FSAR: Section 2.4 Hydrologic Engineering

24 HYDROLOGIC ENGINEERING

This section of the U.S. EPR FSAR is incorporated by reference with the following departures
and supplements.

2.4.1 Hydrologic Description
The U.S. EPR FSAR includes the following COL Item for Section 2.4.1:

A COL applicant that references the U.S. EPR design certification will provide a
site-specific description of the hydrologic characteristics of the plant site.

This COL Item is addressed as follows:

{This section identifies the interface of BBNPP with the hydrosphere. It also identifies the
hydrologic causal mechanisms that will establish the design basis with respect to floods and
water supply requirements. Information on surface water and groundwater uses that may be
affected by plant operation is also included in this section.

References to elevation values in this section are based on the North American Vertical Datum
of 1988 (NAVD 88), unless stated otherwise.

Sections 2.4.1.1 through 2.4.1.3 are added as a supplement to the U.S. EPR FSAR.

24.1.1 Site and Facilities
2.4.1.1.1 BBNPP Site Description

The proposed BBNPP site is located in Salem Township, Luzerne County, Pennsylvania (PA), on
the west side of the North Branch of the Susquehanna River (NBSR) (within the Middle
Susquehanna Sub-basin), as shown on Figure 2.4-1. The proposed BBNPP site is situated in the
Walker Run watershed, which is has a drainage area of 4.32 mi? (11.16 km?). The BBNPP
Property is also adjacent to Susquehanna Steam Electric Station (SSES) Units 1 and 2 in an area
of open deciduous woodlands, interspersed with cultivated fields and orchards. The BBNPP
property sits on a relatively flat upland area, 219 ft (66.8 m) above the nominal Susquehanna |
River level, as shown in Figure 2.4-2. The BBNPP site is approximately:

¢ 1.7 mi (2.7 km) north-northeast of the confluence of Walker Run and the NBSR, |
¢ 22 mi (35 km) downstream of Wilkes-Barre, PA,

4 5 mi (8 km) upstream of Berwick, PA, and
¢

70 mi (113 km) north-northeast of Harrisburg, PA.

Portions of the BBNPP site area are covered by glacial deposits, as the site area was subjected |
to both glacial and periglacial events during the Quaternary Epoch. Much of the specific plant
site is largely devoid of glacial deposits. The overburden is composed predominantly of

residual soil that formed from weathering of the underlying shale with glacial till occurring

only in sparse locations. Devonian bedrock lies beneath the overburden. Erosion and down
cutting from the Susquehanna River and its tributary streams have dissected the overburden,
leaving many exposed bedrock outcrops throughout the site area. Topographic relief within a

5 mi (8 km) radius around the BBNPP site varies from just under 500 ft (152 m) on the |

floodplain of the NBSR, to greater than 1,700 ft (518 m) along Nescopeck Mountain (see |

Figure 2.4-2). |
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The NBSR flows from north to south past the SSES and makes a broad, 90 degree angle turn

(i.e., Bell Bend) to the west before reaching Berwick, PA. The proposed BBNPP Intake Structure

is approximately 22 miles (35 km) downstream of Wilkes-Barre, PA and 5 miles (8 km)

upstream of Berwick, PA. The site of the BBNPP Intake Structure is the reference for the BBNPP
site with respect to distances along the NBSR. The NBSR ultimately receives all surface water
that drains from the BBNPP site. |

Two hills extend from east to west along the north side of the BBNPP property, and Walker
Run stream runs through the valley that they form (see Figure 2.4-3). Walker Run is a relatively
small stream but is the largest in the immediate vicinity of the BBNPP site. Walker Run flows
southward along the western side of the BBNPP, and there is a considerable drop in elevation
from the hill tops within the Walker Run watershed to the Susquehanna River. Table 2.4-1
shows the approximate runoff flow path lengths and slopes within the Walker Run watershed
sub-basins. An unnamed tributary to Walker Run shown in Figure 2.4-3 as Unnamed Tributary
1 flows along the eastern and southern BBNPP protected area boundary and enters Walker
Run on the southwest side of the BBNPP property. A second unnamed tributary shown in
Figure 2.4-3 as Unnamed Tributary 2 flows southeastward through the BBNPP property and
empties into Unnamed Tributary 1. The Walker Run watershed has a drainage area of 4.32 mi?
(11.61 km?). Based on the runoff of these streams and the proposed Site Utilization Plant
Layout (see Figure 2.4-5), the Walker Run watershed can be divided into eleven sub-basins as
illustrated in Figure 2.4-3.

SSES is located approximately 1 mi (1.6 km) from the BBNPP Nuclear Island, on the west bank
of the NBSR on a relatively flat plain of gently rolling hills. The grading of the SSES was
designed to direct storm water away from the safety related buildings by a system of culverts,
surface drainage channels, and underground storm drains towards the NBSR (PPL, 1999b). The
SSES plant grade elevation is approximately 670 ft (204.2 m) msl, which is approximately 49 ft
(14.9 m) below the BBNPP finished plant grade elevation of 719 ft (219.2 m) NAVD 88. Due to
its distance from the SSES and the difference in elevation, runoff from the SSES property
would not impact the BBNPP property. Runoff from the BBNPP is directed towards infiltration
basins and detention basins located throughout the BBNPP property (see Figure 2.4-102),
which help preserve the pre-development hydrologic conditions and allow runoff to
discharge naturally to the surrounding wetlands and drain south via Unnamed Tributary-1,
Unnamed Tributary-2 and Walker Run to the NBSR. Therefore, runoff from the BBNPP property
would not impact the existing SSES property. Furthermore, the SSES is located outside of the
Walker Run watershed (see Figure 2.4-3). Figure 2.4-4 illustrates the BBNPP site grading plan
and runoff flow paths. All runoff will be routed through drainage (or infiltration) basins and
detention basins based on the site drainage system as shown on Figure 2.4-102. Site drainage
areas were established based on the direction in which surface runoff is routed to each
infiltration basin and detention basin. The result was seven distinct drainage areas, which are
shown on Figure 2.4-103. The site grading plan, which is also presented in Figure 2.4-103, is
supplementary to the site drainage system design. When analyzing the effects of local intense
precipitation at the site in Section 2.4.2, the Powerblock area (i.e., Basin 10.4; see Figure 2.4-4)
was divided into additional areas in order to evaluate ponding effects in the vicinity of the
safety-related structures: Basin 10.4A includes the area that is is occupied by all safety-related
facilities at elevation 718 ft NAVD 88 (top of soil reflecting 12 inches of crushed stone below
elevation 719 ft NAVD 88) based on the site grading plan, Basin 10.4B receives the overflow
from Basin 10.4A and conveys all runoff away from the site, and Basin 10.4C (which is located
immediately west of the safety-related ESWEMS Retention Pond) acts as a catch basin by
collecting overflow from the Wetland Area. Figure 2.4-4 shows the nine site drainage areas
that were considered when evaluating the effects of local intense precipitation using U.S.
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Army Corps of Engineers (USACE) Hydrologic Engineering Center (HEC)-Hydrologic Modeling
System (HMS) Version 3.1.0 software (USACE, 2006), which is discussed in detail in Section
2.4.2.

2.4.1.1.2 BBNPP Facilities

The BBNPP will be a U.S. Evolutionary Power Reactor (EPR). The U.S. EPR is a pressurized water
reactor design. The BBNPP design is a four-loop, pressurized water reactor, with a reactor
coolant system composed of a reactor pressure vessel that contains the fuel assembilies, a
pressurizer including ancillary systems to maintain system pressure, one reactor coolant pump
per loop, one steam generator per loop, associated piping, and related control systems and
protection systems. |

The Reactor Building is surrounded by the Fuel Building, four Safeguard Buildings, two
Emergency Diesel Generator Buildings, the Nuclear Auxiliary Building, the Radioactive Waste
Processing Building and the Access Building. Figure 2.4-5 shows the layout for BBNPP,

depicting main features: BBNPP Property Boundary, water intake, discharge pipelines, and |
switchyard.

The BBNPP Reactor Building is a cylindrical reinforced concrete vertical structure, capped with

a reinforced \ enclosed spherical dome ceiling. The Reactor Building is approximately 186 ft
(56.7 m) in diameter with an overall height of about 240 ft (73.2 m). The finished plant grade |
for BBNPP will be at an elevation of approximately 719 ft (219.2 m) NAVD 88. With the bottom |
of the Reactor Building foundation 35 ft (11 m) below grade, the new Reactor Building will rise
205 ft (62.5 m) above grade. The top of the Reactor Building will be at an elevation of
approximately 924 ft (281.6 m).

Safety-related facilities for the BBNPP are located at the finished plant grade elevation of 719 ft |
(219.2 m) NAVD 88. The safety-related structures in the BBNPP Powerblock area include the |
following: reactor complex (consisting of the reactor, fuel, and safeguards buildings),
emergency diesel generator buildings, and the ESWS cooling towers.

The BBNPP will have a closed-loop cooling system. The BBNPP Cooling Towers will be round
concrete structures with a diameter of approximately 350 ft (107 m) at the base and an
approximate height of 475 ft (145 m). Other BBNPP buildings will be concrete or steel with
metal siding.

The BBNPP Intake Structure will be located on the NBSR downstream from the existing SSES
Units 1 and 2 intake structure as shown in Figure 2.4-10. The makeup water for the ESWS
cooling towers will normally be supplied from the non-safety-related Raw Water Supply
System, located in the BBNPP Intake Structure. It withdraws water from the NBSR. ESWS
cooling tower basins will also serve as the Ultimate Heat Sink (UHS) cooling water storage
volumes for use during design basis accidents (DBA). ESWS cooling tower basin inventory will
provide cooling water for safety-related heat removal for the first 72 hours during DBA
conditions. The ESWS makeup water after the first 72 hours under DBA conditions will be
supplied directly from the ESWEMS Retention Pond.

2.4.1.1.3 BBNPP Flood Design Basis

The design basis flood elevation for the BBNPP site was determined by considering a number
of different flooding possibilities. These include the Probable Maximum Flood (PMF) on
streams and rivers, potential dam failures, probable maximum surge and seiche flooding,
probable maximum tsunami, and ice effect flooding. Each of these flooding scenarios was
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investigated in conjunction with other flooding and meteorological events, such as wind
generated waves, in accordance with guidelines presented in ANSI/ANS 2.8-1992 (ANS, 1992).
Adequate drainage capacity will be provided to prevent flooding of safety-related facilities
and to convey storm water runoff from the roofs and buildings away from the plant. Detailed
discussions on each of these flooding events and how they were estimated are found in
Section 2.4.2 through Section 2.4.8.

The most significant flood event on record is the 1972 flood which resulted from Hurricane
Agnes and occurred throughout the Mid-Atlantic region of the United States. On June 25,
1972, ariver crest of 517.35 ft (157.7 m) msl was observed near the SSES Units 1 and 2 intake
structure (Ecology Ill, 1986). Discussion of peak stream flow is presented in Section 2.4.1.2.1.7.

The finished plant grade elevation will be 719 ft (219.2 m) NAVD 88 (Section 2.5.4). The
elevation of the Susquehanna River 100-year (yr) floodplain is approximately 513 ft (156 m)
National Geodetic Vertical Datum of 1929 (NGVD 1929) (Federal Emergency Management
Agency (FEMA), 2008) or 512.3 ft (156.1 m) NAVD 88. Thus, the BBNPP is approximately 206.7 ft
(63.0 m) above the Susquehanna River 100-yr floodplain. The Susquehanna River PMF peak
discharge and water surface elevation near the BBNPP site were estimated by following the
procedures provided in the United States Nuclear Regulatory Commission (NRC) Regulatory
Guide 1.59 (NRC, 1977) and the American National Standards Institute (ANSI)/American
Nuclear Society (ANS) 2.8 (ANS, 1992), respectively. The PMF peak discharge was estimated as
1.13 million cfs (31,998 m3/s) resulting in a peak water surface elevation (WSE) of
approximately 548 ft (167.0 m) NAVD 88 at the location of the proposed BBNPP Intake
Structure. The BBNPP finished plant grade elevation is approximately 171 ft (52.1 m) above the
estimated Susquehanna River PMF elevation.

The maximum water level due to local intense precipitation, or the local Probable Maximum
Precipitation (PMP), at the BBNPP site is estimated and discussed in Section 2.4.2. The
safety-related structures in the Powerblock area (i.e., Basin 10.4A; see Figure 2.4-4) consist of
two ESWS Cooling Towers located in the northwest corner, Emergency Diesel Generator
Buildings located north and south of the Nuclear Island and the Reactor complex, which
consists of the Reactor, Fuel and Safeguards Buildings. The locations of the buildings are
shown on Figure 2.4-5. The entrances to each of these structures are located at or above the
finished floor grade elevation 720 ft (219.5 m) NAVD 88. The maximum water level in the
Powerblock is elevation 718.36 ft (218.96 m) NAVD 88, which is 1.64 ft (0.50 m) below the
reactor complex finished floor grade at elevation 720 ft (219.5 m) NAVD 88.

The estimation of the PMF water levels on Walker Run and tributary creeks located near the
proposed BBNPP are discussed in detail in Section 2.4.3. Section 2.4.3 describes the Walker Run
watershed models that were developed to determine the runoff hydrographs, peak flows, and
the resulting flood stage elevations. The scope of this analysis includes the HEC-HMS 3.1.0
evaluation of the all-season Probable Maximum Storm (PMS) to develop the runoff
hydrographs and peak flows, and the HEC-RAS 4.1 evaluation to determine the resulting flood
stage elevations in the vicinity of the proposed BBNPP. The PMF evaluation of local streams
(i.e., Walker Run, Unnamed Tributary-1 and Unnamed Tributary-2) near the BBNPP indicate a
maximum PMF water surface elevation of 715.03 ft (217.94 m) NAVD 88 along Unnamed
Tributary-2, which is approximately 3.97 ft (1.21 m) below the finished plant grade elevation of
719 ft (219.2 m) NAVD 88 as shown on Figure 2.4-33.

The safety-related ESWEMS Retention Pond is located southeast of the Powerblock area, as
shown on Figure 2.4-5. Grading around the ESWEMS Retention Pond is sloped to keep surface
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stormwater from entering the pond. To prevent an overflow caused by malfunction of the
makeup system or by rainfall accumulation in the ESWEMS Retention Pond, a spillway
(elevation of 698 ft (212.75 m) NAVD 88) is provided to drain excess storage. A general
arrangement figure of the ESWEMS area is provided on Figure 2.4-36. The top of the dike of
the ESWEMS Retention Pond is at elevation 700 ft (213.4 m) NAVD 88 and the grade level of
the ESWEMS Pump House is at elevation 700.5 ft (213.5 m) NAVD 88. Assuming no losses, the
maximum water level resulting from local intense precipitation in the ESWEMS Retention
Pond was estimated to be 698.36 ft (212.86 m) NAVD 88 as presented in Section 2.4.2. Wave
run up within the ESWEMS Retention Pond during the local intense precipitation event was
analyzed and discussed in Section 2.4.8. The wave action elevation resulting from the 1,000
year wind event, assuming that the initial water surface elevation within the ESWEMS
Retention Pond is equivalent to 698.36 ft (212.86 m) NAVD 88, was estimated to be 699.83 ft
(213.31 m) NAVD 88. Therefore, there is 0.17 ft (0.05 m) of freeboard to the top of the dike
embankment at elevation 700 ft (213.4 m) NAVD 88 and 0.67 ft (0.20 m) of freeboard to the
grade level of the ESWEMS at elevation 700.5 ft (213.5 m) NAVD 88.

Section 2.4.4 discusses the water control structures within the Susquehanna River Basin and
potential flood impacts to the safety-related facilities on site that would occur in the event of
simultaneous dam failures. The peak flow resulting from the dam break discharges on the
Susquehanna River near the project site is estimated to be 244,000 cfs (6,909 m3/s). The
resulting peak flow is less than the peak flow on record from Hurricane Agnes (345,000 cfs
(9,769 m3/s) at Wilkes-Barre on June 24th 1972 and 363,000 cfs (10,279 m3/s) at Danville on
June 25th, 1972 (USGS, 2008a)(USGS,2008b)), during which a river crest of 517.35 ft (157.69 m)
msl was observed near the SSES Units 1 and 2 intake structure (Ecology lll, 1986). Therefore,
the water level from the simultaneous failure of upstream dams is significantly below the
finished plant grade elevation of 719 ft (219.2 m) NAVD 88, and the estimated flow of 244,000
cfs (6909 m3/s) will not impact the BBNPP site.

The BBNPP site lies approximately 107 mi (172 km) inland from the Chesapeake Bay, which is
downstream from the BBNPP site. Because the plant site is more than 100 mi (161 km) from

the nearest coast, the elevation of the plant is 206 ft (62.8 m) above the 100-yr floodplain of |
the Susquehanna River, and there are no major water bodies adjacent to the BBNPP property, |
potential tsunami flooding and storm surge and seiches flooding are not applicable
considerations for this site and are not factors which could cause flooding. Further discussion

is presented in Section 2.4.5 and Section 2.4.6. |

2.4.1.2 Hydrosphere
2.4.1.2.1 Hydrological Characteristics

Two hills extend from the east to west along the north side of the BBNPP property, and Walker
Run flows through the valley that they form (see Figure 2.4-3). The highest ground surface
elevation within the Walker Run watershed is approximately 1,160 ft (353.6 m) NAVD 88.
Surface elevations decrease to the east and south toward the NBSR. Surface runoff from the
Walker Run watershed drains via small streams southward toward the NBSR. These streams |
include one named stream (Walker Run) and two small unnamed streams (Unnamed
Tributary-1 and Unnamed Tributary-2); note that the Unnamed Tributary-3 discharges directly
to the NSBR and is located outside of the Walker Run watershed. In addition, several small
ponds are located within the Walker Run watershed (see Figure 2.4-3). |

There is a considerable drop in elevation from the hill tops within the Walker Run watershed to
the Susquehanna River. Table 2.4-1 shows the approximate runoff flow path lengths and
slopes within the Walker Run watershed sub basins. |
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2.4.1.2.1.1 Susquehanna River

The Susquehanna River is approximately 444 mi (715 km) in length. The Susquehanna River
has its headwaters at Cooperstown, Otsego County, located in upstate New York (NY). The
Susquehanna River profile is shown in Figure 2.4-6.

The Susquehanna River Basin has a delineated area of 27,510 mi? (71,251 km?) (SRBC, 2008b).
The location and extent of the Susquehanna River Basin and its six (6) sub-basins are shown in
Figure 2.4-1. More than three-quarters of the entire Susquehanna River Basin lies in
Pennsylvania (PADEP, 2008e).

In New York, several headwater tributaries discharge into the Susquehanna River including the
Unadilla, the Chenango, the Otselic and the Tioughnoiga rivers (PADEP, 2008g). To the west,
the Chemung River is formed by Cohocton, Canisteo, Cowanesque and Tioga rivers. The
Chemung River joins the Susquehanna in Bradford County, Pennsylvania. In total, 6,275 mi?
(16,252 km?) of New York drain to the Susquehanna River (PADEP, 2008g).

In Pennsylvania, the Susquehanna River flows south and east before turning southwest above
Wilkes-Barre. The branch of the Susquehanna River upstream from Sunbury is unofficially
referred to as the NBSR. From Sunbury, the river flows south towards Harrisburg, being joined
north of Harrisburg by another large tributary, the Juniata. Beyond Harrisburg, the

Susquehanna River again turns southeast forming the boundary between York and Lancaster
counties before entering Maryland (PADEP, 2008g). At its mouth, it empties into the northern
end of the Chesapeake Bay at Havre de Grace, Hartford County, Maryland (MD), at an elevation |
of 0 ft (0 m) msl.

The BBNPP site is located within the Middle Susquehanna River sub-basin. The Middle
Susquehanna River Sub-Basin covers an area of 3,771 mi? (9,767 km?).

2.4.1.2.1.2 North Branch of the Susquehanna River (NBSR)

The branch of the Susquehanna River upstream from Sunbury is unofficially referred to as the
NBSR. The NBSR flows southeast through high, flat-topped plateaus separated by steep-sided
valleys. As it flows downstream the NBSR is joined by the Lackawanna River where it turns
southwest and flows towards Sunbury, PA (SRBC, 2008a).

The NBSR flows through 8 counties in Pennsylvania, while receiving drainage from areas
within 14 counties in Pennsylvania.

The NBSRis utilized to supply makeup to the Circulating Water System and Raw Water Supply
System. It does not serve as the ultimate heat sink. The NBSR is not utilized for any
safety-related purposes. Low water levels in the NBSR are investigated in Section 2.4.11. |

2.4.1.2.1.3 Walker Run & Unnamed Tributary-1 |

Walker Run flows towards the south until it converges with the NBSR, at approximately River
Mile 164 (264 km). Walker Run collects runoff from the area surrounding the BBNPP site and |
areas north, west, and southwest of the BBNPP site. The drainage area for the Walker Run
watershed is approximately 4.32 mi® (11.16 km?) (Figure 2.4-3). Walker Run has a differencein |
elevation of approximately 290 ft (88.4 m) over its entire length with an overall slope of 1.5%. |
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Unnamed Tributary-1 (also known as the East Branch of Walker Run) flows along the eastern |

and southern protected area boundary of BBNPP and discharges into Walker Run on the |
southwest side of the BBNPP protected area boundary (see Figure 2.4-3). |
2.4.1.2.1.4 Unnamed Tributary-2 |
A second unnamed tributary (Unnamed Tributary-2) flows southeastward through the BBNPP |
property and empties into Unnamed Tributary-1 (see Figure 2.4-3). |
2.4.1.2.1.5 Unnamed Tributary-3 |
A third unnamed tributary (Unnamed Tributary-3) flows southeastward below the BBNPP |
property and empties into the NBSR about 0.8 mi (1.3 km) upstream from the Walker Run |

confluence. Its drainage area is not part of the Walker Run watershed (see Figure 2.4-3).

