slope of the bedrock valley (WVNS 1993d, 1993f; WVNS and URS 2006). Reinterpretation introduced in
2007 of sandy intervals underlying the North Plateau has revised the extent of the Lavery till-sand and the
slack-water sequence. The primary justification for the stratigraphic revision is based on the elevation of the
encountered units as delineated from borings. As a result of the reinterpretation, the horizontal extent of the
slack-water sequence has been expanded from previous delineations to encompass areas upgradient of the
Main Plant Process Building and extended to conform to the surface of the underlying unweathered Lavery
till. Because fewer borings are now considered to have encountered Lavery till-sand, the horizontal extent of
the Lavery till-sand has been reduced (WVES 2007b). The hydrogeologic characteristics of the surficial sand
units on the North Plateau are described in Section 3.6.2.1.

Lavery Till—The entire Project Premises are underlain by Lavery till. The till was deposited from an ice lobe
that advanced into the ancestral Buttermilk Creek Valley through impounded lake waters (WVNS 1993d). The
unweathered Lavery till consists of dense olive-gray, pebbly, silty clay and clayey silt that is typically
calcareous. The till contains discontinuous and randomly oriented pods or masses of stratified sand, gravel,
and rhythmically laminated clayey silt. The till underlying the North Plateau is predominantly unweathered
and unfractured, owing to the emplacement of the overlying sand and gravel (WVNS 1993f). Weathered zones
in the till underlying the North Plateau are generally less than 0.3 meters (1 foot) thick (WVNS and Dames and
Moore 1997). The average textural composition of the unweathered Lavery till is 50 percent clay, 30 percent
silt, 18 percent sand, and 2 percent gravel (WVNS 1993d). The till ranges in thickness from 9 to 12 meters
(30 to 40 feet) beneath the process area (WMAs 1 and 3) (WVNS 1993f, WVNS and Dames and Moore 1997).
The hydrogeologic characteristics of the unweathered Lavery till are described in Section 3.6.2.1.
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Lavery Till-Sand—The Lavery till-sand is contained within the Lavery till on the North Plateau. The till-sand
represents a localized, ice contact deposit resulting from the accumulation of stratified sediments entrained in
debris-laden glacial meltwater. Because of dynamics in the glacial environment, transport of the coarser-
grained sediment was terminated, leaving the sand deposits to be incorporated into the finer-grained till during
subsequent melting of the glacier. The till-sand is distinguished from isolated pods of stratified sediment in the
Lavery till because borehole observations indicate that the sand is laterally continuous beneath the southeastern
portion of the North Plateau (Figure 3-6) (WVNS 1993d, WVNS and Dames and Moore 1997). Recent
reinterpretation of sandy intervals underlying the North Plateau has revised the extent of the Lavery till-sand
and the slack-water sequence. Because fewer borings are now considered to have encountered Lavery till-
sand, the horizontal extent of the Lavery till-sand has been reduced (WVES 2007b). The till-sand consists of
19 percent gravel, 46 percent sand, 18 percent silt, and 17 percent clay. Within the Lavery till, the till-sand
occurs within the upper 6 meters (20 feet) of the till, and it ranges in thickness from about 0.3 to 2.1 meters
(1 to 7 feet). The unit has been mapped as being up to 0.6 meters (2 feet) thick in the southeast corner of
WMA 1 (WVNS 1993d). The hydrogeologic characteristics of the Lavery till-sand are described in
Section 3.6.2.1.

Kent recessional sequence—The Lavery till is underlain by a complex association of gravel, sand, silt, and clay
comprising the Kent recessional sequence (see Table 3-3). The Kent recessional sequence is composed of
alluvial, deltaic, and lacustrine deposits with interbedded till (WVNS 1993d, 1993f). The Project Premises are
underlain by the Kent recessional sequence, except to the west where the walls of the bedrock valley truncate
the sequence and the overlying Lavery till (see Figures 3—-6 and 3-7). The Kent recessional sequence is not
exposed on the Project Premises but occurs along Buttermilk Creek to the east of the site (WVNS 1993f,
WVNS and URS 2005). The upper Kent recessional sequence consists of coarse-grained sand and gravel that
overlie lacustrine silt and clay (WVNS 1993d, WVNS and Dames and Moore 1997, WVNS and URS 2005).
The basal lacustrine sediments were deposited in glacial lakes that formed as glaciers blocked the northward
drainage of streams. Some of the fine-grained deposits were eroded and re-deposited by subsequent glacial
movement. Sand and gravel were deposited locally, chiefly in deltas where streams entered glacial lakes and
on the floodplains of streams that formed during ice-free interstadial episodes. Beneath the North Plateau, the
Kent recessional sequence consists of coarse sediments that overlie either lacustrine deposits or glacial till.
The average textural composition of the coarse-grained Kent recessional sequence deposits is 44 percent sand,
23 percentsilt, 21 percent gravel, and 12 percent clay. The composition of the lacustrine deposits is 57 percent
silt, 37 percent clay, 5.9 percent sand, and 0.1 percent gravel. The Kent recessional sequence attains a
maximum thickness of approximately 21 meters (69 feet) beneath the northeastern portion of the Project
Premises (WVNS 1993d). The hydrogeologic characteristics of the Kent recessional sequence are described in
Section 3.6.2.1.

Kent Till, Olean Recessional Sequence, and Olean Till—Older glacial till and periglacial deposits of lacustrine
and glaciofluvial origin underlie the Kent recessional sequence beneath the North and South Plateaus,
extending to the top of the Upper Devonian bedrock (see Table 3-3) (WVNS 1993f, 2004a). The Kent till has
characteristics similar to the Lavery till and was deposited during a glacial advance that occurred between
15,500 and 24,000 years ago. The Olean Recessional Sequence underlies the Kent till and has characteristics
similar to the Kent recessional sequence. The Kent till and Olean Recessional Sequence are exposed along
Buttermilk Creek southeast of the project (Figure 3-8). The Olean till contains more sand- and gravel-sized
material than the Lavery and Kent tills. The Olean till was deposited between 32,000 and 38,000 years ago
(WWVNS 1993f) and is exposed near the sides of the valley overlying bedrock (Prudic 1986). The sequence of
older glacial till and recessional deposits ranges up to approximately 91 meters (299 feet) in thickness beneath
the North Plateau.
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South Plateau

Substantive stratigraphic differences exist between the geologic conditions underlying the North and South
Plateaus over the site area. The primary differences are the lack of sand and gravel deposits overlying the
South Plateau till deposits, the absence of till-sand within the southern Lavery till, and the degree of
weathering and fracturing in the South Plateau till units.

Weathered Lavery Till—The surficial unit underlying the South Plateau is the Lavery till, which is the host
formation for buried waste in the SDA (WMA 8) and the NDA (WMA 7). Weathered Lavery till is generally
exposed at grade or may be overlain by a veneer of fine-grained alluvium (WVNS 1993f). On the South
Plateau, the upper portion of the Lavery till has been extensively weathered and is physically distinct from
unweathered Lavery till. The till has been oxidized from olive-gray to brown, contains numerous root tubes,
and is highly desiccated with intersecting horizontal and vertical fractures (WVNS 1993d, WVNS and
URS 2006). Vertical fractures extend from approximately 4 to 8 meters (13 to 26 feet) below ground surface
into the underlying unweathered till. The average textural composition of the weathered Lavery till is
47 percent clay, 29 percent silt, 20 percent sand, and 4 percent gravel. The thickness of the weathered Lavery
till ranges from 0.9 meters (3 feet) to 4.9 meters (16 feet) across the South Plateau (WVNS 1993d, WVNS and
URS 2006). The hydrogeologic characteristics of the weathered Lavery till underlying the South Plateau are
described in Section 3.6.2.1.

Till Fractures—Glacial till throughout western New York commonly contains systematically oriented joints
and fractures. The origin of these features may lie in several mechanisms, including adjustments related to
glacial rebound, stresses in the Earth’s crust, stress release related to movement on the Clarendon-Linden fault
system, and volumetric changes in the clay resulting from ion-exchange or osmotic processes (WVNS 1993f).

