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2.4S.12 Groundwater

The following site-specific supplement addresses COL License Information Item 2.32.

This section describes the hydrogeologic conditions present at, and in the vicinity of, the STP
3 &4site. Regional and local groundwater resources that could be affected by the construction
and operation of STP 3 & 4 are discussed. The regional and site-specific data on the physical
and hydrologic characteristics of these groundwater resources are summarized in order to
provide the basic data for an evaluation of impacts on the aquifers of the area.

The STP site covers an area of approximately 12,220 acres and is located on the coastal plain
of southeastern Texas in Matagorda County. The power station lies approximately 10 mi north
of Matagorda Bay. Nearby communities include Palacios, approximately 10 mi to the
southwest and Bay City, approximately 12 mi to the northeast (Figure 2.45.12-1). The closest
major metropolitan center is Houston, approximately 90 mi to the northeast.

The 7000-acre Main Cooling Reservoir (MCR) is the predominant feature at the STP site, as
shown in Figure 2.45.12-2. The reservoir is fully enclosed with a compacted earth
embankment, and it encompasses the majority of the southern and central portion of the site.
The existing STP 1 & 2 facilities are located just outside of the MCR northern embankment.
STP 3 &4 is located further north of the embankment and to the northwest of STP 1 & 2.

The STP site, in general, has less than 15 ft of natural relief in the 4.5 mi distance from the
northern to southern boundary. The northern section is at an elevation of approximately 30 ft
above mean sea level (MSL). The southeastern section is at an elevation of approximately 15
ft above MSL. The Colorado River flows along the southeastern site boundary. There are also
several unnamed drainages within the site boundaries, one of which feeds Kelly Lake.

Regional and local surface water features are described in Subsection 2.4S.1 and a geologic
overview is presented in Subsection 2.55.1.

2.4S.12.1 Description and Onsite Use

This section describes the regional and local groundwater aquifers and associated geologic
formations, groundwater sources and sinks, and onsite use of groundwater.

2.4S5.12.1.1 Regional Hydrogeologic Setting

Groundwater

The STP site is located in Matagorda County and lies in the Gulf Coastal Plains physiographic
province within the Coastal Prairies sub-province, which extends as a broad band parallel to the
Texas Gulf Coast (Figure 2.45.12-3). The Coastal Prairies sub-province is characterized by
relatively flat topography with land elevation ranging from sea level along the coast to 300 ft
above sea level along the western boundary. The geologic materials underlying the Coastal
Prairies sub-province consist of deltaic sands and muds (Reference 2.45.12-1).

The STP site is underlain by a thick wedge of southeasterly dipping sedimentary deposits of
Holocene age through Oligocene age. The site overlies what has been referred to as the
"Coastal Lowland Aquifer System" (Figure 2.45.12-4). This aquifer system contains numerous
local aquifers in a thick sequence of mostly unconsolidated Coastal Plain sediments of
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alternating and interfingering beds of clay, silt, sand, and gravel. The sediments reach
thicknesses of thousands of feet and contain groundwater that ranges from fresh to saline.
Large amounts of groundwater are withdrawn from the aquifer system for municipal, industrial,
and irrigation needs (Reference 2.4S.12-2).

The lithology of the aquifer system is generally sand, silt, and clay and reflects three
depositional environments: continental (alluvial plain), transitional (delta, lagoon, and beach),
and marine (continental shelf). The depositional basin thickens towards the Gulf of Mexico,
resulting in a wedge-shaped configuration of hydrogeologic units. Numerous oscillations of
ancient shorelines resulted in a complex, overlapping mixture of sand, silt, and clay (Reference
2.4S.12-2).

As part of the United States Geological Survey's (USGS) Regional Aquifer-System Analysis
(RASA) program, the aquifer system was subdivided into five permeable zones and two
confining units. The term "Gulf Coast Aquifer" is generally used in Texas to describe the
composite of the sands, silts, and clays of the Coastal Lowland Aquifer System. Comparison
of the USGS aquifer system nomenclature to that used in Texas is shown in Figure 2.4S.12-5.
A cross-sectional representation is shown in Figure 2.4S.12-6 (Reference 2.4S.12-2).

The Texas nomenclature is used to describe the Gulf Coast Aquifer beneath the site. The
hydrogeologic units commonly used to describe the aquifer system (from shallow to deep) are
as follows (Figure 2.4S.12-5).

= Chicot Aquifer

= Evangeline Aquifer

=  Burkeville Confining Unit

= Jasper Aquifer

= Catahoula Confining Unit (restricted to where present in the Jasper Aquifer)
= Vicksburg-Jackson Confining Unit

The base of the Gulf Coast Aquifer is identified as either its contact with the top of the
Vicksburg-Jackson Confining Unit or the approximate depth where groundwater has a total
dissolved solids concentration of more than 10,000 milligrams per liter (mg/L). The aquifer
system is recharged by the infiltration of precipitation that falls on aquifer outcrop areas in the
northern and western portion of the province. Discharge occurs by evapotranspiration, loss of
water to streams and rivers as base flow, upward leakage to shallow aquifers in low lying
coastal areas or in the Gulf of Mexico, and pumping.

In the shallow zones, the specific yield for sandy deposits generally ranges from between 10
percent and 30 percent. For the confined aquifer, the storage coefficient is estimated to range
between 1 x 10% and 1 x 10, The productivity of the aquifer system is directly related to the
thickness of the sands in the aquifer system that contain freshwater. The aggregated sand
thickness ranges from 0 ft at the up dip limit of the aquifer system to as much as 2000 ft in the
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east. Estimated values of transmissivity are reported to range from 5000 ftz/day to nearly
35,000 ft?/day (Reference 2.4S.12-2).

2.4S5.12.1.2 Regional Groundwater Aquifers

The STP site is located over the Gulf Coast Aquifer System as shown on Figure 2.4S.12-7
(Reference 2.4S.12-3). The Gulf Coast Aquifer has not been declared a Sole Source Aquifer
(SSA) by the United States Environmental Protection Agency (EPA) (Reference 2.4S.12-4). A
SSA is the sole or principal source of drinking water for an area that supplies 50 percent or more
of drinking water with no reasonably available alternative source should the aquifer become
contaminated. Figure 2.4S.12-8 shows the location of SSAs in EPA Region VI, which includes
Texas. The nearest Texas SSA is the Edwards I and II Aquifer System, which is located
approximately 150 mi northwest of STP. Based on a southeasterly groundwater flow beneath
Matagorda County, toward the Gulf of Mexico, and the distances to the identified SSAs, STP
3 & 4 will not adversely impact the SSAs in EPA Region VI. The identified SSAs are beyond
the boundaries of the local and regional hydrogeologic systems associated with the STP site.

The principal aquifer used in Matagorda County is the Chicot Aquifer, which extends to a depth
of greater than 1000 ft in the vicinity of the STP site, as shown on Figure 2.45.12-9. The Chicot
Aquifer is comprised of Holocene alluvium in river valleys and the Pleistocene age Beaumont,
Montgomery, and Bentley Formations, and the Willis Sand (Reference 2.4S.12-5).
Groundwater flow is, in general, southeasterly from the recharge areas north and west of the
county to the Gulf of Mexico. Numerous river systems and creeks flow south and southeasterly
through Matagorda County. River channel incisions can act as localized areas of recharge and
discharge to the underlying aquifer system, resulting in localized hydraulic sources and sinks.

The Chicot Aquifer geologic units used for groundwater supply in the STP site area are the
Beaumont Formation and the Holocene alluvium in the Colorado River floodplain. The
following sections describe the pertinent details of these units.

2.45.12.1.2.1 Beaumont Formation

The Beaumont Formation consists of fine-grained mixtures of sand, silt, and clay deposited in
alluvial and deltaic environments. In the upper portion of the Beaumont Formation, sands occur
as sinuous bodies, representing laterally discontinuous channel deposits, while the clays and
silts tend to be more laterally continuous, representing their deposition as natural levees and
flood deposits. The deeper portion of the unit, the Deep Aquifer, is greater than about 250 ft
below ground surface in the vicinity of the site and has thicker and more continuous sands. This
portion of the Beaumont Formation is the primary groundwater production zone for most of
Matagorda County. Well yields in this interval are typically between 500 gallons per minute
(gpm) and 1500 gpm with yields of up to 3500 gpm reported (Reference 2.4S.12-6).
Groundwater occurs in this zone under confined conditions.

2.45.12.1.2.2 Holocene Alluvium

Groundwater

Holocene alluvium of the Colorado River floodplain occurs in a relatively narrow band
surrounding the river. The alluvial deposits are typically coarser-grained than the materials
found in the Beaumont Formation. The alluvium consists of silt, clay, fine- to coarse-grained
sand, and gravel, along with wood debris and logs (Reference 2.4S.12-6). In the immediate site
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area, the alluvium is too thin to be a significant source of groundwater. Since the alluvial
materials are deposited in a channel incised into the Beaumont Formation, it is likely that the
alluvium is in contact with the shallow aquifer units in the Beaumont Formation.

2.45.12.1.3 Local Hydrogeology

The local hydrogeologic system is identified in the STP site area and it includes areas of
groundwater - surface water interactions within a few miles of the site. The Beaumont
Formation within the Chicot Aquifer (and to a lesser, extent, the Holocene alluvium associated
with the Colorado River floodplain) is the principal water-bearing unit used for groundwater
supply in the vicinity of STP. Within this area, the Chicot Aquifer is divided into two aquifer
units, the Shallow Aquifer and the Deep Aquifer. The base of the Shallow Aquifer is 90 ft to
150 ft deep in the site area. The Shallow Aquifer has limited production capability and is used
for livestock watering and occasional domestic use. Potentiometric heads are generally within
15 ft of ground surface (Reference 2.4S.12-6). The Deep Aquifer is the primary groundwater
production zone and lies below depths of 250 ft to 300 ft. An overlying zone of predominately
clay materials, usually greater than 150 ft thick, separates the Shallow and Deep Aquifers.

Recharge to the Shallow Aquifer is considered to be a few miles north of the site. Discharge is
to the Colorado River alluvial material east of the site. Recharge to the Deep Aquifer is further
north in Wharton County where the aquifer outcrops. Discharge from the Deep Aquifer is to
Matagorda Bay, groundwater production wells, and the Colorado River estuary, approximately
5 mi southeast of the site. Shallow Aquifer groundwater quality is generally inferior to that of
the Deep Aquifer (Reference 2.4S.12-6).

The Shallow Aquifer has been subdivided into upper and lower zones over the site area. Both
zones respond to pumping as confined or semi-confined aquifers with somewhat different
potentiometric heads. The Upper Shallow Aquifer is comprised of interbedded sand layers to
depths of approximately 50 ft below ground surface. The Lower Shallow Aquifer consists of
the sand layers between depths of approximately 50 ft to 150 ft below ground surface.

Aquifer pumping tests performed at the site in support of STP 1 & 2 indicate well yields from
10 gpm to 300 gpm in the Shallow Aquifer. These tests also indicate a variable degree of
hydraulic connection between the Upper and Lower Shallow Aquifer zones (Reference
2.4S.12-7). Analysis of the aquifer pumping tests indicates that groundwater occurs under
confined conditions at the four test sites. A pumping test conducted at STP Production Well 5
confirmed confined conditions in the Deep Aquifer (Reference 2.4S.12-8).

2.4S5.12.1.4 Site Specific Hydrogeology

2.48.12-4

A geotechnical and hydrogeological investigation was performed to provide information on the
STP 3 & 4 site to depths of 600 ft below ground surface. Subsurface information was collected
from over 150 geotechnical borings and cone penetrometer tests (CPTs). A detailed description
of the geotechnical subsurface investigation, including the locations of these borings and CPTs,
boring logs, and soil testing data is provided in Subsection 2.5S.4.

Twenty-eight (28) groundwater observation wells were installed in the vicinity of the STP 3 &
4 site. The wells were completed in the Upper and Lower Shallow Aquifer. The wells were
located to a) supplement the existing STP piezometer network in order to provide an adequate
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distribution for determining groundwater flow directions and b) provide additional information
on the hydraulic gradients beneath the site. Well pairs were installed at selected locations to
determine vertical gradients. Figure 2.4S.12-10 shows the locations of observations wells and
piezometers at the STP site. Table 2.4S.12-1 presents the installation information for the newly
installed observation wells. Field hydraulic conductivity tests (slug tests) were conducted in
each observation well. Monthly water level measurements from these groundwater observation
wells began in December 2006.

The subsurface data collected in late 2006 and early 2007 as part of the STP 3 & 4 site
subsurface investigation confirmed the aquifer conditions described for STP 1 & 2. The top of
the uppermost sand layer within the Upper Shallow Aquifer is encountered at a depth of about
15 ft to 30 ft below ground surface at STP 3 & 4. The groundwater level is about 5 ft to 10 ft
below ground surface. The unit is comprised of sand and silty sand, approximately 15 ft to 20
ft thick. Multiple sandy units that are separated by silts and clays define the Lower Shallow
Aquifer. The groundwater level in these sand intervals is about 10 ft to 15 ft below ground
surface beneath the STP 3 & 4 facility area.

2.4S5.12.1.5 Groundwater Sources and Sinks

Groundwater

The natural regional flow pattern in the Beaumont Formation is from recharge areas, where the
sand layers outcrop at the surface, to discharge areas, which are either at the Gulf of Mexico or
the Colorado River Valley alluvium. The outcrop areas for the Beaumont Formation sands are
in northern Matagorda County (Shallow Aquifer) and Wharton County (Deep Aquifer), to the
north of Matagorda County. In the outcrop areas, precipitation falling on the ground surface
can infiltrate directly into the sands and recharge the aquifer. Superimposed on this simplistic
flow pattern is the influence of heavy pumping within the aquifer. Concentrated pumping areas
can alter or reverse the regional flow pattern. Further discussion of regional groundwater use
and flow patterns is presented in Subsection 2.4S.12.2.

The Holocene alluvium receives recharge from infiltration of precipitation and groundwater
flow from the Shallow Aquifer in the Beaumont Formation. In the site area, flow paths in the
alluvium are short due to the limited surface area. Discharge from the Holocene alluvium
contributes to the base flow of the Colorado River. The Colorado River is dammed to the south
of Bay City to supply irrigation water canals. During certain times of the year the only sources
of water to the Colorado River below the dam are irrigation tail water releases and base flow
created by seepage from the Holocene alluvium. Because there are no flow-gaging stations
downstream of the dam, the amount of base flow contributed by seepage is not known
(Reference 2.4S.12-6).

The MCR is unlined and may act as a local recharge source to the Shallow Aquifer at the STP
site. The historical, normal maximum operating level of the 7000-acre MCR is at an elevation
of 49 ft above mean sea level, imposing a head of up to 20 ft above ground surface. The
capacity of the reservoir at this elevation is 202,700 acre-ft. The reservoir embankment dike is
designed to lower the hydraulic gradient across the embankment to the extent that the
potentiometric levels of the soil layers in the plant area stay below the ground surface. This is
accomplished through the use of low permeability clay (compacted fill), relief wells, and sand
drainage blankets. Discharge to the environment from the MCR occurs from seepage through
the reservoir floor to the groundwater. Groundwater flow from the reservoir is intercepted, in
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part, by the relief well system around the perimeter of the MCR, which is collected in toe and
drainage ditches around the periphery of the reservoir embankment and then discharges to
surface water features at various locations. Seepage discharge from the reservoir is composed
of two parts: (a) seepage that is collected and discharged through about 700 relief wells that
have been installed in the embankment around the reservoir to relieve excess hydrostatic
pressure, and (b) seepage through the Upper Shallow Aquifer that bypasses the relief wells and
continues down gradient. During the design stage, total seepage of the MCR was estimated to
be 3530 gpm or approximately 5700 acre-ft/yr. Of this value, approximately 68 percent or 3850
acre-ft/yr would be discharged through the relief wells (Reference 2.4S.12-9).