24.1.2.1.6 Gauging Stations

There are no gauging stations within the Walker Run watershed. The NBSR gauging stationsin |
Pennsylvania that gauge both surface water elevation and water flow and are located close to
the BBNPP site, include the United States Geological Survey (USGS) gauging stations at
Wilkes-Barre, PA (Station No. 01536500), and Danville, PA (Station No. 01540500). These

stations are located upstream, and downstream of the proposed BBNPP Intake Structure,
respectively (Figure 2.4-7).

The Wilkes-Barre gauging station is located approximately 24 mi (38.6 km) upstream from the
BBNPP site. The drainage area of the NBSR at Wilkes-Barre is approximately 9,960 mi? (25,796
km?) (USGS, 2008b), and the average annual flow calculated from the mean daily streamflow
data recorded at the USGS gauging station for a 108-yr period (1899-2006) is 13,641 cfs (386
m3/s) (USGS, 2008i). At Wilkes-Barre, the maximum streamflow was recorded on June 24th,

1972 and noted as 345,000 cfs (9,769 m3/s) and the daily minimum streamflow noted was 532
cfs (15.1 m3/s), recorded on September 27th, 1964 (USGS, 2008i). The maximum recorded

flood level was 551.77 ft (168.18 m) NAVD 88, recorded on June 24, 1972 (USGS, 2008i). |
Temperature data has not been recorded for this station.

Peak annual streamflow recorded at the Wilkes-Barre gauging station is presented in

Table 2.4-2 (USGS, 2008b). Monthly streamflows and mean, maximum and minimum daily
streamflows at Wilkes-Barre, PA, are presented in Table 2.4-3 through Table 2.4-6, respectively
(USGS, 2008i). Mean streamflow discharges at Wilkes-Barre are also presented in Figure 2.4-8
along with maximum and minimum monthly average values.

The USGS gauge at Danville, PA (Station No. 01540500) has been in continuous operation

since April 1905 (USGS, 2008a). The Danville gauging station is located approximately 28 mi

(45 km) downstream from the BBNPP Site. The drainage area of the NBSR at Danville is
approximately 11,200 mi? (29,008 km?) (USGS, 2008a). The average annual flow calculated

from the mean daily data recorded during the 102-year period (1905-2006) is 15,483 cfs (438
m3/s) (USGS, 2008a). At Danville, the maximum streamflow at this station was 363,000 cfs
(10,279 m3/s) (USGS, 2008h), which was recorded on June 25, 1972, during Hurricane Agnes.

The maximum flood level, 462.69 ft (141.03 m) NAVD 88, was recorded on the same date (June |
25, 1972) and the daily minimum streamflow noted was 558 cfs (15.8 m3/s), recorded on
September 24th, 25th and 27th in 1964 (USGS, 2008h).

Peak annual streamflow recorded at the Danville gauging station is presented in Table 2.4-7
(USGS, 2008a). Monthly streamflows and mean, maximum and minimum daily streamflows at
Danville, PA, are presented in Table 2.4-8 through Table 2.4-11 (USGS, 2008h), respectively.
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Mean streamflow discharges at Danville are also presented in Figure 2.4-9 along with
maximum and minimum monthly values.

2.4.1.2.1.7 Periods of Peak Streamflow

Hurricane Agnes caused the maximum flood on record within the area that was defined
previously as the North Branch of the Susquehanna River (NBSR). The critical factor affecting
the record flooding was the near continuous nature of rainfall during the hurricane. From June
21-25, an average of 6-10 inches (15-25 cm) of rain fell over the Mid-Atlantic region (NOAA,
2008). These high rainfalls produced record flooding on the Susquehanna River, equaling or
exceeding flood recurrence intervals of 100 years along portions of the Susquehanna River
(NOAA, 2008). Hurricane Agnes generated peak stream flows of 345,000 cfs (9,769 m3/s) at
Wilkes-Barre on June 24th and 363,000 cfs (10,279 m3/s) at Danville on June 25th (USGS,
2008a)(USGS, 2008b).

On June 25, 1972 ariver crest of 517.35 ft (157.7 m) msl was observed near the SSES intake
structure (Ecology Ill, 1886). The BBNPP finished plant grade will be at approximately elevation |
719 ft (219.2 m) NAVD 88, which is approximately 202 ft (61.6 m) above the recorded peak |
flood elevation.

2.4.1.2.1.8 Bathymetry of the North Branch of the Susquehanna River (NBSR)

The bathymetry of the NBSR near the BBNPP Intake Structure is illustrated in Figure 2.4-10. |
Streambed elevations in the vicinity of the BBNPP Intake Structure range from 473 to 490 ft |
(144 to 149 m) NAVD 88. The BBNPP Intake Structure draws water from the NBSR through a 9 ft
(3 m) opening from 474 to 483 ft (144 to 147 m) NAVD 88. The design basis low water level |
elevation is 484 ft (148 m) NAVD 88. As a result, the bathymetry of the NBSR will not be |
affected by the intake system.

2.4.1.2.1.9 Floodplain of the North Branch of the Susquehanna River (NBSR)

The elevation of the NBSR, 100-yr floodplain is approximately 513 ft (156 m) National Geodetic
Vertical Datum of 1929 (NGVD 29) (FEMA, 2008), or 512.3 ft (156.1 m) NAVD 88, and the |
floodplain illustrated in Figure 2.4-13 and Figure 2.4-14, is approximately 0.44 mi (0.71 km)

wide in this area. The FEMA Flood Insurance Rate Map in the vicinity of the BBNPP property |
(Figure 2.4-11 through Figure 2.4-14) shows that the predicted Susquehanna River flooding

that will occur during a 500-yr recurrence interval extends up to elevation 514 ft (157 m) NGVD
29, 0r 513.3 ft (156.5 m) NAVD 88, near the BBNPP Intake Structure. Figure 2.4-11 through |
Figure 2.4-14 show the 100-yr and 500-yr Susquehanna River flooding impacts in the vicinity

of the BBNPP site. The BBNPP finished plant grade elevation will be 719 ft (219.2 m) NAVD 88, |
thus the BBNPP property is approximately 206 ft (62.8 m) above the NBSR 100-yr floodplain |
and 205.7 ft (62.7 m) above the NBSR 500-yr floodplain |

Figure 2.4-11 and Figure 2.4-12 illustrates the predicted 100-yr and 500-yr flood levels in the
Walker Run watershed and the Susquehanna River. The 100-yr and 500-yr flood on Walker Run
brings water levels to elevations 658 ft (200.6 m) and 659 ft (201 m) NGVD 29, or 657.3 ft (200.3
m) and 658.3 ft (200.6 m) NAVD 88, respectively. The BBNPP finished plant grade will be at |
elevation 719 ft (219.2 m) NAVD 88. Thus, flooding from a 100-yr or a 500-yr storm should be |
at least 60 or 61 ft (18.3 or 18.6 m) below the plant grade.

2.4.1.2.2 Dams and Reservoirs

A total of 492 water control structures are located on tributaries that drain into the
Susquehanna River upstream of the site (Figure 2.4-15). However, there are no dams on the
main stem of the Susquehanna River upstream from the BBNPP site. Only select upstream
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dams identified on Figure 2.4-15 were considered in Section 2.4.4 when evaluating the effects
of potential dam failures. All available information in reference to these selected upstream
dams, including pool elevations and storage volumes, is presented in Table 2.4-12.

Figure 2.4-15 also shows dams located downstream from BBNPP. The Adam T. Bower
Memorial Dam is the world's largest inflatable dam and the first dam downstream from the
site of the BBNPP Intake Structure. The Adam T. Bower Memorial Dam was completed in 1970
and creates a 3,060-acre (1238-ha) lake during summer months (DCNR, 2008). The dam and
lake are part of the Shikellamy State Park in Snyder County, PA.

2.4.1.2.3 Surface Water Users

In the Susquehanna River Basin, water use is regulated by the Susquehanna River Basin
Commission (SRBC). Water use in Pennsylvania, is registered with and reported to the
Pennsylvania Department of Environmental Protection (PADEP).

The Water Resources Planning Act (Act 220) requires the PADEP to conduct a statewide water
withdrawal and use registration and reporting program (PADEP, 2008a). Each public water
supply agency, each hydropower facility (irrespective of the amount of withdrawal), and each
person who withdraws or uses more than 10,000 gallons of water per day (gpd) (37,854 liters
per day (Ipd)) over any 30-day period, must register their withdrawal or withdrawal use.

The SRBC, was created by a compact between the Federal government and the three states
within which the Susquehanna River Basin lies. Operations subject to the SRBC are those that
exceed the consumption rate of 20,000 gpd (75,708 Ipd) over a 30-day average (SRBC, 2007) or
that exceed an average withdrawal (groundwater, surface water or combined) of 100,000 gpd
(378,541 Ipd) over a 30-day period. Consumption rates less than the 20,000 gpd (75,708 Ipd)
fall under the Water Resources Planning Act (Act 220).

The Middle Susquehanna sub-basin (Figure 2.4-1) is 3,755 mi* (9,725 km?) in area and has a
population representing 16% of the total Susquehanna River Basin. Total water consumption
(surface water and groundwater) in the sub-basin is: 40.7% for power generation, 37.6% for
municipal use, 15.2% for industrial use, 4.1% for agriculture, and 2.4% for domestic use (SRBC,
2008a).

Surface water use data for Luzerne County were obtained from the PADEP (PADEP, 2008f).
Figure 2.4-16 illustrates the registered surface water withdrawal locations reported by major
water users in Luzerne County (PADEP, 2008a). This figure does not include public water
supplies, because the state does not publish the locations of public water supplies for security
reasons. Table 2.4-13 identifies active surface water users (not including the public water
supplies) within Luzerne County (PADEP, 2008f); these withdrawals are mainly used for
irrigation and industrial purposes. Figure 2.4-17 shows the locations of the surface water
intakes portrayed in Figure 2.4-16, but includes only those which are within a 5 mi (8 km)
radius of the BBNPP site. SSES Units 1 and 2 are the largest water user in the vicinity of the
BBNPP site. Presently, Walker Run is not among the listed sources of water for agricultural,
domestic, or industrial purposes.

Water usage at SSES Units 1 and 2 is regulated by SRBC under Docket No. 19950301-1. SSES
Unit 1 and 2 reported an average withdrawal of 58.3 million gallons per day (MGD) (220
million Ipd). The maximum allowable withdrawal rate is 66 MGD (250 million lpd). The peak
daily consumptive water allowed is 48 MGD (182 million Ipd).
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Table 2.4-14 shows the consumptive water use pattern by SSES Units 1 and 2 from 2001 to
2006 (PPL, 2008). During that period, the highest total monthly consumptive use was 1,175
million gallons per month (4,448 million liters per month) in July 2002, and an annual average
consumptive use (from 2001 to 2006) of 909.5 million gallons per month (3,443 million liters
per month).

Between 1961 and 2002, the Susquehanna River had an annual mean flow of 14,586 cfs (413
m3/s) (NRC, 2006) (USEPA, 2008a). The SRBC works with local, state, and federal agencies to
augment and protect in stream water needs during times of low flow. As part of this low flow
management, activities such as the low flow augmentation for the existing SSES Units 1 and 2
were achieved by an agreement between Pennsylvania Power and Light Company (PPL) and

the U.S. Army Corps of Engineers (USACE). USACE manages the Cowanesque Reservoir located

in Lawrenceville, PA, to provide water supply storage and releases during low flow periods to
replace the consumptive water use by SSES Units 1 and 2. In addition, the SRBC dictates that if |
the surface-water withdrawal impact is minimal in comparison to the natural or continuously
augmented flows of a stream or river, no further mitigation is necessary (SRBC, 2002).

Currently, the SRBC is studying existing reservoirs to identify additional water storage capacity
that might be released during low flow in the Susquehanna River.

Major public water Suppliers within Luzerne and Columbia Counties are presented in
Table 2.4-15 (USEPA, 2008b) (PADEP, 2008d). Water sources for Luzerne and Columbia
counties include lakes, rivers, reservoirs, and their tributaries, but does not include water
withdrawal directly from the Susquehanna River.

Surface and wastewater discharges at SSES Units 1 and 2 are regulated through the National
Pollutant Discharge Elimination System (NPDES). In Pennsylvania, these are issued and

enforced by the PADEP Bureau of Water Management. The SSES Units 1 and 2 current NPDES
permit (Permit No. PA0047325) was effective beginning on September 1, 2005, and is valid
through August 31, 2010. Table 2.4-16 shows the average and maximum monthly SSES

cooling tower blowdown discharge rates from 2000 through 2007 (PPL, 2008). The highest |
recorded monthly maximum discharge (17.78 MGD, or 67 million Ipd) occurred in 2003.

Figure 2.4-18 illustrates water pollution control facilities locations within a 5-mile (8-km) radius
from BBNPP and Figure 2.4-19 shows their locations within Luzerne County. Table 2.4-17 lists
the water pollution control facilities located within Luzerne County. PADEP has recorded 159
outfalls in Luzerne County and 1,723 outfalls within a 50-mile (80-km) radius of the BBNPP site
(PADEP, 2008c). Since each individual permit may have more than one outfall, the number of
actual permits is less than the number of outfalls quoted above.

2.4.1.2.4 Groundwater Characteristics

The local and regional groundwater characteristics are described in Section 2.4.12. A detailed
list of current groundwater users, groundwater well locations, and the withdrawal rates in the
vicinity of the BBNPP site is presented in Section 2.4.12.2.

The water source to meet the water demand requirements during operation of the BBNPP is

the Susquehanna River. All cooling makeup water will be obtained from the Susquehanna

River. All water for drinking and several other smaller uses will be obtained from a public water
supply (Luzerne County). Construction water needs are expected to be satisfied by obtaining |
water from the nearby township. Additional information regarding the use of groundwater at
the BBNPP site is presented in Section 2.4.12.1.4. |
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24.2 Floods
The U.S. EPR FSAR includes the following COL Item in Section 2.4.2:
A COL applicant that references the U.S. EPR design certification will identify
site-specific information related to flood history, flood design considerations, and
effects of local intense precipitation.
This COL Item is addressed as follows:
{This section identifies historical flooding at the site and in the region of the site. It summarizes
and identifies individual flood types and combinations of flood producing phenomena in
establishing the flood design basis for safety-related plant features. This section also covers
the potential effects of local intense precipitation. Although topical information is discussed in
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Section 2.4.3 through Section 2.4.7 and Section 2.4.9, the types of events considered and the
controlling event are reviewed in this section.

References to elevation values in this section are based on the North American Vertical Datum |
of 1988 (NAVD 88), unless stated otherwise. |

Section 2.4.2.1 through Section 2.4.2.4 are added as a supplement to the U.S. EPR FSAR.

2.4.2.1 Flood History

The BBNPP site is located on a relatively flat upland area 219 ft (66.8 m) above the North |
Branch of the Susquehanna River (NBSR) water level. The proposed BBNPP Intake Structure is
approximately 22 mi (35 km) downstream of Wilkes-Barre, PA and 5 mi (8 km) upstream of
Berwick, PA. The BBNPP site is situated in the Walker Run watershed, which has a drainage area
of 4.32 mi? (11.16 km?). Walker Run flows along the western side of the BBNPP Property
Boundary and discharges into the Susquehanna River at approximately river mile 164 (264

km). The "Unnamed Tributary 1” (see Figure 2.4-3) flows along the south/southeast boundary |
of the site and discharges into Walker Run south of the BBNPP. Flood potential from Walker |
Run is discussed in Section 2.4.3.

The closest gauging station to the BBNPP site in the Susquehanna River is the United States
Geological Society (USGS) station at Bloomsburg, PA (number 01538700). However, this
gauging station has only been in service since 1994 and the available USGS reports include
gauge height only (USGS, 2009).

The closest gauging stations to the BBNPP in the Susquehanna River that report both surface |
water elevation and water flow are USGS stations at Wilkes-Barre, PA (number 1536500) and
Danville, PA (number 1540500), which are upstream and downstream of river mile 164 (264

km) (the confluence of Walker Run), respectively (see Figure 2.4-7).

Gauging of the Susquehanna River on a continuous basis began in 1900 at Wilkes-Barre and
1905 at Danville. The 1972 flood that occurred throughout the Mid-Atlantic United States as a
result of Hurricane Agnes is the most significant flood event on record. The critical factor
affecting the record flooding was the near continuous nature of rainfall during Hurricane

Agnes. From June 20-25, 1972 an average total of 6-10 inches (15-25 cm) of rain fell over the |
Mid-Atlantic region (NOAA, 2008). These high rainfalls produced record flooding on the
Susquehanna River, equaling or exceeding 100 year flood recurrence intervals along portions |
of Susquehanna River (NOAA, 2008). The 1972 flood generated peak stream flows of 345,000

cfs (9,769 m3/s) at Wilkes-Barre on June 24th and 363,000 cfs (10,279 m3/s) at Danville on June
25th (USGS, 2008a)(USGS,2008b). On June 25, 1972 a river crest of 517.36 ft (157.69 m) mean

sea level (msl) and mean daily flow of 329,837 cfs (9,340 m3/s) was recorded near the SSES

intake structure (Ecology Ill, 1986).

At Wilkes-Barre, the maximum recorded flood level was 40.91 ft (12.47 m) (elevation 551.77 ft,
168.18 m) NAVD 88, recorded on June 24, 1972. In Danville, the maximum flood level, 32.16 ft |
(9.80 m) (elevation 462.69 ft, 141.03 m) NAVD 88, was recorded on June 25, 1972. Maximum |
stream flow records are presented and discussed for both stations in Section 2.4.1.
Figure 2.4-20 shows the recorded peak streamflow for Wilkes-Barre and Danville gauging
stations (USGS, 2008a and 2008b).

Susquehanna River flooding is primarily the result of runoff from the large contributing |
drainage area due to heavy rainfall and snowmelt during the spring and early summer
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seasons. During a large flood, the Susquehanna River spills over its banks onto the broad
floodplain areas of the valley. Aylesworth Creek Dam and Stillwater Dam are the only
significant water control structures with flood control storage capacity within the Middle
Susquehanna Sub-basin. There are no dams present in the Walker Run watershed.

As discussed in Section 2.4.7, ice sheets have formed on the Susquehanna River on more than
one occasion. Despite the formation of ice on the Susquehanna River, there have been no
instances of ice jams or ice induced flooding at the existing Susquehanna SES Units 1 and 2
intake. Further details of historic ice sheets and ice effects are discussed in Section 2.4.9.

Landslides (submarine or subaerial) have occurred in the vicinity of the BBNPP site but have
not caused any flooding impacts at the existing SSES Units 1 and 2. Landslide impacts are
further discussed in Section 2.4.3 and Section 2.4.9. |

24.2.2 Flood Design Considerations

The design basis flood elevation for the BBNPP site is determined by considering a number of
different flooding possibilities. The possibilities applicable and investigated for the site include
the Probable Maximum Flood (PMF) on streams and rivers, potential dam failures, probable
maximum surge and seiche flooding, probable maximum tsunami, and ice effect flooding.

Each of these flooding scenarios was investigated in conjunction with other flooding and
meteorological events, such as wind generated waves, as required in accordance with the |
guidelines presented in ANSI/ANS 2.8-1992 (ANS, 1992). Detailed discussions on each of these
flooding events and how they were estimated are found in Section 2.4.3 through Section 2.4.8.
Adequate drainage capacity will be provided to prevent flooding of safety-related facilities

due to local intense rainfall and to convey storm water runoff from the roofs and buildings |
away from the plant. Stormwater from the roof drains will be drained through the downspouts |
for each of the plant buildings and will be collected and routed into the drainage system.

The estimation of the PMF water levels on Walker Run and tributary creeks located near the
BBNPP site are discussed in detail in Section 2.4.3. Section 2.4.3 describes the Walker Run
watershed models that were developed to determine the runoff hydrographs, peak flows, and
resulting flood stage elevations. The scope of this analysis includes the HEC-HMS 3.1.0
evaluation of the all-season Probable Maximum Storm (PMS) to develop the runoff
hydrographs and peak flows, and the HEC-RAS 3.1.3 evaluation to determine the resulting
flood stage elevations in the vicinity of the site.

As noted above, on June 25,1972 a river crest of 517.36 ft (157.69 m) msl| was recorded near |
the SSES intake structure (Ecology Ill, 1986). The BBNPP plant grade elevation is 719 ft (219.2
m) NAVD 88. Therefore, Susquehanna River flooding similar to the maximum recorded events
will not affect the plant.