Research trenching conducted by the New Y ork State Geological Survey studied joints and fractures during a
hydrogeologic assessment of the Lavery till (Dana et al. 1979a). Based on trenching in an area to the east and
southeast of the SDA, till joints and fractures were classified as: (1) prismatic and columnar joints related to
the hardpan soil formation; (2) long, vertical, parallel joints that traverse the upper altered till and extend into
the parent till, possibly reflecting jointing in the underlying bedrock; (3) small displacements through sand and
gravel lenses; and (4) horizontal partings related to soil compaction. Prismatic and columnar joints may
represent up to 60 percent of the observed till fractures and were postulated to have formed under alternating
wet/dry or freeze/thaw conditions. Fracture density was observed to be a function of moisture content and
weathering of the till, with more pervasive fracturing occurring in the weathered, drier soil and till. Densely
spaced, vertical fractures with spacing ranging from 2 to 10 centimeters (0.8 to 3.9 inches) were restricted to
the weathered till. In contrast, the most vertically persistent fractures were observed in the relatively moist and
unweathered till. Vertical fractures and joints in the weathered till were systematically oriented to the
northwest and northeast, with spacing typically ranging from 0.65 to 2.0 meters (2 to 6.5 feet) and fractures
extending to depths of 5 to 7 meters (16 to 23 feet). Trenching identified one vertical fracture extending to a
depth of 8 meters (26 feet) (Dana et al. 1979a). Fracture spacing in the unweathered till increased with depth
in conjunction with a decrease in the number of observed fractures.

Open, or unfilled, fractures in the upper portion of the Lavery till provide pathways for groundwater flow and
potential contaminant migration. Tritium was not detected in two groundwater samples collected from a gravel
horizon at a depth of 13 meters (43 feet), indicating that modern (post-1952) precipitation has not infiltrated to
a discontinuous sand lens encountered in the Lavery till. Analysis of physical test results on Lavery till
samples by the New Y ork State Geological Survey concluded that open fractures would not occur at depths of
15 meters (50 feet) below ground surface due to the plasticity characteristics of the till (Dana et al. 1979b,
NYSGS 1979).
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Unweathered Lavery Till—The characteristics of the unweathered Lavery till beneath the South Plateau are
similar to the till occurring beneath the North Plateau. The unweathered till consists of olive-gray, dense,
pebbly silty clay and clayey silt that is typically calcareous. The till contains minor discontinuous and
randomly oriented pods or masses of stratified sand, gravel, and rhythmically laminated clay and silt. The
Lavery till was deposited from an ice lobe that advanced into the ancestral Buttermilk Creek Valley through
impounded lake waters (WVNS 1993d). The average textural composition of the unweathered Lavery till is
50 percent clay, 30 percent silt, 18 percent sand, and 2 percent gravel (WVNS 1993d). The till ranges in
thickness from 4.3 to 27.4 meters (14 to 90 feet) beneath the South Plateau (WVNS 1993f, WVNS and Dames
and Moore 1997). The hydrogeologic characteristics of the unweathered Lavery till are described in
Section 3.6.2.1.

Kent recessional sequence—The Kent recessional sequence beneath the South Plateau consists of fine-grained
lacustrine deposits, with coarser sediments occurring as pods or lenses within the lacustrine deposits
(WVNS 1993d). The sequence outcrops along the western bank of Buttermilk Creek, as shown on Figure 3—7.
Coarse-grained sand and gravel associated with kame delta deposits overlie the lacrustrine deposits on the east
end of the South Plateau and are exposed along the west bank of Buttermilk Creek (Figures 3—6 and 3—-7). The
Kent recessional sequence attains a thickness of approximately 13 meters (43 feet) beneath the South Plateau.
The hydrogeologic characteristics of the Kent recessional sequence underlying the South Plateau are described
in Section 3.6.2.1.

3.3.1.2 Bedrock Geology and Structure

The Paleozoic bedrock section immediately underlying WNYNSC consists primarily of Devonian and older
sedimentary rocks (Figure 3-11). The Paleozoic strata in the area have been deformed into a series of low-
amplitude folds that trend east-northeast to northeast as a result of low-angle thrust faulting in the Paleozoic
section that occurred during Alleghanian deformation of the Appalachian Mountains. The uppermost bedrock
unit in the vicinity of the Project Premises and SDA is the Canadaway Group, which consists of shale,
siltstone, and sandstone and totals approximately 300 meters (980 feet) in thickness. The regional dip of the
bedrock layers is approximately 0.5 to 0.8 degrees to the south (Prudic 1986, WVNS 1993f). Locally,
measurements of the apparent dip of various strata and two marker beds in selected outcrops along Cattaraugus
Creek recorded a dip of approximately 0.4 degrees to the west near the northern portion of WNYNSC
(CWVNW 1993). The upper 3 meters (10 feet) of shallow bedrock are weathered to regolith with
systematically oriented joints and fractures. As observed in outcrop along Quarry Creek, the joints are not
restricted to the upper 3 meters (10 feet) of the bedrock, but are developed throughout and continue at depth
(Engelder and Geiser 1979, Prudic 1986).

A number of Paleozoic bedrock structures and other regional features have been identified in western
New York (Figure 3-12). The Clarendon-Linden Fault Zone extends southward from Lake Ontario through
Orleans, Genesee, Wyoming, and Allegany Counties, east of WNYNSC. The fault zone is composed of at
least three north-south trending faults (Figure 3-13) and is aligned with the eastern edge of the underlying
Precambrian Elzevir-Frontenac boundary zone (URS 2002b, WVNS 1992a). Satellite imagery compiled in
1997 for NYSERDA indicates the presence of two prominent bands of north-to-northeast-trending lineaments
with the easternmost lineament coinciding with surface mapping and the inferred subsurface extent of the
Clarendon-Linden Fault Zone (see Figure 3-12). The western band of north-to-northeast-trending lineaments
is parallel to, and approximately 30 kilometers (19 miles) west of, a band of lineaments associated with the
Clarendon-Linden Fault Zone and demarcates the western edge of the Elzevir-Frontenac boundary zone
(URS 2002b, 2004). This structure continues into Cattaraugus County, where the lineaments become less
abundant and less continuous. Seismic reflection profiles across this trend reveal faults affecting deeper
Ordovician strata (URS 2004).
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Approximate
h

Age System Series Group Unit De
(millions of years) (meters)
Devonian Upper
360 Undifferentiated
Canadaway
(shale, siltstone,
minor sandstone) Perrysburg 230
West Falls Java
(shale, siltstone,
sandstone) Nunda
Rhinestreet Shale
Sonyea Middlesex Shale
Genesee (shale)
Middle Tully Limestone
Hamilton Moscow
(shale, sandstone, .
minor limestone) Ludlowville
Skaneateles
Marcellus 648
Onondaga Limestone
5 Lower Tristates Oriskany Sandstone
-“3 Helderberg Manlius
()] (limestone, dolostone)
O 408 Rondout
o Silurian Upper Akron Dolostone
o : :
N Salina Camillus Shale
o (shale, dolostone, minor
o anhydrite and halite) Syracuse
& \ernon 894
Lockport (dolostone) Lockport
Clinton Rochester Shale
Irondequoit (Packer shell)
Lower Sodus
Clinton Reynales
Thorold Sandstone 985
Medina Grimsby (sandstone, red shale)
438 Whirlpool Sandstone
Ordovician Upper Queenston 1,477
Oswego Sandstone
Lorraine
Utica Shale
Middle Trenton-Black River Teriton
(limestone, dolostone) Black River
505 Lower |Beekmantown (limestone) Tribes Hill/Chuctanunda 1,831
Cambrian Upper Little Falls Dolostone
Galway (Theresa) 2066
570 _ Potsdam Sandstone 2118
Precambrian| Middle Grenville Basement

Complex (crystalline rocks

Source: Modified from NYSDEC 2006a, NYSGS 1990, WVNS 1993f.
Mote: Principal lithology in parentheses except where otherwise specified.

Figure 3-11 Bedrock Stratigraphic Column for the West Valley Demonstration Project Premises

and Vicinity
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Paleozoic Section

Seismic and stratigraphic data suggest that the Clarendon-Linden Fault Zone has been active since the early
Paleozoic with a complicated movement history alternating between normal and reverse faulting
(Fakundiny et al. 1978). Movement along the Clarendon-Linden Fault Zone has been attributed to reactivation
of faults within the Elzevir-Frontenac boundary zone (URS 2002b).

The New York State Geological Survey suggested that surface displacement along the Clarendon-Linden Fault
Zone in western New York was the result of smaller displacements occurring across numerous parallel or
subparallel faults that may not be continuous along the entire length of the fault zone (URS 2002b). The
location and character of the Clarendon-Linden Fault Zone were assessed by integrating surface stratigraphic
offsets, geologic structure, soil gas data, and lineament studies (Jacobi and Fountain 2002). The study
documented that the Clarendon-Linden Fault Zone extends from the south shore of Lake Ontario to Allegany
County and that the fault reaches the bedrock surface in the study area. North-striking lineaments that are
believed to represent the surface expression of the fault segments are rarely over a few kilometers to tens of
kilometers in length. Structurally, the fault zone is composed of as many as 10 segmented north-striking
parallel faults in the upper Devonian section. The fault segments are linked in the subsurface by northwest-
striking and east-striking transfer zones. The fault segments and transfer zones form fault blocks that have
semi-independent subsidence and uplift histories. The complex structure allows for fault segments to
reactivate at different times and for tectonic stress to be accommodated on several different parallel faults
(Jacobi and Fountain 2002, URS 2004).