2.4S5.12.1.6 Plant Groundwater Use

Groundwater is currently used on the site to support STP 1 & 2 plant operations. The water is
pumped from the Deep Aquifer using five production wells (Production Wells 5 through 8 and
the Nuclear Training Facility [NTF] well). The production well depths are between 600 and
700 ft below ground surface with well capacities between 200 and 500 gpm as shown on Table
2.4S.12-2.

Figure 2.4S.12-10 shows the location of the existing site production wells. No sustained
pumping is permitted within 4000 ft of the STP 1 & 2 plant area in order to minimize the
potential for subsidence resulting from lowering of the Deep Aquifer zone potentiometric head.
The exception is the NTF well, which was installed to provide water to the Nuclear Training
Facility. (The NTF well only provides fire protection water to the NTF. Potable water for the
NTF is supplied by Production Well 8.)

Groundwater use from these wells includes a makeup water source for the Essential Cooling
Pond (ECP), makeup of demineralized water, the potable and sanitary water system, and the
plant fire protection system (Reference 2.4S.12-9). Table 2.4S.12-3 presents the combined
monthly groundwater withdrawals from the five production wells between 1995 and 2006. The
table indicates that an annual groundwater usage of between 1200 and 1300 acre-ft is typical.

Groundwater is projected to be the main source of water for STP 3 & 4 plant operations.
Operation of STP 3 & 4 is predicted to require a typical groundwater consumption of 1077 gpm
or 1738 acre-ft per year. The peak groundwater consumption (i.e., plant outage) for STP 3 &
4 is expected to be as great as 3935 gpm. The projected combined STP plant typical
groundwater consumption for STP 1 & 2 and STP 3 & 4 is expected to be between 2938 acre-
ft and 3038 acre-ft per year. The impacts to the local groundwater aquifer system are discussed
in Subsection 2.4S.12.3.3.

The groundwater supply wells to be used for STP 3 & 4 are not a safety-related water source
because the Ultimate Heat Sink (UHS) has a 30-day supply of water, which is sufficient to
allow plant shutdown without additional water supply.

2.4S.12.2 Groundwater Sources

2.48.12-6

This section describes historical and projected groundwater use, groundwater flow directions,
groundwater hydraulic gradients, temporal groundwater trends, aquifer properties, and
hydrogeochemical characteristics. STP site groundwater information is based on groundwater
observation wells installed at the site, as shown on Figure 2.4S.12-10.

Groundwater
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2.4S.12.2.1 Historical and Projected Groundwater Use

Groundwater

Groundwater pumpage in the Gulf Coast Aquifer system was relatively small and constant from
1900 until the late 1930s. Pumping rates increased sharply between 1940 and 1960 and then
increased relatively slowly through the mid 1980s. By the mid 1980s withdrawals were
primarily from the east and central area of the aquifer system. This included the Houston area
but some of the greatest pumpage was associated with rice irrigation centered in Jackson,
Wharton, and portions of adjacent counties including Matagorda. The highest water demand
was from the upper portion of the Deep Aquifer (Reference 2.4S.12-2).

Problems associated with groundwater pumpage, such as land subsidence, saltwater
encroachment, stream base-flow depletion, and larger pumping lifts have caused pumpage to
be curtailed in some areas. By the mid 1980s, the Texas Water Development Board (TWDB)
had made projections of groundwater use to 2030. For the 10 counties that withdrew the largest
amount of water from the Gulf Coast aquifer system during 1985, state officials projected a
large decline in pumping from six counties, which included Matagorda County. The county
was expected to experience a net decrease of 48 percent or 15 million gallons per day (mgd),
with pumping rates decreasing from 31 mgd to approximately 16 mgd (Reference 2.4S.12-2).
The water use projections undergo revisions and updating as technical and socioeconomic
factors change. These factors are discussed later in this section.

The EPA monitors drinking water supply systems throughout the country and displays the
results on their Safe Drinking Water Information System (SDWIS) website (Reference 2.4S.12-
10). Table 2.4S.12-4 presents a listing of SDWIS water supply systems in Matagorda County
as of March 2007. Figure 2.4S.12-11 shows the locations of these water supply systems. A
total of 40 systems are identified in Matagorda County by SDWIS with seven systems serving
greater than 1000 people, 18 systems serving greater than 100 to less than 1000 people, and 15
systems serving less than or equal to 100 people. The closest SDWIS water supply systems are
the onsite water supply (Water system ID TX1610051) and the Nuclear Training Facility water
supply (Water system ID TX1610103). The nearest nonsite related SDWIS water supply
system is the Selkirk Water System, which is located across the Colorado River from the STP,
approximately 4 mi to the southeast (Water system ID TX1610027).

Groundwater use in the site area is controlled by the TWDB and locally (Matagorda County)
by the Coastal Plains Groundwater Conservation District. The TWDB maintains a statewide
database of wells called the Water Information Integration and Dissemination (WIID) system.
This database includes water wells and petroleum production wells (Reference 2.4S.12-11).
The Coastal Plains Groundwater Conservation District, in conjunction with the Coastal Bend
Groundwater Conservation District (Wharton County), also maintains a database of water wells
(Reference 2.4S.12-12).

Information from the TWDB database was used to prepare Figure 2.4S.12-12, which shows
well locations near the STP site as of March 2007. Plate I in Appendix 2.4S.12-A shows known
well locations in Matagorda County. This database includes water wells, driller's logs and
petroleum wells, as designated on the figure and plate legends. Information for water wells
contained in the database for Matagorda County is presented in tabular form in Appendices
2.4S.12-A1 and 2.4S.12-A2. The search area for wells was limited to Matagorda County
because pumping effects in the Deep Aquifer and flow information in the Shallow Aquifer
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suggest that groundwater impacts from groundwater use or accidents at STP would be limited
to this area. The tables show a total of 838 water wells in Matagorda County. It should be noted
that Appendix 2.4S.12-A2 (Driller's Report database) includes 18 wells identified as being in
other counties, but the well coordinates plot within Matagorda County. It is not known if these
entries have erroneous county names or location coordinates.

Figure 2.4S.12-13 presents the water well information from the Coastal Plains Groundwater
Conservation District in the STP area as of March 2007. Plate II in Appendix 2.4S.12-A and
Appendix 2.4S.12-A3 present the data for Matagorda County. The database includes 1989
water wells in Matagorda County and water use values for a portion of the wells. The larger
number of wells in this database is primarily a result of including single-family domestic wells.

The TWDB conducts water use surveys throughout the state. The surveys are based on water
user submitted information and may include estimated values. These surveys do not include
single-family, domestic well groundwater use. The results of these surveys are divided up into
use categories and water supply media (groundwater or surface water). Table 2.4S.12-5
presents regional historical groundwater and surface water use data for Matagorda County
(Reference 2.4S.12-13). The table indicates that irrigation is the greatest groundwater user,
followed by manufacturing, steam electric power generation, and municipal supply.

The TWDB also prepares estimates of future water use as part of water supply planning. These
estimates have uncertainties associated with population growth projections, assumptions about
climatic conditions (drought or wet years), and schedules for implementation of water
conservation measures. The estimates of future water use for steam electric power generation
include increased demand based on higher generation capacity and increased reservoir
blowdown to maintain water quality. Table 2.4S.12-6 presents projected water use through the
year 2060 (Reference 2.4S.12-14). This information was combined with historical water use to
prepare the graphical representation of water use, as shown on Figure 2.4S.12-14. The relative
percentages of water use categories are projected to remain the same as the historical data.

2.45.12.2.2 Groundwater Flow Directions

A regional potentiometric surface map for the Deep Aquifer in Matagorda County in 1967 is
presented on Figure 2.4S.12-15 (Reference 2.4S.12-6). Figure 2.4S.12-16 presents a
potentiometric surface map for the Gulf Coast Aquifer from data collected between 2001 and
2005 (Reference 2.4S.12-15). Comparison of the figures suggests the regional flow direction
of northwest to southeast is represented on both figures with localized flow disturbances caused
by pumping. Comparison of the figures also suggests that groundwater elevations have
increased in some parts of Matagorda County. In 1967, groundwater elevations above mean
sea level were primarily located in the northern portion of the county. In the 2001-2005
potentiometric surface map, groundwater elevations in the northern and central portions of the
county were above mean sea level. The hydraulic gradient in the STP site area for the 1967
potentiometric surface map is approximately 0.0006 ft/ft and for the 2001 to 2005 map is
approximately 0.0002 ft/ft. Regional potentiometric surface maps are not available for the
Shallow Aquifer due primarily to its limited regional use.

Using available information from the existing STP site piezometers, site-specific groundwater
level measurements from November 1, 2005 and May 1, 2006 were used to develop
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Groundwater

potentiometric surface maps for the Upper and Lower Shallow Aquifer (Figure 2.4S.12-17) and
the Deep Aquifer (Figure 2.4S.12-18). The Upper Shallow Aquifer groundwater flow direction
in the vicinity of STP 3 & 4 is generally toward the southeast. There is also an apparent
southerly flow direction along the west side of the MCR. This southerly flow direction may be
influenced by controlled leakage from the MCR or by the operation of the relief wells adjacent
to the MCR dike. The groundwater flow direction in the vicinity of STP 3 & 4 in the Lower
Shallow Aquifer is generally easterly. The Lower Shallow Aquifer flow direction turns
southeasterly near the eastern edge of the site. Both the Upper and Lower Shallow Aquifer flow
directions are consistent with flow toward the Holocene alluvium in the Colorado River
floodplain. The potentiometric maps for the Deep Aquifer show the influence of onsite
groundwater production, with a majority of the onsite groundwater flow toward the production
wells. The onsite Deep Aquifer potentiometric surface suggests a reversal of the regional flow
direction in the southern portion of the map, where flow is north towards the pumping wells,
rather than toward the southeast.

The potentiometric surface maps were used to estimate hydraulic gradients at the site. For each
map, a flow line originating in the area of STP 3 & 4 was drawn. The hydraulic gradient along
these flow lines is estimated by dividing the head change along the flow line by the length of
the flow line. The Upper Shallow Aquifer potentiometric surfaces indicate a hydraulic gradient
of approximately 0.001 ft/ft. The Lower Shallow Aquifer maps indicate a hydraulic gradient
of approximately 0.0004 ft/ft. The Deep Aquifer has a hydraulic gradient between
approximately 0.0008 ft/ft and 0.002 ft/ft. The hydraulic gradient in the Deep Aquifer adjacent
to STP 3 & 4 appears to be influenced primarily by changes in pumping at Production Well 6.

Monthly groundwater level measurements have been collected from the newly installed
Shallow Aquifer observation wells for the STP 3 & 4 subsurface investigation. The
measurements are presented on Table 2.4S.12-7. Well construction information is provided in
Table 2.4S.12-1. The measurements were used to prepare the potentiometric surface maps
shown on Figure 2.4S.12-19 for February and April of 2007. These maps indicate flow
directions toward the southeast and southwest. The Upper Shallow Aquifer potentiometric
surface map also shows seepage influence from the MCR and the duck pond/marsh located to
the north of observation well pair OW-929U/L. The potentiometric surface maps indicate
hydraulic gradients of approximately 0.001 ft/ft to 0.002 ft/ft for the southeast flow component
in the Upper Shallow Aquifer and between approximately 0.0007 ft/ft and 0.0008 ft/ft for the
southwest flow component. The Lower Shallow Aquifer hydraulic gradient is approximately
0.0004 ft/ft.

As part of the subsurface investigation program, well pairs screened in the Upper and Lower
zones of the Shallow Aquifer were installed. These well pairs were used to estimate the vertical
hydraulic gradient in the Shallow Aquifer. The vertical flow path length is assumed to be from
the midpoint elevation of the Upper zone observation well screen to the midpoint elevation of
the Lower zone observation well screen. Figure 2.4S.12-20 shows a generalized hydrogeologic
section through the STP 3 & 4 area. This section shows the relationship between the Upper and
Lower Shallow Aquifer zones and the interconnection of sand layers in the Lower Shallow
Aquifer. The head difference over the vertical flow path is the difference in water level
elevations between the two paired wells. The hydraulic gradient is estimated by dividing the
head difference by the length of the flow path. Table 2.4S.12-8 presents the estimated vertical
hydraulic gradients. All well pairs indicate a downward flow potential between the Upper and
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Lower zones in the Shallow Aquifer. The estimated vertical hydraulic gradients range from
approximately 0.06 ft/ft to 0.29 ft/ft in a downward direction. Additional geologic and
geotechnical cross-sections are provided in Section 2.58S.

A specific concern with respect to the groundwater flow direction in the Shallow Aquifer is the
impact of the MCR on the groundwater system. Figure 2.4S.12-21 presents a conceptual
hydrogeologic section extending from the MCR to the STP 3 & 4 area. This section suggests
that the influence of the MCR is restricted to the area immediately downgradient (outside) of
the reservoir dike. The combined effects of the relief wells and the toe drain act to reduce the
head applied by the reservoir. Further evidence of the effectiveness of this drainage system is
the absence of significant water ponding on the downgradient side of the MCR dike.

2.45.12.2.3 Temporal Groundwater Trends

2.48.12-10

The TWDB has collected groundwater level data in Matagorda County since the 1930s
(Reference 2.4S.12-16). Two observation wells near the STP were selected to prepare the
regional hydrographs shown on Figure 2.4S.12-22. These wells monitor two different intervals
in the Deep Aquifer. Well 8015402 monitors the heavy pumping interval at about 300 ft below
ground surface. This well indicates that between 1957 and the early 1990s, a significant drop
in groundwater level occurred. Since the early 1990s, the groundwater level has been
recovering and has nearly returned to the 1957 level. The second well, 8015301, monitors the
deeper zone of the Deep Aquifer, corresponding to the production zone in the STP onsite wells
(well depths from 600 ft to 700 ft below ground surface). This well shows generally stable
water levels over the period of record for the well. Due to the limited groundwater development
potential in the Shallow Aquifer, regional temporal measurements of water levels have not been
collected.

Groundwater levels are monitored in site observation wells as part of STP 1 & 2 operations.
Selected observation wells in proximity to STP 3 & 4 were used to prepare hydrographs of the
Shallow and Deep Aquifers, as shown on Figure 2.4S.12-23. The monitoring data set selected
extends from March 1995 through May 2006. Upper Shallow Aquifer Wells 603B and 601 are
located to the west and east, respectively, of STP 3 & 4 and well 602A, which is located
immediately north of the STP 3 area. Well 603B shows some seasonal variability on the order
of 1 ftto 2 ft, while Well 601 shows little seasonal variability. Well 602A shows some seasonal
variability, with a peak groundwater elevation over the period of record of 25.8 ft MSL and with
a long term variability of approximately 4 ft. Lower Shallow Aquifer wells 603A and 601A are
located to the west and east, respectively, of STP 3 & 4. These wells show some seasonal
variability with an overall decreasing trend in groundwater elevation. The elevation difference
between the two wells suggests that they may be screened in different sand units within the
Lower zone. Deep Aquifer observation wells 613 and 605 are located to the southwest and
north, respectively, of STP 3 & 4. These wells show a notable increase in water level elevation
between 1996 and 1998. Water levels in Well 613 show a slight declining trend between 2004
and 2006. Well 613 is located within the influence of STP Production Well 6, which may be
the cause of the slight decrease in groundwater levels.