Section 2.4.4 discusses the water control structures within the Susquehanna River Basinand |
potential flood impacts to the safety-related facilities on site that would occur in the event of
simultaneous dam failures.

Probable maximum surge and seiche flooding on the Susquehanna as a result of the probable
maximum hurricane is discussed in Section 2.4.5. Because of the location of the BBNPP site
relative to the nearest coast and the elevation of the plant relative to the Susquehanna River, |
storm surge and seiche flooding considerations are not applicable for this site.
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Section 2.4.6 describes the derivation of the Probable Maximum Tsunami (PMT) flooding. The |
potential of Tsunami events that could affect the BBNPP site caused by local or distant seismic
activities is negligible. The BBNPP site is too far inland from the coastal line (approximately 107 |
mi (172 km) inland from the nearest coast which is the Chesapeake Bay ) to suffer from any
tsunami flooding. Thus, the PMT does not pose a flood risk to the BBNPP site.

The maximum water level due to local intense precipitation or the local Probable Maximum
Precipitation (PMP) is estimated and discussed in Section 2.4.2.3. The maximum water level in
the Power Block area due to the local 1 hour 1 mi? PMP event is at elevation 718.36 ft (218.96
m) NAVD 88. This water level becomes the design basis flood elevation for all safety-related
facilities in the Power Block area. All safety-related building entrances in the Power Block are
located above this elevation at an elevation of 720 ft (219.5 m) NAVD 88.

2.4.2.3 Effects of Local Intense Precipitation

All runoff will be routed through drainage (or infiltration) basins based on the site drainage
system as shown on Figure 2.4-102. Site drainage areas were established based on the
direction in which surface runoff is routed to each drainage basin and detention basin. The
result was seven distinct drainage areas, which are shown on Figure 2.4-103. The site grading
plan, which is also presented in Figure 2.4-103, is supplementary to the site drainage system
design. Local intense precipitation was evaluated at the site using U.S. Army Corps of
Engineers (USACE) Hydrologic Engineering Center (HEC)-Hydrologic Modeling System (HMS)
Version 3.1.0 software (USACE, 2006). The parameters needed to construct the HEC-HMS 3.1.0
model are as follows:

1. Specified hyetograph for the rainfall event
2. Drainage areas
3. Soil Conservation Service (SCS) Loss Parameters
4 SCS Curve Number
¢ Initial Abstraction
¢ Percentage of drainage area that is impervious
4. SCS Unit Hydrograph Transformation
¢ LagTime

5. Reservoir Element Input: elevation-area / elevation-storage curves for the drainage
areas, the assumed starting water surface elevations and the discharge structure
lengths, elevations, and coefficients

6. Reach Element Input: reach lengths, cross-sections, slopes and Manning's n
coefficients.

The 1-hour, 1 square mile Probable Maximum Precipitation (PMP) event is the worst-case |
scenario when analyzing the site drainage areas containing all safety-related structures since |
the intense rainfall over a short duration allows more water to accumulate within the drainage
areas before draining when compared to a longer duration PMP of less temporal intensity.
Note that the peak incremental rainfall over a 5-minute duration is 5.90 inches during the
1-hour PMP but only 1.60 inches during the 72-hour PMP. Under the assumption that no
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losses occur, the 72-hour PMP event for a 10 square mile area at the location of the proposed
site is the worst-case scenario when analyzing the ESWEMS Pond since it generates more total
rainfall than the 1-hour PMP event. The design basis for local intense precipitation is the
all-season Probable Maximum Storm (PMS) as obtained from the U.S. National Weather Service
(NWS) Hydro-meteorological Report Number 52 (HMR-52) (NOAA, 1982). The cumulative

storm hyetograph for the 1-hour PMP event was generated by using ratio analysis to obtain |
the 5-minute, 15-minute and 30-minute PMP from the Hydrometeorological Report Number |
52 (HMR-52) once the 1-hour PMP was determined (NOAA, 1982). The 1-hour cumulative |
rainfall hyetograph was used as the time-series input when conducting the site drainage |
system Probable Maximum Flood (PMF) analysis in HEC-HMS 3.1.0. Table 2.4-18 shows the |
PMP depths obtained from the HMR-52 for the 1-hour storm event. The 72-hour cumulative
rainfall hyetograph was determined over the Walker Run Watershed drainage area using the |
HMR-52 computer program. The 72-hour cumulative rainfall hyetograph was used as the |
time-series input when conducting the ESWEMS Pond PMF analysis in HEC-HMS 3.1.0 (USACE, |
2006). Table 2.4-19 shows the PMP depths obtained from the HMR-51 report for the 72-hour |
storm event (NOAA, 1978). |

As stated previously, there are seven site drainage areas (see Figure 2.4-103) that were defined
based on the site drainage system design. When analyzing the effects of local intense
precipitation at the site, the Power Block area (i.e., Basin 10.4; see Figure 2.4-103) was divided
into additional areas in order to evaluate ponding effects in the vicinity of the safety-related
structures: Basin 10.4A includes the area that is occupied by all safety related structures at
elevation 718 ft NAVD 88 (top of soil reflecting 12 inches of crushed stone below elevation 719
ft NAVD 88) based on the site grading plan, Basin 10.4B receives the overflow from Basin 10.4A
and conveys all runoff away from the plant, and Basin 10.4C (which is located immediately
west of the safety-related ESWEMS Pond) acts as a catch basin by collecting overflow from the
Wetland Area. The nine drainage areas that are considered in the HEC-HMS 3.1.0 model are |
shown on Figure 2.4-104 and presented in Table 2.4-20. |

Both SCS basin loss and hydrograph transformation methods were applied since the site
drainage areas are small (tens of acres) and fully developed. SCS procedures are applicable in
small watersheds, especially urbanized watersheds, in the United States (USDA, 1986). SCS loss
method parameters representing a worst-case scenario in which all rainfall is converted to
runoff were used when modeling the effects of local intense precipitation at the site: the curve
number (CN) was assumed to be 98, the initial abstraction was assumed to be 0 inches, and
the site was assumed to be 100 percent impervious. The runoff lag time (Tj,g) needed to be
determined for each of the nine site drainage areas shown on Figure 2.4-104 when using the
SCS unit hydrograph transformation method for developing peak discharges within the site
drainage areas in HEC-HMS 3.1.0. The runoff time of concentration (T,) was estimated for each
site drainage area under the assumption that all runoff acts as shallow concentrated flow
(USDA, 1986). Figure 2.4-105 shows the drainage area flow paths that were used to estimate
T.. Once T, was estimated, Tj,g Was calculated using the following equation (USACE, 2000):

Tiag = 0.6*T, (Equation 2.4.2-1) |

Note that the ESWEMS Pond catchment, Basin 10.4A and Basin 10.4C were assumed to store
runoff with no time lag (Tjag = 0); therefore, no runoff transform method was used.
Table 2.4-70 shows the estimated T and Tj,q for each site drainage area.

All overflow pipes, culverts and drainage basins are assumed to be clogged as a result of ice or |
debris blockage when modeling the effects of local intense precipitation at the site, and all |
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drainage ditches are assumed to be full in order to simulate the “worst-case-scenario” site |
drainage condition. Therefore, all site drainage areas were simply modeled as storage |
reservoirs in HEC-HMS 3.1.0. A schematic of the site drainage HEC-HMS 3.1.0 model is provided
on Figure 2.4-21. The storage capacity of each reservoir element within the HEC-HMS 3.1.0
model (see Figure 2.4-21) was defined within the model using the “Elevation-Area” and
“Elevation-Storage” methods. Reservoir element overflow was modeled using the “Outflow
Structures” routing method in HEC-HMS 3.1.0; all site drainage area overflow was modeled as
a broad-crested weir assuming a weir coefficient (C) of 2.63 for all discharge structure lengths
greater than 15 ft (Brater and King, 1976) and a weir coefficient (C) of 2.65 for the 6-foot long
ESWEMS Pond spillway (Brater and King, 1976). Note that the discharge structure length for
the “Basin 10.4A” reservoir element, which was modeled as a spillway, was conservatively
reduced by 20 percent which is an effective reduction in the length of the reservoir element.
This was done in order to take into account the drainage effects resulting from a potential
blockage of flow through the security fence along the perimeter of the Power Block.

Based on the grading plan, Basin 10.1 conveys excess stormwater runoff by way of open
channel flow down and away from the plant. Therefore, one reach element (Basin 10.1 Reach)
was incorporated into the site drainage HEC-HMS 3.1.0 model (see Figure 2.4-21). The
Muskingum-Cunge method and eight-point method were used in HEC-HMS 3.1.0 to define
the routing characteristics of the reach and the geometry of the reach, respectively. The Basin
10.1 reach and cross-section location is shown on Figure 2.4-106, and the eight-point
cross-section for the Basin 10.1 reach is shown on Figure 2.4-107. The Manning's n coefficient
was assumed to be 0.011, which is representative of smooth surfaces such as concrete,
asphalt, gravel, or bare soil (USDA, 1986).

The safety-related structures in the Power Block area (i.e., Basin 10.4A) consist of two ESWS |
Cooling Towers located in the northwest corner, two ESWS Cooling Towers located in the
southeast corner, Emergency Diesel Generator Buildings located north and south of the

Nuclear Island and the Reactor complex, which consists of the Reactor, Fuel and Safeguards
Buildings. The locations of the buildings are shown on Figure 2.4-4. The entrances to each of
these structures are located at or above the finished floor grade elevation 720 ft (219.5 m)

NAVD 88. Table 2.4-21 gives the entrance elevations at the various safety-related facilities and |
compares them with the water levels resulting from local intense precipitation (i.e., HEC-HMS
3.1.0 site drainage model results for the 1-hour PMP event) near those facilities. The maximum |
water level in the Power Block is elevation 718.36 ft (218.96 m) NAVD 88, which is 1.64 ft (0.50 |
m) below the reactor complex finished floor grade at elevation 720 ft (219.5 m) NAVD 88. |

The ESWEMS Pond facility must be operational at all times the plant is in operation since it is
classified as a safety-related facility under Nuclear Regulatory Commission (NRC) Regulatory
Guide 1.27 (NRC, 1976). The maximum water level resulting from local intense precipitation
(72-hour PMP event) in the ESWEMS Pond is elevation 698.36 ft (212.86 m) NAVD 88, which is
1.64 ft (0.50 m) below the top of the dike at elevation 700 ft (213.4 m). Basin 10.4C (which is |
located immediately west of the ESWEMS Pond) acts as a catch basin by collecting overflow
from the Wetland Area. It was determined that the peak water surface elevation within Basin
10.4Cis 694.77 ft (211.77 m) NAVD 88 during the 1-hour PMP storm event, which is 5.23 ft
(1.59 m) below the ESWEMS Pond dike at El. 700 ft (213.4 m) NAVD 88. Although thereis a
peak outflow of 282.39 cfs (8.00 m3/s) from Basin 10.4C during the 1-hour PMP storm event,
this outflow is conveyed away from the plant. The ESWEMS Pond is located within Basin 12,
and it was determined that the peak water surface elevation within Basin 12 is 695.62 ft
(212.02 m) NAVD 88 during the 1-hour PMP storm event, which is 4.38 ft (1.34 m) below the
ESWEMS Pond dike. The finished floor grade elevation of the ESWEMS Pump House is 700.5 ft

BBNPP

2-1145 Rev 4
© 2007-2013 UniStar Nuclear Services, LLC. All rights reserved.
COPYRIGHT PROTECTED



FSAR: Section 2.4 Hydrologic Engineering

(213.5 m) NAVD 88, which is 2.14 ft (0.65 m) above the peak water level in the ESWEMS Pond.
Possible overtopping of the ESWEMS Pond dike due to wind generated waves during the local
intense precipitation event is discussed in Section 2.4.8. A schematic layout of the ESWEMS is
shown on Figure 2.4-36.

Based on the Power Block grading, entrance locations, and peak PMP water levels in each |
sub-basin, all safety-related facility entrances are located above the peak water levels resulting |
from local intense precipitation at the site. I
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Probable Maximum Flood (PMF) on Streams and Rivers

The U.S. EPR FSAR includes the following COL Item in Section 2.4.3:

A COL applicant that references the U.S. EPR design certification will provide
site-specific information to describe the probable maximum flood of streams and
rivers and the effect of flooding on the design.

This COL Item is addressed as follows:

{References to elevation values in this section are based on the North American Vertical Datum
of 1988 (NAVD 88), unless stated otherwise.

The proposed Bell Bend Nuclear Power Plant (BBNPP) site is located in Salem Township,
Luzerne County, Pennsylvania on the west side of the North Branch of Susquehanna River as
shown on Figure 2.4-22. The source of potential flooding at the proposed site is local intense
precipitation directly over the site. This section discusses the Probable Maximum Flood (PMF)
on streams and rivers as a result of the Probable Maximum Precipitation (PMP) over the
watershed.

All runoff from the BBNPP enters the North Branch Susquehanna River at the mouth of Walker
Run. The BBNPP Powerblock sits on a relatively flat upland area about 219 ft (66.8 m) elevation
above the nominal Susquehanna River level. The site is 22 mi (35 km) downstream of
Wilkes-Barre, PA and 5 mi (8 km) upstream of Berwick, PA. The BBNPP site is situated in the
Walker Run watershed, which is within the Middle Susquehanna River Sub-basin and has a
drainage area of 4.32 mi? (11.16 km?). Walker Run Stream flows along the western side of the
BBNPP property. An Unnamed Tributary (Unnamed Tributary-1; see Figure 2.4-3) to Walker
Run flows along the eastern and southern sides of the BBNPP protected area boundary and
enters Walker Run on the southwest side of the BBNPP property. A second Unnamed Tributary
(Unnamed Tributary-2; see Figure 2.4-3) flows through the BBNPP property and enters
Unnamed Tributary-1 on the southern side of the BBNPP property.

The 1972 flood that occurred throughout the Mid-Atlantic United States as a result of
Hurricane Agnes is the most significant flood event on record. The critical factor affecting the
record flooding was the near continuous nature of rainfall during Hurricane Agnes. From June
20 through June 25, an average of 6-10 in (15-25 cm) of rain fell over the Mid-Atlantic region
(NOAA, 2008). These high rainfalls produced record flooding on the Susquehanna River,
equaling or exceeding flood recurrence intervals of 100 years along portions of Susquehanna
River (NOAA, 2008).

The 1972 flood generated peak stream flows of 345,000 cfs (9,769 m3/s) at Wilkes-Barre on
June 24th and 363,000 cfs (10,279 m3/s) at Danville on June 25th (USGS, 2008a)(USGS,2008b).
On June 25, 1972 ariver crest of 517.36 ft (157.7 m) mean sea level (msl) and mean daily flow
of 329,837 cfs (9,340 m3/s) was recorded near the SSES intake structure (Ecology lIl, 1986).

The Susquehanna River PMF peak discharge and water surface elevation near the BBNPP site
were estimated by following the procedures provided in the United States Nuclear Regulatory

BBNPP

2-1147 Rev 4
© 2007-2013 UniStar Nuclear Services, LLC. All rights reserved.
COPYRIGHT PROTECTED



FSAR: Section 2.4 Hydrologic Engineering

Commission (NRC) Regulatory Guide 1.59 (NRC, 1977) and the American National Standards
Institute (ANSI)/ American Nuclear Society (ANS) 2.8 (ANS, 1992), respectively.

The PMF peak discharge was determined using the maps presented in Figures B.2 through B.7
of NRC Regulatory Guide 1.59 (NRC, 1977) Appendix B, which contains enveloping PMF
isolines for index drainage areas of 100, 500, 1000, 5000, 10000, and 20000 square miles,
respectively, for drainage areas of those sizes east of the 103"d meridian. As discussed in
Appendix B of NRC Regulatory Guide 1.59 (NRC, 1977), the maps may be used to determine
PMF Peak discharge as follows:

a. Locate the BBNPP site on the 100-square-mile map.

b. Read and record the 100-square-mile PMF peak discharge by straight-line
interpolation between the isolines.

c. Repeat Steps (a) and (b) for 500, 1000, 5000, 10000, and 20000 square
miles.

d. Plot the six PMF peak discharges so obtained versus drainage areaon a
log-log scale chart.

e. Select atrendline that best represents the plotted data.

f.  Using the equation of the trendline selected in Step (e), calculate the PMF
peak discharge for the BBNPP site using the area of the Susquehanna River
Basin upstream from the BBNPP intake structure location.

The PMF peak discharge was estimated to be 1.13 million cfs (31,998 m?/s) using the above
procedure established in NRC Regulatory Guide 1.59 (NRC, 1977).

ANSI/ANS 2.8-1992 defines a flood-dry site as a site where "safety-related structures are so
high above potential flood sources that safety from flooding is obvious or can be documented
with minimum analysis" (ANS, 1992). Given that the proposed final plant grade elevation of
the BBNPP Nuclear Island (719 ft [219.2 m] NAVD88) and ESWEMS Retention Pond (700 ft
[213.4 m] NAVD 88) are 217 ft (66.1 m) and 198 ft (60.4 m), respectively above the
Susquehanna River bank elevation of 502 ft (153.0 m) NAVD88, the BBNPP site can be
classified as a flood-dry site. A PMF approximation procedure that is applicable for flood-dry
sites is provided in Section 5 of ANSI/ANS 2.8 (ANS, 1992) as follows:

a. Estimate PMF peak discharge on the basis of drainage area relationships to
discharge derived from available PMF studies in the region.

b. Estimate river stage using Manning's equation, average river channel
bottom slope, river cross sections, and conservative friction factors.

c. Elevation should be tested for sensitivity to potential errors in estimated
values.

Step (a) was accomplished by using the PMF relationships provided in NRC Regulatory Guide
1.59 (NRC, 1977) as discussed previously, yielding a PMF peak discharge estimation of 1.13
million cfs (31,998 m*/s). The river stage corresponding to this PMF peak discharge was
estimated using Manning's equation in accordance with Step (b). After taking the potential
errors in estimated values into consideration per Step (c), the river stage was estimated to be
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548 ft (167.0 m) NAVD 88 at the location of the proposed BBNPP intake structure. The BBNPP |
finished plant grade elevation is 719 ft (219.2 m) NAVD 88, which is 171 ft (52.1 m) above the |
PMF elevation of 548 ft (167.0 m) NAVD 88. |

Walker Run and the Unnamed Tributaries 1 & 2 adjacent to the BBNPP protected area
boundary were analyzed for the Probable Maximum Flood (PMF) due to their proximity to the
plant. The analysis was based on the post construction topography to reflect the
post-construction site layout as displayed on Figure 2.4-5. Walker Run flows towards the south |
until it converges with the Susquehanna River at approximately river mile 164 (km 264).
Walker Run and Unnamed Tributaries 1 & 2 collect runoff from the area surrounding the plant |
and also areas northwest, west, and southwest of the plant. The total collection area for the |
Walker Run watershed is approximately 4.32 mi2 (11.16 km?2), and all Walker Run sub-basin
areas (see Figure 2.4-3) are provided in Table 2.4-22. Walker Run has a difference in elevation
of approximately 290 ft (88.4 m) over its entire length with an overall slope of 1.5 percent. |
Walker Run and the Unnamed Tributaries 1 & 2 adjacent to the BBNPP protected area |
I
I
I

boundary were modeled together using the stream junction feature available within the
Hydrologic Engineering Center's River Analysis System Version 4.1 (HEC-RAS 4.1) All
safety-related structures, systems, and components within the BBNPP Power Block are located
at a finished plant grade elevation of 719 ft (219.2 m) NAVD 88.

The results of the PMF analysis indicate a maximum PMF water surface elevation of 675.69 ft |
(205.95 m) NAVD 88 at cross section 12,764.15 along Walker Run, 672.34 ft (204.93 m) NAVD 88
at cross section 1614.092 along Unnamed Tributary 1, and 715.03 ft (217.94 m) NAVD 88 at
cross section 1645.505 along Unnamed Tributary 2 in the vicinity of the NPP (see

Figure 2.4-31). The grade elevation for the proposed BBNPP is 719 ft (219.2 m) NAVD 88, which |
provides a minimum elevation difference of 3.97 ft (1.21 m) below the finished plant grade
along Unnamed Tributary-2 and an elevation difference of 43.31 ft (13.20 m) below the plant
grade at Walker Run.

Section 2.4.3.1 through Section 2.4.3.7 are added as a supplement to the U.S. EPR FSAR.

2.4.3.1 Probable Maximum Precipitation (PMP)

The PMP was developed according to procedures outlined in the Hydrometeorological Report
(HMR) Numbers 51 and 52 (NOAA, 1978; NOAA,1982). The PMP depths obtained from the
isohyetal charts in the HMR-51 for an area of ten square miles are presented in Table 2.4-28. |
The PMP hyetograph has been estimated based on the size, shape, and geographic location of
the Walker Run watershed in accordance with the procedures outlined in the HMR-52 (USACE,
1984). The Walker Run watershed covers an area of 4.32 mi? (11.16 km?). The delineation of the |
watershed was manually digitized and is shown in Figure 2.4-3. |

The distribution of the PMP storm was estimated using the procedures in HMR Numbers 51

and 52 (NOAA, 1978; NOAA,1982). Precipitation depth data is obtained from isohyetal charts
presented in the HMR-51. This data, along with the watershed boundary coordinates and

other parameters from the HMR-52 such as storm orientation and rainfall duration data, were |
input into the HMR-52 computer model (USACE, 1984) and the PMP was computed. In
determining the hyetograph for the site, HMR-52 composes 5-minute incremental

precipitation depths for the input depth-duration curves and then arranges themin a
pre-selected order. The maximum incremental depth is placed at the middle of the storm
duration, with the remaining incremental depths arranged in descending order, alternating
before and after the central incremental depth.