The Attica Splay, a southwestern-trending fault traceable 10 kilometers (6 miles) southwest of Attica, branches
from the western fault of the Clarendon-Linden Fault Zone near Batavia. The fault has been delineated
through seismic reflection profiling as far southwest as Varysburg (Figure 3—13), located 37 kilometers
(23 miles) from WNYNSC (WVNS 1992a, 1993f). Well data indicate that the Attica Splay continues to the
southwest, either as a fault or flexure, to Java, 30 kilometers (19 miles) northeast of WNYNSC. The Attica
Splay is the most active portion of the Clarendon-Linden Fault Zone (WVNS 1992a).

A seismic reflection survey completed in June 2001 (line WVN-1 on Figure 3-12) was approximately
29 kilometers (18 miles) long and located approximately 8 kilometers (5 miles) north of WNYNSC. The
seismic line was specifically located to investigate north-, northwest-, or northeast-trending structures in the
Precambrian basement and overlying Paleozoic bedrock. Approximately 26 kilometers (16 miles) of
reprocessed seismic reflection data were also reviewed that were collected in 1983 along a north-south section
of U.S. Route 219 (line BER 83-2A on Figure 3-12). The two seismic lines were evaluated to identify
structures that may be present at depth and to evaluate potential correlations between satellite-imaged
lineaments and structures identified on the seismic lines (URS 2002b). The seismic reflection lines near
WNYNSC indicated the presence of high-angle faults in two stratigraphic intervals spanning the Precambrian
to Devonian section and the Silurian to Devonian section. Several faults in the Precambrian to Devonian
section were interpreted to continue up section into Middle Devonian strata, including two west-dipping
normal faults near Sardinia that may continue to the alluvium-bedrock boundary. The Sardinia faults may
represent the southwest continuation of the Attica Splay into southeastern Erie County. A thin band of
northeast-trending lineaments that extends from Batavia, New York, and past Sardinia into Erie County may
represent the surface expression of the Attica Splay (see Figure 3-13) (URS 2002b). The Clarendon-Linden
Fault Zone is discussed in further detail in Section 3.5.

The Bass Island Trend is a northeast-trending oil- and gas-producing structure that extends from Ohio through
Chautauqua and Cattaraugus Counties into southern Erie County (URS 2002b). The structure is a regional
fold that resulted from a series of thrust faults with a northwest transport direction ramping up-section from the
Upper Silurian Salina Group into the Middle Devonian section (Jacobi 2002, URS 2002b). The faults

3-27



Final Environmental Impact Statement for Decommissioning and/or Long-Term Stewardship at the West Valley
Demonstration Project and Western New York Nuclear Service Center

associated with the Bass Island Trend are no longer active. Lineaments identified by satellite mapping
generally coincide with the Bass Island Trend where it has been identified in southwestern Chautauqua and
Erie Counties (see Figure 3-12) (Jacobi 2002). Bedrock mapping in the south branch of Cattaraugus Creek,
approximately 20 kilometers (12 miles) west of the Project Premises, delineated northeast-striking inclined
bedding, folds, and faults that are associated with the Bass Island Trend (URS 2002b). Geologic mapping
(Gill 1999, 2005) indicated that the subsurface structure is located approximately 8 kilometers (5 miles)
northwest of the site.

The Georgian Bay Linear Zone is a 30-kilometer- (19-mile-) wide structural zone that extends from Georgian
Bay to the southeast across southern Ontario, western Lake Ontario, and into western New York. The zone has
been delineated by a set of northwest-trending aeromagnetic lineaments and a 1997 satellite mapping
investigation identified seven prominent northwest-trending lineaments (lines A-H on Figure 3-12) that cross
or potentially cross seismic line WVN-1. A variety of neotectonic structures and features have been identified
in exposed bedrock and lakebed sediments within the zone. Earthquake epicenters in western Lake Ontario
and in Georgian Bay appear to spatially align with the Georgian Bay Linear Zone (URS 2002b). The
northwest-trending lineaments may represent the surface expression of faults occurring at depth along WVN-1
(URS 2002b).

Regional subsurface geologic mapping was conducted over portions of 18 towns and 4 counties surrounding
WNYNSC to potentially identify faulted subsurface layers from well logs. The particular area of concentration
was north and northeast of WNYNSC to assess structures possibly associated with the Attica Splay of the
Clarendon-Linden Fault Zone. Three structure maps showing the elevation on the top of the Tully Limestone,
the Onondaga Limestone, and the underlying Packer Shell horizon were prepared using well log and
completion data for more than 720 wells from the New York State Department of Environmental Conservation
(NYSDEC). The structure mapping showed no linear alignments to suggest that the main Clarendon-Linden
fault system, or the Attica Splay of that fault system, intersects any portion of the site. Subsurface geologic
mapping and interpretation of the Bass Island Trend structure indicates that this feature is located too far away
from the site to have any direct impact on the subsurface geology (Gill 1999, 2005).

Precambrian Rocks

Precambrian-age rocks of the Grenville Province comprise the basement rock at the site. The Grenville
Province has been subdivided into the central gneiss belt, the central metasedimentary belt, and the central
granulite terrain. The central metasedimentary belt is further divided into the Elzevir and Frontenac terrains
with the boundary zone between the two terrains referred to as the Elzevir-Frontenac boundary zone. The
Elzevir-Frontenac boundary zone is a 1.2-billion-year-old shear zone 10 to 35 kilometers (6 to 22 miles) in
width, extending from southern Ontario into western New York State. Seismic reflection data have interpreted
the Boundary as a regional shear zone along which the Frontenac terrain was thrust to the northwest over the
Elzevir terrain (URS 2002b). Seismic reflection profiling, aeromagnetic surveys, lineament studies, and other
field surveys suggest that the central metasedimentary belt underlies WNYNSC (URS 2002b).

3.3.1.3 Geologic Resources

Cattaraugus County’s principal non-fuel mineral product consists of sand and gravel. Construction aggregate
production for the six-county mineral district in which WNYNSC is located totaled approximately 4.2 million
metric tons (4.6 million tons) in 2002 (USGS and NYSGS 2003), roughly equivalent to 2.3 million cubic
meters (3 million cubic yards) of material. More than 70 state-regulated commercial sand and gravel mines
and gravel pits operate in Cattaraugus County, as well as a shale mine. Nearly 40 sand and gravel mines and
gravel pits are operated in Erie County (NYSDEC 2005a). Surficial sand and gravel across WNYNSC may be
suitable for aggregate (sand and gravel) production.

3-28



Chapter 3
Affected Environment

Cattaraugus County is perennially one of the top oil- and gas-producing counties in New York. Active oil
production wells are concentrated in the western portions of the county with the majority of the gas production
from the south-central and southeast portions of the county (NYSDEC 2005a). A total of 427 gas wells and
1,399 oil wells produced approximately 28.3 million cubic meters (1 billion cubic feet) of natural gas and
17.5 million liters (4.6 million gallons) of oil in the county in 2002 (NYSDEC 2004a). There were 16 active
gas wells and 2 active oil wells in Ashford Township that produced 640,000 cubic meters (22.6 million cubic
feet) of natural gas and 421,000 liters (111,300 gallons) of oil in 2002.

3.3.2 Soils

Characteristics of the natural soil underlying WNYNSC reflect the composition and textures of the Holocene
alluvial and Pleistocene glacial deposits from which they are derived and consist of sand, gravelly silt and clay,
clayey silt, and silty clay. The Churchville silt loam is found across the plateau areas, while the Hudson silt
loam dominates in the Quarry Creek stream valley and the Varysburg gravelly silt loam dominates along the
Franks Creek stream valley (WVNS 1993a). Churchville series soils generally consist of very deep, somewhat
poorly drained soils that formed in clayey lacustrine sediments overlying loamy till. Hudson soils consist of
very deep, moderately well-drained soils formed in clayey and silty lacustrine sediments. The Hudson soils
occur on convex lake plains, on rolling-to-hilly moraines and on dissected lower valley side slopes. Varysbhurg
soils consist of very deep, well-drained and moderately well-drained soils on dissected lake plains. The
Varysburg soils formed in gravelly outwash material and the underlying permeable clayey lacustrine sediments
(USDA NRCS 2005). The Churchville and Hudson silt loams are prone to erosion, particularly on slope areas
and when vegetative cover is removed (WVNS 1993a).