Shallow Aquifer observation wells installed as part of the STP 3 & 4 subsurface investigation
program have been used for monthly water level measurements since December of 2006.
Monthly groundwater levels will be collected through December 2007 from the STP 3 & 4
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observation wells. Confirmatory information, based on the additional water level
measurements, will be provided in a future COLA update in accordance with 10CFR50.71(e)
(COM 2.4S-2). Three well series designations represent the following location areas.

m OW-300 series wells are located in the proposed STP 3 facility area.
m OW-400 series wells are located in the proposed STP 4 facility area.
m OW-900 series wells include all of the wells located outside of the power block areas.

An "L" suffix on the well number indicates a Lower Shallow Aquifer well and a "U" suffix
indicates an Upper Shallow Aquifer well.

Figure 2.4S.12-24 presents the hydrographs for these wells. These hydrographs suggest short-
term temporal variations in the Upper Shallow Aquifer on the order of 1 ft to 2 ft. The Upper
Shallow Aquifer wells show consistently higher groundwater elevations than the adjacent
Lower Shallow Aquifer wells. Within the STP 3 & 4 power block area, depth to groundwater
is approximately 5 ft below ground surface.

Based on the water level elevations collected to date, the groundwater depth in both power
block areas is below the maximum groundwater level of 61 cm (2 ft) below ground surface as
specified in DCD/Tier 2 Table 2.0-1 for the ABWR. The plant ground floor grade elevation for
safety-related structures is anticipated to be 35 ft MSL. Based on this observation, a permanent
dewatering system will not be needed at STP 3 & 4.

2.4S.12.2.4 Aquifer Properties

Groundwater

Between 1951 and 1980 the average annual precipitation in the general area of STP was about
42 inches, and the corresponding average annual runoff is estimated as about 12 inches
(Reference 2.4S.12-2). The difference of approximately 30 inches is either evaporated,
consumed by plants, or percolates into the vadose zone to recharge the shallow aquifers. Much
of the water is returned to the atmosphere by evapotranspiration (Reference 2.4S.12-2).

The vadose zone is considered to be relatively thin and limited at the site. The first saturated
sand zone is encountered at a general depth of approximately 20 ft below ground surface, and
it is classified as part of the Upper Shallow Aquifer. The aquifer zone exhibits semi-confined
to confined conditions. The potentiometric head is under pressure, rising to within 5 ft to 10 ft
of ground surface as measured in the onsite observation wells. The soils overlying the sand are
generally described as clay (CL to CH, USCS Groups). From the geotechnical data listed in
Subsection 2.5S.4, measured natural moisture contents from samples collected to a depth of 20
ft ranged from approximately 5 percent to 29 percent. The majority of the values ranged
between 15 percent and 25 percent. Dry unit weights for the materials sampled ranged from
approximately 92 pounds per cubic foot (pcf) to 115 pcf. Wet densities, when measured, ranged
from approximately 97 pcfto 133 pcf.

The properties of the aquifer materials at the STP site are divided into hydrogeological and
geotechnical derived parameters. The hydrogeological parameters include transmissivity and
storage coefficient measurements from aquifer pumping tests and hydraulic conductivity values
determined from historical aquifer pumping tests and the slug tests performed in December
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2006 as part of the STP 3 & 4 site subsurface investigation. The geotechnical parameters
derived from laboratory testing include bulk density (or dry unit weight), porosity, effective
porosity, and permeability from grain size.

The following are definitions of hydrogeological parameters adapted from Reference 2.4S.12-
17:

m  Transmissivity - The rate at which a fluid of a specified density and viscosity is transmitted
through a unit width of an aquifer or confining bed under a unit hydraulic gradient and is a
function of the properties of the fluid, the porous medium, and the thickness of the porous
medium.

m  Storativity (Storage Coefficient) - The volume of water released from or taken into storage
per unit surface area of the aquifer per unit change in head.

m  Hydraulic Conductivity (permeability) - A coefficient of proportionality describing flow
per unit time under a unit hydraulic gradient through a unit area of a porous medium and is
a function of the properties of the fluid and the porous medium.

2.4S.12.2.4.1 Hydrogeological Parameters

2.48.12-12

Regional aquifer properties have been collected by the TWDB (Reference 2.4S.12-6). Data for
the area in proximity to the STP site is presented in Table 2.4S.12-9. Deep Aquifer
transmissivity ranges from 10,500 gpd/ft to 195,300 gpd/ft and storage coefficient ranges from
4.6x107to 1.4x 1073 Although several of the wells in the table have screened intervals that
encompass the depth interval associated with the Shallow Aquifer at the STP site, the screened
intervals also extend into the Deep Aquifer, thus the test results cannot be applied to the
Shallow Aquifer. Aquifer pumping tests have been performed on the STP site (Reference
2.4S5.12-7 and Reference 2.4S.12-8) at three of the Deep Aquifer production wells and four test
wells in the Shallow Aquifer in support of STP 1 & 2. The results of these tests are summarized
in Table 2.4S.12-10. Transmissivity ranges from 1100 gpd/ft to 50,000 gpd/ft and the storage
coefficient ranges from 2.2 x 10%t0 1.7 x 1073,

Figure 2.4S.12-25 presents a graphical comparison of regional and site-specific measurements
using box and whisker plots. The box and whisker plot, also known as a boxplot, is a graphical
representation of the data based on dividing the data set into quartiles. The data range of the
solid portion of the box encompasses 50 percent of the data and the data range of each whisker
contains 25 percent of the data. The ends of the whiskers represent the minimum and maximum
values in the data set. Examination of the transmissivity plot indicates that the regional and STP
deep values fall within the same data range, while the STP Shallow Aquifer data range falls
below the regional range. This is caused by two Upper Shallow Aquifer tests that have
transmissivity values of 1100 gpd/ft and 12,500 gpd/ft. The plot for storage coefficient
indicates that the regional, STP Deep Aquifer, and STP Shallow Aquifer all fall within the same
data range. The Shallow Aquifer values fall within the upper portion of the regional range of
data. This may be a result of aquitard leakage influencing the Shallow Aquifer tests.

Hydraulic conductivity can be determined from aquifer pumping tests by dividing the
transmissivity by the saturated thickness. There is uncertainty associated with this method,
because assumptions are made regarding the amount of permeable material present within the
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screened interval of the test well. The pumping wells have screened intervals ranging from 16
ft to 819 ft in length, and the saturated thickness is apportioned across this screened interval
(possibly underestimating the hydraulic conductivity for the more permeable sand units crossed
by the well screen intervals). Hydraulic conductivity values from the aquifer pumping tests are
included in Table 2.4S.12-9 and Table 2.4S.12-10.

Hydraulic conductivity can also be determined by the slug test method. This method measures
the water level response in the test well to an instantaneous change in water level in the well.
A disadvantage of this method is that it measures hydraulic conductivity only in the immediate
vicinity of the test well. However, because the slug test requires minimal equipment and can
be performed rapidly, slug tests can be performed in many wells, allowing a determination of
spatial variability in hydraulic conductivity. Table 2.4S.12-11 presents a summary of slug tests
performed in observation wells installed as part of the STP 3 & 4 subsurface investigation
program. The test results indicate a range of hydraulic conductivity from 9 gpd/ft2 to 561
gpd/ft2 . The slug test results for the Upper and Lower zones of the Shallow Aquifer were
contoured, as shown on Figure 2.4S.12-26 to delineate spatial trends. The Upper Shallow
Aquifer contour map indicates areas of higher hydraulic conductivity in the vicinity of STP 3
and to the northwest of STP 4. The surrounding measurements suggest these areas are
localized. The Lower Shallow Aquifer map indicates an area of higher hydraulic conductivity
between STP 3 & 4 and extending to the south of the units. This area corresponds to the area
of higher groundwater elevation identified on the February 22, 2007 potentiometric surface
map for the Lower Shallow Aquifer shown on Figure 2.4S.12-19. The correspondence between
a higher hydraulic conductivity area and higher potentiometric elevation suggests the presence
of a flow pathway, such as a paleochannel, from the MCR toward STP 3 & 4.

Box and whisker plots comparing hydraulic conductivity from regional aquifer pumping tests,
STP site aquifer pumping tests, STP site slug tests, and grain size data are shown on Figure
2.45.12-27. The grain size derived hydraulic conductivity is discussed in Subsection
2.4S8.12.2.4.2. The plots indicate that the slug tests have the greatest range of hydraulic
conductivity. However, the geometric means for the aquifer pumping test derived hydraulic
conductivity values and the slug test results are not significantly different (337 gpd/ft2 versus
205 gpd/ft?).

2.4S5.12.2.4.2 Geotechnical Parameters

Groundwater

The geotechnical investigation component of the STP 3 & 4 subsurface investigation program
included the collection of soil samples for laboratory determination of soil properties. These
tests are discussed in Section 2.5S.4. A summary of the test results is presented in Table
2.4S5.12-12. The results have been arranged to reflect the properties of the various
hydrogeologic units present at the site. Basic soil properties are used to estimate the
hydrogeologic properties of the materials such as porosity, effective porosity (specific yield),
and permeability. Bulk density values were measured by the laboratory thus no further
processing of the data was necessary.

Porosity is determined from a conversion of the void ratio to porosity. The effective porosity
(or specific yield) is some fraction of porosity. In general terms, the effective porosity of sands
or gravels approximates porosity, while the effective porosity of silts and clays is much less

than their porosity. Figure 2.4S.12-28 (from Reference 2.4S.12-18) is a graph that shows the
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relationship between porosity, specific yield, and specific retention for various median grain
sizes and sorting conditions. Interpolating from this graph for median grain sizes in the Shallow
Aquifer and using the curve for average material, suggests that the specific yield is
approximately 80 percent of the porosity of the Shallow Aquifer.

Permeability or hydraulic conductivity of sands with a D grain size between 0.1 and 3.0 mm
can be estimated using the Hazen approximation (Reference 2.4S.12-18). This formula was
based on empirical studies for the design of sand filters for drinking water. The formula was
developed for use in well-sorted sand and application to poorer-sorted materials would result in
over-prediction of permeability. Figure 2.4S.12-27 includes the grain size derived hydraulic
conductivity with aquifer pumping test and slug test derived hydraulic conductivity.
Comparison of the boxplots suggests that the grain size derived hydraulic conductivity is within
the range of regional hydraulic conductivity values and the STP aquifer test ranges.
Comparison of geometric means indicates the grain size derived hydraulic conductivity is
similar to the STP aquifer test results.

The hydraulic conductivity of the clay materials was measured in the STP 1 & 2 subsurface
investigation (Reference 2.4S.12-9). Table 2.4S.12-13 summarizes the results of these tests.
The geometric mean hydraulic conductivity of the clay samples is 0.004 gpd/ft2 (1.72 x 10”7
cm/sec). The clay samples were collected to a maximum depth of 39 ft below ground surface.
The uniform depositional history and effects of consolidation and loading on clay hydraulic
conductivity suggest that it would be a conservative assumption to apply these hydraulic
conductivity values to deeper clays at the site.

2.4S.12.2.4.3 Representative Properties of Hydrogeologic Units

A simplified conceptual model of the STP site was developed to apply site parameters to the
estimation of groundwater flow and contaminant transport. Figure 2.4S.12-29 presents a
simplified hydrostratigraphic section of the site. The units presented on the section were used
as a framework to relate measured or estimated properties to the groundwater system. A
summary of important properties related to groundwater flow and contaminant transport is
presented in Table 2.4S.12-14. The values for bulk density, total porosity, and effective
porosity for the Deep Aquifer were taken from tests performed in the Lower Shallow Aquifer.
The similarity of depositional environments and the observed grain size distributions suggest
that an assumption of equivalence between the units is reasonable.

To assign representative values, the properties were divided into spatially and temporally
variable data. Spatially variable data includes unit thickness, hydraulic conductivity, bulk
density, porosity, and effective porosity. Representative values for the spatially variable data
were assigned either an arithmetic mean (unit thickness, bulk density, porosity, and effective
porosity) or a geometric mean (hydraulic conductivity) of the referenced data set. Temporally
variable data are the hydraulic gradient measurements; the maximum value from each data set
is assigned as the representative value.

2.4S5.12.2.5 Hydrogeochemical Characteristics

Regional hydrogeochemical data were obtained from Reference 2.4S.12-6 and are presented in
Table 2.4S.12-15. The data set includes ten wells in the Deep Aquifer and seven wells in the
Shallow Aquifer. The analytical data was compared to EPA Primary and Secondary Drinking
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Water Standards (Reference 2.4S.12-19) and exceedances are identified on the table. The
principal exceedances were for total dissolved solids and chloride (Secondary Drinking Water
Standards). Examination of data suggests that the highest concentrations of total dissolved
solids and chlorides are present in the Shallow Aquifer.

STP site-specific hydrogeochemical data are presented in Table 2.4S.12-16, which includes
seven samples from the Deep Aquifer and 23 samples from the Shallow Aquifer. The analytical
data were compared to EPA Primary and Secondary Drinking Water Standards and the
exceedances are identified in the table. The principal exceedances were for total dissolved
solids and chloride. The data indicate that the highest concentrations of total dissolved solids
and chloride are present in the Shallow Aquifer.

The hydrogeochemical data can also be used as an indicator of flow patterns in the groundwater
system. Variations in chemical composition can be used to define hydrochemical facies in the
groundwater system. The hydrochemical facies are classified by the dominant cations and
anions in the groundwater sample. These facies may be shown graphically on a trilinear
diagram (Reference 2.4S.12-20). A trilinear diagram showing the regional and STP site-
specific data is presented on Figure 2.4S.12-30. The predominant groundwater type for the
Deep Aquifer regional groundwater data is sodium-bicarbonate, while for the Shallow Aquifer
regional data the groundwater type varies from sodium-bicarbonate to sodium-chloride. The
predominant STP site-specific groundwater type is sodium-bicarbonate in the Deep Aquifer,
sodium-chloride in the Upper Shallow Aquifer, and sodium-bicarbonate in the Lower Shallow
Aquifer. An exception to the Lower Shallow Aquifer hydrochemical facies pattern is observed
at observation wells OW-332L and OW-930L, where the water type is sodium-chloride. This
facies change may indicate the proximity of a zone of vertical interconnection between the
Upper and Lower Shallow Aquifers. This observation would be consistent with the findings of
aquifer pumping test WW-4 (Reference 2.4S.12-7), which indicates a localized hydraulic
connection between the Upper and Lower Shallow Aquifers. The conclusion that this is a
localized connection is based on the absence of a hydraulic connection at the other three aquifer
pumping test sites. The source of this interconnection may be either a natural feature, such as
an incised channel or scour feature, or a man-made feature such as an excavation backfilled
with pervious material or a leaking well seal. The manmade sources of interconnection are less
probable, since the depth to the Lower Shallow Aquifer is on the order of 60 ft below ground
surface, which would be below most site excavations, and leaky well seals also typically exhibit
elevated pH associated with the impacts of cement grout, which is not observed at either of the
wells.