BBNPP

2-1149 Rev 4
© 2007-2013 UniStar Nuclear Services, LLC. All rights reserved.
COPYRIGHT PROTECTED



FSAR: Section 2.4 Hydrologic Engineering

The HEC-HMS 3.1.0 model, developed by the U.S. Army Corps of Engineers (USACE, 2006), was |
used to simulate the routing of increased stream flow generated by the PMP in the Walker Run
watershed. A schematic of the Walker Run watershed HEC-HMS 3.1.0 model is provided on |
Figure 2.4-23. Only maximum all-season PMP distributions were considered, i.e.,, maximum fair |
weather, rainfall only distributions. The site is located within the 4.32 mi? (11.16 km?) Walker |
Run watershed, so the short-duration intense summer rainfall storms would govern maximum
runoff considerations. Table 2.4-25 provides the PMF peak flow results from the Walker Run
watershed HEC-HMS 3.1.0 model were used as HEC-RAS 4.1 model input to determine PMF ‘
flood stage elevations near the proposed site. In addition, the PMF hydrographs

corresponding to the hydrologic elements identified in Table 2.4-25 that are closest to the site
(see Figure 2.4-29) are shown in Figure 2.4-25 through Figure 2.4-28. Typically, snowmelt
floods are critical for very large watersheds of thousands of square miles. Based on the
historical snowfall information for the BBNPP site region in Section 2.3, snowmelt does not
make a significant contribution to flooding situations. Therefore, antecedent snow-pack
conditions have not been considered in the PMF analysis.

2.4.3.2 Precipitation Losses

Precipitation losses for the Walker Run watershed are determined using the Natural Resources
Conservation Service (NRCS), formerly known as the Soil Conservation Service (SCS), runoff
methodology (USDA, 1986). For this method, a composite runoff curve number (CN) is

assigned to each sub-basin in the watershed (Table 2.4-23). The CN is used to describe the |
sub-basin's capacity to absorb and retain precipitation or produce runoff. Runoff curve

numbers range from about 30 to 100, with higher numbers producing more runoff and lower
numbers producing more infiltration. Each composite CN is determined based on the
sub-basin's surface soils (SSURGO, 2008), land cover (PAMAP, 2005), and average antecedent |
moisture conditions. Percentages of impervious areas were selected based on cover

conditions (Table 2.4-23). Impervious areas include open water bodies, roads, buildings, and

the BBNPP.

2.4.3.3 Runoff and Stream Course Models

A schematic of the HEC-HMS 3.1.0 computer model for the Walker Run watershed is shown on |
Figure 2.4-23. The Clark unit hydrograph method (Clark, 1945)(Straub 2000) was used to
transform rainfall to runoff by calculating discharge hydrographs for each sub-basin. There are
no stream gages located within the watershed, so the methods of Straub (Straub, 2000) were
used to estimate the Clark parameters for all sub-basin hydrographs (Table 2.4-24). |

There are no historical records available to verify the results of the runoff analysis. However,
the Clark unit hydrograph method is accepted in many regions of the United States, including
the Mid-Atlantic Region, to estimate basin runoff and peak discharges from precipitation
events.

The 8-point Muskingum-Cunge Method was used for stream/floodplain routing through the
stream network to the watershed outlet (Miller, 1975) (Ponce 1978). Base flow in Walker Run,
which is on the order of 1 to 10 cfs (0.03 to 0.30 m?/s), is considered negligible for these
calculations.

2.4.3.4 Probable Maximum Flood Flow
To account for changes in flow due to contributing subwatersheds and flow accumulation

downstream, flow change locations were specified within the HEC-RAS 4.1 model when
incorporating the PMF peak discharge results as estimated in HEC-HMS 3.1.0 in order to
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determine stream flood profiles and water surface elevations. All flow change locations (i.e.
river stations in HEC-RAS 4.1 model), as well as the corresponding HEC-HMS 3.1.0 model
junctions/ outlets and PMF peak discharge rates, are reported in Table 2.4-25. Runoff
hydrographs at flow change locations near the proposed site are shown on Figure 2.4-25
through Figure 2.4-28.

2.4.3.5 Water Level Determination

Maximum water levels along Walker Run and Unnamed Tributaries 1 & 2 were determined |
utilizing the standard step backwater method for natural channels as implemented in the

HEC-RAS 4.1 computer program developed by the U.S. Army Corps of Engineers (USACE, |
2010). Required input for HEC-RAS 4.1 includes geometric cross section data, flow rates, |

expansion and contraction coefficients, roughness data, boundary conditions, and major
obstructions such as bridges, culvert, and weirs. HEC-GeoRAS Version 4.2.93 was used for the
preparation of geometric cross-section data and for extraction of Manning roughness values
for import into the HEC-RAS 4.1 model.

The cross-section data was constructed using Light Detection and Ranging (LiDAR) data
(horizontal ground resolution of 3.2 feet) of Luzerne County (PADCNR, 2006) for existing areas
outside of the BBNPP site layout. For areas within the BBNPP property boundary, grading plans
were used to depict post-construction conditions. For the ungraded area within the proposed
BBNPP property boundary, (existing wetlands), a combination of pre and post-construction
topography was used to represent future conditions.

The HEC-RAS 4.1 computer model cross section locations for Walker Run and Unnamed
Tributaries 1 & 2 are shown on Figure 2.4-29. Cross-section locations near the vicinity of the
proposed site are shown on Figure 2.4-31.

Manning's roughness coefficients for the stream channel and floodplain were estimated based
on the intersection of cross-sections with land use polygons and procedures outlined by the |
USGS (USGS, 1990). For areas outside the boundaries of the BBNPP property, coefficients were
estimated with HEC-GeoRAS 4.2.93 (USACE, 2009) using a land use feature class with

Manning's n values stored for different land use types. For areas within the BBNPP property
boundary, Manning roughness values were manually altered to reflect the post-construction

site layout. Roughness coefficient values of 0.051 for the main channel, 0.032 for the main
channel and overbank areas through the project area, 0.141 for the forest floodplain areas, |
and 0.066 for the farming/pasture floodplain areas were used in the HEC-RAS 4.1 model. |
Figure 2.4-30 shows the locations of the bridges and culverts that were included in the |
HEC-RAS 4.1 model. Flow over the bridge and culvert decks is considered as a broad-crested |
weir flow with a weir coefficient of 2.6 (USACE, 2008). I

Since Walker Run discharges into the Susquehanna River, the estimated PMF water surface
elevation at the confluence of Walker Run and Susquehanna River for the Susquehanna River
PMF flow profile was used as a downstream boundary condition. The PMF water surface
elevation at the confluence point was calculated to be 536.81 ft (163.62 m) NAVD 88. This

water level was used as a downstream boundary condition. |

The PMF flow rates at the flow change locations listed in Table 2.4-25 are input into the |
HEC-RAS 4.1 model at the indicated cross section locations (see Figure 2.4-29). The mixed flow |
option, which computes both sub-critical and super-critical flow regimes, was used to model

the PMF profiles. |
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In addition to the standard PMF analysis, three additional scenarios were modeled: 1) PMF
assuming all bridges are blocked by debris and sedimentation (see Figure 2.4-30), 2) PMF
assuming a slope failure which blocks the stream channel, approximately 4,000 feet
downstream (following the channel route) of the proposed plant (see Figure 2.4-30), 3) PMF
with all bridges blocked and a slope failure blocking the Walker Run channel (i.e., scenario-1 +
scenario-2; see Figure 2.4-30). There was only a small difference in water surface elevations
between all four scenarios. The maximum water surface elevation at the BBNPP site which
would affect the safety related structures was a result of the standard PMF peak discharge for
Walker Run and the standard PMF peak discharge with bridges blocked and a slope failure (i.e.,
scenario 3) for Unnamed Tributary-1. The maximum water surface elevation near the vicinity
of the BBNPP site for Unnamed Tributary-2 is the same in all the cases. All bridge locations and
the location of the hypothetical landslide are shown on Figure 2.4-30.

The computed water surface elevations near the vicinity of the site for Walker Run and
Unnamed Tributaries 1 &2 are summarized in Table 2.4-26 and Table 2.4-27, respectively. The
Walker Run, Unnamed Tributary-1, and Unnamed Tributary-2 water surface profiles are shown
on Figure 2.4-24, Figure 2.4-32, Figure 2.4-33, respectively.

From Table 2.4-26, the maximum water level in the area of the BBNPP site during the PMF |
event from Walker Run is elevation 675.69 ft (205.95 m) NAVD 88 at cross section 12,764.15
(see Figure 2.4-31). This is approximately 43.31 ft (13.20 m) below the finished plant grade

elevation of 719 ft (219.15 m) NAVD 88. |

From Table 2.4-27, the maximum water level in the area of the BBNPP site during the PMF
event from Unnamed Tributary-1 is elevation 672.34 ft (204.93 m) NAVD 88 at cross section
1614.092 (see Figure 2.4-31). This is approximately 46.66 ft (14.22 m) below the finished plant
grade elevation of 719 ft (219.15 m) NAVD 88.

From Table 2.4-27, the maximum water level in the area of the BBNPP site during the PMF
event from Unnamed Tributary-2 is elevation 715.03 ft (217.94 m) NAVD 88 at cross section
1645.505 (see Figure 2.4-31). This is approximately 3.97 ft (1.21 m) below the finished plant
grade elevation of 719 ft (219.15 m) NAVD 88.

The top roadway of the assumed culvert at Unnamed Tributary-2 was established at elevation
695 ft (211.8 m) NAVD 88 (access road elevation). As reported in Table 2.4-27, the water surface
elevation at the inlet of this culvert is at 696.38 ft (212.26 m) NAVD 88, which is 3.62 ft (1.10 m)
below the top elevation of the ESWEMS Pond dike at elevation 700 ft (213.4 m) NAVD 88, and
4.12 ft (1.26 m) below the ESWEMS Pump House at elevation 700.5 ft (213.5 m) NAVD 88.

2.4.3.6 Coincident Wind Wave Activity

Due to the high flow velocity of Walker Run perpendicular to the direction of the wind activity
and the relatively short duration of high water elevation during a PMF event, the wind wave
activity is negligible. Wind wave activity calculations are typical for standing water and are not |
applicable for relatively shallow, moving water with a short fetch. Thus, wave height

estimation was not performed during the PMF evaluation of Walker Run.

2.4.3.7 References

ANS, 1992. Determining Design Basis Flooding at Power Reactor Sites, ANSI/ANS-2.8-1992,
American National Standard Institute/American Nuclear Society, July, 1992.

BBNPP

2-1152 Rev 4
© 2007-2013 UniStar Nuclear Services, LLC. All rights reserved.
COPYRIGHT PROTECTED



FSAR: Section 2.4 Hydrologic Engineering

Clark, 1945. Storage and the Unit Hydrograph, Transactions: American Society of Civil
Engineers, Volume 110, p. 1419-1488, C.O Clark, 1945

Ecology Ill, 1986. Pre-Operational Studies of the Susquehanna River in the Vicinity of the
Susquehanna Steam Electric Station, 1971-1982. Ecology I, Inc. December 1986.

Miller, 1975. Simplified Equations of Unsteady Flow, K. Mahmood and V. Yevjevich, eds.,
Unsteady Flow in Open Channels, Volume |, Water Resources Publications, Ft. Collins, Co., W.A.
Miller and J.A Cunge, 1975

NOAA, 1978. Probable Maximum Precipitation Estimates, United States East of the 105th
Meridian, Hydrometeorological Report No. 51, U.S. Department of Commerce, National
Oceanic and Atmospheric Administration, June 1978.

NOAA, 1982. Application of Probable Maximum Precipitation Estimates - United States East of
the 105th Meridian, Hydrometeorological Report No. 52, U.S. Department of Commerce,
National Oceanic and Atmospheric Administration, August 1982

NOAA, 2008. National Weather Service Middle Atlantic River Forecast Center, National
Oceanic and Atmospheric Administration, Website: http://ahps.erh.noaa.gov/marfc/Flood/
agnes.html, Date accessed: February 7, 2008.

NRC, 1977. Regulatory Guide 1.59, Design Basis Floods for Nuclear Power Plants, Revision 2,
Nuclear Regulatory Commission, August, 1977.

PADCNR, 2006. 3.2 ft Digital Elevation Model (DEM) of Pennsylvania, PA Department of
Conservation and Natural Resources (PADCNR), Bureau of Topographic and Geologic Survey,
Website: http://www.pasda.psu.edu, Date accessed: April 2010.

PAMAP, 2005. PAMAP Land Cover for Pennsylvania, raster digital data downloaded from
http://www.pasda.psu.edu/pub/pasda/orser(palulc_05_utm18_nad83.zi p), PAMAP - The
Digital Base Map of Pennsylvania, Date accessed: April 9, 2009.

PAMAP, 2006. PAMAP Orthoimages, PAMAP - The Digital Base Map of Pennsylvania, Website:
http://www.pasda.psu.edu, Date Accessed: January 2010.

Ponce, 1978. Muskingum-Cunge Method with Variable Parameters, Journal of the Hydraulics
Division, ASCE, 104(HY12), V.M. Ponce and V. Yevjevich, p 1663-1667, 1978.

SSURGO 2008. US Department of Agriculture, Natural Resources Conservation Service (NRCS),
Soil Survey Geographic (SSURGO) database for Luzerne County (pa079), downloaded from
http://SoilDataMart.nrcs.usda.gov, Date accessed: September 9, 2008.

Straub, 2000. Equations for Estimating Clark Unit-Hydrograph Parameters for Small Rural
Watersheds in lllinois, Department of the Interior, Water-Resources Investigations Report
00-4184, Timothy D Straub, Charles S. Melching, and Kyle E. Kocher, 2000.

USACE, 1984. Hydrometeorological Report No. 52 (HMR-52): Probable Maximum Storm
(Eastern U.S.), U. S. Army Corps of Engineers, Hydrologic Engineering Center, Water Resources
Support Center, March 1984.

BBNPP

2-1153 Rev 4
© 2007-2013 UniStar Nuclear Services, LLC. All rights reserved.
COPYRIGHT PROTECTED




FSAR: Section 2.4 Hydrologic Engineering

24.4

USACE, 2006. HEC-HMS, Hydrologic Modeling System, Version 3.1.0, U.S. Army Corps of
Engineers, Hydrologic Engineering Center, November 2006.

USACE, 2008. HEC-RAS, River Analysis System, Hydraulic Reference Manual, Version 4.0, U.S. |

Army Corps of Engineers, Hydrologic Engineering Center, March, 2008. |
USACE, 2009. HEC-GeoRAS, Version 4.2.93, U.S. Army Corps of Engineers, Hydrologic |
Engineering Center, September, 2009. |
USACE, 2010. HEC-RAS River Analysis System, Version 4.1, U.S. Army Corps of Engineers, |
Hydrologic Engineering Center, January, 2010. |

USDA, 1986. Urban Hydrology for Small Watersheds, Technical Release 55 (TR-55), U.S.
Department of Agriculture, Natural Resources Conservation Service, June 1986.

USGS, 1989. 7.5 Minutes Series Topographic Maps, Berwick and Sybertsville, PA, Scale |
1:24,000, U.S. Geological Survey, 1989.

USGS, 1990. Guide for Selecting Manning's Roughness Coefficients for Natural Channels and
Flood Plains, Water-Supply Paper 2339, U.S. Department of the Interior, U.S. Geological Survey,
July 1990.

USGS, 2008a. Peak Streamflow for Pennsylvania USGS 01540500 Susquehanna River at
Danville, PA, U.S. Geological Survey, Website: http://nwis.waterdata.usgs.gov/pa/nwis/peak?
site_no=01540500&agency_cd=USGS&format=html, Date accessed: January 25, 2008.

USGS, 2008b. Peak Streamflow for Pennsylvania USGS 01536500 Susquehanna River at
Wilkes-Barre, PA, U.S. Geological Survey, Website: http://nwis.waterdata.usgs.gov/pa/nwis/
peak?site_no=01536500&agency_cd=USGS&format=html, Date accessed: January 25, 2008.}

Potential Dam Failures
The U.S. EPR FSAR includes the following COL Item for Section 2.4.4:

A COL applicant that references the U.S. EPR design certification will verify that the
site-specific potential hazards to safety-related facilities due to the failure of
upstream and downstream water control structures are within the hydrogeologic
design basis.

This COL Item is addressed as follows:

{References to elevation values in this section are based on the North American Vertical Datum |
of 1988 (NAVD 88), unless stated otherwise. |

The proposed Bell Bend Nuclear Power Plant (BBNPP) site is located in Salem Township,
Luzerne County, Pennsylvania to the northwest of the North Branch of the Susquehanna River
(NBSR) as shown in Figure 2.4-22. Potential flooding at the proposed BBNPP site due to local
intense precipitation falling directly onto the site and the resulting Probable Maximum Flood
(PMF), as well as the PMF of nearby Walker Run, Unnamed Tributary-1, and Unnamed
Tributary-2, were discussed in Section 2.4.2 and Section 2.4.3 respectively. The safety risks |
associated with the potential dam failures upstream in the NBSR Basin must also be assessed.
This section discusses the water control structures within the Susquehanna River Basin and
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potential impacts to the safety-related facilities on site that would occur in the event of
simultaneous dam failures.

The site sits on a relatively flat upland area, with finished plant grade elevation 219 ft (66.8 m) |
above the Susquehanna River nominal water level. The BBNPP Intake Structure is

approximately 22 mi (35 km) downstream of Wilkes-Barre, PA and approximately 5 mi (8 km)
upstream of Berwick, PA. The BBNPP site is situated in the Walker Run watershed, which has a
drainage area of 4.32 mi? (11.16 km?). All watershed and sub-basin areas that are referred to in |
this section, as well as all upstream and downstream distances taken relative to the BBNPP

site, were obtained using ArcGIS software (ESRI, 2007; SRBC, 2006a; SRBC, 2006b; NID, 2008;
USGS, 1984). Walker Run flows along the western side of the BBNPP property. The Unnamed
Tributary-1 (see Figure 2.4-3) to Walker Run flows along the eastern and southern sides of the
BBNPP protected area boundary and enters Walker Run on the southwest side of the BBNPP
property, and Unnamed Tributary-2 (see Figure 2.4-3) flows through the BBNPP property and
enters Unnamed Tributary-1 on the southern side of the BBNPP protected area boundary.

All safety-related facilities for BBNPP are located at approximately elevation 719 ft (219.2m). |
The most significant flood event on record is the 1972 flood which resulted from Hurricane
Agnes and occurred throughout the Mid-Atlantic region of the United States. It generated

peak stream flows of 345,000 cfs (9,769 m3/s) at Wilkes-Barre on June 24th 1972 and 363,000

cfs (10,279 m3/s) at Danville on June 25th, 1972. (USGS, 2008a)(USGS, 2008b) On June 25,1972 |
ariver crest of 517.35 ft (157.69 m) msl was observed near the SSES Units 1 and 2 intake
structure (Ecology Ill, 1986). This is approximately 202 ft (61.6 m) below the finished plant |
grade elevation 719 ft (219.2 m). |

Walker Run and the Unnamed Tributaries 1 & 2 adjacent to the BBNPP were analyzed for the
Probable Maximum Flood (PMF) due to their proximity to the BBNPP. The analysis was based
on the post-construction topography to reflect the post-construction site layout as displayed
on Figure 2.4-5. Walker Run flows towards the south until it converges with the Susquehanna
River at approximately river mile 164 (km 264). Walker Run and Unnamed Tributaries 1 & 2
collect runoff from the area surrounding the plant and also areas northwest, west, and
southwest of the plant. The total collection area for the Walker Run watershed is |
approximately 4.32 mi® (11.16 km?). Walker Run has a difference in elevation of approximately
290 ft (88.4 m) over its entire length with an overall slope of 1.5 percent. Walker Run and the
Unnamed Tributaries 1 & 2 adjacent to the BBNPP protected area boundary were modeled
together using the stream junction feature available within the Hydrologic Engineering
Center's River Analysis System Version 3.1.3 (HEC-RAS 3.1.3). All safety-related structures,
systems, and components within the BBNPP Power Block are located at an approximate
elevation of 719 ft (219.2 m) NAVD 88. The results of the PMF analysis indicate a maximum
PMF water surface elevation of 675.69 ft (205.95 m) NAVD 88 at cross section 12,764.15 along
Walker Run, 672.34 ft (204.93 m) NAVD 88 at cross section 1614.092 along Unnamed
Tributary-1, and 715.03 ft (217.94 m) NAVD 88 at cross section 1645.505 along Unnamed
Tributary-2 in the vicinity of the NPP (see Figure 2.4-31). The finished plant grade elevation for
the proposed BBNPP is 719 ft (219.2 m) NAVD 88, which provides a minimum elevation
difference of 46.66 ft (14.22 m) below finished plant grade along Unnamed Tributary-1,3.97 ft |
(1.21 m) below the finished plant grade along Tributary-2 and an elevation difference of 43.31 |
ft (13.20 m) below the finished plant grade along Walker Run. |

The Susquehanna River Basin has a delineated area of 27,501 mi? (71,227 km?) (SRBC, 2006a).
The location and extent of the Susquehanna River Basin and its six sub-basins are shown in
Figure 2.4-1. Although many water control structures are located within the Susquehanna
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River Basin upstream from the site, several multipurpose dams are positioned on tributaries
within the Susquehanna River Basin. There are no dams on the main stem of the Susquehanna
River upstream from the BBNPP site. Only select upstream dams identified in Figure 2.4-15 |
were considered in this section regarding potential dam failures. There are no significant dams
that provide flood control storage capacity on the Susquehanna River upstream from the

BBNPP site. All available information in reference to the selected upstream dams, including

pool elevations and storage volumes, is presented in Table 2.4-12. |

Stillwater Dam is the only significant multipurpose water control structure that provides flood
protection within the Middle Susquehanna Sub-basin. The Middle Susquehanna Sub-basin
covers an area of 3,771 mi? (9,763 km?) (SRBC, 2006b). Stillwater Dam is located approximately
65 mi (105 km) upstream from the BBNPP site. The flood control storage volume for the
Stillwater Dam is approximately 5.23E8 ft3 (1.48E7 m3) (USGS, 2008c). |

All other significant upstream dams are located in different sub-basins relative to the BBNPP
site: the Cowanesque, Hammond and Tioga Dams are located within the Pennsylvania portion
of the Chemung Sub-basin, Almond Dam is in the New York portion of the sub-basin; all other
dams are located in New York in the Upper Susquehanna Sub-basin (Figure 2.4-15). Among all |
the dams in the Chemung Sub-basin, the Cowanesque Dam is closest to the site with an
approximate distance of 164 mi (264 km) upstream. Whitney Point Dam is the closest from the
Upper Susquehanna Sub-basin with an approximate distance of 176 mi (283 km) upstream
from the BBNPP site.