Soil Contamination

Soil underlying the waste management areas at the Project Premises has been impacted by radiological and
chemical contamination associated with over 40 years of facility operations. Radiological soil contamination
has resulted from operational incidents, including airborne releases in 1968 that produced the Cesium Prong;
liquid releases resulting in the North Plateau Groundwater Plume; waste burials; and spills during the transport
or movement of contaminated equipment or materials. A site database documents spills that have occurred at
the facility since 1989 and includes the location of each spill, as well as notifications and cleanup actions
implemented for each incident.

The primary radiologically contaminated areas of soil are the Cesium Prong area containing cesium-137; the
North Plateau strontium-90 Groundwater Plume; Lagoons 1 through 5 and the Solvent Dike in WMA 2; and
waste burials in the NDA (WMA 7) and SDA (WMA 8). Additional areas of soil contamination identified in
Resource Conservation and Recovery Act (RCRA) facility investigation sampling (WVNS and Dames and
Moore 1997) as exceeding radiological background levels were located along drainage ditches around the
Construction and Demolition Debris Landfill (CDDL); the Demineralizer Sludge Ponds; subsurface soil
beneath the Low-Level Waste Treatment Facility; the Effluent Mixing Basins; and other areas within the
Project Premises (WSMS 2009e, WVNSCO 2004). The volume of radiologically contaminated soil over the
Project Premises is estimated to be approximately 1,184,200 cubic meters (1,549,000 cubic yards), as shown in
Table 3-4. Figures 3—14 and 3-15 depict specific locations where surface soil, sediment, and subsurface soil
samples indicate radionuclide concentrations greater than background.

Chemical excursions from facilities have been infrequent and localized in extent. Migration of leachate
consisting of 98 percent n-dodecane and 2 percent tributyl phosphate occurred from NDA Special Holes SH-10
and SH-11in 1983 (WVNSCO 1985). Stabilization operations in 1986 resulted in the excavation and backfill
of NDA Special Holes SH-10 and SH-11; exhumation of eight 3,785-liter (1,000-gallon) tanks containing
solvent-impregnated absorbent; and removal and packaging of contaminated absorbent and soil. Interim
measures consisting of a capped interceptor trench and a liquid pretreatment system were implemented by
DOE to control potential migration of n-dodecane and tributyl phosphate from the NDA to Erdman Brook.
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Table 34 Estimated Volumes of Contaminated Soil on the West Valley Demonstration
Project Premises

Estimated Soil Contamination Volume
Source Area (cubic meters)
WMA 1 Soil Removal WMA 1 75,000
WMA 2 Closure WMA 2 39,000
WMA 3 Soil Removal WMA 3 1,000
WMA 4 Soil Removal WMA 4 23,000
WMA 5 Closure WMA 5 3,000
WMA 6 Closure WMA 6 1,200
WMA 7 Closure WMA 7 186,000
WMA 8 Closure WMA 8 371,000
WMA 9 Closure WMA 9 0
WMA 10 Closure WMA 10 0
WMA 11 Closure WMA 11 0
WMA 12 Closure WMA 12 7,000
North Plateau Groundwater Plume WMA 5; 12 417,000
Cesium Prong WMA 3,4,5 61,000
Total 1,184,200

WMA = Waste Management Area.
Note: To convert cubic metersto cubic feet, multiply by 35.314.
Source: WSM S 2009a.

Localized chlorinated solvent, polynuclear aromatic hydrocarbon, and metal compounds were identified in
RCRA facility investigation soil sampling asoccurring at concentrations below or dightly exceedingNY SDEC
Technical and Administrative Guidance Memorandum 4046 soil cleanup objectivesor site background levels
(WVNS and Dames and Moore 1997; WVNSCO 2004, 2007). The low-level chemical detections are

| consistent with human activity and the industrial nature of the site. The RCRA facility investigation did not

include a recommendation for further action for soil mitigation. Based on the RCRA facility investigation
results, Corrective M easures Studies (WVNSCO 2007) are ongoing at thefollowing six onsite areasto evauate
the potential need for further characterization, remediation, and/or monitoring:

e CDDL

e NDA and the NDA Interceptor Trench Project
e SDA

e Lagoonl

e Demineralizer Sludge Ponds

o Former Low-Level Waste Treatment Facility building (02 Building), neutralization pit, interceptors,
and the Low-Level Waste Treatment Facility building

Metals concentrations in RCRA facility investigation soil samples from these facility areas dightly exceed
background levels or Technical and Administrative Guidance Memorandum 4046 criteria.  Organic
congtituents consisting of chlorinated solvents; volatile organic compounds (benzene, toluene, ethylbenzene,
xylenes), and semivolatile organic compounds, including polynuclear aromatic hydrocarbon compounds,
represent chemical constituents of concern associated with subsurface soil at the NDA. Polynuclear aromatic
hydrocarbon compound concentrations exceeding the Technical and Administrative Guidance
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Memorandum 4046 criteria have been detected in subsurface soil associated with Lagoon 1
(benzo[a]anthracene, benzo[a]pyrene, and chrysene) and the Demineralizer Sludge Pond (benzo[a]anthracene
[692 micrograms per kilogram], benzo[a]pyrene [798.7 micrograms per kilogram], benzo[b]fluoranthene
[1,286 micrograms per kilogram], and chrysene [990.5 micrograms per kilogram]). The presence of
polynuclear aromatic hydrocarbon soil contamination has been attributed to proximity to human sources or
buried asphalt (WVNSCO 2007). Chemical constituent concentrations at the remaining RCRA facility
investigation Solid Waste Management Units were below the NYSDEC Technical and Administrative
Guidance Memorandum 4046 soil cleanup objectives (WVNSCO 2007). Contamination of stream sediment is
discussed in Section 3.6.1.

Cesium Prong

Uncontrolled airborne releases from the Main Plant Process Building ventilation system filters in 1968 released
contaminated material from a 60-meter- (200-foot-) high plant stack. The releases carried contaminated
material to portions of WNYNSC and an offsite area. The contaminated area has been investigated using aerial
and ground level gamma radiation surveying and soil sampling. The methods and results of these surveys are
described in the Site Radiological Surveys Environmental Information Document (WVNS 1993c) and the
WNYNSC Off-Site Radiation Investigation Report (Dames and Moore 1995). The data from a 1979 aerial
survey showed cesium-137 levels elevated above background levels in the Cesium Prong on the Project
Premises, on the balance of the site, and outside of the WNYNSC boundary (Figure 3-16).

Sampling data from the Cesium Prong within the boundary of WNYNSC is sparse. Four surface soil samples
collected northwest of the Main Plant Process Building by NYSDEC in 1971 indicated cesium-137 activity
ranging from 18.2 to 43.2 picocuries per gram. Strontium-90 activity in two of the samples ranged from 37 to
39 picocuries per gram. A subsequent cesium-137 survey conducted between 1993 and 1995 in an area on and
off site of WNYNSC and within the Cesium Prong consisted of surface and subsurface soil sampling to
measure activity levels since the time of cesium-137 deposition (Dames and Moore 1995). The 1995 survey
included sample grid blocks in background areas, open fields and forested areas, and areas where the surface
had been disturbed by human activity, such as residential yards and tilled farmland.

Cesium-137 levels decreased with depth in the undisturbed grids, with 70 percent of the activity on average in
the upper 5 centimeters (2 inches), 25 percent of the activity in the 5-to-10-centimeter (2-to-4-inch) layer, and
5 percent of the activity in the 10-to-15-centimeter (4-to-6-inch) layer (Dames and Moore 1995). Higher
cesium-137 levels were associated with occurrences of organic humus on the ground surface. The maximum
localized cesium-137 activity was 44 picocuries per gram. For five undisturbed grid blocks, average
cesium-137 activity in the upper 5-centimeter (2-inch) layer ranged from 2.7 to 25.4 picocuries per gram
compared to an average background activity of 0.68 picocuries per gram. The overall results indicated that
disturbance of the surface layers had either removed cesium-137, covered it with clean soil, or blended it with
the soil to varying degrees (Dames and Moore 1995).