Comparison of historical and more recent hydrogeochemical data indicates a general temporal
consistency in groundwater chemistry for the individual aquifers present in the site area. This
suggests that there are no long-term variations in groundwater chemistry occurring the site area.

2.4S5.12.3 Subsurface Pathways

Groundwater

This section presents an evaluation of subsurface pathways for offsite exposure resulting from
a liquid effluent release at STP 3 & 4. The section focuses on advective groundwater flow.
Discussion of sorption and radioactive decay effects on offsite exposure is presented in
Subsection 2.4S.13.
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2.4S5.12.3.1 Exposure Point and Pathway Evaluation

2.48.12-16

Figure 2.4S.12-31 presents the Blessing SE U.S. Geological Survey 7.5 minute quadrangle map
of the site area (Reference 2.4S.12-21). This map shows onsite and offsite surface features
considered in the evaluation. Review of regional groundwater use data presented in Subsection
2.4S.12.2.1 indicates that there is a credible Shallow Aquifer groundwater user exposure point
in the vicinity of the STP site at Well 2004120846. This would be the most likely exposure
point for the Shallow Aquifer groundwater. A second exposure pathway is via surface water,
where the Shallow Aquifer discharges to local creeks or the Colorado River. The most likely
exposure point for the Deep Aquifer would be the onsite groundwater production wells.

Off-site migration pathways were evaluated for the following hydrogeologic units:
m  Upper Shallow Aquifer

s Lower Shallow Aquifer

m  Deep Aquifer

The Upper Shallow Aquifer is the most likely hydrogeologic unit to be impacted by an
accidental liquid effluent release onsite. Due to the shallow depth of this unit, a conservative
release scenario would be a direct injection of liquid effluent into the Upper and Lower Shallow
Aquifer. The Upper Shallow Aquifer has a flow direction toward the southeast, as discussed in
Subsection 2.4S.12.2.2. Examination of Figure 2.4S.12-31 indicates that a potential Upper
Shallow Aquifer groundwater discharge area would be the unnamed tributary, located to the
east of the STP 1 & 2 Essential Cooling Pond (ECP), which flows into Kelly Lake,
approximately 7300 ft from STP 3. A second possible discharge area for both the Upper and
Lower Shallow Aquifer is at Well 2004120846, which is an 80 ft deep livestock well, located
east of the site boundary approximately 9000 ft from STP 3. This pathway assumes the well
discharges to stock watering containers and that the groundwater is consumed by livestock,
which would be an indirect human exposure pathway. Information from Appendix 2.4S.12-A3
indicates this well is estimated to produce 200,000 gallons per year or approximately 0.4 gpm.
A third possible discharge area for both Shallow Aquifer units would be the Colorado River,
approximately 17,800 ft from STP 3.

The Lower Shallow Aquifer is isolated over much of the site by the Lower Shallow Aquifer
Confining Layer. However, aquifer pumping test data (Subsection 2.45.12.2.4.1) and
hydrogeochemical data (Subsection 2.4S.12.2.5) suggest that leakage through the less
permeable confining layer is occurring. Additionally, excavations for the foundations of some
of the deeper structures are projected to enter the Lower Shallow Aquifer. Subsection
2.4S.12.2.2 indicates that a consistent downward vertical hydraulic gradient exists between the
Upper and Lower Shallow Aquifer, which would provide the driving force for movement of
groundwater from the Upper to the Lower Shallow Aquifer in the leakage areas. A conservative
effluent release scenario would be a direct effluent release into the Lower Shallow Aquifer.
Subsection 2.4S.12.2.2 indicates the Lower Shallow Aquifer has an east to southeast flow
direction. Due to the depth to the top of the aquifer and the downward vertical hydraulic
gradient in the Lower Shallow Aquifer, it is unlikely that discharge would occur into the
unnamed tributary to the east of the STP 1 & 2 ECP. Likely discharge points are Well
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2004120846, as discussed above, or the Colorado River alluvium, where the river channel has
incised into the Lower Shallow Aquifer, approximately 17,800 ft from STP 3 & 4.

The Deep Aquifer is the least likely hydrogeologic unit to be impacted by an accidental liquid
effluent release. The Deep Aquifer is separated from the Shallow Aquifer by a 100 ft to 150 ft
thick clay and silt layer. Recent potentiometric surface maps for the Deep Aquifer (Subsection
2.45.12.2.2) indicate that groundwater flow in the plant area is moving toward the production
wells at the site, thus precluding the potential for offsite migration should the effluent pass
through the clay layer. The additional groundwater needs for operation of STP 3 & 4 will
further depress the potentiometric surface in the Deep Aquifer. The combined effects of
horizontal flushing by flow in the Shallow Aquifer, radionuclide sorption as the effluent passes
through the 100+ ft thick clay layer, and groundwater capture by the site production wells
suggest that there is no credible offsite release pathway for the Deep Aquifer.

2.4S.12.3.2 Advective Transport

Groundwater

Advective transport assumes that a accidental liquid effluent release travels at the same velocity
as groundwater flow. The groundwater flow velocity or average linear velocity is estimated
from the following equation (Reference 2.4S.12-17):

Ki
V= —
ne
where:

v = average linear velocity (ft/day)
K = hydraulic conductivity (ft/day)
i = hydraulic gradient (ft/ft)

n, = effective porosity (decimal)

The travel time from the effluent source to the receptor would be:

D
T=_
v
where:
T = travel time (day)
D = distance from source to receptor (ft)

v = average linear groundwater velocity (ft/day)

Table 2.4S.12-17 presents average linear velocity and travel time estimates for the Upper
Shallow Aquifer using information from Table 2.4S.12-14. The table includes ranges of
groundwater velocities and travel times for the extremes (high and low) of the data set. The
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average linear velocity in the Upper Shallow Aquifer is estimated to be 0.2 ft/d and in the Lower
Shallow Aquifer to be 0.09 ft/d. In the Upper Shallow Aquifer, travel time to the unnamed
tributary east of the ECP would be 100 years, to Well 2004120846 it would be 123 years, and
to the Colorado River it would be 244 years. In the Lower Shallow Aquifer, travel time to Well
2004120846 would be 274 years and to the Colorado River it is estimated to be 541 years.

2.45.12.3.3 Plant Groundwater Use and Effects

2.48.12-18

Groundwater is projected to be the main source of water for STP 3 & 4 plant construction and
operation. During construction, groundwater use requirements will vary and will be used for
the following activities: onsite personnel consumption and use; manufacturing of concrete,
concrete curing, and clean-up; dust control; addition of moisture and placement of engineered
backfill; and piping hydro tests and flushing. Preliminary estimates indicate that up to 1200
gpm of groundwater will be required during construction.

STP is currently permitted to use up to 3000 acre-ft per year of groundwater from their existing
production wells. STP currently uses about 1300 acre-ft per year for plant operations.
Therefore, approximately 1700 acre-ft per year (1050 gpm) of groundwater could be available
for construction use. Water demand could be met by increasing the yield of the existing wells
or by installing new wells with the objective that total STP use would not exceed the 3000 acre-
ft per year permitted amount. A detailed evaluation of groundwater availability and estimates
of aquifer drawdown, requirements for permitting of new wells and yields, water conservation
measures, and the identification of alternative sources, if practicable, will be addressed as part
of the detailed engineering for STP 3 & 4.

Operation of STP 3 & 4 is predicted to require a typical groundwater consumption of 1077 gpm
or 1738 acre-ft per year, whereas the peak groundwater consumption for STP 3 & 4 is expected
to be as great as 3935 gpm, when required (i.e., outages). The projected combined STP plant
normal groundwater consumption for STP 1 & 2 and STP 3 & 4 is expected to be between 2938
and 3038 acre-ft per year, which is approximately equal to the current STP permitted use of
3000 acre-ft per year. Peak demand for outages could be met by increasing the permitted
groundwater allotment for short-term uses or by obtaining water from other sources such as the
MCR or the Colorado River.

Based on these estimates, additional groundwater wells will be required to satisfy site demands.
As with STP 1 & 2, it is expected that no sustained pumping will be permitted within 4000 ft
of the plant safety-related facility areas in order to minimize the potential for regional
subsidence resulting from lowering of the Deep Aquifer zone potentiometric head. Based on
this requirement, the location of the additional groundwater wells required for expanded plant
operations would most likely be located in the northwestern and northeastern sections of the
STP site and/or in the southeastern and southwestern site areas adjacent to the MCR.

As stated in Subsection 2.4S.12.2.2, comparison of a regional potentiometric surface map for
the Deep Aquifer in Matagorda County in 1967 (Figure 2.4S.12-15) and that of a potentiometric
surface map for the Gulf Coast Aquifer from data collected between 2001 and 2005 (Figure
2.4S.12-16) suggests that groundwater elevations have increased in some parts of Matagorda
County. In 1967, groundwater elevations above mean sea level were primarily located in the
northern portion of the county. In the 2001-2005 potentiometric surface map, groundwater
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elevations in the northern and central portions of the county were above mean sea level.
Therefore, the regional impacts of groundwater production on the aquifer groundwater levels
appear to be decreasing, thus minimizing impact to the regional aquifer as the result of STP
plant expansion with the construction and operation of STP 3 & 4. Some additional aquifer
drawdown would be expected near the STP site boundaries as the result of installing and
operating new groundwater wells. Based on Figure 2.4S.12-18, it can be expected that the
lowering of the potentiometric head in the Deep Aquifer at the existing STP production would
expand over most of the northern portion of the site due to the installation of the new site
production wells. The decrease in head would be expected to extend beyond the site boundaries
but the impact would be less than that beneath the site.

As part of the detailed engineering for the STP 3 & 4, the impact of the groundwater pumping
in the Deep Aquifer will be evaluated to the current site conditions and that of nearby, offsite
groundwater users (Figure 2.4S.12-13). Permitting of new wells and yields, plant water
conservation methods, and the identification of alternative sources or recycling, if practicable,
will be addressed as part of the detailed engineering for STP 3 & 4.

2.45.12.4 Monitoring or Safeguard Requirements

Groundwater

Groundwater level monitoring in the STP 3 & 4 area is currently being implemented through
the use of the groundwater observation wells installed in 2006 for the site subsurface
investigation and through the periodic review of water levels from selected wells in the vicinity
of the site.

Some of the existing STP 3 & 4 area observation wells will be taken out of service prior to
construction activities due to anticipated earth moving and construction requirements. Prior to
construction activities, the observation well monitoring network will be evaluated in the
detailed design to determine groundwater data gaps and needs created by the abandonment of
existing wells.

As part of the detailed design for STP 3 & 4, the current STP groundwater monitoring programs
will be evaluated with respect to the addition of STP 3 & 4 to determine if any modification of
the existing programs is required to adequately monitor plant effects on the groundwater.
Considerations to revise the site groundwater monitoring program will include the following
components:

m  Deep Aquifer - Periodic water level measurements in deep observation wells and
geochemical sampling and analysis of production wells would detect changes in the Deep
Aquifer that may impact groundwater supply availability or the accident release analysis.

= Shallow Aquifer - Periodic water level measurements in the Upper and Lower zone
observation wells and collection of geochemical samples and analysis will be performed in
selected observation wells. The water level monitoring program objective is to detect
changes in flow patterns in the Shallow Aquifer that might impact accident analysis and
would track temporal trends in groundwater levels that might impact structural stability.
The geochemical monitoring would detect changes in groundwater geochemistry that
would be deleterious to plant structures and subsurface components.
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m  Subsidence Monitoring - The current plant subsidence monitoring program will be
expanded to include STP 3 & 4.

m  Operational Accident Monitoring - In the unlikely event of an operational accident, site
observation wells in the Shallow and Deep Aquifers and onsite groundwater production
wells in the Deep Aquifer would be sampled for radionuclides associated with the plant.
Additional monitoring locations may be added if onsite monitoring indicates the potential
for offsite exposure.

Groundwater level measurements in the Deep and Shallow Aquifers would be collected starting
during construction and after plant startup Selection of observation wells to be included in the
program will be made prior to the start of operation based on well condition, position relative
to plant site and other observation wells (provide optimal spatial distribution for potentiometric
map preparation and vertical hydraulic gradient assessment), and long-term viability of the
observation well (likelihood well will survive construction).

Geochemical sampling and analysis in the Deep and Shallow Aquifers would be performed
during construction and after startup. Analysis will include field parameters (pH, temperature,
specific conductance, oxidation-reduction potential, and dissolved oxygen), major cations,
major anions, total dissolved solids, and silica. Sampling would be performed in site
production wells, any new production wells installed to support STP 3 & 4 operation, and
selected observation wells in the Shallow Aquifer. Observation wells would be selected during
detailed design.

Additional near-surface subsidence monuments would be installed around STP 3 & 4
structures. The onsite subsidence monitoring frequency would increase during construction
and after startup.

Operational accident monitoring would be triggered in the unlikely event of a release of liquid
effluent from the plant. Quarterly groundwater samples would be collected from site
production wells and downgradient Shallow Aquifer observation wells. Selection of
downgradient observation wells would be based on flow directions determined from the most
recent groundwater level measurements.

Safeguards will be used to minimize the potential of adverse impacts to the groundwater by
construction and operation of the new units. These safeguards would include the use of lined
containment structures around storage tanks (where appropriate), hazardous materials storage
areas, emergency cleanup procedures to capture and remove surface contaminants, and other
measures deemed necessary to prevent or minimize adverse impacts to the groundwater
beneath the STP 3 & 4 site.

2.4S.12.5 Site Characteristics for Subsurface Hydrostatic Loading

Subsurface hydrostatic loading estimates for structures at STP 3 & 4 were evaluated using two
approaches. First, by conservatively assuming the maximum groundwater level of 61 cm (2 ft)
below ground surface as specified in DCD Table 2.0-1 for the ABWR. The existing plant grade
at the site is approximately 30 ft MSL and the finished plant grade in the Power Block area is
anticipated to be between approximately 32 and 36.5 ft MSL, thus a grade elevation of 35 ft

MSL would result in a maximum groundwater elevation of 33 ft MSL. The second approach
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uses the maximum observed groundwater level elevation (December 2006 - June 2007), within
the STP 3 & 4 power block area; elevation 25.85 ft MSL from observation well OW-332U on
April 27,2007. The maximum hydrostatic loading is estimated using the following formula:

Pw = Zw X Yw

where:
P, = hydrostatic pressure (psf)
z,, = depth below groundwater level (ft)
Yw = unit weight of water (62.4 pcf)

Figure 2.4S.12-32 presents a graph of building elevation versus hydrostatic pressure. Two lines
are provided on the graph, one representing the upper bound condition using the DCD
maximum groundwater level and the second using the maximum observed groundwater level
in the power block area.

Excavations for the construction of STP 3 & 4 are preliminarily planned to depths of about 90
ft below existing grade. The reactor building mat is expected to be placed at a depth of
approximately 85 ft with the control building at a depth of approximately 75 ft, the UHS at a
depth of approximately 40 ft, and the turbine building at a depth of approximately 30 ft.
Perimeter dewatering will be required to a depth of at least 35 ft with deeper excavation
dewatering to a depth of at least 100 ft. To minimize excess dewatering, the UHS would utilize
a separate perimeter dewatering system. The excavation design may require the use of slope
stability structures. The actual excavation design will be refined as part of the detailed design.