Impact of a simultaneous failure of the major dams located upstream of the BBNPP site was
evaluated. This calculation estimates the outflow hydrographs resulting from the failure of 31
dams (Figure 2.4-15) and the subsequent effects of routing the hydrographs through the river |
network to a location on the Susquehanna River near the BBNPP site. HEC-HMS version 3.3 |
was used to model the effect of the potential dam breaks routed through tributaries and

down the Susquehanna River past the BBNPP site. HEC-HMS is capable of modeling dam
breaches and calculating an outflow hydrograph from a breached reservoir according to

various parameters, and routing the flow through reaches of a defined geometry. The

inclusion of such features such as spillway and dam top overflow, dam break simulation, and
reach routing, make this software suitable for this calculation. A simplified routing technique,
8-point Muskinghum-Cunge, is used; therefore, the model is only reliable for estimating river
flows at selected points in the network and is not intended for any accurate estimation of

flood rise elevations or inundation delineation.

For these analyses, the dam failure is considered to be triggered by a seismic event that
instantaneously fails all the dams. As such, there is no rainfall specified, and a fair weather

or "sunny day” breach scenario is analyzed. The reaches were delineated based on the
significance of the channel. Only reaches of the main channel and its significant branches
were delineated as separate sub-basins. In several cases, a single reach was split into multiple
reaches in order to accurately route the reservoir discharge to the appropriate junction. For all
reaches, the Muskingum-Cunge routing method with an 8-point geometry (channel with
floodplains) was used. No rainfall modeling is performed; however, drainage areas are
delineated for defining base flow to the primary river reaches in this model.

The reservoirs included in the model were chosen based on their ability to generate large dam |
break outflow hydrographs that could produce an appreciable impact at the Susquehanna |
River near the site. The criteria used were dams over 50 feet (15.2m) in height with a storage
volume greater than 1000 acre-feet (1.23E6 m3).
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Peak flow associated with dam break discharges in the Susquehanna River near the project |
site is estimated to be 244,000 cfs (6,909 m*/s). This discharge rate is significantly less than the
345,000 cfs (9769 m>/s) and 363,000 cfs (10,279 m*/s) peak flows from Hurricane Agnes
recorded at Wilkes-Barre and Danville, Pennsylvania, respectively, on June 24 and June 25,
1972 (USGS, 2008a) (USGS, 2008b). During Hurricane Agnes, a river crest of 517.35 ft (157.69 m)
was observed near the SSES Units 1 and 2 intake structure (Ecology Ill, 1986). The estimated
dam break discharge of 244,000 cfs (6,909 m*/s) is equated with a lower river crest estimate,
only 514.5 ft (156.8 m) in the vicinity of the proposed BBNPP intake structure location. The
514.5 ft (156.8 m) river crest, determined from the same stage-discharge relationship used to
estimate Susquehanna River PMF water levels (see Section 2.4.3), is also well below the
finished plant grade elevation at the Site, 719 ft (219.2 m). It is therefore concluded that the |
estimated dam break flow of 244,000 cfs (6909 m>/s) will not impact the BBNPP. |

There are no dams within the Walker Run watershed. Although many water control structures
are located within the Susquehanna River Basin upstream from the site, several multipurpose
dams are positioned on tributaries within the Susquehanna River Basin. Since all of these dams
are far upstream relative to the BBNPP site (see Figure 2.4-15), there will be no impacts due to
sedimention at the BBNPP Intake Structure following a simultaneous dam failure event. Since
the plant is located above the floodplain of the Susquehanna River, the safety-related |
structures and functions would not be affected by sedimentation.

Since there will be a significant amount of freeboard between the BBNPP and the maximum |
dam failure water level, no flooding will occur at the site.

The ESWEMS Retention Pond is the only waterbody located near the Power Block. The |
ESWEMS Retention Pond will be excavated such that the required water volume is below site |
grade. Therefore, dam break analysis is not necessary. Flooding resulting from the failure of
these storage structures will not impact the safety-related structures.

The first dam downstream from the BBNPP site on the Susquehanna River is the Adam T.
Bower Memorial Dam, which is a temporary (or seasonal) inflatable dam that is used for
recreational purposes. Failure of the Adam T. Bower Memorial Dam would not affect the water
supply at the BBNPP site upstream since it does not have a large storage capacity.
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245 Probable Maximum Surge and Seiche Flooding
The U.S. EPR FSAR includes the following COL Item for Section 2.4.5:

A COL applicant that references the U.S. EPR design certification will provide
site-specific information on the probable maximum surge and seiche flooding and
determine the extent to which safety-related plant systems require protection. The
applicant will also verify that the site-specific characteristic envelope is within the
design maximum flood level, including consideration of wind effects.

This COL Item is addressed as follows:

{References to elevation values in this section are based on the North American Vertical Datum |
of 1988 (NAVD 88), unless stated otherwise. |

Sections 2.4.5.1 through 2.4.5.6 are added as a supplement to the U.S. EPR FSAR.

2.4.5.1 Probable Maximum Winds and Associated Meteorological Parameters

The BBNPP site is located in Salem Township, Luzerne County, northeastern Pennsylvania. It

lies on a relatively flat upland terrace, approximately 1.8 miles (2.9 km) west of the NBSR. The |
plant grade elevation will be 719 ft (219.2 m) NAVD 88 (FSAR Section 2.5.4). The elevation of |
the Susquehanna River 100-yr floodplain, near the BBNPP Intake Structure, is approximately
513 ft (156 m) National Geodetic Vertical Datum of 1929 (NGVD 29) (Federal Emergency
Management Agency (FEMA, 2008)) or 512.3 ft (156.1 m) NAVD 88. Thus, the BBNPP
Powerblock is approximately 206.7 ft (63.0 m) above the Susquehanna River 100-yr floodplain
(Figure 2.4-2). There are no major water bodies (e.g., greater than 10 acres (4 hectares)) directly
adjacent to or within the BBNPP Property Boundary (except for the Susquehanna River south
of USRT 11).

Site-specific characteristics of the regional climatology, including wind speeds and wind
direction, are discussed in FSAR Section 2.3.

The BBNPP site lies approximately 107 mi (172 km) inland from the Chesapeake Bay, which is
downstream from the BBNPP Intake Structure. Because the plant site is more than 100 mi (161
km) from the nearest coast, and the elevation of the BBNPP Powerblock is 206.7 ft (63.0 m) |
above the 100-yr floodplain of the Susquehanna River, and there are no major water bodies
adjacent to or within the BBNPP Property Boundary (except for the Susquehanna River south |
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of USRT 11), potential storm surges or seiche flooding are not applicable considerations for |
this site and are not factors which could cause flooding.

Between 1851 and 2009, there have been 285 reported hurricanes that reached landfall on the |
continental U.S. (NOAA, 2010). The 1972 (June 21-24) flood that occurred throughout the |
Mid-Atlantic region as a result of Hurricane Agnes is known to be one of the most significant
floods in recorded history of the area. The critical factor affecting the record flooding was the
near continuous nature of rainfall during Hurricane Agnes. From June 21-25, an average of

6-10 inches (15-25 cm) of rain fell over the Mid-Atlantic region (NOAA, 2008). These high

rainfalls produced record flooding on the Susquehanna River, equaling or exceeding flood
recurrence intervals of 100 years along portions of the Susquehanna River (NOAA, 2008).
Hurricane Agnes generated peak stream flows of 345,000 cfs (9,769 m3/s) at Wilkes-Barre on
June 24th and 363,000 cfs (10,279 m3/s) at Danville on June 25th (USGS, 2010a)(USGS, 2010b). |
On June 25, 1972 ariver crest of 517.35 ft (157.7 m) mean sea level (msl) and mean daily flow |
of 329,837 cfs (9,340 m3/s) was recorded near the SSES Units 1 and 2 Intake Structure (Ecology
lll, 1986). Potential flooding caused by hurricane and major storm events (i.e., flooding caused
by heavy rainfall and runoff) is discussed in FSAR Section 2.4.2.

2.4.5.2 Surge and Seiche Water Levels
2.4.5.2.1 Historical Surges

Two hundred and eighty-five hurricanes have been reported to reach the coast of the |
continental U.S. between 1851 and 2009 (NOAA, 2010). Because the BBNPP site is located |
approximately 107 mi (172 km) inland from the Chesapeake Bay, recorded storm surge and

seiche water levels are not a factor which could cause flooding at the proposed BBNPP site. |

2.4.5.2.2 Estimation of Probable Maximum Storm Surge

The probable maximum storm surge (PMSS) at the BBNPP site can be estimated by
considering the most severe combination of the components of primary surge height, cross
wind effects, 10 percent exceedance high tide, and sea level anomaly.

In the U. S. Army Corps of Engineers (USACE) 1986 computation of wind waves over the
continental shelf from the entrance to the Chesapeake Bay has been reported. In this
computation, the water depths were also assumed to include the storm surge and

astronomical tide over the shelf area. |

Based on the USACE calculations, it is safe to conclude that due to the disance of 107 miles

(172 km) inland from the nearest coast and the elevation of the BBNPP Powerblock of 206.7 ft |
(63.0 m) above the 100-yr floodplain, storm surges and seiche flooding are not applicable |
considerations for this site.

2.4.5.3 Wave Action

The only body of water within the BBNPP Property Boundary (except for the Susquehanna

River south of US RT 11) is the Essential Service Water Emergency Makeup System (ESWEMS)
Retention Pond. The BBNPP ESWEMS Retention Pond at normal water level of 695 ft (212 m), |
has a volume of about 76.6 acre-feet (98,823 m3). An unisolatable overflow spillway has a crest
at elevation of 698 ft (212.8 m) msl. The graded ground elevation around the ESWEMS |
Retention Pond provides a 4 ft (1.2 m) minimum freeboard at normal pond water level. In |
addition, the plant yard is graded away from the pond to prevent plant runoff from entering |
the pond. The excavated pond slopes are covered with riprap for protection against wave

action (Black & Veatch, 2010). The ESWEMS Retention Pond is a small body of water and is not |
subject to significant surge and seiches. Regulatory Guide 1.59 (NRC, 1977) defines the design
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basis considerations, with respect to flooding, for the ESWEMS Retention Pond. The derivation
of probable maximum winds and wave runup are evaluated in FSAR Section 2.4.8.

2.4.5.4 Resonance

The BBNPP site lies approximately 107 mi (172 km) inland from the Chesapeake Bay , which is
downstream from the BBNPP site. Because the plant site is more than 100 mi (161 km) from

the nearest coast, and the elevation of the BBNPP Powerblock is 206.7 ft (63.0 m) above the |
100-yr floodplain of the Susquehanna River, and there are no major water bodies adjacent to
the BBNPP site, potential storm surges or seiche flooding are not applicable considerations for
this site and are not factors which could cause flooding. Resonance of seiche oscillation will

not occur because a seiche is not an applicable consideration at the BBNPP site.

2.4.5.5 Protective Structure
Flood protection measures for the ESWEMS Pump House are discussed in FSAR Section 2.4.10. |

Because the BBNPP Powerblock is located on an elevated river terrace, approximately 206.7 ft |
(63.0 m) above the Susquehanna River floodplain and approximately 1.8 miles (2.9 km) west of |
the floodplain, progressive floodplain erosion will have no impact on the BBNPP site.

Erosion has occurred throughout the Susquehanna River basin over the past 13,000 years (i.e.
since the last glacial advance) and will continue to happen.

2.4.5.6 References
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Website: http://msc.fema.gov/webapp/wcs/stores/servlet/FemaWelcomeView?
storeld=10001&catalogld=10001&langld=-1, Date accessed: March 27, 2008.

NOAA, 2008. Middle Atlantic River Forecast Center, Hurricane Agnes - National Oceanic and
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ushurrlist18512009.txt, Date accessed: September 29, 2010.
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USACE, 1986. Storm Surge Analysis and Design Water Level Determinations, EM 1110-2-1412,
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site_no=01540500&agency_cd=USGS&format=html Date accessed: September 10, 2010. |
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2.4.6

USGS, 2010b. Peak Streamflow for Pennsylvania USGS 01536500 Susquehanna River at |
Wilkes-Barre, PA, U.S. Geological Survey. Website: http://nwis.waterdata.usgs.gov/pa/nwis/
peak?site_no=01536500&agency_cd=USGS&format=html Date accessed: September 10,

2010.

Probable Maximum Tsunami Flooding

The U.S. EPR FSAR includes the following COL Item in Section 2.4.6:

A COL applicant that references the U.S. EPR design certification will provide
site-specific information and determine the extent to which the plant
safety-related facilities require protection from tsunami effects, including Probable
Maximum Tsunami Flooding.

This COL Item is addressed as follows:

{This section develops the geohydrological design basis to ensure that any potential hazards
to the structures, systems, and components important to safety due to the effects of a
probable maximum tsunami are considered in the plant design.

Section 2.4.6.1 through Section 2.4.6.8 are added as a supplement to the U.S. EPR FSAR.

2.4.6.1 Probable Maximum Tsunami

The BBNPP site is located in Salem Township, Luzerne County, northeastern Pennsylvania. It
lies on a relatively flat upland terrace, approximately 1.8 miles (2.9 km) west of the North
Branch of the Susquehanna River. The plant grade elevation will be 719 ft (219.2 m) NAVD 88
(Section 2.5.4). The elevation of the Susquehanna River 100-yr floodplain, near the BBNPP
Intake Structure, is approximately 513 ft (156 m) National Geodetic Vertical Datum of 1929
(NGVD 29) (Federal Emergency Management Agency (FEMA), 2008) or 512.3 ft (156.1 m) NAVD
88. Thus, the BBNPP Powerblock is approximately 206.7 ft (63.0 m) above the Susquehanna
River 100-yr floodplain. There are no major water bodies (e.g., greater than 10 acres (4 hectares |
in area) directly adjacent to or within the BBNPP Property Boundary (except for the
Susquehanna River south of US RT 11) . Figure 2.4-34 shows the locations of geo-seismic
tsunami source generators around the earth (NASA, 2008). Table 2.4-29 lists several recorded
historical tsunamis in the Atlantic Ocean from 1755 to 2004 (NOAA, 2010). The BBNPP site lies
approximately 107 mi (172 km) inland from the Chesapeake Bay, which is downstream from
the BBNPP site.

Because the plant site is more than 100 mi from the nearest coast, the elevation of the plant

site is 206.7 ft (63.0 m) above the 100-yr floodplain of the Susquehanna River, and there are no |
major water bodies adjacent or within the BBNPP Property Boundary (except for the
Susquehanna River south of US RT 11), potential tsunami events are not applicable
considerations for this site and are not factors which could cause flooding.

The potential that tsunami events, caused by local or distant seismic activities, could affect the
BBNPP site is negligible.

2.4.6.2 Historical Tsunami Record

A review of the National Geophysical Data Center (NGDC), indicates there are no records of
major tsunamis in the USA with significant flooding impacts.
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2.4.6.3 Tsunami Source Generators Characteristics

This section is not applicable as there is no risk of tsunami flooding at the site.

24.6.4 TsunamiAnalysis

This section is not applicable as there is no risk of tsunami flooding at the site.

2.4.6.5 Tsunami Water Levels

This section is not applicable as there is no risk of tsunami flooding at the site.

2.4.6.6 Hydrography and Harbor or Breakwater Influences on Tsunami

This section is not applicable as there is no risk of tsunami flooding at the site.

2.4.6.7 Effects on Safety Related Facilities

This section is not applicable as there is no risk of tsunami flooding at the site.

2.4.6.8 Hydrostaticand Hydrodynamic Forces

This section is not applicable as there is no risk of tsunami flooding at the site.

2.4.6.9 Debris and Water-Borne Projectiles

This section is not applicable as there is no risk of tsunami flooding at the site.

2.4.6.10 Effects of Sediment Erosion and Deposition

This section is not applicable as there is no risk of tsunami flooding at the site.

2.4.6.11 Consideration of other Site-Related Evaluation Criteria

This section is not applicable as there is no risk of tsunami flooding at the site.

2.4.6.12 References

FEMA, 2008. Flood Insurance Rate Map, Luzerne County. Website: http://msc.fema.gov/
webapp/wcs/stores/servlet/FemaWelcomeView?storeld=10001&catalogld=10001&langld=-1,
Date accessed: March 27, 2008.}

NASA, 2008. Digital Tectonic Activity Map, Website: http://denali.gsfc.nasa.gov/ dtam/, Date
accessed: May 06, 2008.

NOAA, 2010. NOAA / WDC Historical Tsunami Database at NGDC; East Coast of the USA and
Canada, Website: http://www.ngdc.noaa.gov/hazard/ tsu_db.shtml, Date accessed: September
29,2010.

24.7 Ice Effects
The U.S. EPR FSAR includes the following COL Items for Section 2.4.7:

A COL applicant that references the U.S. EPR design certification will provide
site-specific information regarding ice effects and design criteria for protecting
safety-related facilities from ice-produced effects and forces with respect to
adjacent water bodies.

A COL applicant that references the U.S. EPR design certification will evaluate the
potential for freezing temperatures that may affect the performance of the
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ultimate heat sink makeup, including the potential for frazil and anchor ice,
maximum ice thickness, and maximum cumulative degree-days below freezing.

These COL Items are addressed as follows:

{As discussed in Section 2.4.1, the BBNPP site is located in Northeast Pennsylvania near
Berwick, PA in the township of Salem. The Susquehanna River lies about 1.5 miles (2.4 km) |
south and 1.8 miles (2.9 km) east of BBNPP site. Figure 2.4-2 indicates the location of the site. |

Reference to elevation values in this section are based on the North American Vertical Datum |
of 1988 (NAVD 88), values unless otherwise stated. |

2.4.7.1 Ice Conditions

Ice at a nuclear power plant site could occur in any one of the following forms:
¢ Surface ice and its associated forces
¢ Anchor ice formation on components
¢ Frazil ice that could clog intake flow passages
4 Ice jams that could affect the flow path to the water supply intake |
¢ Breach of ice jams causing flooding at site
4 Ice accumulation on roofs of safety-related structures and components
¢ Ice blockage of the drainage system causing flooding

4 Ice accumulation causing reduction in water storage volume

Historical data characterizing ice conditions at the BBNPP site have been collected and the
effects evaluated for the operation of BBNPP. These data include ice cover and thickness
observations in the Susquehanna River, ice jam records, and air temperature measurements
from the SSES Units 1 and 2 meteorological tower (PPL, 2008). There are no safety-related |
structures facilities that could be affected by ice-induced low flow of the Susquehanna River.

To assure the BBNPP safety-related Essential Service Water Emergency Makeup System
(ESWEMS) would not be affected by surface ice, the possibility of ice jam formation and the
potential for frazil ice were examined by estimating the maximum surface ice thickness that
could form during the worst icing condition expected at the site. Ice-induced forces are
accounted for in the design of the BBNPP Intake Structure.

The storage capacity of the pond has been sized to accommodate more than the 27-day
minimum requirement of makeup water including a conservative evaluation for water loss to

ice cover. As a result, ice formation on the ESWEMS Retention Pond surface has been

accounted for in determining, the minimum volume required during emergency operations. |

2.4.7.2 Description of the Cooling Water Systems

The BBNPP Circulating Water System (CWS) is a closed-cycle using natural draft cooling towers
for the heat sink. Makeup water to the cooling tower basins will be supplied from the BBNPP
Intake Structure located along the Susquehanna River east of the BBNPP site. BBNPP cooling
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tower blowdown effluent is delivered to the Susquehanna River through a permitted
discharge line.