Aerial surveys and soil sampling in the Cesium Prong indicate that contaminated soil occurs on the Project
Premises and on the balance of the site north of Quarry Creek. The estimated volume of contaminated soil
(i.e., exceeding 25 millirem per year for cesium-137) in these two areas is approximately 61,000 cubic meters
(2,100,000 cubic feet) (WSMS 2009a). The volume was based on the extent of a calculated 25 millirem per
year area estimated by decaying the activity level measured during the 1979 aerial survey, to account for the
elapsed time since the survey. The volume calculation assumed a soil removal depth of 15 centimeters
(6 inches).
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3.4  Site Geomorphology

The site region continues to adjust to the glaciation and retreat
process that ended about 12,000 years ago. Since that time,
glacial rebound of about 30 meters (100 feet) has occurred
across WNYNSC (WVNS 1993f). As a result, the region is
geomorphologically immature and stream profiles and
patterns will continue to evolve in response to decelerating
rebound and tilting (WVNS 1993f).  Consequently,
geomorphological studies at WNYNSC have focused on the
major erosional processes acting on Buttermilk Creek and
Franks Creek drainage basins near the Project Premises and
the SDA. This section describes these processes — sheet and
rill erosion, stream channel downcutting and valley rim
widening, and gully advance — and where they occur. A more
thorough treatment and predictive analysis of these processes
across the site is presented in Appendix F of this EIS.

3.4.1 Sheet and Rill Erosion

Sheet and rill erosion on overland flow areas and mass
wasting on hillslopes have been monitored at 23 hillslope
locations along the stream valley banks adjacent to the Project
Premises (URS 2001, WVNS 1993a). Twenty-one erosion
frames were originally placed on hillslopes that are close to
plant facilities and contain a variety of soil types and slope
angles. Two erosion frames were placed near the edges of
stream valley walls to monitor potential slumping of large
blocks of soil. The frames were designed to detect changes in
soil depth at the point of installation and were monitored from
September 1990 through September 2001. Soil gain or loss

Erosion is occurring in the region and the greatest
topographical changes occur after large storms. This
section describes the nature of the erosion processes
occurring on the site, identifies the general location of
some features such as gullies and slumping, and
summarizes the short-term erosion measurements
that have been made on site. The location of features
such as gullies, knickpoints, and major slump blocks
change with time, particularly after major storms.
These types of features are monitored by DOE and
NYSERDA, particularly near areas where waste is
stored, and mitigating measures are implemented,
including the filling of gullies, the installing of erosion-
resistant structures, or the local relocating of stream
channels. These mitigating measures can also
change the location and nature of erosion features.

Long-term predictions of erosion are developed

in Appendix F of this EIS and used to support

the estimates of unmitigated erosion that are
summarized in Chapter 4, Section 4.1.10.3.3. The
predictions developed in Appendix F consider the
impact of severe storm events such as the unusual
series of large storms that occurred in the region
between August 8 and August 10, 2009, which
produced high precipitation rates (15-18 centimeters
[6-7 inches] over 3 days) and resulted in erosion on
the Reservoir 1 spillway and on the Buttermilk Creek
slide on the west bank to the east of the SDA.

has been detected at the frame locations still in place as further described in Appendix F, Section F.2.1. The
largest soil gain or loss, indicating the greatest amount of soil movement, has occurred at frames located on the
north and east slopes of the SDA. These soil erosion measurements have been taken over too short a time span
to be reliable for long-term projections; however, they indicate that the sheet and rill erosion process has
removed small quantities of soil at a few locations within the Franks Creek watershed. Sheet and rill erosion
monitoring locations are shown on Figure 3-17.

3.4.2 Stream Channel Downcutting and Valley Rim Widening

The three small stream channels, Erdman Brook, Quarry Creek, and Franks Creek, that drain the Project
Premises and SDA are being eroded by the stream channel downcutting and valley rim widening processes.
These streams are at a relatively early stage of development and exist in glacial till material. These
characteristics cause the streams to downcut their channels instead of moving laterally (WVNS 1993a).

Active stream downcutting can be observed at knickpoint locations along the longitudinal profile of the stream
channels. A knickpoint is an abrupt change in the slope of the streambed, such as a waterfall, that is caused by
a change in base level. The stream erodes the knickpoint area by carrying the fine-grained sediment
downstream and leaving the coarse-grained sediment, gravel and cobbles, at the base of the vertical drop.
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Stream turbulence from high-energy storm events agitates the accumulated gravel and cobbles and creates a
scour pool. The knickpoint migrates upstream due to the movement of the gravel and cobbles by the erosive
force of water, which erodes the knickpoint at its base. In addition, the channel is deepened by abrasion from
the movement of gravel and cobbles downstream. As this process continues, the channel cross-section
changes from a U-shaped, or flat-bottomed, floodplain with a low erosion rate to a V-shaped channel with a
higher erosion rate (WVNS 1993i). The locations of knickpoints identified in a 1993 study are shown on
Figure 3-18; however, due to the dynamic nature of the downcutting process, the knickpoints have likely
continued to migrate upstream since that time. An example of this occurrence was observed in June 2009 for a
knickpoint in Erdman Brook north of the SDA.

As the downcutting progresses, the streambanks are undercut, causing localized slope failures (i.e., slumps and
landslides). This process commonly occurs at the outside of the meander loops and produces a widening of the
stream valley rim (WVNS 1993i). While it is possible that an entire series of slump blocks on a slope can form
at the same time, field observations have indicated that a single block initially forms. The redistribution of
stresses and weight from the movement of the single block then adds to the forces already at work along the
stream slope, eventually causing other slump blocks to form. Other factors that combine to affect slope
stability include vegetative ground cover, local groundwater conditions, freeze-thaw cycles, and manmade
loads (WVNS 1993a).

Three major slump block locations were initially identified on Franks Creek, one on Erdman Brook, and one
on Quarry Creek. The blocks vary in length from about 1.5 meters (5 feet) to greater than 30 meters (100 feet)
and tend to be about 1.0 to 1.2 meters (3to 4 feet) in height and width when they initially form
(WVNS 1993a). These slump block locations are shown on Figure 3—18 at station numbers F48, F63, E9,
F102, and Q19, and represent areas where the rim widening process is most active. Slump block movement is
also occurring on the Erdman Brook slope that forms the crest of Lagoon 3, also shown on Figure 3-18.
Monitoring instrumentation is being used at this location to measure both shallow and deep-seated long-term
creep (Empire Geo-Services 2006). The most erosion has occurred along a 67-meter (220-foot) length of slope
along Erdman Brook north of the SDA (station number E9-E10); however, the rate of movement is not
representative of the stream system as a whole because this portion of the stream is eroding through
uncompacted fill, not native soil (WVNS 1993a). Slump block formation is an active mass wasting process at
WNYNSC.

3.43 Gullying

The steep valley walls of the stream channels within the Buttermilk Creek drainage basin are susceptible to
gully growth. Gullies are most likely to form in areas where slumps and deep fractures are present, seeps are
flowing, and the slope intersects the outside of the stream meander loop. Gully growth is not a steady-state
process, but instead occurs in response to episodic events, such as thaws and thunderstorms, in areas where a
concentrated stream of water flows over the side of a plateau and in areas where groundwater movement
becomes great enough for seepage to promote grain-by-grain entrainment and removal of soil particles from the
base of the gully scarp—a process referred to as sapping. Sapping causes small tunnels (referred to as pipes) to
form in the soil at the gully base, which contributes to gully growth by undermining and weakening the scarp
until it collapses. Surface water runoff into the gully also contributes to gully growth by removing fallen debris
at the scarp base, undercutting side walls, and scouring the base of a head scarp.

More than 20 major and moderate-sized gullies have been identified, with most shown on Figure 3-18. Some
of these gullies have formed from natural gully advancement processes and others are the result of site
activities. For example, runoff from the plant and parking lots directed through ditches to the head of a
previously existing gully created a new gully at the upper reaches of the equalization pond outfall
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(WVNS 1993a). Severd of the gullies are active and migrating to the edge of the North and South Plateaus.
One of the active gullies was |ocated on Erdman Brook north of the SDA and isreferred to asthe SDA Gully
on Figure 3-18. It was advancing toward the SDA before it was reconstructed to mitigate erosion in 1995.
The other three active gullies arelocated along lower Franks Creek and arereferred to asthe NP-2, NP-3 and
006 Gullies (Figure 3-18) (WVNS 1993a).

3.44 Erosion Rates

The erosion rates from the geomorphic processes described in the preceding sections have been measured at
numerous locations throughout the drainage basins, as summarized in Table 3-5. Rates of sheet and rill
erosion were directly measured using erosion frames along the stream valley banks adjacent to the Project
Premises. Rates of stream channel downcutting were determined from three indirect measurement methods:
carbon-14 and optically stimulated luminescence age dating, measurement of stream channel longitudinal
profile, and measurement of rate of slumping. The downcutting rates weretranslated into estimates of rates of
stream valley rim widening using an estimate of stable slope angle for the stream valley and geometric
considerations. Gully migration rates were determined using aerial photographs and the Soil Conservation
Services' (now the Natural Resources Conservation Service) Technical Report-32 method (see Appendix F,
Section F.2.3.3, of this EIS). These historical measurements are not predictions of future erosion rates for
specific processes, but they do provide a perspective by which to judge the reasonableness of erosion
projections. Appendix F details erosion study observations to date and presents the results of predictive
modeling of site erosion over the short- and long-term.