During excavation and construction of STP 3 & 4, the hydrostatic loading on the excavation
and structures will be controlled by a temporary construction dewatering system. Typical
dewatering systems for this type of cut and fill excavation would consist of a combination of
perimeter dewatering wells and open pumping from sumps within the excavation. The
perimeter dewatering wells would control lateral inflow and assist in removing water stored
within the excavation. The open pumping system would control precipitation run-off, assist in
water storage removal, and removal of any inflow to the excavation.

To prevent uplift of foundation soils, groundwater levels will be maintained a minimum of 5 ft
below the bottom of the deepest excavation. The STP 3 & 4 excavation is deeper than the
excavation for STP 1 & 2 (Reference 2.4S.12-9). The hydrogeologic conditions encountered
beneath the proposed STP 3 & 4 are, in general, similar to that beneath STP 1 & 2. A long-
term, steady state dewatering flow rate is estimated to be between 1800 and 4200 gpm. The
range in pumping rates is dependent on the hydraulic conductivity used in the analysis (low
range or geometric mean of the pumping test hydraulic conductivity values) and on the
excavation plan. Because the excavation required for the construction of STP 3 & 4 is
estimated to be deeper than that for STP 1 & 2, the flow rates estimated for STP 3 & 4 are
considered to be within reason in comparison to actual flow rates measured at STP 1 & 2
(between 1300 gpm to 2900 gpm). Alternatives that could reduce the amount of water to be
removed include various types of cut-off walls. The cut-off walls could include a slurry wall,
grout curtain, or freeze-wall. The slurry wall and grout curtain are permanent features, while
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the freezewall can be temporary. Some dewatering would still have to be performed to remove
storage, precipitation run-off, and vertical inflow. Methods to mitigate the subsidence beneath
existing structures include cut-off walls, injection wells, and infiltration trenches. The
dewatering system design will be refined as part of the detailed design.

Another concern is rewatering after completion of excavation and backfill around structures.
Groundwater levels will be raised in a controlled manner to prevent rapid hydrostatic pressure
build-up or damage to the subsurface backfill materials. Prior to the start of excavation, a
dewatering and rewatering plan will be prepared to document the construction dewatering
system design and groundwater control criteria.

In summary, based on the water level elevations collected to date, the groundwater depth in
both power block areas is below the maximum groundwater level of 61 cm (2 ft) below ground
surface as specified in DCD Table 2.0-1 for the ABWR. Based on this observation, a
permanent dewatering system is not anticipated to be a design feature for the STP 3 & 4 facility.
Post-construction groundwater conditions are anticipated to have some localized changes
resulting from excavation and backfilling, however, based on observations of STP 1 & 2 post-
construction groundwater conditions, the effects would be minimal and may include localized
communication between the Upper and Lower Shallow Aquifers and an increased cone of
depression in the Deep Aquifer resulting from increased groundwater use for STP 3 & 4. The
groundwater supply wells to be installed for STP 3 & 4 are not a safety-related source of water
because the UHS has a 30-day supply of water, which is sufficient for plant shutdown without
a supplementary water source.
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Table 2.4S.12-4 Listing of U.S. Environmental Protection Agency (EPA) Safe
Drinking Water Information System (SDWIS) Community and Non-Community
Groundwater Systems in Matagorda County, Texas

Community Water Systems: Water Systems that serve the same people year-round
(e.g. in homes or businesses)
Water System County(s) |Population| Primary Water System Water

Name Served Served Source Type Status System ID

Camelot Forest .

Water System Matagorda 309 Groundwater Active TX1610058

Caney Creek Haven Matagorda 348 Groundwater Active TX1610049

Club Water System

Caney Creek Mud of .

Matagorda County Matagorda 3000 Groundwater Active TX1610087

City Of Bay City Matagorda 19000 Groundwater Active TX1610001

City Of Palacios Matagorda 5100 Groundwater Active TX1610004

Eldorado Water Co Matagorda 270 Groundwater Active TX1610024

;raorit Mobile Home Matagorda 90 Groundwater Active TX1610097

Hubert Watson

Subdivision Water Matagorda 90 Groundwater Active TX1610114

System |

LCRA Matagorda .

Dunes Subdivision Matagorda 381 Groundwater Active TX1610052

Live Oak Bend WSC | Matagorda 369 Groundwater Active TX1610012

Markham Mud Matagorda 1200 Groundwater Active TX1610006

Matagorda County :

WCID 2 Matagorda 50 Groundwater Active TX1610016

Matagorda County Matagorda 990 Groundwater Active TX1610002

WCID §

Matagorda County Matagorda 1173 Groundwater Active TX1610007

WCID 6

Matagorda WSC Matagorda 975 Groundwater Active TX1610013
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Table 2.4S.12-4 Listing of U.S. Environmental Protection Agency (EPA) Safe
Drinking Water Information System (SDWIS) Community and Non-Community
Groundwater Systems in Matagorda County, Texas (Continued)

Community Water Systems: Water Systems that serve the same people year-round
(e.g. in homes or businesses)

Water System County(s) |Population| Primary Water System Water

Name Served Served Source Type Status System ID
Midfield WSC Matagorda 300 Groundwater Active TX1610086
Oak Hollow .

Subdivision Matagorda 63 Groundwater Active TX1610031
Pecan Shadows

Water Supply Matagorda 100 Groundwater Active TX1610014
Company

River Oaks WSC Matagorda 384 Groundwater Active TX1610018
Selkirk Water Matagorda 540 Groundwater Active TX1610027
Tidewater Oaks :

Subdivision Matagorda 165 Groundwater Active TX1610033
Tres Palacios Oaks .

Subdivision Matagorda 426 Groundwater Active TX1610017
Wadsworth WSC Matagorda 450 Groundwater Active TX1610015

Non-Transient Non-Community Water Systems: Water Systems that serve the same
people, but not year-round (e.g. schools that have their own water system)

Water System County(s) |Population| Primary Water System Water

Name Served Served Source Type Status System ID

Celanese Ltd Bay .
City Plant Matagorda 200 Groundwater Active TX1610055
Equistar Chemical | patagorda | 254 Groundwater | Active | TX1610089
Main Potable Water .
System Matagorda 1300 Groundwater Active TX1610051
NSC NTF Potable .

ater System Matagorda 1300 Groundwater Active TX1610103
Tideha igh ,
Goehaven Hig Matagorda | 291 Groundwater | Active | TX1610056
Tidehaven
Intermediate School Matagorda 221 Groundwater Active TX1610057
TISD
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Table 2.4S.12-4 Listing of U.S. Environmental Protection Agency (EPA) Safe
Drinking Water Information System (SDWIS) Community and Non-Community
Groundwater Systems in Matagorda County, Texas (Continued)

Transient Non-Community Water Systems: Water Systems that do not consistently serve
the same people (e.g. rest stops, campgrounds, gas stations)

Water System County(s) |Population| Primary Water System Water

Name Served Served Source Type Status System ID

Berts RV Park Matagorda 50 Groundwater Active TX1610085

City of Letulle Park .

Bay City Matagorda 75 Groundwater Active TX1610047

Letulle Estates .

Chinquapin 1 Matagorda 52 Groundwater Active TX1610005

Matagorda County :

Nature Center Inc Matagorda 50 Groundwater Active TX1610124

Pier 57 Matagorda 25 Groundwater Active TX1610042

Rio Colorado Golf .

Course Matagorda 35 Groundwater Active TX1610119

Riversjde Park Water Matagorda 200 Groundwater Active TX1610118

Bay City

[ WEEnterprises | patagorda 25 Groundwater | Active | TX1610125

Texas Aquaculture Matagorda 25 Groundwater Active TX1610127

Texas State Marine .

Education Center Matagorda 50 Groundwater Active TX1610117

VFW Post 2438 Matagorda 100 Groundwater Active TX1610081

Source: Reference 2.4S.12-10
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Table 2.4S.12-5 Matagorda County Historical Water Use

Historical Water Use Summary by Groundwater (GW) and Surface Water (SW)
Unit: Acre Feet
Year | Source | Municipal | Manufacturing Steam Electric Irrigation | Mining | Livestock Total
1974 |GW 3,818 280 0 36,615 288 158 41,159
1974 [SW 0 5,568 0 172,244 0 1,373 179,185
Total|3,818 5,848 0 208,859 288 1,531 220,344
1980 [GW 5,912 1,688 0 29,997 357 600 38,554
1980 [SW 0 4,238 0 269,616 0 400 274,254
Total|5,912 5,926 0 299,613 357 1,000 312,808
1984 (GW 5,887 2,025 0 30,639 172 833 39,556
1984 [SW 0 2,509 0 237,151 77 554 240,291
Total|5,887 4,534 0 267,790 249 1,387 279,847
1985 [GW 5,729 2,367 0 24,666 119 823 33,704
1985 [SW 0 2,958 0 195,594 68 547 199,167
Total|5,729 5,325 0 220,260 187 1,370 232,871
1986 |GW 5,593 2,213 1,351 25,127 235 550 35,069
1986 [SW 0 3,435 3,989 186,122 71 367 193,984
Total|5,593 5,648 5,340 211,249 306 917 229,053
1987 [GW 5,830 974 1,296 21,934 266 611 30,911
1987 [SW 0 3,012 0 162,468 65 406 165,951
Total|5,830 3,986 1,296 184,402 331 1,017 196,862
1988 [GW 5,381 1,975 1,451 34,054 185 652 43,698
1988 [SW 0 2,758 30,613 252,246 69 434 286,120
Total|5,381 4,733 32,064 286,300 254 1,086 329,818
1989 [GW 5,172 2,966 1,462 8,901 250 683 19,434
1989 [SW 0 3,581 32,349 204,859 0 454 241,243
Total|5,172 6,547 33,811 213,760 250 1,137 260,677
1990 (GW 5,225 3,514 1,158 26,717 250 673 37,5637
1990 [SW 0 3,293 34,757 168,825 0 447 207,322
Total|5,225 6,807 35,915 195,542 250 1,120 244,859
1991 [GW 4,906 4,028 879 26,172 295 687 36,967
1991 [SW 0 2,686 13,031 166,168 0 458 182,343
Total|4,906 6,714 13,910 192,340 295 1,145 219,310
1992 (GW 4,982 4,037 1,036 18,086 266 614 29,021
1992 [SW 0 4,882 28,380 162,680 0 409 196,351
Total|4,982 8,919 29,416 180,766 266 1,023 225,372
1993 [GW 5,190 4,834 776 16,827 266 634 28,527
1993 [SW 0 4,346 6,918 195,879 0 423 207,566
Total|5,190 9,180 7,694 212,706 266 1,057 236,093
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Table 2.4S.12-5 Matagorda County Historical Water Use (Continued)

Historical Water Use Summary by Groundwater (GW) and Surface Water (SW)
Unit: Acre Feet
Year | Source Municipal Manufacturing Steam Electric Irrigation Mining Livestock Total
1994 | GW 4,902 6,560 833 12,382 273 694 25,644
1994 | SwW 0 3,360 23,330 . 241,826 0 463 268,979
Total | 4,902 9,920 24,163 254,208 273 1,157 294,623
1995 | GW 4,977 6,579 1,201 22,481 277 604 36,119
1995 | SW 0 5,991 37,392 261,684 0 402 305,469
Total | 4,977 12,570 38,593 284,165 277 1,006 341,588
1996 | GW 5,460 7,534 1,457 21,781 277 1,048 37,557
1996 | SW 0 3,002 38,905 253,533 0 698 296,138
Total | 5,460 10,536 40,362 275,314 277 1,746 333,695
1997 | GW 4,867 5,764 1,386 1,581 251 564 14,413
1997 | SW 0 2,846 12,156 122,924 0 376 138,302
Total | 4,867 8,610 13,542 124,505 251 940 152,715
1998 | GW 5,137 4,733 1,333 2,249 196 676 14,324
1998 | SW 0 2,933 20,924 174,951 0 452 199,260
Total | 5,137 7,666 22,257 177,200 196 1,128 213,584
1999 | GW 5,170 4,686 1,240 3,119 196 676 15,087
1999 | SW 0 3,656 25,217 242,648 0 452 271,973
Total | 5,170 8,342 26,457 245,767 196 1,128 287,060
2000 | GW 5,502 2,649 1,313 17,283 481 943 28,171
2000 | SW 0 7,706 59,712 140,603 0 628 208,649
Total | 5,502 10,355 61,025 157,886 481 1,571 236,820
2001 | GW 2,499 3,210 4,965 13,794 131 710 25,309
2001 | sSW 0 6,019 43,547 177,159 0 474 227,199
Total | 2,499 9,229 48,512 190,953 131 1,184 252,508
2002 | GW 2,290 3,488 4,439 13,751 131 690 24,789
2002 | SW 0 6,541 38,930 111,261 0 459 157,191
Total | 2,290 10,029 43,369 125,012 131 1,149 181,980
2003 | GwW 3,160 3,490 4,439 41,954 131 912 54,086
2003 | sSW 0 6,545 38,930 151,200 0 490 197,165
Total | 3,160 10,035 43,369 193,154 131 1,402 251,251
2004 | GW 2,753 4,979 4,656 32,196 131 978 45,693
2004 | SW 0 9,335 40,836 154,625 0 526 205,322
Total | 2,753 14,314 45,492 186,821 131 1,504 251,015

Source: Reference 2.4S.12-13
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Table 2.4S.12-6 Matagorda County Projected Water Use

Category Acre-Feet

2010 2020 2030 2040 2050 2060
Municipal 5590 56830 5906 5883 5815 5762
Manufacturing 12180 13253 13991 14686 15259 16267
Steam Electric 80000 80000 102000 102000 102000 102000
Irrigation 193048 186072 179353 172916 166722 160750
Mining 177 172 169 167 165 163
Livestock 1151 1151 1151 1151 1151 1151
Total 292146 286478 302570 296803 291112 286093

Source: Source 2.4S.12-14

Groundwater 2.4S.12-33



Final Safety Analysis Report

Rev. 0
15 Sept 2007

STP3 & 4

SJUQWISINSBIW [JAJ] Jajem AJypuowr ATeniqaq oy}
03 Joud /(0Z JO Areniqa, ut padojaasp pue paf[eisul sem (¥)TZEE-MO ‘[[oMm yuowdoe(dar e ¢/ 00g Jo Arenue[ ur paSewrep sem Tgze-MO [[9M uoneardsqQ [1]

st 5851 60'sH er'st 151 1Zs1 LSt sk a5l 9 00 ¥60¢ [ es 001 1¥E6-MO
v8zh [ T vell el EIYn 6Z'eh 8021 1551 a6 097l Svoe I 118 )

- . - " Ll‘\f.lf\l T aan _l“lﬁ' B - e . . " . CRARCY
arst Wi se'st 9021 tsh | el 085 | ezo 1091 o5k | ezl 678 s8L 96L 1266-M0
60°El nst 1921 wl \ze torL seer | s el s0€L 061 e so1 5904 1086-MO
oLz an 1512 o9t 007z 1591 %z zol Wz ov'st ez cove 6 1'96 1626-MO