The BBNPP also has a safety-related Essential Service Water System (ESWS) to provide cooling
water to the Component Cooling Water System heat exchangers and to the emergency diesel
generator heat exchangers to dissipate heat. The ESWS is a closed-cycle system that uses
mechanical draft cooling towers for heat removal. These cooling towers provide the Ultimate
Heat Sink (UHS) function.

The basins of the ESWS cooling towers are sized to provide sufficient water to permit the ESWS
to perform its safety-related heat removal function for up to 3 days (72 hours) post accident
under the worst anticipated environmental conditions without replenishment. Beyond the 72
hour post accident period, makeup water is supplied from the ESWEMS Retention Pond, a

safety related structure located southeast of the Nuclear Island. Blowdown from the ESWS |
cooling towers is routed to the Combined Waste Water Retention Pond via discharge lines
connected to the natural draft cooling towers common blowdown effluent line. Water in the
Combined Waste Water Retention Pond is released to the Susquehanna River via an overflow
weir.

2.4.7.3 Intake and Discharge Structures

The BBNPP Intake Structure will supply makeup water to the natural draft cooling tower basins |
for the non-safety-related CWS. The Raw Water Supply System (RWSS) supplies makeup water |
to the safety-related ESWEMS Retention Pond. Both systems are housed in the BBNPP Intake
Structure.

River gauge records show that freezing on the Susquehanna River between Wilkes-Barre and
Danville gauging stations can be expected during winter months. However, it is not
anticipated to cause ice flooding that exceeds the high water elevation of 525 ft (160 m) NAVD
88 established for final design of the BBNPP Intake Structure.

Plant effluent going back to the Susquehanna River from BBNPP consists of cooling tower
blowdown from the CWS cooling towers and the ESWS cooling towers, and miscellaneous low
volume wastewater streams from the Power Block. The blowdown line extends approximately
310 ft (95 m) into the Susquehanna River below the design minimum water level of 484 ft (148
m) NAVD 88. Ice or ice flooding will be unlikely to occur at the discharge structure, as the |
warm discharge water will serve to keep the outfall open.

2.4.7.4 Historical Ice Formation

The climate of Pennsylvania is generally considered to be a humid continental type of climate.
Daily air temperatures measured at the SSES Units 1 and 2 meteorological tower indicate that
below freezing temperatures occur typically between the months of November and March
(PPL, 2008). However, maximum accumulated freezing degree-days, as defined in

Section 2.4.7.6, occur mostly in December, January and February.

Based on air temperature data summaries collected at the SSES Units 1 and 2 meteorological
tower from 2001 through 2007 (PPL, 2008), the monthly average air temperature in the region |
ranges from about 28.6°F (-2°C) in January to 71.3°F (22°C) in July, while the monthly average
minimum air temperature for December is 16.9°F (-8°C), January is 12.6°F (-11°C) and for
February is 15.3°F (-9°C). In the recent years (2001-2007) the average minimum temperature |
during winter months (December, January, and February) has been around 14.9°F (-10°C).
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Flooding due to ice break-up that results in ice jams can be a problem during the winter
months. A search of the “Ice Jam Database” maintained by the U.S. Army Corps of Engineers
Cold Regions Research and Engineering Laboratory (CRREL) reveals 13 recorded instances of

ice jams near Wilkes-Barre in the Susquehanna River. Figure 2.4-35 illustrates ice jams within a
50-mile (80 km) radius of the BBNPP site (ESRI, 2007). The most recent ice movementandice |
jamming occurred on March 3, 2004 in the vicinity of Wilkes-Barre. Approximately 4.0 ft (1.2 m)
of backwater was observed at the Wilkes-Barre USGS gauging station (USACE, 2008).

Ice accumulation on the transmission towers and switchyard of existing SSES Units 1 and 2 has
sporadically occurred during freezing rainfall. To date, events such as these have not affected
the operation of SSES Units 1 and 2 and ice accumulation on transmission towers is not
anticipated to affect operation of BBNPP.

2.4.7.5 Frazil Ice

Research on the properties of frazil ice indicates that the nature and quantities of ice produced
depend on the rate of cooling within a critical temperature range. Frazil ice forms when the
water temperature is below 32°F (0°C), the rate of super cooling is greater than 0.018°F
(-17.8°C) per hour in turbulent flows, and there is no surface ice sheet to prevent the cooling
(USACE, 1991) (Griffen, 1973). This type of ice, which is in the shape of discoids and spicules
(Griffen, 1973), typically forms in shallow flowing water, such as in rivers and lakes, when the
flow velocity is approximately 2 ft/s (0.6 m/s) or higher (IAHR, 1970).

Under the unlikely scenario that frazil ice forms in the ESWEMS Retention Pond, the analysis |
focused on the potential for mixing of frazil ice crystals formed at the surface to sufficient
depths to cause a concern for the ESWEMS intake system. In this analysis, the mixing depth

was calculated based on several wind speed recurrence intervals. The mixing depth was
estimated by calculating a wave base which can be defined as the depth below the mean

water surface where the fluid motion as a result of the waves is considered negligible.

Based upon the calculated wave base, the maximum mixing depth as a result of the 1,000-yr
recurrence wind speed (118 mph; 53.0 m/s) is limited to 4.82 ft (1.47 m). The top of the |
ESWEMS water intake system is approximately 13.42 ft (4.09 m) below the ESWEMS Retention
Pond normal water surface elevation of 695 ft (211.8 m) NAVD 88. Therefore, under the most
extreme wind recurrence interval, the sustained speeds are not sufficient to provide a deep
enough mixing zone to mix frazil ice to the depth of the ESWEMS intake system.

The ESWEMS Retention Pond arrangement with pump intakes approximately 13.42 ft (4.09 m) |
below the ESWEMS Retention Pond normal water surface elevation of 695 ft (211.8 m) NAVD
88 prevents any interruption of emergency water supply to the ESWS.

Furthermore, neither frazil ice nor anchor ice have been observed in the intake structure of the
existing SSES Units 1 and 2 since the start of operation. There is no public record of frazil or
anchor ice obstructing other water intakes in the Susquehanna River. As a result, frazil ice or
anchor ice is unlikely to occur to an extent that will affect the function of the makeup water
intakes. |

2.4.7.6 Surfacelce Sheet

Ice may form on the surface of the BBNPP ESWEMS Retention Pond during severe winter
periods. Ice formation, however, does not affect the operation of the ESWEMS Retention Pond |
because the top of the ESWEMS water intake system is approximately 12.50 ft (3.81 m) below |
the ice formation. Sufficient water volume is provided in the pond to preclude ice from
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reaching the pump intake during post-accident operation. This arrangement prevents any
interruption of emergency water supply to the ESWS. Thus, there is no possibility for pump
blockage by ice.

Plant Technical Specifications in COLA Part 4, defines surveillance requirements (SR) regarding
the ESWEMS Retention Pond. Plant Technical Specifications include a surveillance on a |
24-hour basis to assure that the average water temperature of the ESWEMS Retention Pond is |
less than or equal to 95 °F (35 °C). In addition, Plant Technical Specifications include a |
surveillance on a 24-hour basis to verify that the water level of the ESWEMS Retention Pond is |
greater than or equal to 690 ft (210 m) NAVD 88. Both of these surveillance requirements will |
ensure that the ESWEMS Retention Pond remains operable.

The pond structures at the water surface are in contact with surface ice that can form during
prolonged subfreezing periods. Ice expansion and wind drag on the ice surface exert forces on
these structures. The following sections address the approach used in evaluating the ice
thickness and the forces on the ESWEMS Pump House and the pond outlet structure caused |
by the presence of ice.

Determination of the ice thickness in the ESWEMS Retention Pond is based on the analysis of
monthly Accumulated Freezing Degree-Days (AFDD), defined as the summation of the
difference between 32°F (0°C) and all recorded daily air temperatures below freezing (or the
average daily temperature obtained from hourly data on record) for the months of December,
January, and February.

The BBNPP Intake Structure draws water from the North Branch of the Susquehanna River
(NBSR) through a 9 ft (3 m) opening from 474 to 483 ft (144 to 147 m) NAVD 88. The design
basis low water elevation is 484 ft (148 m) NAVD 88. Therefore, the BBNPP Intake Structure will
not be impacted by surface ice formation. Detailed information about the layout of the BBNPP
Intake Structure is provided in Section 10.4.5.

The maximum ice thickness that could form in the Susquehanna River and the ESWEMS
Retention Pond was estimated using historic air temperature data from the nearby SSES Unit 1
and 2 meteorological tower for the period of 2001 through 2007 (PPL, 2008). |

Surface ice thickness (t;) can be estimated as a function of Accumulated Freezing Degree-Days
(AFDD) using the modified Stefan equation (USACE, 2004), where Cis a coefficient, usually
ranging between 0.3 and 0.6 and AFDD is in °F days. For the Susquehanna River, a coefficient
of 0.15 was used to provide a conservative estimation of the ice thickness ("Average River with
Snow Condition;" Table 1; USACE, 2004). A value of 0.7 was used to estimate the ice thickness
in the ESWEMS Retention Pond ("Average Lake with Snow Condition;" Table 1; USACE, 2004).

t;= C (AFDD)?>

Accumulated Freezing Degree-Days are obtained for each winter month (December, January,
and February) by summing the Freezing Degree-Days (FDD) for each month, which is the
difference between the freezing point (32°F (0°C)) and the average daily air temperature (T,):

FDD=(32-T,)

Table 2.4-30 summarizes the average accumulated Freezing Degree-Days for each winter
month and the corresponding ice thickness estimate from 2001 to 2007 for the Susquehanna
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River. Table 2.4-31 summarizes the AFDD and estimated ice thickness from 2001 to 2007 for
the ESWEMS Retention Pond. As indicated in Table 2.4-30, the monthly average AFDD is
190.4°F occurring in January with the corresponding ice thickness estimated to be 2.07 in (5.26
cm). Table 2.4-31 shows that the ESWEMS Retention Pond average ice thickness occurring in
January is estimated to be 9.66 in (24.54 cm).

Effects of surface ice on Walker Run will not impact operation of the BBNPP, as Walker Run is
not used a source of water for the plant.

2.4.7.7 Ice Accumulation on the BBNPP Intake Structure and ESWS Cooling Tower
Basins and Preventive Measures

The BBNPP Intake Structure and water discharge structures on the Susquehanna River are not
safety-related structures. Even though the Susquehanna River is subject to ice formation
during winter months, the BBNPP Intake Structure is not impacted. The BBNPP Intake
Structure draws water from the NBSR through a 9 ft (3 m) opening from 474 to 483 ft (144 to
147 m) NAVD 88, and the design basis low water level elevation is 484 ft (148 m) NAVD 88. This
design would not be subject to ice blockage or ice formed in the Susquehanna River.

Ice will not affect the discharge structure, as the warm discharge water will keep the outfall
open.

For the ESWS cooling tower basins, measures will be taken to ensure that the basins
underneath the cooling tower cells have a minimum of 72 hours water supply without the
need for any makeup water during a design basis accident. As indicated in Section 2.4.7.2, any
makeup water to the basin needed beyond the 72 hour, post accident period will be supplied
from the BBNPP ESWEMS. In order to assure the availability of a minimum of 72 hours water
supply in the ESWS cooling tower basins, the minimum volume in each basin will be
established considering: (a) losses due to evaporation and drift under design basis accident
conditions and design environmental conditions; (b) minimum submergence to avoid
formation of harmful vortices at the pump suction; and (c) the operational range for basin
water levels. During extreme cold weather conditions, operational controls will be
implemented, as required, to assure the availability of the required volume. Tower operations
during cold weather will mitigate ice buildup consistent with vendor recommendations (e.g.,
periodic fan operation in the reverse direction). Therefore, operational controls, together with
system design features, will prevent ice formation in the ESWS Cooling Tower Basins as
discussed in Section 9.2.5.

2.4.7.8 Effect of Ice on High and Low Water Levels and Potential for Ice Jam

Because the operating floor of the ESWEMS Pump House is at elevation 700.5 ft (213.5 m)
NAVD 88, 5.5 ft (1.7 m) above the design normal water level of 695 ft (211.8 m) NAVD 88, and
because the water will be drawn at a minimum of 0.42 ft (0.13 m) above finish grade of
elevation 670 ft (204.2 m) NAVD 88, ice-induced low and high water levels will not affect the
operation of the ESWEMS Pump House. The impacts of ice in the ESWEMS Retention Pond is
described in Section 2.4.7.6 and the ESWS cooling tower basins are discussed in

Section 2.4.7.7.

In addition, BBNPP surface runoff from the site vicinity drains into small streams which
discharge into the Susquehanna River. Streams close to the site have small drainage areas and
would not pose the potential of ice flooding at the site.
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2.4.7.9 Effect of Ice and Snow Accumulation on Site Drainage

Air temperature measurements at the SSES Units 1 and 2 meteorological station indicate that
mean daily temperatures at the site had periodically fallen below freezing for multiple
consecutive days in winter (PPL, 2008). This introduces the possibility of ice blockage of small |
catch basins, storm drains, culverts and roof drains. The flood protection design of the BBNPP
safety-related facilities assumes that all catch basins, storm drains, and culverts are blocked by
ice, snow or other obstructions, rendering them inoperative during a local probable maximum
precipitation (PMP) event; this assumption is conservative insofar as a PMP is unlikely to occur |
during freezing conditions. Details of the local PMP analyses and flood protection |
requirements for the site are discussed in Section 2.4.2 and Section 2.4.10. Therefore,

temporary blockage of site drainage areas due to ice will not affect the operation of
safety-related facilities.

2.4.7.10 Ice and Snow Roof Loads on Safety Related Structures

Acceptable roofing structure performance for each safety-related roof is described in Section
2.3.1.
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248 Cooling Water Canals and Reservoirs

The U.S. EPR FSAR includes the following COL Item for Section 2.4.8:
A COL applicant that references the U.S. EPR design certification will provide
site-specific information and describe the design basis for cooling water canals

and reservoirs used for makeup to the UHS cooling tower basins.

This COL Item is addressed as follows:
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{References to elevation values in this section are based on the North American Vertical Datum |
of 1988 (NAVD 88), unless otherwise stated. |

Section 2.4.8.1 through Section 2.4.8.3 are added as a supplement to the U.S. EPR FSAR.

2.4.8.1 Cooling Water Design

The BBNPP does not include any safety-related canals used to transport water. The |
non-safety-related BBNPP Intake Structure is located on the North Branch of the Susquehanna

River and water is conveyed to the BBNPP power block via pipelines. The safety-related |
Essential Service Water Emergency Makeup System (ESWEMS) for BBNPP will be located to the |
southeast of the power block area. |

The volume of water stored in the ESWEMS Retention Pond that comprises part of the UHS will |
be sufficient to meet all safety-related water supply requirements after accounting for loss in
storage capacity due to seepage, sedimentation, evaporation, ice sheet formation, and other
causes. The makeup to the ESWEMS Retention Pond is from the filtered Raw Water Supply
System (RWSS), therefore, sedimentation will not affect the pond capacity. In addition, the
pond will be below the finished site grade and only precipitation or pumped in water will fill
the ESWEMS Retention Pond, further limiting sedimentation. The interior slopes are protected
with rip-rap and the exterior slopes are seeded; therefore, erosion will not affect the pond
capacity. The volume of water required with associated margins for losses is discussed in U.S.
EPR FSAR Section 9.2.1 and Section 9.2.5.

The natural soils are primarily granular, therefore, cohesive fill will be utilized for the ESWEMS |
Retention Pond to limit seepage. Geotechnical properties of the fill are discussed in Section |
2.5.4. The original design assumed the pond bottom would consist of a compacted clay liner

of approximately 3 ft (1 m). The cohesive fill will actually go down to bedrock, which in all

cases is at a lower elevation than the bottom of the 3 ft (1 m) thick clay liner. |

The seepage characteristics will be confirmed during construction when the permeability of |
the cohesive fill used to construct the pond can be determined.

The ESWEMS Retention Pond will be excavated and built up using cohesive fill to ensure the |
required water volume is below the finished site grade in the vicinity of the pond. Although |
the required volume will be below site grade and a slope failure will not present a hazard to
downstream residents, a slope failure may rupture the clay liner, resulting in loss of the

ESWEMS Retention Pond.

Therefore, the ESWEMS Retention Pond slopes will have adequate safety factors for end of
construction, steady state seepage, sudden drawdown, and earthquake loading conditions, as
discussed in Section 2.5.5.

The ESWEMS Retention Pond design must ensure that the capability to perform its |
safety-related function is maintained during the most severe credible natural phenomena in
combination with normal operations, anticipated operational occurrences, or accident
condition. With respect to the most severe natural occurrences, design with respect to storm
surges and seiches is discussed in Section 2.4.5, design with respect to tsunami hazards is
discussed in Section 2.4.6, and design with respect to ice hazards is discussed in Section 2.4.7.
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2.4.8.2 Reservoirs

The ESWEMS Retention Pond is the only proposed reservoir on the site. In the event of a
design basis accident, the ESWEMS Retention Pond provides water for the post-accident
period beyond the first 72 hours. The ESWEMS Retention Pond is 22.5 ft (6.9 m) deep from the
top of the dike with side slopes of 3 horizontal to 1 vertical. The storage capacity of the pond
at the normal water level of elevation 695 ft (211.83 m) NAVD 88 is 76.6 acre-feet (98,823 m3).
During post accident conditions, the ESWEMS Retention Pond is utilized to supply makeup
water to the ESWS cooling towers. Figure 2.4-36 shows the schematic layout of the ESWEMS
Retention Pond.

A description of the BBNPP ESWEMS Retention Pond is provided in Section 9.2.5 and Section
3.8. Hydrologic conditions during PMP and coincident wind wave activities are discussed in
Section 2.4.8.2.1. Consideration of probable maximum wind is discussed in Section 2.4.8.2.2.
These conditions were evaluated at a water level corresponding to elevation 695 ft (211.83 m)
NAVD 88 to minimize the possibility of inadvertent discharges through the outlet structure.

2.4.8.2.1 Probable Maximum Flood Design Considerations

Site grading at the ESWEMS Retention Pond will prevent surface water from outside of the
ESWEMS Retention Pond from entering the ESWEMS Retention Pond; therefore, the ESWEMS
Retention Pond spillway discharge capacity and freeboard will be designed for the PMP as
provided in Section 2.4.2. For the ESWEMS Retention Pond with an initial water level of
elevation 695 ft (211.83 m) NAVD 88, the probable maximum water level due to a 72-hour PMP
on the ESWEMS Retention Pond and outflow over the 6-foot (2 m) wide, broad-crested weir
spillway reaches elevation 698.36 ft (212.86 m) NAVD 88. This is delineated in Table 2.4-32, as
discussed in Section 2.4.8.2.2 (NOAA, 1978). Several wind scenarios were analyzed

(Table 2.4-33) coincident with the probable maximum water level of elevation 698.36 ft
(212.86 m) NAVD 88 to ensure that the ESWEMS Retention Pond does not overtop. Results of
these scenarios are presented in Table 2.4-34. The highest annual wind speed of 57 mph (92
km/hr) results in a freeboard requirement of 0.68 ft (0.21 m), corresponding to an ESWEMS
water level of elevation 699.04 ft (213.07 m) NAVD 88. For the 1,000 yr recurrence interval, the
freeboard is 1.47 ft (0.45 m) corresponding to a water level at the ESWEMS Retention Pond of
elevation 699.83 ft (213.31 m) NAVD 88, as discussed in Section 2.4.8.2.2.1

2.4.8.2.2 Water Level Determination

The ESWEMS Retention Pond's hydrologic design is controlled by the PMP and its associated
water level. The 72-hour PMP on the ESWEMS Retention Pond is distributed as shown in
Table 2.4-32, utilizing Hydrometeorological Report Number 51 (NOAA, 1978). The resulting
rainfall is converted to equivalent inflow to the pond to determine the maximum resulting
water level. The outlet structure, which is a 6.0 ft (1.8 m) wide broad-crested spillway, has a
crest elevation of 698 ft (212.75 m) NAVD 88. The discharge coefficient used in the weir
equation is 2.65 (Brater, 1976). Flood routing indicates that the probable maximum water level
in the pond, during the 72-hr PMP, will reach elevation 698.36 ft (212.86 m) NAVD 88 with a
peak outflow of 3.42 cfs (0.10 m3/s) based upon an initial water level corresponding to 695 ft
(211.83 m) NAVD 88. The energy of this outflow from the ESWEMS Retention Pond is
dissipated at the base of the spillway channel before being routed through a channel lined
with rip-rap, which then discharges to a swale that conveys surface runoff down and away
from the site.