Table3-5 Summary of Erosion Rates at the Western New York Nuclear Service Center

Erosion Rate
Location (meters per year) Author and Study Date Method

Sheet and Rill Erosion 0to 0.0045 URS Corporation (2001) Erosion frame measurements
(11-year average rate)

Downcutting of Buttermilk Creek | 0.0015 to 0.0021 LaFleur (1979) Carbon-14 date of terrace - depth of
stream below terrace

Downcutting of Buttermilk Creek 0.005 Boothroyd, Timson, and Carbon-14 date of terrace - depth of

Dunne (1982) stream below terrace

Downcutting of Buttermilk Creek 0.0032 Mahan (2007) Optically stimulated luminescence
age dating of nine terraces along
Buttermilk Creek

Downcutting of Quarry Creek, 0.051 to 0.089 WVNS 1993a Difference from 1980 to 1990 in

Franks Creek, and Erdman Brook stream surveys

Downcutting of Franks Creek 0.06 WVNS 1993a Stream profile, knickpoint migration
1955 to 1989

Valley Rim Widening of 49t05.8 Boothroyd, Timson, and Downslope movement of sSlump

Buttermilk Creek Dana (1979) block over 2 years

Valley Rim Widening of 0.05t00.13 McKinney (1986) Extrapolate Boothroyd data for

Buttermilk and Franks Creeks and 500 years

Erdman Brook

Valley Rim Widening of Erdman 0.02t00.04 WVNS 1993a Downslope movement of stakes

Brook over 9 years

SDA Gully Headward 04 WVNS 1993a Gully advancement — Soil

Advancement Conservation Services Technical

[Reconstructed in 1995] Report-32 method

NP3 Gully Headward 0.7 WVNS 1993a Gully advancement — Soil

Advancement Conservation Services Technical
Report-32 method

006 Gully Headward 0.7 WVNS 1993a Gully advancement — Soil

Advancement Conservation Services Technical
Report-32 method

Note: To convert metersto feet, multiply by 3.2808.
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3.5 Seismology

This section contains information about the hazard to WNYNSC posed by earthquakes. The earthquake
history of western New York and its vicinity is described in Section 3.5.1. The historical record is an
important element in determining the location, size, and frequency of earthquakes that might affect WNYNSC.
Although the earthquake record offers significant information about the earthquake potential of an area, the
historic record is short relative to the time between large earthquakes, which can be thousands of years. The
potential for earthquakes along faults and other tectonic features (even if they have not been discovered yet) is
considered in Section 3.5.2. The historical seismicity and potential seismicity from tectonic features
(both known and unknown) in western New York State are used to estimate the seismic hazard and
liquefaction potential for WNYNSC. Sections 3.5.3, 3.5.4, and 3.5.5 include estimates of the ground motion
hazard as typified by peak horizontal ground acceleration (PGA), probabilistic seismic hazard curves; which
describe the relationship between some measure of ground motion and the probability of exceeding some
value; and liguefaction potential.

3.5.1 Earthquake History for Western New York State and Vicinity

Historical earthquakes are one indication of the number and size of seismic events that might occur in the
future. Before the introduction of seismographic instrumentation, the magnitude of an earthquake was
approximated by its effects and the damage that was inflicted. The scale used to measure the effects and
damage from earthquakes is the Modified Mercalli Intensity (MMI) scale, which ranges from | (no damage)
to XII (complete destruction) (Table 3-6). Many factors contribute to the damage caused by an earthquake,
including distance from the event, the rate of attenuation in the earth, geologic site conditions, and construction
methods. Between 1732 and 2004, the historical earthquake record for western New York documents
142 events within a 480-kilometer (300-mile) radius of WNYNSC, with epicentral intensities of MMI-V
to MMI-V 11l and moment magnitudes (M) up to M 6.2 (USGS 2008). At WNYNSC, the resulting intensity of
shaking was much less severe due to the distance from these events. Most regional earthquakes have occurred
in the Precambrian basement and were not associated with identified geologic structures (URS 2002b).

The only historic earthquakes within a 480-kilometer (300-mile) radius of WNYNSC known to have produced
intensities higher than MMI-III at WNYNSC were the 1929 Attica and the 1944 Cornwall-Massena
earthquakes, which both produced an estimated MMI-1V at the site (WVNS 2004a, 2006).

The 1929 Attica earthquake occurred on August 12 with an epicenter about 48 kilometers (30 miles) northeast
of WNYNSC. The earthquake produced MMI-VII shaking in the epicentral area and was felt over an area of
about 130,000 square kilometers (50,000 square miles), including parts of Canada. In Attica, approximately
250 house chimneys collapsed or were damaged, and cracked walls and fallen plaster were common. Objects
were thrown from shelves, monuments in cemeteries were toppled, and a number of wells went dry. In
general, the degree of damage to structures could be related to the type of design and construction. On the
basis of the recorded damage, an MMI-VII and a body-wave magnitude (m,) 5.2 were assigned to this event
based on previous hazard analyses for WNYNSC (WVNS 2004a). An MMI-VIII was ascribed to the
1929 Attica earthquake in other studies (Stover and Coffman 1993, USGS 2005b).

Earthquakes smaller than the 1929 event have occurred frequently in the Attica area (December 1929, 1939,
and 1955; July and August 1965; January 1966; and June 1967). The largest of these were the two most recent
events with epicentral intensities of MMI-VI and magnitudes of m, 3.9. These earthquakes likely resulted in
intensities of MMI-III or less at WNYNSC (USGS 2005c, WVNS 2004a). Earthquakes in the Attica,
New York, area have generally been ascribed to the Clarendon-Linden fault system, although there is no
definitive data that this is the case (WVNS 2004a, 2006).
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Table3-6 TheModified Mercalli Intensity Scale of 1931, with Generalized Correlationsto

Magnitude, and Peak Ground Acceleration

Modified
Mercalli
Intensity *

Observed Effects of Earthquake

Approximate
Magnitude® ¢

Class

Peak Ground
Acceleration (g) ©

Usually not felt except by a very few under very favorable
conditions.

Lessthan 3

Micro

Lessthan 0.0017

Felt only by afew persons at rest, especially on the upper
floors of buildings.

Felt quite noticeably by personsindoors, especidly on
upper floors of buildings. Many people do not recognize it
as an earthquake. Standing motorcars may rock dightly.
Vibrations similar to the passing of atruck.

3t03.9

Minor

0.0017 to 0.014

Felt indoors by many, outdoors by few during the day. At
night, some awakened. Dishes, windows, doors disturbed;
walls make cracking sound. Sensation like heavy object
striking building. Standing motorcars rock noticeably.

Felt by nearly everyone; many awakened. Some dishes,
windows broken. Unstable objects overturned. Pendulum
clocks may stop.

4t04.9

Light

0.014 t0 0.039

0.039 t0 0.092

VI

Felt by al; many frightened. Some heavy furniture moved,;
afew instances of fallen plaster. Damage dlight.

5t05.9

Moderate

0.092t00.18

VI

Damage negligiblein buildings of good design and
construction; slight to moderate in well-built ordinary
structures; considerable damage in poorly built or badly
designed structures; some chimneys broken.

61t06.9

Strong

0.18t00.34

VI

Damage dight in specially designed structures;
considerable damage in ordinary substantial buildings with
partial collapse. Damage gresat in poorly built structures.
Fall of chimneys, factory stacks, columns, monuments, and
walls. Heavy furniture overturned.

Damage considerable in specially designed structures; well-
designed frame structures thrown out of plumb. Damage
great in substantial buildings, with partial collapse.
Buildings shifted off foundations.

Some well-built wooden structures destroyed; most
masonry and frame structures destroyed with foundations.
Rails bent.

7t07.9

Major

0.34100.65

0.65t01.24

1.24 and higher

X1

Few, if any (masonry) structures remain standing. Bridges
destroyed. Rails grestly bent.

8 and higher

Great

1.24 and higher

X1l

Damagetotal. Lines of sight and level are distorted.
Objects thrown into the air.

8 and higher

Great

1.24 and higher

& Intensity is a unitless expression of observed effects of earthquake-produced ground shaking. Effects may vary greatly
between locations based on earthquake magnitude, distance from the earthquake, and local subsurface geology. The
descriptions given are abbreviated from the Modified Mercalli Intensity Scale of 1931.