T e 5Ll oyl S0°LL o5vL 1891 sLvk 9594 0054 1851 sLst 9%'ie 0zL 112 1826-MO
T 7T T T TS T AT us | & el st zo01 erze 16 128 | 0i6mMo |
av ss'LL 2071 8021 ool moL | s 1901 vt | st s9'6) 518 | e [ wor | qsermo
) o5'L1 o0zoL [7om ool 0691 w8l Lol o | wer so'8 sLce zo8 ei8 180r-MO
_[ee [en | sw €Ll 08'cL WLt z0r ool 1YL 185t st €0'Le ) ig 7 6¥E-MO
L om | usn 67l sLLL oyl 691 ver Lol 80'SH ot | sver | eeie zeL Vel TeeMO |
s oLl 6571 £0°L4 S0'Gh _eL9L | ezsl - R 80'2¢ 204 1e0k Il (1 zee-mo
- - - - - - - | cool st so'ie 1201 z¢ol Wazeemo |
Y o 1z Iom 1991 891 1671 oLoL 8051 oL'sh 8091 8LiE % V26 1806-MO
. 6U0Z JoM07 - Jajinby MolIeyS ]
1 oom 8r' oz 16 150 8004 se0e vooL | seoz |  sse 0z zZo. | eoe | or 'y | neeemo
055 W | s | uw es | v 5 | s9sz 167 sz | we z90¢ 8t vie | neesmo |
89L | 90 —wr | s | el 6L¥2 vwe | oz 0L | vz | zs8 ez see 966 |  nzEemMo
s | 6% 61’6 wz o) 192 &6 &z | 88 Cxd 286 oz s | s | nisemo
Y 8802 o sz 869 | 8z0z | 0L vz | eLs 16t we | ee; | e | vee | noeemo |
T 69T un_ | ew sLiL €022 891l w2z eehL asz | | e 65 o8 nezsmo |
659 00’52 699 162 e vz 589 er's 179 15€z 818 69'i€ S8t 968 N 826-MO
00'8 e or'g 60T €8 z0%2 oce sL¥T 151 \zez e T s¢ Ve N 0I6-MO
B 00'L 105 e 0’5z vL 1672 \zL €96z 559 cLez sr'e 81ze or v N 8EF-MO
668 e 206 51 6 e 6 552 e gz | 966 sLee e | ver N 0Zr-MO
B 68 o7z 568 erve 806 | wre eve | s | oes | eeez we 158 | vee | newrmo
T e | um 959 [ 9 | xnr w9 | e w's wee | el | eoie v vy | newmo |
szl ez veL zovz oL | 1% L oSz 59 6z | 608 | 8zze ) vee N 8¥EMO
T e | ww sz9 v 6cL vz oL €562 59 | eowz | w8 | oLze v vy | nzeemo |
101 €092 WL ez | w2 | ww | o 'Sz e | oow 8LL ogle & | v neeMo |
ou0Z Jeddn - sejinby molEus
] (W) 3:m (1smu) | (u)eem (1sm u) (w) sovem (IsW ) (u) sovem W Whewm | (15N () Jmzm A (1sW ) T stquw | (sBqu) aTam
3 & olydeg | uopmAery & o1 wideg _aa.:.ﬂ alpdeg | uonese ﬁ olydeq | vopsaera | orudea | y)uopmaer | oiuideqg NOUVATT2 | N3OS | Hid3a ;
Lw|| N I T ~ INIOd Jowouos | TEm L
22 ‘sz Avm 1002 22 IWdy 100Z '6Z YuEH 2002 'z Avensqeq 2002 ‘05 Aenuer 9007 ‘gz Joquedeq | IONIWIII i ﬁ

sjeAe Jarempunoin A|yluol ealy ¥ B € d1S £-ZL'SY'Z 3l9eL

Groundwater

2.48.12-34



Rev. 0
15 Sept 2007

Final Safety Analysis Report

STP 3 & 4

o] e0z 95LL 29¥Z | 08 Lrer | ZSL z08 zoL €Ll gG 1> rA 4 ze 0s'le VN 80-MO Lo0z/Ley
0 L£2 ZLL 6v'¥Z | 0'8E ey 2SL z08 zoL €L'1E 5'G T A4 kA 05'1€ VN 80F-MO 1002/62IE
0] vsL 0691 ¥r¥Z | O'8C ey ZSL zo8 zoL £LIE SG £ rA 4 ze 05'le N 80-MO 1002
0| 958 (V-1 1Zs2 | 08 Lyer ZSL zo8 ZoL £L'1E 56 i v 2z 05'1€ VN 80F-MO LO0Z/0E/)
‘0] si18 LLS) 9g9'cz [ o'ec ey Z5L z08 ZoL eL'le §'g 13 ra ze 051 VN 8O-MO 9002/8212}
0| 6v9 1921 0L¥Z | 06 65'5P- SL 089 oL Wwez 0L~ (114 4 se o6z VN 6¥E-MO 100Z/12/9
0l vZL S5l 6L¥Z | 0'SE 655t SL 08 oL 1ve 90}- ov Sb o1 o6z VN 6¥E-MO 10021525
"0 s0L 89'LL €L¥2 | 0'se 65'Sh- SL 09 oL 16z 90}~ or S¥ se o¥'ez VN 6¥E-MO 00z/L2y
0l SbL €L 8c¥Z | 0'5E 65'5h- SL 08 oL \Wez 90~ oy S ge o6z N 6¥E-MO L002/6215
o 1eL oLt EPT | 0'sE 65'Sh- SL o8 oL ez 901~ ov S [ o¥'6z N 6¥E-MO 100212212
0| €98 va'9lL wsz | ose 65°Gh- SL 08 oL ez 901~ oy S ge orez VN 6¥E-MO L00Z/08/)
‘0| ozs 1851 0¥z | 0se 655~ SL 08 oL 1762 901~ ov Sy [ ov'6Z N 6¥E-MO 900282121
0] €89 052l ccyz | oop Ly TeL Z8L z89|. 8002 6v'2- | 123 8 8z 1508 N SYE-MO 10027229
0l 152 orLlL €0'sz | oop [4% > o TEL z8L z'99 80°0E 6¥'2- € 8¢ 74 1508 N 8YE-MO 10025215
o 8L Sl AL zLer- zeL Z8L z89 2002 6v'e- 33 8 8z 1508 N 8YE-MO L00zILeY
of wie S1LL z9v2 | 9OF ZLer zeL z8L Z99 80°0¢€ 6z 23 8¢ 8z 1508 N 8¥E-MO L002/621E
0| soL 2691 S| oor F{%> o TEL zeLl  zes 80°0¢ 6¥c- £ [ 8z 1508 N 8¥E-MO Lo0zreere
0 868 8L91 9,62 | 90K ZLEr zeL z8L Z99 80°0¢ 6v'Z- € 8¢ [:74 1508 N 8¥E-MO 100Z/0¢/1
0| eb8 oLs) 6L¥Z | 90p ZVEr TEL 8L 289 800¢ 6F'2- 33 8¢ 8z 1508 N 8YE-MO 9002/8212L
0! S99 ov'LlL SO¥2 | TS 6699 16 201 6 100€ 9.6~ oy Sv Se vzoe| (unzeemo | el Loozizzme
of voL JT-91} 1062 | T4 6699 16 201 26 1008 oLe- or [+ [+ vzoc| unzeemo | Iel Loozrss
0| se8 6vLl sgs2 | z4s 66'99- 16 ZoL Z6 10°0¢ | 9L'6- or S¥ [ vzoe | (Dunzeemo | lel LooziLew
o) 89L €0LL We | TLS 66'99- 16 2oL 26 Lo0¢ 9.6 or 14 [+ ¥zoe | (unzee-mo | [gl Loozieze
o| sez| eLor| wovz|Tis 66'99- 6 201 2 100e ole| o s¥ 5t | yzoe | () unzeemo | Ilel Loozreere
0| oL €991 60v2 | Vs 98'99- L6 1'zZoL 126 ¥2'0e 9.6 or Sb [+ ¥Z'08 wnzee-mo | Il soozreziet
0} 099 8rLl 80vZ | 005 cL1e- 16 96 98 1862 ZLhL- 2 gv 9 88'6Z VN 808-MO L002ILe
0 2L orLl sLvz | 005 cLig- 16 96 98 1862 ZLbL- W ov (5 8862 VN 80E-MO- L002/52/5
ol 0L L5L| €9¥Z| 005 €1'lg- 16 96 98 1962 ZL - 84 ov 9 88'62 N 80£-MO LooziLey
‘0| 8L L 6E¥Z | 005 ellg- 16 96 98 1862 F{NYE W o 9 8962 N 80E-MO L00Z/621E
0| wie 1891 revZ | 005 £1ig- 16 96 98 1962 Zhh- 84 oF ) 88'62 VN 8OE-MO Loozreee
‘0| %98 oL9l vesz | 005 €L~ 6 96 98 1862 ZLhi- Iy 4 9¢ 8862 VN 80E-MO 100210871
0| zcs oLsL 202 | 008 €1'lg- 16 96 98 1862 ZLhL- W ov (5 89'62 VN 80E-MO 9002/82/2)
D G [Ciswn) [ Cswn) | ) [ (swu) | (sBaw) | (sBqy) | (sBaw) [ (sww) Ciswy) | (sBqy) | (sBqu) | (sBawy) | (lsmu) Jjed jism oeq
w 18MO") Jeddn xp | uopeaeiz | ujodpiy | wonog do) uopeArs|y | uopeaes|d | jujodpi | wonog do) uopeae|3
- punai9 N punaig
[2] isempunaig [1] usauds (Jom somo [1] ueauds j1em seddn

B3IV ¥ 1R € d1S 3y} Ul SjusIpeln dneipAY |esius) palewnsy 8-zZL'Sy'z dlqeL

2.48.12-35

Groundwater



Rev. 0
15 Sept 2007

Final Safety Analysis Report

STP3 & 4

oL o 169 LS'v) vS'iz | v'69 6L'EL" 00l SOl g6 1292 gy 2.5 1 s 29'6C VN 0E6-MO L00Z/08/)
600 €e'9 80¢cl w6l | ¥69 6L€L- 00l 41418 S6 X4 o g oe 1 74 2952 VN 096-MO 900Z/82/C1
(440} 96’8 9691 ¥S'6Z | 08E 1085 26 16 18 €6'9¢ 60°L)- s 69 -4 169€ VN 626-MO L00Z/L2/9
9z0 166 €691 0692 | 08¢ 1095 26 16 18 €6'9¢ 60°LL- S 69 6v 16'9€ VN 626-MO £002/52/S
5§20 286 [491% v6'9C | 0'8E 10'6G" 26 16 18 €6°9¢ 60°LL- s 6§ 6v 16'9¢ N 626-MO L00T/LeY
120 €e0l €991 9692 | 08¢ 10'8G- 26 16 18 €6'9¢ 60°L)- s 69 6v 16'9¢ VN 626-MO L00zZ/eze
8z0| 990 LE91 €02 | 08¢ 10°5G- 26 16 18 €6'9¢ 60°LL- s 65 24 16'9¢ VN 626-MO Looereere
620 9111 2291 8e’lZ | 0'8E 10'SS- 26 L6 L8 €6'9€ 60°L)- S 65 6y 16°9€ VN 626-MO LOOZ/OE/}
8C0 | €901 916l 6.6C | 0’8t 10°S5- 26 16 L8 €6'9¢ 60°L)- S (-] 6v 16'9€ VN 626-MO 900zZ/82121
800 98'9 05'LL 9gEVZ | L'18 61°68- St ozl oLt 18'62 gre- SEE G'8E [°3:14 200E VN 826-MO 1002/L2/9
600 191 ev'il oLse| L8 6168 Sl (74} oLl 18'62 8ve- §EE S8 682 20°0€ VN 826-MO L002/52/5
600 JA A €5L) 00GC | L'I8 6168 Sl (741 okl 18'62 8r'e- G'Ee g8t g8z 200t VN 826-MO 1002/L2¥
600 16°L 90LL 6% | L8 61°G8- St ozl oLl 1862 sv'e- §'eE S8t §'82 200e VN 826-MO L00Z/62/€
600 €08 [3::18 veve | L8 61'G8- Sii ozl ot 1962 | See S'8E §'82 200¢ VN 826-MO L002/eere
010 68 9591 8¥'sZ | L'18 6168~ 118 ozl 0Ll 1862 8v'e- §'ee §'8e [*3:74 200¢€ VN 826-MO L00Z/0t/)
600 oLL 1861 IG€Z | L'I8 61°G8- Sil ozl oLl 1862 8b'e- S'EE §'8€ §8C 200¢ N 826-MO 9002/8212)
1o 8r9 selLl €8EZ | 665 ST'SS 98 16 18 SL0E 690 [0 S€ 14 69'0€ N 0L6-MO 1002/L2/9
Z10 90'L 9Z'Ll CEVT | 6'SS GC'85- 98 16 18 SL0¢ 690 ot SE 14 69°0¢ VN 016-MO L002/STIS
r4%¢] 0L XA} 2TVe | 6'SS §C'SS- 98 16 18 SLoe 690 oe S€ 74 69°0€ UN 0L6-MO L00z/L2y
z1o oL 6891 60VZ | 6'6S oA 98 16 18 sL'oe 690 (0. ge 14 69°0¢€ UN 0L6-MO L00Z/621€
€10 €L 1291 20V | 6'SS G255~ 98 16 18 sLoe 690 0t S¢ 14 69°0€ VN 0L6-MO Loozrezre
510 6ve 9z9l SL¥C | 6'6S jera g 98 16 18 SL0E 690 (0. gt 14 6902 TN 0L6-MO L002/0¢/}
€10 SeL 98'G1 12€2 | 6'GS §2'5G- o8 16 18 SL0e 690 oe S€ 14 69°0¢€ UN 0L6-MO 9002/8Z/
010 vL9 ya yit 1Zve | ve9 68°L9- 86 €0l €6 Loe vy Se ov 0t €5°0¢€ UN 8EF-MO 1002/42/9
Z10 €Ll StLlL 81'GZ | ¥'E9 69°L9- 86 €0l €6 11°0E vy Se or (0. €£50¢ N 8EY-MO L002/52/S
1o oL SSL1 0SC | ¥E9 6819 86 €0l €6 11°0e vy GE or 0.3 €5°0€ N SE-MO LOOZ/L2Y
Z10 96°L 80'LL y0'6Z | ¥'E9 6829~ 86 €01 €6 ioe vy SE or 0t €5°0€ VN 8EF-MO L002/62/€
r4%] S8 [4:5°1 L6V | v'E9 68'L9- 86 €0l €6 loe vy GE ov o€ €50¢ VN 8EP-MO 1002/22e
h4% 206 19'91 €962 | v'€9 68'L9- 86 €01 €6 Loe vy Se oy oe €5°0€ VN 8EF-MO L002/0E/)
454} 108 ZLS)L €LET | V'E9 68°L9~ 86 €0l €6 11°0E vy GE or 0ot €5°0¢ N 8EF-MO 9002/92/Z1
L0 299 8v'Ll oLvZ | 08 Ly'er [4:/2 208 zoL eL'1e g6 1€ [44 ze 05'le VN 80V-MO L00Z/L219
810 61°L vl €9vZ | 0'8E Lyer [4:]2 (4} (43 €L1e G- £ [44 [4 0s'le VN 80-MO 1002/52/S
) W [Csww | Csww) | () | (iswu) | (sBqu) | (sBau) | (sBau) | (1swu) | (isww) | (sBau) | (sBqu) | (sBau) | (1sww) Jed oM seq
w l1em01 Jeddn xp | uopeae|z | iodpiN | wonog doy uopeAs|3 | uopeaeig | jujodp|y | wonog doy uopeae|3
punoss) punous
[2] sarempuncun [1] usauog jjem 1omo {1] ueauds llem Jeddn