Under the assumption that no losses occur, the 72-hour PMP event for a 10 square mile area at
the location of the proposed site is the worst-case scenario when analyzing the ESWEMS
Retention Pond since it generates more total rainfall than the 1-hour PMP event. The 1-hour
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PMP storm event provides intense rainfall over a short duration compared to the 72-hour PMP,
which provides more total rainfall, allowing the surface water level to rise higher under the
assumption that there are no losses. Therefore, the water level in the ESWEMS Retention Pond
resulting from the 72-hour PMP event is greater when compared to the rise in water level
resulting from a 1-hour PMP. A detailed discussion of the 72-hour PMP event and the 1-hour
PMP event is provided in Section 2.4.2.3.

2.4.8.2.2.1 Coincident Wind Wave Activity

Discussion of wind wave activities is limited to the ESWEMS Retention Pond since it is the only |
safety-related hydrologic element at the site that is subject to wind wave activity.

As a conservative approach, the highest wind speeds with a mean recurrence interval of 2, 10,
25,50, 100, and 1,000 years were taken into account as occurring coincidentally with the
probable maximum water level at its peak elevation (Thom, 1968). At this evaluated water

level of 698.36 ft (212.86 m) NAVD 88, the ESWEMS Retention Pond has a water surface length |
(or fetch length) of 690.16 ft (210.36 m), a width of 390.16 ft (118.92 m), and a depth of 20.86 ft |
(6.36 m). The designed dimensions at the top of the BBNPP ESWEMS Retention Pond dike are |
22.5 ft (6.9 m) deep from the top of the dike with side slopes of 3 horizontal to 1 verticaland |
surface dimensions of 700 ft (213 m) by 400 ft (122 m).

Wind setup is calculated by following U.S. Army Corps of Engineers (USACE,1997) guidance.

2
S = UK Equation 2.4.8-1
1400D

Where U is average wind velocity in miles per hour, F is wind tide fetch in miles, and D is the
average depth in feet. The wind tide fetch F is usually taken to be twice the distance of the
maximum effective fetch F,, which is the distance over which wind can travel unobstructed
across a body of water. F, was estimated to be the maximum water surface length of 690.16 ft |
(210.36 m). The maximum fetch distance was doubled to obtain the wind tide fetch F. |
Table 2.4-33 shows the wind speed, effective fetch, wind tide fetch, average depth and wind
setup for each of the scenarios.

Several hydrometeorological events were considered in the analysis occurring coincidentally
with the probable maximum water level at elevation 698.36 ft (212.86 m) NAVD 88. |

The calculation of wave runup involves finding the significant wave height and period based
on fetch length and wind speed. Then, the determination of the wave runup is based on the
characteristics of the wave and embankment slope. Coastal Engineering Manual, EM
1110-2-1100, (USACE, 2006) provides guidance for this process. EM 1110-2-1100 describes the
following procedure for calculation of shallow water wave heights and periods:

1. Determine the straight line fetch and over water wind speed;

2. Using the fetch and wind speed from (1), estimate the wave height and period from
deepwater nomograms;

3. Compare the predicted wave period from (2) to the shallow water limit as per:
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N =

T,~ 9.78@) Equation 2.4.8-2

Where, Tyis the wave period, d is the average depth of the ESWEMS Retention Pond, and g is
the gravitational acceleration (9.81 m/s?) |

a. Ifthe predicted wave is greater than the limiting value, reduce the
predicted wave period to the limiting value. The wave height may be
found by noting the dimensionless fetch associated with the limiting wave
period and substituting this fetch for the actual fetch in the wave growth
calculation.

b. If the predicted wave period is less than the limiting value, retain the
deepwater values from (2).

c. Ifthe wave height exceeds 0.6 times the depth, the wave height should be
limited to 0.6 times the depth.

Wave runup was then calculated using equations and suggested coefficients from EM
1110-2-1100 (USACE, 2006). Table 2.4-34 shows the resulting wind setup, wave runup and
freeboard requirement values.

The freeboard requirement is defined as the height above the still water surface that the wind
setup combined with the wave runup will impact. Note that R ;5 is the wave runup that 2
percent of the waves will exceed, which is the most conservative value that can be calculated
using EM 1110-2-1100 (USACE, 2006).

Based on the results shown in Table 2.4-34, the overflow protection is adequate during the
PMP and wave action does not adversely affect the ESWEMS Retention Pond embankments.
2.4.8.2.3 Probable Maximum Wind Design Considerations

2.4.8.2.3.1 Probable Maximum Winds

Using the method of Thom (Thom, 1968), the annual highest wind speed at the BBNPP site at
different recurrence intervals is indicated in Table 2.4-35. The annual highest wind speeds are
computed at 30 ft (9 m) above ground level. The Thom method assumes that:

a. Surface friction is uniform for a fetch of 25 mi (40 km);

b. Extreme winds result only from extratropical cyclones or thunderstorms;
and

c. Extreme winds from tornados are not included in this analysis.

Maximum winds in the site area are associated mainly with thunderstorms and squall lines
rather than hurricanes or other cyclonic storms. Although these winds are usually considered
local in nature, they can cause wind setup and generate large waves in water bodies.

The probable maximum wind was determined based on the method of Thom (Thom, 1968).
Thom used meteorological data collected over a 21-year period from 150 monitoring stations
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to provide isotachs of the 0.50, 0.10, 0.04, 0.02, and 0.01 quantiles for the annual highest wind
speed for the United States. Thom then provides an empirical method to use these data to
determine the highest wind speed for other quantiles at any U.S. location. This method was
used to determine the highest wind speed likely to occur at the 0.001 quantile, or the
1,000-year mean recurrence interval. Table 2.4-35 shows the highest mile wind speed at
different recurrence intervals obtained from Thom (Thom, 1968).

A wind speed with a return period of 1,000 years constitutes a conservative design basis for
safety-related elements. Based on Thom's model, this design wind speed applicable to the site
was computed to be 118 mph (190 km/hr) with duration of 1-minute.

Because Thom's isotachs and statistics are based on a specific 21-year database, more recent
data can not be taken into account, except as a comparison of actual extreme wind speeds
with those predicted by Thom (Thom, 1968).

The highest wind speed of 57 mph (92 km/hr) was recorded in 2006, at Susquehanna Steam
Electric Station (SSES) Units 1 & 2 meteorological tower, based on available data from 2001 to
2007 (PPL, 2008).

As an example, this 57 mph (92 km/hr) compares with Table 2.4-35 values determined from
Thom's method of 60 mph (97 km/hr) (10-year recurrence interval) and 70 mph (113 km/hr)
(25-yr recurrence interval).

2.4.8.2.3.2 Wave Action

To ensure that the ESWEMS Retention Pond does not overtop, several recurrence intervals
were considered coincident with the probable maximum water level of elevation 698.36 ft
(212.86 m) NAVD 88. Results of these scenarios are presented in Table 2.4-34.

In the analysis of wave action, an extreme wind speed with a 1,000-year recurrence interval
occurring coincidentally with the probable maximum water level corresponding to an
elevation of 698.36 ft (212.86 m) NAVD 88 is considered to be a conservatively postulated
combination of hydrometeorological events. This design wind for a 1,000 year return interval,
as discussed in Section 2.4.8.2.2.1, has the highest wind speed of 118 mph (190 km/hr).

Wave runup results using the methods described in Section 2.4.8.2.2.1 are shown in

Table 2.4-34. At the 1,000 year wind event and for a rip-rapped slope of 3 horizontal to 1
vertical designed to resist this wave action, the maximum wave runup (R,¢) is calculated to
be 1.35 ft (0.41 m). Including the wind setup value (S) of 0.12 ft (0.04 m), the total runup (S
+Ry29) would be 1.47 ft (0.45 m) and would reach elevation 699.83 ft (213.31 m) NAVD 88. The
rip-rap design is also based on the wave runup analysis.

2.4.8.2.3.3 Design Basis for ESWEMS Retention Pond

Based on the regional climatology and the 1,000 yr recurrence maximum wave runup result of
1.35 ft (0.41 m), wind generated waves at the normal water level will not exceed 4 ft (1 m);
therefore, the rip-rap has been sized for a 4 ft (1 m) wave.

The rip-rap consists of dumped stone - hard, durable, and angular in shape. The specification
for the stone requires a percentage loss of not more than 40 after 500 revolutions as tested by
ASTM C 535, Resistance to Abrasion of Large Size Coarse Aggregate by Use of the Los Angeles
Machine (ASTM, 2003a). The stone sizes vary from a maximum of approximately 18 in (46 cm)

BBNPP

2-1173 Rev 4
© 2007-2013 UniStar Nuclear Services, LLC. All rights reserved.
COPYRIGHT PROTECTED



FSAR: Section 2.4 Hydrologic Engineering

to a minimum of 1 in (3 cm) (to fill voids), and have a 50-percent size of 12 in (30 cm). The
maximum stone weight is 500 Ibs (227 kg), and the specific gravity is greater than 2.60.

The fine bedding layer is placed on the prepared embankment slope in a single lift. The fine
bedding gradation satisfies the requirements of ASTM C 33, Concrete Aggregates (ASTM, |
2007).

The coarse bedding layer is placed in a single lift on top of the finished fine bedding layer,
which has a surface free from mounds or windrows. The coarse bedding gradation shown on
Section 9.2.5 satisfies the requirements of ASTM D 448, Standard Sizes of Coarse Aggregate for
Highway Construction, Size No. 467 (ASTM, 2003b).

Stone for rip-rap is placed on the surface of the finished coarse aggregate bedding layer in a
manner which produces a reasonably well-graded mass of stone with the minimum
practicable percentage of voids. Rip-rap is placed to its full course thickness in one operation
to avoid displacing the underlying material. All material comprising the rip-rap is placed and
distributed such that there are no large accumulations of either the larger or smaller sizes of
stone.

The BBNPP ESWEMS Retention Pond is the source of water for the ESWS. Capacity of the
ESWEMS Retention Pond is designed in accordance with Regulatory Guide 1.27 (NRC, 1976) to
ensure that after 72 hours of an accident, the ESWEMS Retention Pond holds 27 days of water

supply.

The plant water requirements discussed in Section 2.4.11 are supplied from the Susquehanna |
River. The low flow conditions discussed in Section 2.4.11 do not influence the dependability |

of the ESWEMS Retention Pond. |
2.4.8.2.3.4 Resonance

As a conservative approach, wind wave activity within the ESWEMS Retention Pond was
evaluated coincident with the probable maximum water level at its peak elevation. At the
evaluated water level of 698.36 ft (212.86 m) NAVD 88, the ESWEMS Retention Pond has a

water surface length (or fetch length) of 690.16 ft (210.36 m), a width of 390.16 ft (118.92 m),

and a depth of 20.86 ft (6.36 m). The ESWEMS Retention Pond side slopes are covered with |
rip-rap which acts as a wave energy absorber. For these reasons, resonance of the pond is not
anticipated.
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2.4.9 Channel Diversions

The U.S. EPR FSAR includes the following COL Item for Section 2.4.9:

A COL applicant that references the U.S. EPR design certification will provide
site-specific information and demonstrate that in the event of diversion or
rerouting of the source of cooling water, alternate water supplies will be available
to safety-related equipment.

This COL Item is addressed as follows:

{References to elevation values in this section are based on the North American Vertical Datum |
of 1988 (NAVD 88), unless stated otherwise. |

BBNPP is located adjacent to the North Branch of the Susquehanna River (NBSR). The geology |
of the Susquehanna River Basin, from its headwaters in Cooperstown, New York to its mouth
in the Chesapeake Bay, changes as you proceed south. The river is approximately 444 mi (715
km) long, making it the longest river on the East Coast of the United States, and flows through
New York, Pennsylvania and Maryland. From the headwaters to southern New York, the
geology of the land surrounding the river is mostly glacial till underlain by sandstones and
shales. Glacial till is a mixture of all sizes of sediments from boulders (glacial erratic) to silt and
clay (very fine) sized sediments. In Pennsylvania, the glacial debris ends and sedimentary rocks
are the predominant bedrock. The sedimentary rocks include sandstones and shales and also
include carbonates such as limestones. Farther south from the BBNPP site, towards the
Chesapeake Bay, sedimentary rocks are dominant, however, metasedimentary rocks, such as
schists and slates, are also present. The BBNPP site and surrounding areas are shown in

Figure 2.4-2. Section 2.4.9.1 through Section 2.4.9.8 are added as a supplement to the U.S. EPR
FSAR.

2.4.9.1 Historical Channel Diversions

Section 2.5.1 provides further description and discussion of geological processes that lead to
the formation of the Susquehanna River. This section briefly describes the formation of the
Susquehanna River.
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The Susquehanna River will be used to supply makeup water to the safety-related ESWEMS
and non-safety-related Circulating Water System (CWS) as described in Section 2.4.1.1.
Municipal water provided by the PA American Water Company (PAW) will be used to satisfy
the demands of potable, sanitary and miscellaneous plant systems. The Susquehanna River is
described as "an extremely ancient river, the existence of which can be traced back (at least) to
the opening of the Atlantic following the Late Triassic/Jurassic rifting of eastern North America
from NW Africa. During its long history, the Susquehanna has incised many hundreds of
meters into the folded structure of the Appalachians, creating spectacular examples of
superimposed drainage. Early studies of this landscape also revealed a number of 'peneplains’,
some of which are now known to be capped by fluvial deposits of the Susquehanna that
pre-date this river's relatively recent entrenchment into its present narrow gorge" (Westaway,
2007). The Susquehanna River has also been subjected to multiple periods of glaciation. Four
main periods of continental glaciation occurred in Pennsylvania with three glacial periods
directly impacting the BBNPP site region. These glacial events occurred in the following order
from oldest to youngest; Early Pleistocene, Early Middle Pleistocene, Middle Pleistocene, and
Late Pleistocene. The oldest glaciation extended the farthest south, with each subsequent
glacial event never advancing past the previous one, as shown on Figure 2.4-37. These older
glacial advances are more difficult to identify due to the eroding attributes of more recent
glaciers. The area south of the Late Pleistocene glacial limit is characterized by extensive
colluvial deposits and other features of periglacial origin (Braun, 2004) including frost riving
and congelifluction (Sevon, 1999). The limit of the Late Pleistocene glacial event, also known
as the Late Wisconsinan (17,000-22,000 years), is marked by heads-of-outwash in the valleys
with an 'indistinct’ moraine on adjacent hillsides (Braun, 2004) and is labeled as Olean Till on
Figure 2.4-37. The overall trend of the late Wisconsinan margin across northeastern
Pennsylvania is N60°W. Hilltop striae on the Appalachian and Pocono Plateaus, within 30 miles
(48 km) of the margin, indicate a regional ice flow direction of North-South to S20 °W (Braun,
1988). The Late lllinoian (132,000-198,000 years) glacial event advanced only a few miles from
the more recent Late Wisconsinan event, as shown in Figure 2.4-37, and is identified by
heads-of-outwash in the valleys and discontinuous patches of till or colluvium derived from till
(Braun, 1988). Pre-lllinoian glaciations advanced approximatley 20-40 mi (32-64 km) beyond
the Late Illinoian limit, as shown on Figure 2.4-37. Glacial lake sediments and two belts

of “markedly thicker glacial deposits” suggest that Pre-lllinoian era northeastern Pennsylvania
was subjected to two glacial events (Braun, 2004). During periods of Pleistocene Glaciation,
the Susquehanna River flowed an additional approximate 248 mi (399 km), 186 mi (299 km) of
which is now submerged beneath the Chesapeake Bay and another 62 miles (100 km) flowed
over the continental shelf (Westaway, 2007). During glacial retreats, large volumes of glacial
melt-waters formed broad, high energy streams including the Susquehanna River, and other
neighboring rivers such as the Delaware and Potomac Rivers that incised deep canyons into
the continental shelf.

Approximately 7.5 mi (12 km) northeast of the BBNPP site, is the location of one of the largest
landslides in Pennsylvania. Approximately 4 Ka ago, a rock block landslide on the south side of
Schickshinny Mountain in which 20,260,000-27,450,000 yd3 (15,490,000-21,000,000 m3)
moved 1,250 ft (381 m) onto the Susquehanna River floodplain and extended in, and partially
diverted, the Susquehanna River (Inners, 1988). A rock block slide is "a translational slide in
which the moving mass consists of a single unit that is not greatly deformed" (Varnes, 1978).
Another, much smaller, landslide was witnessed in 1947 in which rainfall, that deposited 6
inches (15 cm) of rain within 2 hours, likely caused approximately 122,000 yd3 (93,300 m3) to
move downslope within a minute or two (Inners, 1988). Including the aforementioned
landslides, thirteen rock block slides have been mapped between Nanticoke, Pennsylvania
and Shickshinny, Pennsylvania (a distance of approximately 9 mi (14.5 km)) along the south
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side of Schickshinny Mountain, with a total volume of about 56,000,000 yd3 (42,800,000 m3)
(Inners, 1988). All of these landslides, with the exception of the 1947 landslide, are prehistoric,
having a maximum age of approximately 11 Ka, and were the likely results of a combination of
the dipslope of Shickshinny Mountain being ultimately underlain by a weak mudstone, a
relatively low dipping angle of the rock beds on the slope (approximately 20°), and the
undercutting of the sandstone-mudstone bedding planes by the Susquehanna River. Even
though porewater pressure, as a result of high moisture conditions in the area, was the most
likely cause of many of these historic rock block slides, the larger landslides probably required
a longer 'wet' season and/or multiple year high-moisture conditions. (Inners, 1988)

The highest land feature within a 5 mi (8 km) radius of the site is Nescopeck Mountain, to the
southeast of the site, which reaches an elevation of about 2,368 ft (722 m) msl. The
Susquehanna River elbows around the BBNPP site area to the east and south and is
approximately 8,300 ft (2,530 m) from the site (at the closest point). The average elevation of
the NBSR 100-yr floodplain is approximately 513 ft (156 m) National Geodetic Vertical Datum
of 1929 (NGVD 1929) (FEMA, 2008), or 512.3 ft (156.1 m) NAVD 88, with an average width of
approximately 0.75 mi (1.2 km). The finished floor grade elevation of the ESWEMS Pump House
is at elevation 700.5 ft (213.51 m) NAVD 88.

Given the seismic, topographical, and geologic evidence in the region (Section 2.5.1 and
Section 2.5.2), and despite the historic landslides of the region mentioned above, the limited
potential for upstream diversion or rerouting of the Susquehanna River (due to channel
migration, river cutoffs, or subsidence) could not adversely impact safety-related facilities at
the BBNPP site.

2.4.9.2 Regional Topographic Evidence

The BBNPP does not rely on the Susquehanna River for safe shutdown since the ESWEMS
contains sufficient storage volume under emergency conditions. The non-safety-related |
BBNPP Intake Structure for BBNPP will be located on the Susquehanna River, about 300 ft (100 |
m) south of the existing SSES Units 1 and 2 intake structure. The Susquehanna River is

channeled by two ridges, Lee Mountain and Shickshinny Mountain, northeast of the site while
Nescopeck Mountain borders the south side of the Susquehanna River south and southeast of
the BBNPP site. Within the 5 mi (8 km) radius of the site, the Susquehanna River flows over very
competent bedrock, thus limiting erosion of the riverbed. Erosional deposits of stratified drift

on the river banks, typically sand and gravel (as shown in Figure 2.4-37), were primarily
deposited during deglaciation of the site area, but continues today at a significantly decreased
rate.

The BBNPP site lies within the Middle Susquehanna Subbasin portion of the Susquehanna

River Basin, which drains an area of approximately 3,755 mi? (9,725 km?) (SRBC, 2008c). Water
usage, and permitting of dams and reservoirs, throughout the entire Susquehanna River Basin, |
is closely governed and regulated by the Susquehanna River Basin Commission (SRBC) in |
connection with varying other government agencies. More information on the dams and |
reservoirs of the Susquehanna River Basin is provided in Section 2.4.4. Because the

Susquehanna River is regulated, the possibility of river diversions is very unlikely.

2.4.9.3 Diversions Caused By Ice

A review of the Pleistocene history of the Susquehanna River shows the river underwent
significant changes. During the Pleistocene pre-historic period, the Susquehanna River flowed
several hundreds of miles longer, through the current day Chesapeake Bay and down the
continental slope (Westaway, 2007). During the pre-historic Pre-lllinoian cold stage, part of the
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Susquehanna River, mainly the West Branch, was dammed near Montoursville, Pennsylvania
by ice and resulted in the flooding and overflowing of the West Branch of the Susquehanna
River into a nearby tributary, the Juniata River (Westaway, 2007). The approximate location of
this ice dam is over 40 mi (64.4 km) west from the BBNPP site. Due to the distance from the site
and intense cold conditions during this occurrence that are no longer experienced within the
state (Sevon, 1999), a similar ice damming is highly unlikely to adversely affect the safety
related structures at the site.

Even though the Susquehanna River is subject to varying amounts of floating ice during the
winter months, the BBNPP Intake Structure, a non-safety related structure, is not impacted.
The BBNPP Intake Structure draws water from the NBSR through a 9 ft (3 m) opening from 474
to 483 ft (144 to 147 m) NAVD 88, which is below the design basis low water level elevation of
484 ft (148 m) NAVD 88. Therefore, the function of the Intake Structure is not expected to be
impacted by low water conditions. This design would not be subject to ice blockage or ice
formed in the Susquehanna River.