Magnitude is alogarithmic measure of the strength (size) of an earthquake related to the strain energy released by it. There

are several magnitude “scales’ (mathematical formulas) in common use, including local “Richter” magnitude, body wave
magnitude, moment magnitude (M), and surface wave magnitude. Each has applicability for measuring particular aspects of
seismic signals and may be considered equivalent within each scal€’ s respective range of validity. For very large
earthquakes, the M scale provides the best overall measurement of earthquake size.

o

shaking experienced in an earthquake with the given magnitude.

Correlations back to Modified Mercalli Intensity should be used with caution as they reflect the base or threshold level of

Acceleration is expressed as a percent relative to the earth’ s gravitational acceleration (g) (i.e., [g] isequal to

980 centimeters[32.2 feet] per second squared). Given values are correlated to Modified Mercalli Intensity based on
measurements of California earthquakes only (Wald et al. 1999).
Sources: Compiled from USGS 2005a, 2005b; Wald et al. 1999.
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The Cornwall-Massena earthquake occurred on September 5, 1944, with an epicenter 430 kilometers
(267 miles) east-northeast of the site. It is the largest earthquake ever recorded within New York State. It
produced MMI-VIII shaking at its epicenter and was felt over an area of about 450,000 square kilometers
(174,000 square miles). In Massena, New York, the earthquake destroyed or damaged 90 percent of the
chimneys, and many structures were rendered unsafe for occupancy. Many wells in St. Lawrence County,
New York, went dry, and water levels were affected in streams and wells as far away as Westchester County
and Long Island, New York (WVNS 2004a). The magnitude of the earthquake has been estimated at m;, 5.8.

Outside the western New York region, there is a zone of major seismic activity near LaMalbaie, Quebec, in the
lower St. Lawrence River Valley. Large earthquakes occurred in the LaMalbaie area in 1638, 1661, 1663,
1732 and, most recently, in 1988 (USGS 2005c, WVNS 20044a, 2006). The earthquakes were felt over the
entire eastern section of Canada and the northeastern United States. The 1988 M 5.8 earthquake did not
produce intensities higher than MMI-II1 at the site. The intensities experienced at the site related to the
pre-1988 earthquakes are unknown, but are not expected to have exceeded MMI-IV (WVNS 20043, 2006).

3.5.2 Tectonic Features and Seismic Source Zones

Potential seismic sources, such as active faults and seismic source zones, are identified and described by
scientists in their approaches to estimating seismic hazard. A tectonic feature considered to have seismic
potential is a geologic structure such as a fault tens to hundreds of kilometers in extent that is either directly
observable on the Earth’s surface, or that may be inferred from geophysical investigations. A seismic source
zone is an area in which the seismicity is considered to result from buried seismic sources that share similar
seismic-tectonic characteristics. The seismicity in a seismic source zone is assumed to occur randomly with no
clear association with any of the tectonic features that might be included in the seismic source model. Both
tectonic features and seismic source zones are defined by characteristics such as earthquake recurrence rate
(over the range of expected magnitudes) and the maximum magnitude that is likely to occur on the feature or
within the area. In the northeastern United States, earthquakes not associated with an observable tectonic
feature occur primarily in the Precambrian basement beneath the Paleozoic cover. These earthquakes represent
either reactivation of preexisting faults or new ruptures in or near the old fault zones (Ebel and Tuttle 2002).
The purpose of the seismic source zone is to account for the probability that an event might occur in an area
with no history of earthquakes or on a previously unidentified tectonic feature. The maximum magnitude and
recurrence rate for seismic source zones are derived from the historical seismicity within the zone, the type of
crust that the zone represents, and other factors.

Tectonic features near WNYNSC that have been identified in seismic hazard studies include the Clarendon-
Linden fault system, which marks the eastern boundary of the Elzevir-Frontenac boundary zone; the main
fairway of the Elzevir-Frontenac boundary zone; north-northeast trending lineaments that appear to define the
surface expression of the western side of the underlying Elzevir-Frontenac boundary zone; and the Bass Island
Trend. The Elzevir-Frontenac boundary zone is an interpreted tectonic region of Proterozoic crust that has
been geophysically mapped in New York State. There is no clear association between seismicity and the
western band of north-northeast-trending lineaments that demarcate the western limit of the Elzevir-Frontenac
boundary zone. The Bass Island Trend is defined by a series of buried thrust faults and associated folds.
Earthquake activity has not been recorded along the Bass Island Trend, suggesting that this structure is not
seismically active (URS 2002b).

As stated in Section 3.5.1, the source of earthquakes in and around Attica, New York have generally been
ascribed to the Clarendon-Linden fault system, which is the most prominent tectonic feature near WNYNSC
(Fakundiny and Pomeroy 2002, Jacobi and Fountain 1996). Induced seismicity associated with the Clarendon-
Linden fault system has been correlated with high pressure injection of water into a brine well (Jacobi and
Fountain 1996). One suggested source of seismicity is Paleozoic faulting involving repeated reactivation and
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upward propagation of basement faults and fractures into overlying strata (Boyce and Morris 2002). The 2002
study’s hypothesis is that movement along the Elzevir-Frontenac boundary zone resulted in movement on the
Clarendon-Linden fault system. There was no evidence found that the complete upper crustal section above
the Precambrian basement is faulted (Ouassaa and Forsyth 2002). The apparent offsets identified in seismic
reflection survey data were alternately attributed to changes in basal Paleozoic strata deposited within the relief
of an unconformity; the response of parts of the Paleozoic section to glacial rebound; the result of sediment
compaction and non-deposition over topographic relief along the unconformity; or a combination of the above
(Ouassaa and Forsyth 2002). Seismicity is not evident along the entirety of the Clarendon-Linden fault system.

It was estimated from the maximum recorded earthquake magnitude for the Clarendon-Linden fault system that
“it is probable that no earthquake with a magnitude greater than 6 occurred along these faults in the past
10,000 years” (Jacobi and Fountain 1996). The maximum credible earthquake for the study area was
determined to be between magnitude 5.2 and 6 in the next 10,000 years, although it is believed that there is a
small probability that an earthquake larger than magnitude 6 could occur (Jacobi and Fountain 1996).
Paleoseismological evidence of activity along the fault system during the Quaternary has not been identified.
Whether historic, or prehistoric liquefaction features were found in the liquefiable deposits in the area of the
1929 Attica earthquake and south of Attica along the fault zone (Tuttle et al. 1995, 1996). Various soft-
sediment structures were observed, but all could be more reasonably attributed to glacial, sedimentological, or
mass wasting processes (Tuttle et al. 1995, 1996; Young and Jacobi 1998). The lack of observed
paleoliquefaction features may indicate that earthquakes larger than M 6 have not occurred along the
Clarendon-Linden fault system during the last 12,000 years (Tuttle et al. 1995). However, smaller earthquakes
may have occurred without leaving a detectable paleoliquefaction record. The 1929 Attica earthquake
demonstrated that small-to-moderate earthquakes can occur on or near the fault system. Although the
Clarendon-Linden fault system lacks paleoseismological evidence for Quaternary faulting, seismologic
evidence indicates that the system was probably active during this century (Crone and Wheeler 2000).

3.5.3 Ground Motion Hazard Estimates

The most often used engineering measure of earthquake ground shaking is PGA. Thus, in estimates of the
ground shaking hazard at a site, the horizontal PGA is often estimated using either deterministic or
probabilistic techniques. For DOE sites, the latter approach is required by DOE orders and standards.
Earthquake-induced ground shaking can be expressed as the force of acceleration relative to the earth’s gravity
(expressed in units of “g”).

In deriving estimates of ground shaking hazard, characterizations of the location, geometry, maximum
magnitude, and sense of slip are made regarding relevant seismic source zones and tectonic features affecting
WNYNSC. The maximum earthquake has been alternately defined as the magnitude of the largest historically
documented event (1929 Attica earthquake) for WNYNSC or the maximum earthquake predicted to affect a
given location based on the known lengths and histories of active faults or estimates for a given seismic source
zone. PGA estimates for WNYNSC included the effects of ground amplification due to the presence of soil
and unconsolidated sediments (Dames and Moore 1992). Two important local geologic factors in site
amplification are the thickness of soil and sediments and the shear-wave velocity of those materials.

Seismic Hazard Analyses 1970 to 2004

Earthquake hazard analysis has evolved since the construction of WNYNSC in the 1960s from deterministic to
probabilistic analyses. A fundamental difference between these approaches is that deterministic analyses do
not consider the frequency of earthquake occurrence, whereas a probabilistic analysis accounts for frequency of
occurrence for the full range of possible earthquakes that could affect a site.
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In a deterministic analysis, ground motions are estimated for a specified earthquake scenario given the
magnitude of the earthquake, distance between the source of the event and the site, and site condition.
Probabilistic seismic hazard analysisis amethodol ogy used to estimate the frequency at which variouslevel s of
earthquake-induced ground motion will be exceeded at agiven location (Savy et d. 2002). Thisfrequency can
be expressed as an annual probability or a probability in a given exposure period. For example, the
International Building Code uses a 2 percent probability of exceedance in 50 years. Thisisthe same as a
return period of 2,475 years.