(PenuRUO)) BAIY ¥ B € dLS 2y} Ul S}USIpeID) dIjneIpAH [ed1LaA parewns] 8-Z1'Sh'Z @lqel

Groundwater

2.48.12-36



Rev. 0
15 Sept 2007

Final Safety Analysis Report

STP 3 & 4

03 Joud /(0Z Jo Areniqa,] ur padojaaap pue paeisur sem (Y)TZEE-MO

doepIns punoi3 mo[oq 193) = s3q Y

[2A9] B3S UBOW 329) = TSN Y

SJUSUIOINSEOW [OAJ] JojeM A[(juowl A1eniqo, ay)
‘[1om juauaoerdar e £z Jo Arenue( ur pagewep sem TZZE-MO [[om uonearasqQ [€]

L-T1'St'T 91qe], woid []
[-21'St'C 21qel, woi] [1]

1LSL €002 | 585 96'¥9- ¥6 66 68 ¥0'62 o9 =5 o¥ oc ¥5'82 VN ¥EE-MO 100212219
1954 602 | 585 96'¥9- ¥6 66 68 vo'6z oo se or oc ¥5'82 VN ¥E6-MO 1002/52/5
Sg'Sh 8voz | 585 96¥9- ¥6 66 68 062 or'9- [ ov oc ¥s'82 VN ¥E6-MO L00Z/Ley
£¥'S) 1£02 | 585 96'¥9- ¥6 66 68 ¥0'62 o9 [+ ov oe ys'82 N ¥E6-MO 1002/62/5
1Zsk ge0zZ | 588 96'¥9- ¥6 66 68 ¥0'62 99 [ or oc S8z | nree-Mo 100212212
LSL 6802 | 585 9679~ ¥6 66 68 ¥0'62 or'g- 3 oy oc 582 VN $E6-MO L00Z/0E/L
18°€L 1102 | 585 96'v9- ¥6 66 68 yo'62 or'g s or ot ¥s5'82 N ¥EE-MO 9002/82/2)
Ll SL¥Z| VOS 9228- 18 98 9L .82 €1z 1€ 9e 74 18'82 VN ££6-MO 1002/L219
1941 ZVsz | 1os 9225 18 98 9. .82 [ 1 9€ 9z 1882 VN ££6-MO L002/521S
vl S0sZ | L0g 92'25- 18 98 9L L8 €Lz 1€ o 9z 1982 VN ££6-MO 1002/ L2ty
vl 1L¥Z | 1os 9225 18 98 9L .82 che- e 9 9z 1982 VN €€6-MO 1002/62/E
9LlL 192 | 105 9225 18 98 9L 82 €1z e o€ 9z 1982 VN €€6-MO L0022
80°L) 5962 | 105 9225 18 98 9L 82 €1z e o [ 1982 VN €66-MO L00Z/0%/L
S8l gLye | 10s 9225 18 98 9L .82 cbe- e 9c 9z 1882 VN €EE6-MO 9002/82121
Wil 95z | Sov Wy SEL S8 589 60'1E she- S'ee S'8e 582 T VN ZE6-MO 1002/L2/9
1) SL'SZ | oF Wy SEL S8 589 60'le S1'Z- See s8¢ 582 Se'1E VN 2ZE6-MO 1002/6215
[ 906z | cov T S€L S8l 589 60°LE sl see L 582 I VN 2E6-MO 2002/.21y
9021 18%2 | SO R S'EL 58 589 60'lE S1'Z- See S9e 582 O VN 2E6-MO 1002/62/€
6991 6Lv2 | o L2y geL 59 589 80'1E S12- g€ s'ge 582 sele VN 2E6-MO 200212212
8.9l 0862 | €ov MW SEeL S8l 589 60'LE ST See S'ge 582 T VN 2ZE6-MO L00Z/0€/)
956l leve | cor Wy gL S8 589 60°1E ST gee g8e 582 se'le N 2E6-MO 9002182121
667} 9c6l | v'69 6LEL 00} S04 g6 1z92 seh- oc s¢ s2 2952 VN 0£6-MO 1002/L2/9
68vl 2002 | ¥'69 6LEL" 001 Sob g6 [¥4:74 8ev- oc [ 52 2952 N 0£6-MO L002/52/S
L1'S) 8802 | ¥'69 6L¢L 00} S0L g6 [¥4-74 8ev- oc 2 sz 2952 VN 0£6-MO L002/L21Y
LY S0z | ¥'69 6LEL ool =] 6 1292 8ev- oc [ sz 2952 VN 0£6-MO Looz/ezre
€9¥l 820Z | ¥'69 6L€L- 0oL 501 $6 1292 ' oc [ sz 2952 VN 0S6-MO 100212212

(swy) | swy) (iswy) | (sBqy) | (sBqy) | (sBay) | (ISWW) (aswu) | (sBqy) | (sBqy) | (sBay) [ (Iswu) Jied oM oleq

Jomol | Jeddn uopeas|3 | jujodpiy | wonog | doi uopeAs]3 | uopersry | jujodpiW | wonog | doy uopese3
punoss punosd
[z] smempunosg ..“. [1] usauds [lom JemoT [1] usauos [lem Jeddn

(PenuRUO)) BAIY ¥ B € dLS 2y} Ul S}USIpeID) dIjneIpAH [ed1LaA parewns] 8-Z1'Sh'Z @lqel

2.48.12-37

Groundwater



Final Safety Analysis Report

Rev. 0
15 Sept 2007

STP3 & 4

Kionooey & g5y 06Z'} N 008y 6Le 099817 | L9BLELE | 108 I0I8VL
Kiencoey 8 0s 516 N 000°0¢ iz 020'V-LLL | SSGHELDL | 201H078VL
Kienooey N wN 000't N 005'89 e8v 09L595 | SS6LELI0L | 10107181
208 o o SOTEASIO YN N wN LOLXgY 00g'zy N 8STVS | L9BLILME | SOW-EZ-08VL
Kienooey aN aN g8ee N o0s'vv N 98SHYS | L9GHLME | 20reZ-08-vL
Kiencooy o 508 ses'l N 005'tS ect 0LL002 | SS6H/6HL | 0E-€2-08VL
Ksancoey o¥ re 085’} N 00528 e L1061 | SSBHGHL | 10bEZ08VL
Kisnooey s 9gie vest aN oo’y 505 00819 | L9GLOME | 10E9108VL
Kianoooy aN aN 0202 N oog'le col 9LLHYT | 9961/6H6 | Z05G1-08VL
Riencoay v iy 0007 aN 000°c9 ! VYOI 622 | GSGMENL | 1ovSHO8vL
umopmaig 13 cer %20’} aN 0L'29 ey uwowyun | 9961/0H9 | 10EGH-08VL
e e oot 05 £s 0c9Z an 000'20} ozv BL8€SE | SSELSHS |  H0ZGI08VL
Kiancoey 3 viy 8ov aN o08'sy asv ¥E9905 | L96V6R | Z0MSH08VL
Riencoay o gls s08 an o0L’s} e 009006 | 9961/£2/6 | 10,-8008VL
Kiencooy s 8 e aN 00s'se sse 069065 | 9961/82/0} | 20£-8008VL
Kiencosy ce €1z oeL't an 00002} eov 028022 | SSGHELL | 40SL0-08-VL
Krar00ey 8 Vil 5002 aN 008’79 &z wwoNun | 996H/VHE | 2079991
umopmeiq s 919 Liv'e an 000281 98¢ 0'l-LIE | 9961/81/S | 1Or+999vL
wwowiun aN aN 020t aN aN aN Ovz€9 | 9961/92/5 | £06€999-VL
S06-C9-56 1. 0y M LOBEAISAO wN wN wN LoLx1e | oog'ze £sL umouyun | 996L/9ZIS |  206€9-99-VL
umopmaiq 8 695 2697 aN 001 %5} 2 09L0¥C | 9964/STIS | 20869991
umopMEIq or T vee'l aN 000'66¢ 056’ SIZ16 | e96M/lL | e08856evL
umopmeiq s Loy 8.2 aN 009’98 069 SIZ0S | 996L/W/0F | 80485691
501-05-55 01, 0y 1M UOEARSIO wN wN WN SOLXVE [ 000’z an 2025L | 996LMIOL | L0L-BS-GO-VL
Kiencosy aN aN 0ese aN 000'09} s 06505 | SS6MBZIL | 10BLSS9VL
umopmeiq L vee e aN 009'%Z us €S51EC | S96MVLE | Z0L-45G9°VL
Kianoooy 6 Vol 516 aN 0oe'sz ) SSE00C | 996L/8% | 1066rS9VL

. i ) (wdsy | (ssomun) | Gupds) (;wpd8) (sBa )
11801 ayjoeds Kianoo9y J0 PISIA FULTETTT-1 %) A Ajaponpuod leAsaju} 8jleqiseL | Jequinp JIoM

INOH-L umopmeiq ebrio)s | JAIss|wsurl) JlIneJpAH pausaidg

s)s9] Buidwng 19jinby wou} saiadold 19jinby Jeuoibay 6-zZL'St'Z @19eL

Groundwater

2.48.12-38



Rev. 0
15 Sept 2007

Final Safety Analysis Report

STP 3 & 4

100§/omuru 1od suoqed = yywds
gnurw Jod suojres = wd3

90BJINS PUNoIs Mo[aq 199J = S3q Y
100J arenbs/Aep 1od suoj[e3 = z)/pds

pauruIdR( 10N = AN

pawojaad 1593 03 oqesrdde JoN = YN

Ajuno)) UoMeyM = VZ
Auno) uosyoel = Jd
Auno)) epio3eje]N = VL
:1$9p0D) A1uno)) 119M
0-71 ' 90URINJY :90IN0S

- - - LOIX LY 0v9'e9 oy UBS OLIOWORS)

% 29 Lie 80ST an 00£'s6) v 289191 | L96VSVE | #0G-€999vZ
%y 8 i oer'L N 000°Z01 z8e 15291 | SS6MBLL | v06-2998VZ
%y 9l zee ovs aN 008’07 1e /€987 | ev6HSk | 105-2208dd
%y u g6l 005' N 00801 919 otvorl | £961/12/8 | $0/-9008-dd
%y or Vo osv') an 000’6 ese 06S Sl | SeeHElL | £0/-9008-dd
o UnEAISSI0 N wN wN LOLX¥L | 00061 oN S1Z05 | €96L/6/6 | $0L-80-08-dd
iq is 662 069' aN 00021 o6L Y9E¥0L | £961/66 | 201-90-08dd
% wN aN sev'l an 000’681 2L | o0ss%8 | ssel/siL | 101-9008'dd
o UONEARSIO wN wN YN [ ,o1xeeh | 00sOb oN umouyun | 99618y | 206-0L-1EVL
wn aN aN v9 oN aN aN 96208 | 996182 | 10601 18VL
%y ol ez gee aN 005’6z vor V6V ¥9E | L96L/9VE | S0660-18VL
o UonEARSI0 wN N WN | .01x221 | ooo'sy e TO19C | L96L/9LE | Y06BO-1EVL
%y 8c vZs 0002 aN 000°5 90¢ 122051 | SSBL/EHL | #0G60-18-VL
(yaissiusues

d ‘umopmesp vl g8 z81') aN 0oe'vy 0sz umouyun | g9eLwZE | 1OV-60-lE-VL
#oedeo oyoadg

%y st el SI0') N 000'sE 6%z 052050 | SS6L/GLL | Z08-10levL

ol (w) (wdgy | (ssemm) | upd) (ypdB) (sBa )
s8] ay3edg Aienodey 1o DIGIA JULTETTTE 2] K Ayaponpuo) leAtsyu) ejeqisel J3QUINN [19p
ot | Umopmeia eBriciS | Mssjwsues | OjnEIPAH peusaios

(panunuo)) s1sa] buidwing 18jinby wouy saiuadoad 19jinby jeuoibay 6-gL'St'Z d19geL

2.48.12-39

Groundwater



Rev. 0
15 Sept 2007

Final Safety Analysis Report

STP3 & 4

pauIIdd( 10N = AN
L-C1'St"C 20UAIRJY -¢
uonejardiogyur eyep 1s9) Surdwnd -7
8-CI'St"'C 90UI”JY -

:90In0¢ BI1R(]

6.€'LE aN Jeyinby deag uesy oaWO8D
80.'c 69l Jaynby molieys 1addn ueapy opewWoeD
602'81 £V Jayinby Mo||eyS 1oM07 uBS d14}0W0D)
000'G1 L€€ Sis8 ||V UBS JLIJDWOS)
005'21 ozv 14 0S v.61171L moljeygs 1addn SP-0¢ MW
001'} 69 8 ol £/61/82/LL | mojfeys seddn £-02 MW
000't1 169 882 ovl £L6LIVL/ZL | MOIlBYS 1emOT £8-65 wuaj Buol Z-mm
000'cl 009 0zl ovl £L61/12/LL | MOIBYS JamoT £8-6G TN
0S1'ce olv 2129 00£/002 umouyun MO||_YS JaMO1 ovL-09 MM
£€6'6Z aN zu8 ¥19/91€ 8L6L/ELI1 dseq 20.-Z0€ . Ii3W uononpold
102'v2 aN 4] 19/0Z¢ LLBLILEI0L dseq G89-0V€ 9 Il9M uononpold
000°05 aN ZL8 009/00€ GL61/22/1 dseq 0.9-062 S II3M uoHONpoId
B sJ wdB
a;_mmﬂm.va i a_mw%ﬂzwo :h_ﬁ.___v_n Asumv e 1oL sopnby _Awnnswv_ I1om
i olnelpiH Buidwng Buidwng pausaldg

Arewwng s3jnsay 1s9] Huidwing sa4nby d1S 0L-2L'St’'Z @19elL

Groundwater

2.48.12-40



Rev. 0

15 Sept 2007
STP3 & 4 i Final Safety Analysis Report

Table 2.4S5.12-11 STP Slug Test Results

Test Type Arithmetic Mean of Tests
Well Rising Head Test Method Falling Head Test Method
f'd | gpdift cmis
Butler KGS B-R Butler KGS B-R

OW-308L 64 67 65 72 73 56 66 495 2.33E-02
OW-308U 70 64 63 64 62 68 65 488 2.30E-02
OW-332L 53 54 P 49 49 55 52 389 1.83E-02
OW-332U 37 36 27 19 18 11 25 184 8.70E-03
OW-348L 58 46 44 76 61 39 54 404 1.90E-02
OW-348U P 83 88 68 71 65 75 561 2.65E-02
OW-349L 63 51 35 43 40 52 47 354 1.67E-02
OW-349U P P 43 P P 53 48 359 1.69E-02
OW-408L P 72 P 70 68 50 65 486 2.29E-02
Ow-408U 17 1 11 22 32 28 20 151 7.11E-03
Ow-420U P 33 45 ND ND ND 39 292 1.38E-02
Ow-438L 17 27 10 15 28 14 18 138 6.53E-03
OwW-438U 38 39 26 P P 24 32 238 1.12E-02
OW-910L 3 0.3 06 2 0.9 0.5 1 9 4.29E-04
Oow-910U 26 29 21 P P P 25 190 8.94E-03
OW-928L 19 11 7 P 24 21 16 123 5.79E-03
OwW-928U 19 P 8 19 16 16 16 117 5.50E-03
OW-929L 56 54 29 59 P 59 51 384 1.81E-02
OW-929U P 3 4 P 12 2 5 39 1.85E-03
OW-930L 40 37 27 24 15 19 27 202 9.52E-03
OW-930U P 23 32 P 47 48 38 280 1.32E-02
OwW-931U 34 23 20 P P 49 32 236 1.11E-02
Ow-932L 24 23 18 22 22 25 22 167 7.88E-03
Ow-932U 21 13 14 P 16 22 17 129 6.07E-03
OW-933L P 51 63 P P 64 59 444 2.09E-02
OW-933U P 10 3 8 5 3 6 43 2.05E-03
OW-934L P P 35 P P 32 34 251 1.18E-02
OW-934U P 32 33 49 P 40 38 288 1.36E-02
Geometric Mean all tests 27 205 9.66E-03

Geometric Mean Upper Shallow Aquifer | 26 192 9.04E-03

Geometric Mean Lower Shallow Aquifer 30 221 1.04E-02

P = Poor curve match or questionable data
Test Methods:

KGS = Kansas Geological Survey
B-R = Bouwer and Rice

ND = No data - data not recovered from data logger
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Table 2.4S5.12-13 Hydraulic Conductivity of Clay

Soil Boring/Sample Depth Hydraulic Conductivity | Hydraulic Conzductivity
(ft) (cm/s) (gpd/ft’)
B-601 S2 3 36x107 0.0076
B-241 T3 9 24x10°® 0.051
B-242 T3 9 12 x10° 0.025
B-601 T5 9 24x10° 0.00051
B-601 T9 29 26x10° 0.00055
B-400 T11 39 40x10% 0.00085
Geometric Mean 1.72 x 107 0.0036

Source: Reference 2.4S.12-9, Section 2.5.4.2.6.1
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Table 2.45.12-14 Representative Properties of Hydrogeologic Units

Representative
Hydrogeologic Unit Property Units Value Range Source
Thickness ft 20 10-30 Figure 2.4S.12-20
. Vertical Hydraulic gpd/ft? 0.004 0.05-0.0005 Table 2.4S.12-13
Upper Shallow Aquifer Conductivity
Confining Layer
Bulk (dry) Density pcf 101 96.4 - 114.9 Table 2.45.12-12
Total Porosity % 40 31.8-42.8 Table 2.4S.12-12
Thickness ft 25 20-30 Figure 2.4S.12-20
Horizontal Hydraulic gpd/ﬂ2 192 39-561 Table 2.4S.12-11
Conductivity
Upper Shallow Aquifer Hydraulic Gradient ft/ft 0.002 0.001-0.002 Section 2.45.12.2.2
Bulk (dry) Density pcf 99 97.2 - 100.2 Table 2.4S.12-12
Total Porosity % 41 39.5-41.7 Table 2.4S.12-12
Effective Porosity % 33 31.6-33.4 Table 2.4S.12-12
Thickness ft 20 15-25 Figure 2.4S.12-20
Vertical Hydraulic ft/ft 0.29 0.079-0.29 Table 2.4S.12-8
Gradient
Lower Shallow Aquifer ™, % = o ic ™ [ gpdii2 0.004 0.05-0.0005 Table 2.45.12-13
Confining Layer o
Conductivity
Bulk (dry) Density pcf 99 87.3-107.7 Table 2.4S.12-12
Total Porosity % 42 36.1-47.2 Table 2.4S.12-12
Thickness ft 40 25-50 Figure 2.4S.12-20
Horizontal Hydraulic gpd/ft2 543 410-651 Table 2.4S.12-10
Conductivity
Lower Shallow Aquifer Hydraulic Gradient ft/ft 0.0004 0.0004 Section 2.45.12.2.2
Bulk (dry) Density pcf 102 94.5-120.0 Table 2.4S.12-12
Total Porosity % 39 28.8-43.9 Table 2.4S.12-12
Effective Porosity % 31 23.0-35.1 Table 2.4S.12-12
Thickness ft 100 100-150 Section 2.45.12.3.1
i . Vertical Hydraulic gpd/ft? 0.004 0.05-0.0005 Table 2.4S.12-13
Deep Aqtlx-lfer Confining Conductivity
ayer
v Bulk (dry) Density pcf 101 82.1-111.4 Table 2.4S.12-12
Total Porosity % 41 33.4-51.8 Table 2.4S.12-12
Horizontal Hydraulic gpd/ﬂ2 420 103-3,950 Table 2.4S.12-9
Conductivity
Horizontal Hydraulic ft/ft 0.002 0.0006-0.002 Section 2.4S.12.2.2
Gradient
Deep Aquifer Bulk (dry) Density pcf 102 94.5-120.0 Lower Shallow
Aquifer
Total Porosity % 39 28.8-43.9 Lower Shallow
Aquifer
Effective Porosity % 31 23.0-35.1 Lower Shallow
Aquifer
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Table 2.4S.12-17 Estimated Average Linear Velocity and Travel Time

Hydrogeologic Unit/Pathway
Upper Shallow
Property Aquifer Upper Shallow Lower Shallow UppAerfilfm.:!low LowAe r Ei'f‘::low
Discharge at Aquifer at Well | Aquifer at Well msc?mge at DI sc‘:lam at
trlbut:g :tast of 2004120846 2004120846 Colorado River Colorado River
Representative
Value 192 192 543 192 543
£ (gpd/ft’)
=
2 Range
3 - - 561 - - 561 410 - 651
g (gpdift)) 39 - 561 39-56 410 - 651 39-56 10-65
(3]
L2 Representative
E Value (ft/day) 26 26 72 26 72
°
£
Range (ft/day) 5§-75 5-75 55 - 87 5-75 55 - 87
Representative
%» E Value (ft/ft) 0.002 0.002 0.0004 0.002 0.0004
FE
3E
o Range (ft/ft) 0.001 - 0.002 0.001 - 0.002 0.0004 0.001 - 0.002 0.0004
Representative
2> Value 0.33 0.33 0.31 0.33 0.31
§ ] (decimal)
S
wa Range . . . B .
(decimal) 0.316 - 0.334 0.316 - 0.334 0.23 - 0.351 0.316 - 0.334 0.23 - 0.351
s Representative
% z Value (f/day) 0.2 0.2 0.09 02 0.09
o 8
ge
>
2 Range 0.03-0.5 0.03-0.5 0.06-0.2 0.03-0.5 0.06-0.2
< (fday)
§ Distance to
g Receptor (ft) 7,300 9,000 9,000 17,800 17,800
[=)
Representative
g Value (day) 36,500 45,000 100,000 89,000 197,800
E
2
18,000 - 89,000 -
'g Range (day) 14,600 — 243,300 300,000 45,000 - 150,000 | 35,600 — 593,300 296,700
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PROVINCE MAX. ELEV. (ft)[MIN. ELEV. (ft) TOPOGRAPHY GEOLOGIC STRUCTURE BEDROCK TYPES
Gulf Coastal Plains
Coastal Prairies 300 0 Nearly flat prairie, <1 ft/mi to Gulf Nearly flat strata Deltaic sands and muds
800 300 Parallel ridges (questas) and valleys | Beds tilted toward Gulf Unconsolidated sands and muds
1000 450 Low rolling terrain Beds tilted south and east Chalks and marls
1250 450 Low stairstep hills west; plains east Strata dip east Calcareous east; sandy west
3000 450 Flat upper surface with box canyons Beds dip south; normal faulted Limestones and dolomites
2000 1200 | Steep-walled canyons Limestones and dolomites
4200 1700 Mesa-formed terrain; highs to west Unfaulted, near-horizontal beds | Carbonates and alluvial
2000 800 Knobby plain; surrounded by questas | Centripetal dips, strongly faulted | Granites; metamorphics; sediments
3000 900 Low north-south ridges (questas) West dip; minor faults Limestones: sandstones; shales
High Plains
Central 4750 2900 Flat prairies slope east and south Slight dips east and south Eolian silts and fine sands
Canadian Breaks 3800 2350 Highly dissected; local solution valleys
Southern 3800 2200 Flat; many playas; local dune fields
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Figure 2.4S.12-3 Physiographic Map of Texas (modified from Reference 2.4S.12-1)
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72000000 1572 Abars Equlea Cone prmcton Sandars
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ey
\:l High Plains aquifer
\:’ Coastal lowlands aquifer system

L___l Texas coastal uplands aquifer system

-Rush Springs aquifer
-Blaine aquifer

~Central Oklahoma aquifer
-Ada-Vamoosa aquifer

Edwards-Trinity aquifer system
-Edwards-Trinity aquifer
- -Edwards aquifer

- ~Trinity aquifer

-Ozark Plateaus aquifer system

-Arbuckle-Simpson aquifer

Confining unit

ENEN[/HEN

Nota principal aquifer

Figure 2.4S.12-4 Aquifers of Texas (modified from Reference 2.4S5.12-2)
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Strat hic uni Hydrogeologic unit Hydrogeologic nomenclature
Era | System| Series tratigraphic; unit Lithology commonly used in Texas used in this report
Modffied from Baker, 1979 Modified from Baker, 1979 Modified from Weiss, 1992
Holocene Alluvium
> Sand, silt, and Permeable zone A
g Beaumont Formation clay Chicot aquifer
o .
§ Pleistocene Montgomery Forrr?atlon
I5} Bentley Formation
Willis Sand Sandélsallt, and Permeable zone B 5
4 &
@
Pliocene Goliad Sand : Evangeline aquifer &
8and, IS”t, and Permeable zone C El
clay @
Fleming Formation Clay, silt and Burkeville confining unit Zone D confining urit [1] g
sand ] m
Q ; B
§ Miocene Oakville Sandstone 5
c y ]
2 Catahoula Sandstone Sand,si, and Permeable zone D 2
or Tuff [2 clay 3
(2] J if 3
pY— Catahoula asper aquifer
> Formation [1] Clays,:ljlléand cor:jt;?tmg Zone E confining unit [1]
g (restricted)
Frio i
L
© Formation [1] Sa“délsa"';v and Permeable zone E
Oligocene
; Vicksburg
Frio Clay (3] Formation [1]
3 Whitsett Formati
Itse’ ormation i 7
(% ‘ Clay and silt Vicksburg-Jackson Vlcgsrl?flijr:?r;Jalj:ll](i?on
Eocene =t Manning Clay confining unit 9
z Wellborn Sandstone
[&}
5 Caddell Formation

[1] Present only in the subsurface

[2] Called Catahoula Tuff west of Lavaca County
[3] Not recognized at surface east of Live Oak County

Figure 2.45.12-5 Correlation of USGS and Texas Nomenclature (modified from Reference 2.4S5.12-2)
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318 SiE
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confining unit
4,000 -
DATUM 1S SEA LEVEL VERTICAL SCALE GREATLY EXAGGERATED

o] 5 10 MILES
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Notes:

Coastal lowlands aquifer system—Dot patterned area indicates freshwater

Texas coastal uplands aquifer system

Confining unit

D Hydrogeologic unit—See figure 2.4S5.12-5

Figure 2.4S5.12-6 Generalized Cross Section through the Coastal Lowlands/Coastal Uplands Aquifer Systems
(modified from Reference 2.4S5.12-2)
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Figure 2.4S.12-7 Major Aquifers of Texas (Reference 2.4S.12-3)
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Figure 2.4S5.12-8 Sole Source Aquifers in EPA Region VI (Reference 2.4S.12-4)
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Figure 2.4S.12-9 Regional Hydrogeologic Cross Section through the Gulf Coast Aquifer System (Reference 2.4S.12-5)
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Figure 2.4S.12-11 Safe Drinking Water Information System (SDWIS) Water Supply Systems in Matagorda County
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Figure 2.4S5.12-12 Well Locations in Matagorda County and Adjacent areas from the TWDB Database (See Plate | of
Appendix 2.4S.12-A for clarity)
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Figure 2.4S.12-13 Coastal Plains Groundwater Conservation District Well Locations (See Plate Il of Appendix 2.4S.12-
A for clarity)
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Figure 2.4S.12-15 Potentiometric Surface in the Deep Aquifer in Matagorda County in 1967 (modified from Reference
2.4S.12-6)
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Figure 2.4S.12-19 Quarterly Potentiometric Surface Maps in the STP 3 & 4 Areas
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Figure 2.4S5.12-24 Hydrographs of Wells in the STP 3 & 4 Area
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Regional STP Deep STP Shallow Regional STP Deep STP Shallow
Trans?nissivit Aquifer Aquifer Storage Aquifer Storage Aquifer Storage
Parameter y Transmissivity Transmissivity Coefficient Coefficient Coefficient
(gpd/ft) (gpd/ft) (gpd/ft) (unitless) (unitless) (unitless)
Sample Size (N) 40 3 5 6 2 4
Standard 71,936 14,526 11,620 0.0006 0.0004 0.0006
Deviation
Mean 84,500 33,245 14,320 0.0008 0.0005 0.0009
Geometric Mean 63,725 31,379 9,295 0.0005 0.0004 0.0008
Median 63,800 25,533 13,000 0.0010 0.0005 0.0007
Transmissivity Storage Coefficient
10 10 7% 3
1074 1073 = ?A-"
i L 2
104 o 10 7% o I
10 T T T 1073 | | |
Regional STP Shallow STP Deep Regional STP Shallow STP Deep

Figure 2.4S.12-25 Summary of Aquifer Transmissivity and Storage Coefficient Data from Aquifer Pumping Tests
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Lower Shallow Aquifer Slug Test Hydraulic Conductivity
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Figure 2.45.12-26 Contour Maps of Hydraulic Conductivity from Slug Tests in the Shallow Aquifer
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Regional Hydraulic STP Aquifer Pumping Test sTP3lug '_I'est S IPGram .S'Ze
Conductivit Hydraulic Conductivit Hydraulic Hydraulic
Parameter s y y \ y Conductivity Conductivity
d/ft d/ft
Sample Size (N) 35 5 28 12
Standard Deviation 623 230 152 40
Mean 540 429 266 125
Geometric Mean 420 337 205 120
Median 413 420 244 108
Hydraulic Conductivity
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iy
g‘ 2000 |
1000 —
Regional STP Pump TestSlug Test  GrainSize

Figure 2.4S.12-27 Summary of Hydraulic Conductivity from Aquifer Pumping Tests, Slug Tests, and Grain Size
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Figure 2.4S.12-28 Relationship of Porosity, Specific Yield, and Specific Retention (Reference 2.4S5.12-18)
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Hydrogeologic
Unit Zone Ground Surface  Thickness Geologic Materials
Hpper Shallow.Aquifer 10-30 t Clay and Silt
Confining Layer
. Silty Sand and Poorly
§ Upper Shallow Aquifer 20-30 1t Graded Sand
3
< Lower Shallow Aquifer g
g Confining Layer 15-251t Clay and Silt
=
=
2]
Silty Sand and Poorly
Lower Shallow Aquifer 25-50ft Graded Sand with thin
Clay and Silt Layers
g
>
3
[=)]
=
£
kS
S 100 - 150 Silty Clay and Silt with thin
2 ft Sand Layers
£
>
o
<
o
[}
[
(a]
2

2.48.12-76

Deep Aquifer

Layers

Figure 2.4S5.12-29 Simplified Hydrostratigraphic Section
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Figure 2.45.12-30 Trilinear Diagram of Hydrogeochemical Data
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