It should be noted that the input parameters used in either deterministic or probabilistic analyses are subject to
a high degree of uncertainty. In the central and eastern United States, the short time record of historical
earthquake events, the general absence of surface expression of causativefaults, and alack of understanding of
the relationship between candidate geol ogic features and mid-plate or passive continental margin earthquakes
contribute to this uncertainty.

Seismic hazard analyses have been developed for WNYNSC since 1970. The estimated PGA values are
summarized in Table 3—7.

Table3-7 Seismic Hazard Estimates

Peak Horizontal Ground
Study Author and Year Return Period (years) Acceleration (g) Site Condition

Dames and Moore (1970) Deterministic 0.12 Sail
EDAC (1975) 135 0.042 Sail
NRC (1977) Deterministic 0.10t00.13 Unknown
TERA (1981) 100/ 1,000 0.06/0.14 Sail
Dames and Moore (1983) 33-333 <0.07 Rock
Dames and Moore (1992) 1,000 0.07 Sail
USGS (2002) 500/ 2,500 0.03/0.11 Rock

The Clarendon-Linden fault system and the St. Lawrence River Valley wereidentified as the major regional
seismic source zones comprising potentially important sources of future earthquakes (Dames and
Moore 1970). The study noted the occurrence of several small shocks in the region that could not be
associated with a known geologic structure. Such events were attributed to local stress-related crustal
readjustments or to some structural feature not identifiable from existing data.  The maximum credible
earthquake predicted to affect WNYNSC was assumed to be the largest documented historical event
(WVNS 19923) for the region (i.e., 1929 Attica event). A design-basis earthquake PGA of 0.12 g was
suggested based on an earthquake of MMI-V 11 to MMI-V 11 occurring about 37 kilometersfrom the site, near
the Clarendon-Linden fault (Dames and Moore 1970).

Five different regional source zones were identified (the Clarendon-Linden structure; the Adirondacks; the
Eastern Mesozoic Basins/Appalachian fold belts;, the Ohio River Valley; and the Anna, Ohio area)
(EDAC 1975). The most important in terms of hazard posed to WNY NSC was Source 1, which combined a
structure trending east-west across the Niagara Peninsulawith the Clarendon-Linden structure. The maximum
magnitude was assumed to be equal to the largest historic event, the 1929 Attica event. A PGA value of
0.042 g was obtained for any time period greater than or equal to the return period of 135 years (EDAC 1975).

The NRC used the Central Stable region as a source of uniform seismicity for the WNYNSC hazard
assessment. The hazard model was deterministic, although the mean rate of occurrence of an intensity greater
than or equal to the siteintensity was determined, then converted into a PGA with no uncertainty. The NRC
determined PGA values of 0.10 - 0.13g (NRC 1977).
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Four zones were identified (the Buffalo-Attica zone, background source zone, Southern St. Lawrence zone,
and Central Appalachian Fold Belt) that were believed to contribute to the seismicity of the site region
(TERA 1981). The Buffalo-Attica zone (Source 1) was divided into three sub-zones because of the proximity
of the zone to the site. Zone IA consisted of the Clarendon-Linden structure and an inferred westward-trending
structure. Zone IB included only the Clarendon-Linden structure. Zone IC covered a wider area that assumes
that the Buffalo-Attica source extends to the site. Source 2 was described as a background source zone defined
as the host region for the site. Source 3 was termed the Southern St. Lawrence zone, typified by continuous,
moderate seismicity. The Central Appalachian Fold Belt, a zone of low activity, comprised Source 4. A
probabilistic methodology was used that explicitly considered the uncertainties associated with zonation, the
selection of the maximum earthquake, and the determination of the recurrence relationship for the Project
Premises. The best-estimate hazard curve determined from the study indicated a PGA of 0.06g for the site with
a return period of 100 years, and a 0.14g for a 1,000-year return period (TERA 1981).

Probabilities ranging from 0.05 to 0.25 were assigned to seven different source zone models, each with
different source zones and maximum magnitudes (Dames and Moore 1983). The maximum magnitude for the
dominant model (Hadley and Devine 1974) was M 6.3 + 0.5 (Dames and Moore 1983, WVNS 1992a) with
uncertainty in the maximum magnitude accounted for by equally weighting three values including the best-
estimate and £+ 0.5 magnitude units. Two attenuation relationships were used in the determination of the PGA
at the site. An 84th percentile PGA of 0.07 g was estimated for a return period of 33 to 333 years (Dames and
Moore 1983).

The Electric Power Research Institute/Seismicity Owners Group (EPRI/SOG) probabilistic seismic hazard
methodology was used to develop seismic hazard estimates for WNYNSC (Dames and Moore 1992). The
EPRI/SOG methodology incorporated historical earthquake catalog information and the expert opinions of six
teams of earth scientists who described source zones with associated maximum magnitudes and seismicity
patterns for the eastern United States. For most of the teams, the main contributor to the seismic hazard for
WNYNSC was the Clarendon-Linden fault source acting in combination with a background source. Including
site amplification effects, the calculated median PGA value was 0.07g for a return period of 1,000 years
(WVNS 1992a).

In the most recent and comprehensive seismic hazard evaluation of the site, a site-specific probabilistic seismic
hazard analysis was performed for a hard rock site condition (URS 2004). Site response analyses of the North
Plateau and the South Plateau areas were performed to incorporate the effects of the general soil conditions in
those portions of WNYNSC into the ground motion hazard estimates. The specific tasks performed in this
study were to: (1) based on available data and information, identify all potential seismic sources in the region
surrounding the site that may significantly contribute to its seismic hazard; (2) characterize the location,
geometry, orientation, maximum earthquake magnitude, and earthquake recurrence of these seismic sources
based on available data and information; (3) assess the effects of the subsurface geology on strong ground
shaking at the site; and (4) estimate the horizontal ground motions for selected annual probabilities of
exceedance by performing a probabilistic seismic hazard analysis.

In the study, 19 seismic sources were characterized and included in the probabilistic analysis: 15 regional
seismic source zones and 4 fault systems or fault zones. The fault systems or fault zones included the
Clarendon-Linden Fault Zone, the Charleston Fault Zone, the New Madrid fault system, and the Wabash
Valley fault system. Gaussian smoothing of the historical seismicity was also incorporated into the analysis.

Based on the possible association with contemporary seismicity, there is a high probability that the Clarendon-
Linden Fault Zone is active (URS 2004). The best-estimate maximum magnitudes for the Clarendon-Linden
Fault Zone ranged from about M 6 to 7. Because of the short, discontinuous nature of the individual fault
sections in the Clarendon-Linden Fault Zone (from a few kilometers to several tens of kilometers), it was
judged unlikely that earthquakes of M 7 or larger could be generated by the Clarendon-Linden Fault Zone.
The best-estimate recurrence interval for the fault is based on the observations that M > 6 earthquakes have
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been absent along the Clarendon-Linden Fault Zonein the past 12,000 years. If arelatively uniform recurrence
interval for M > 6 earthquakes on the Clarendon-Linden Fault Zoneis assumed, and there are no datato argue
either way, then the preferred recurrence interval was 10,000 years.

To estimate ground motions, six state-of-the-art ground motion attenuation relationships for hard rock site
conditions in the central and eastern United States were used. Based on the probabilistic seismic hazard
analysis and the input of the seismic source model and attenuation rel ationships, PGA and 0.1 and 1.0 second
horizontal spectral accelerationswere calculated for three DOE-specified return periods (or annual exceedance
probabilities), as shown in Table 3-8.

Table 3-8 Site-specific Mean Spectral Accelerations on Hard Rock

Peak Horizontal 0.1 Second Spectral 1.0 Second Spectral
Return Period (years) Ground Acceleration (g) Acceleration (g) Acceleration (g)
500 0.04 0.07 0.02
1,000 0.05 0.11 0.03
2,500 0.10 0.20 0.06

Source: URS 2004.

The largest contributor to the hazard at the site was the Clarendon-Linden Fault Zone at aimost al return
periods. The seismicity within the Southern Great L akes seismic source zone (including the site) isthe second-
most important contributor to the mean PGA hazard. These observationsare not surprising asthe Clarendon-
Linden Fault Zoneisthe only significant sourcein t