Furthermore, the Susquehanna River freezing is not anticipated to cause ice flooding, since a
design high water elevation of 525 ft (160 m) NAVD 88 was considered in the final design of
the intake system. Ice, or ice flooding, will not cause a problem at the plant discharge, as the
warm discharge water will keep the outfall open. A further discussion on the formation of
surface ice and the potential for an ice jam is provided in Section 2.4.7.

Flooding due to ice jams as a result of ice break-up can be a problem during the winter

months. For instance, jamming may occur at locations where floating ice is retained at bridges.
There are 13 recorded instances of ice jams near Wilkes-Barre in the Susquehanna River based
on a search of the "lce Jam Database" maintained by the U.S. Army Corps of Engineers Cold
Regions Research and Engineering Laboratory (CRREL). Figure 2.4-35 illustrates ice jams within |
a 50-mile (80 km) radius. The most recent ice movement and ice jamming occurred on March

3, 2004 in the vicinity of Wilkes-Barre. Approximately 4.0 ft (1.2 m) of backwater was observed

at the Wilkes-Barre USGS gauging station (USACE, 2008).

2494 Site Flooding Due to Channel Diversion

Channel diversion resulting from scenarios such as a hypothetical landslide along Walker Run,
and complete blockage of bridge openings along Walker Run and the culvert along Unnamed
Tributary-2, were evaluated when analyzing Probable Maximum Flood (PMF) on local streams
in Section 2.4.3 (see Figure 2.4-30). Based on these analyses, safety-related structures located
within the Powerblock at a finished plant grade elevation of 719 ft (219.2 m) NAVD 88 will not
be affected by flooding due to channel diversion (see Section 2.4.3). Furthermore, the finished
floor grade elevation of the ESWEMS Pump House at 700.5 ft (213.5 m) NAVD 88 will not be
exceeded as a result of flooding due to channel diversion (see Section 2.4.3).

All safety-related facilities within the BBNPP Powerblock are located at a finished plant grade |
elevation of 719 ft (219.2 m) NAVD 88; the finished floor grade elevation of the ESWEMS Pump
House is 700.5 ft (213.5 m) NAVD 88. The highest flood on record for the Susquehanna River
was the 1972 flood that occurred throughout the Mid-Atlantic as a result of Hurricane Agnes. |
This 1972 flood recorded a peak stream flow of approximately 345,000 cfs (9,769 m3/s) at |
Wilkes-Barre and 363,000 cfs (10,279 m3/s) at Danville (USGS, 2008a) (USGS, 2008b). On June
25,1972 ariver crest of 517.36 ft (157.7 m) mean sea level (msl) and a mean daily flow of
329,837 cfs (9,340 m3/s) was recorded near the SSES intake structure (Ecology Ill, 1986). The
Susquehanna River PMF peak discharge and water surface elevation near the BBNPP site were
estimated by following the procedures provided in the United States Nuclear Regulatory
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Commission (NRC) Regulatory Guide 1.59 (NRC, 1977) and the American National Standards
Institute (ANSI)/American Nuclear Society (ANS) 2.8 (ANS, 1992), respectively. The PMF peak
discharge was estimated as 1.13 million cfs (31,998 m3/s) resulting in a peak water surface
elevation (WSE) of approximately 548 ft (167.0 m) NAVD 88 at the location of the proposed
BBNPP Intake Structure. The BBNPP finished plant grade elevation is 719 ft (219.2 m) NAVD 88,
which is 171 ft (52.1 m) above the PMF elevation of 548 ft (167.0 m) NAVD 88.

Therefore, the plant site is dry with respect to PMF flooding on the Susquehanna River and |
local streams (i.e., Walker Run, Unnamed Tributary-1 and Unnamed Tributary-2) as discussed in
Section 2.4.3. Although the estimated Susquehanna River PMF only considers a localized
probable maximum precipitation (PMP) storm (i.e., channel diversion scenarios such as a
hypothetical landslide impeding flow along the Susquehanna River were not evaluated), it is
anticipated that no dams or obstructions on the Susquehanna River would be permitted by
the PADEP, SRBC, and USACE that would create flooding or problems for the BBNPP without |
adequate redress.

2.4.9.5 Human-Induced Channel Flooding

Human-induced channel flooding of the Susquehanna River is not anticipated because the
Susquehanna River flooding is monitored and controlled by the SRBC and the U.S. Army Corps
of Engineers. There are no reported federal projects to channel or dam any portion of the
Susquehanna River. FSAR Section 2.4.3 discusses the PMF on streams and rivers as a result of
the PMP over the watershed. On Walker Run, no dams or obstructions would be permitted to
be constructed that would cause flooding at the BBNPP site.

There are no dams within the Walker Run watershed. Several water control structures are |
located within the Susquehanna River Basin upstream from the site, some of which are
positioned on significant tributaries that drain into the Susquehanna River (Figure 2.4-15).
During an upstream (from the proposed BBNPP Intake Structure) dam failure event, flooding
resulting from the failure of these storage structures will not impact the safety-related
structures. Section 2.4.4 provides an in depth discussion of the dam failure analysis. |

Human induced, temporary flow cut off can occur on the Susquehanna River due to coffer
damming for construction of a new bridge for example. In this case the CWS supply may be
reduced or shutdown which could impact operation of the BBNPP. It is highly unlikely that
flow cutoff would be so severe it would affect normal plant operations; however, in this
unlikely event, the BBNPP emergency water supply would continue to be effective until river
flow could be restored.

2.4.9.6 Alternate Water Sources

An alternate water source is not required for the BBNPP design. Following a postulated
accident, the emergency safety-related water supply to the ESW System is initially supplied
from basins that are located beneath each of the four ESWS cooling towers. Each of the four
cooling tower basins holds sufficient volume of water to supply the ESW System for 72 hours.
After the initial 72 hours, the ESWEMS Retention Pond supplies makeup water to the ESWS
cooling tower basins for use by the ESWS during the following 27 days of the postulated
accident duration. There is no potential of blockage of the safety-related ESWEMS Pump
House due to channel diversions. Non-safety related water sources, such as water from the
non-safety related CWS Makeup Water System, Raw Water Supply System, and municipal
water system are also available, if needed.
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2.4.9.7 Other Site-Related Evaluation Criteria

The potential for channel diversion from seismic or severe weather events is not considered to
result in a loss of cooling water supply. Seismic Category | structures are designed for a seismic
event and will be situated at finished plant grade elevation 719 ft (219.2 m) NAVD 88 at the |
Powerblock and 700.5 (213.5 m) NAVD 88 at the ESWEMS Pump House, which are not
exceeded by site flooding due to channel diversions as discussed previously in Section 2.4.9.4.
Due to the limited likelihood of a seismic event at or within the site area and because the sides
of the new forebay will be protected by vertical sheet pile walls, no additional measures are
necessary to protect against a potential channel diversion due to seismic events. A collapse of
the shoreline to the northeast and east of the BBNPP site during a seismic or severe weather
event is assumed to not result in silt depositing in the forebay to such an extent that it would
cause a loss of cooling water supply. A seismic event would result in the bulk of the collapsed
material being deposited at the shoreline location of the failure. Normal waves and flow of the
river would disperse this material slowly over a wide area. A severe storm could relocate
shoreline sands and soils but is, again, dispersed over a wide area. A severe storm or collapse
of nearby shoreline may result in the need for maintenance dredging of the Susquehanna
River.
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24.10 Flooding Protection Requirements

The U.S. EPR FSAR includes the following COL Item in Section 2.4.10:

A COL applicant that references the U.S. EPR design certification will use
site-specific information to compare the location and elevations of safety-related
facilities, and of structures and components required for protection of
safety-related facilities, with the estimated static and dynamic effects of the design
basis flood conditions.

This COL Item is addressed as follows:

{References to elevation values in this section are based on the North American Vertical Datum |
of 1988 (NAVD 88) unless stated otherwise. |

This section discusses the locations and elevations of safety-related facilities to identify the
structures and components exposed to flooding. The safety-related facilities are compared to
design basis flood conditions to determine if flood effects need to be considered in plant
design or in emergency procedures.

The BBNPP plant grade elevation is 719 ft (219.2 m) NAVD 88. The highest flood of recordon |
the Susquehanna River took place in 1972 during Hurricane Agnes. This 1972 flood recorded a
peak stream flow of about 345,000 cfs (9,769 m3/s) at Wilkes-Barre, PA on June 24th, 1972 and
363,000 cfs (10,279 m3/s) at Danville on June 25th, 1972 (USGS, 2008a) (USGS, 2008b). On June
25,1972 ariver crest of 517.36 ft (157.7 m) mean sea level (msl) and mean daily flow of 329,837 |
cfs (9,340 m3/s) was recorded near the SSES intake structure (Ecology lll, 1986). Therefore, the
BBNPP Powerblock is approximately 202 ft (61.6 m) higher than the June 25, 1972 river crest at
the SSES Intake Structure, (Ecology lll, 1986).
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The Susquehanna River Probable Maximum Flood (PMF) peak discharge and water surface
elevation near the BBNPP site were estimated by following the procedures provided in the
United States Nuclear Regulatory Commission (NRC) Regulatory Guide 1.59 (NRC, 1977) and
the American National Standards Institute (ANSI)/American Nuclear Society (ANS) 2.8 (ANS,
1992), respectively. The PMF peak discharge was estimated as 1.13 million cfs (31,998 m3/s)
resulting in a peak water surface elevation of approximately 548 ft (167.0 m) NAVD 88 at the
BBNPP Intake Structure. The BBNPP plant grade elevation is 719 ft (219.2 m) NAVD 88, which is
171 ft (52.1 m) above the estimated PMF elevation of 548 ft (167.0 m).

Therefore, it is anticipated that the Susquehanna River flooding will not affect the plant. The |
BBNPP site is dry with respect to major flooding on the Susquehanna River, and only a

localized Probable Maximum Precipitation (PMP) storm was considered for flood design
protection of safety-related facilities.

The safety-related structures in the Powerblock consist of two ESWS Cooling Towers located in
the northwest corner, two ESWS Cooling Towers located in the southeast corner, Emergency
Diesel Generator Buildings located north and south of the Nuclear Island and the Reactor
Complex, which consists of the Reactor, Fuel, and Safeguards Buildings. The locations of the
buildings are shown on Figure 2.4-5. The BBNPP plant grade elevation is 719 ft (219.2 m) NAVD
88, and the entrances to each of these structures are located at or above the finished floor
grade elevation 720 ft (219.5 m) NAVD 88.

The effects of local intense precipitation at the BBNPP site are analyzed and discussed in |
Section 2.4.2, and the maximum water level in the Powerblock during the 1-hour PMP event
was estimated to be 718.36 ft (218.96 m) NAVD 88 which is 1.64 ft (0.50 m) below the reactor
complex finished floor grade at elevation 720 ft (219.5 m) NAVD 88. Walker Run and Unnamed
Tributaries 1 & 2 adjacent to the BBNPP protected area boundary were analyzed for PMF in
Section 2.4.3. The results of the PMF analysis indicate a maximum PMF water surface elevation |
of 675.69 ft (205.95 m) NAVD 88 at cross section 12,764.15 along Walker Run, 672.34 ft (204.93
m) NAVD 88 at cross section 1614.092 along Unnamed Tributary-1, and 715.03 ft (217.94 m)
NAVD 88 at cross section 1645.505 along Unnamed Tributary-2 in the vicinity of the BBNPP
(see Figure 2.4-31). The plant grade elevation for BBNPP is 719 ft (219.2 m) NAVD 88, which
provides a minimum elevation difference of 46.66 ft (14.22 m) below the plant grade along
Unnamed Tributary-1, 3.97 ft (1.21 m) below the plant grade along Unnamed Tributary-2, and
43.31 ft (13.20 m) below the plant grade along Walker Run.

The maximum estimated water surface elevations resulting from all design basis flood
considerations are below the entrance and grade slab elevations for the Powerblock
safety-related facilities. Therefore, flood protection measures are not required in the
Powerblock area.

The safety-related ESWEMS Retention Pond is located southeast of the Powerblock area, as |
shown on Figure 2.4-36. Grading around the ESWEMS Retention Pond is sloped to keep |
surface stormwater from entering the pond. To prevent an overflow caused by malfunction of
the makeup system or by rainfall accumulation in the ESWEMS Retention Pond, a spillway at
elevation 698 ft (212.75 m) NAVD 88 is provided to drain excess storage . A schematic layout of
the ESWEMS is provided in Figure 2.4-36.

and the grade level of the ESWEMS Pump House is at elevation 700.5 ft (213.5 m) NAVD 88.

The top of the dike of the ESWEMS Retention Pond is at elevation 700 ft (213.4 m) NAVD 88 |
Assuming no losses, the maximum water level resulting from local intense precipitation |
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(72-hour PMP event) in the ESWEMS Retention Pond was estimated to be 698.36 ft (212.86 m)
NAVD 88 as presented in Section 2.4.2. The crest elevation of the ESWEMS Retention Pond
spillway is 698 ft (212.75 m) NAVD 88, resulting in a peak outflow of 3.42 cfs (0.10 m*/s) during
the 72-hour PMP event. As stated previously, the energy of this outflow from the ESWEMS
Retention Pond is dissipated at the base of the spillway channel before being routed through
a channel lined with rip-rap, which then discharges to a swale that conveys surface runoff
down and away from the site. Wave run up within the ESWEMS Retention Pond during the
local intense precipitation event was analyzed and discussed in Section 2.4.8. The wave action
elevation resulting from the 1,000 year wind event, assuming that the initial water surface
elevation within the ESWEMS Retention Pond is equivalent to 698.36 ft (212.86 m) NAVD 88,
was estimated to be 699.83 ft (213.31 m) NAVD 88. Therefore, there is 0.17 ft (0.05 m) of
freeboard to the top of the dike embankment at elevation 700 ft (213.4 m) NAVD 88 and 0.67 ft
(0.20 m) of freeboard to the grade level of the ESWEMS Pump House at elevation 700.5 ft |
(213.5 m) NAVD 88. |

The possibility of flood elevations outside the ESWEMS Retention Pond overflowing the
ESWEMS Retention Pond dike embankment at elevation 700 ft (213.4 m) NAVD 88 and
flooding the ESWEMS Pump House at elevation 700.5 ft (213.5 m) NAVD 88 were also
evaluated in Section 2.4.2 and Section 2.4.3. When evaluating the effects of local intense
precipitation in the proposed site in Section 2.4.2, it was determined that the dike does not
overflow with the highest peak water surface elevation of 695.62 ft (212.02 m) NAVD 88. When
evaluating PMF on nearby streams in Section 2.4.3, the top roadway of the culvert at the
wetlands outlet along Unnamed Tributary-2 was established at elevation 695 ft (211.8 m)
NAVD 88 (access road elevation). As reported in Table 2.4-27, the water surface elevation near
the inlet of this proposed culvert is 696.38 ft (212.26 m) NAVD 88. Therefore, the PMF water
level is 3.62 ft (1.10 m) below the top elevation of the ESWEMS Retention Pond dike at
elevation 700 ft (213.4 m) NAVD 88 and 4.12 ft (1.26 m) below the ESWEMS Pump House at
elevation 700.5 ft (213.5 m) NAVD 88.

The BBNPP Intake Structure at the Susquehanna River is not a safety-related facility. However,
the BBNPP Intake Structure will be designed to take into account the flood elevation of 525 ft
(160 m) msl.

In summary, the safety-related facilities are designed to withstand the combination of
flooding conditions and wave-run up, including both static and dynamic flooding forces,
associated with the flooding events discussed in Section 2.4.2 through Section 2.4.8.
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24.11

USGS, 2008b. Peak Streamflow for Pennsylvania USGS 01536500 Susquehanna River at
Wilkes-Barre, PA. Website: http://nwis.waterdata.usgs.gov/pa/nwis/peak?
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Low Water Considerations

The U.S. EPR FSAR includes the following COL Item in Section 2.4.11:

A COL applicant that references the U.S. EPR design certification will identify
natural events that may reduce or limit the available cooling water supply, and will
verify that an adequate water supply exists for operation or shutdown of the plant
in normal operation, anticipated operational occurrences, and in low water
conditions.

This COL Item is addressed as follows:

{This section investigates natural events that may reduce or limit the available cooling water
supply to ensure that an adequate water supply exists to shut down the plant under
conditions requiring safety-related cooling. Specifically, events resulting in a low water level in
the Susquehanna River are investigated in this section.

References to elevation values in this section are based on the North American Vertical Datum
of 1988 (NAVD 88), unless stated otherwise.

Section 2.4.11.1 through Section 2.4.11.7 are added as a supplement to the U.S. EPR FSAR.

2.4.11.1 Low Flow in Rivers and Streams

The BBNPP sits on a relatively flat upland area, with the plant grade above the nominal
Susquehanna River level. Figure 2.4-2 shows the location of the BBNPP in relation to the
existing SSES Units 1 and 2, the Susquehanna River, and Walker Run. The BBNPP site is
approximately 21.4 mi (38.6 km) downstream of the U.S. Geological Service (USGS) gauge
located at Wilkes-Barre, and approximately 5 mi (8 km) upstream of Berwick.

BBNPP relies on the Susquehanna River to supply water for safety-related and
non-safety-related purposes. BBNPP does not draw water from any other streams or creeks
located in the vicinity of the site; thus, low water conditions resulting from the low flow in
these water bodies have no adverse impact on BBNPP.

The minimum daily mean discharge of 532 cfs (15 m3/s) reported at Wilkes-Barre on
September 27, 1964 (USGS, 2008a) has a recurrence interval of 109 years based on the Weilbull
frequency distribution of daily mean flow data at the Wilkes-Barre gauge station (refer to
Section 2.4.11.3) Using the depth-level-flow relationship of the Susquehanna SES
Environmental Laboratory, a discharge of 532 cfs (15 m3/s) results in a water surface elevation
of approximately 485.3 ft (147.9 m) msl near the BBNPP Intake Structure (Soya, 1991).

The BBNPP Intake Structure draws water from the NSBR through a 9 ft (3m) opening from 474
to 483 ft (144 to 147 m) NAVD 88, and the design basis low water level elevation for the BBNPP
Intake Structure is 484 ft (148 m) NAVD 88.

The estimated low water level of 485.3 ft (147.9 m) msl (Soya, 1991) is above the design basis
low water level for the BBNPP Intake Structure. Therefore, the function of the non-safety
related makeup water intake for the Circulating Water System (CWS) and Raw Water Supply
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System (RWSS) will not be affected by the estimated low water level. Furthermore, the SRBC
has the authority to release water from the Cowanesque Reservoir to supplement river flow if
drought conditions occur: this release is initiated by a flow of 868 cfs (25 m3/s) at the
Wilkes-Barre gauging station, and for this reason there is little chance of ever having water
levels less than 485.72 ft (148.05 m) msl near the BBNPP Intake Structure (Soya, 1991).

2.4.11.2 Low Water Resulting from Surges, Seiches, Tsunamis, or Ice Effects

Since the effect from seiches and tsunamis on the site are negligible, as described in

Section 2.4.5 and Section 2.4.6 respectively, these effects are not taken into account for the
low water consideration. Section 2.4.7 includes a description of cases of ice formation or
ice-jams that may result in low water level. However, as concluded in Section 2.4.7, the
possibility of ice jam formation on the Susquehanna River will not adversely affect the ability
of the safety related Essential Service Water Emergency Makeup System (ESWEMS) to function

properly.
2.4.11.2.1 Storm Surge Effect

Since the plant grade elevation of BBNPP is approximately 207 ft (63 m) above the 100-yr |
floodplain of the Susquehanna River, there are no effects due to storm surges or seiche

flooding that would impact the site’s safety-related facilities. Details of the storm surge effects
are given in Section 2.4.5.

2.4.11.2.2 Tsunami Effect

Any effect from a tsunami-like wave is not credible. Details of the tsunami effects are given in
Section 2.4.6.

2.4.11.3 Historical Low Water

Table 2.4-36 lists the location and period of record for USGS gauging stations at Wilkes-Barre
and Danville, which are located upstream and downstream of the BBNPP site on the
Susquehanna River, respectively (USGS, 2008a) (USGS, 2008b). The minimum annual water
level and streamflow measurements in the Susquehanna River and their corresponding stages
on the Susquehanna River at Danville and Wilkes-Barre are listed in Table 2.4-37 and

Table 2.4-38. Table 2.4-39 shows the low calculated annual flow statistics for the Wilkes-Barre
and Danville USGS gauging stations based on almost 106 years of recorded flow data.

Figure 2.4-38 shows the mean monthly minimum flow variations for Wilkes-Barre and Danville |
gauging stations. The minimum water level in the Susquehanna River measured at |
Wilkes-Barre was 509.13 ft (155.18 m) NAVD 88 on September 22, 1964 (USGS, 2008f). The |
lowest river stage measured at Danville was 432.12 ft (131.71 m) NAVD 88 on September 25, |
1900 (USGS, 2008e). The minimum daily mean discharge in the Susquehanna River was 532 cfs |
(15 m3/s) at Wilkes-Barre on September 27, 1964 (USGS, 2008a) and 558 cfs (16 m3/s) at |
Danville, on September 27, 1964 (USGS, 2008b) These flows may be considered as the |
probable minimum flows in the Susquehanna River at these respective stations. |

I

I

I

Statistical methods were used to determine the recurrence interval associated with
Susquehanna River low flow events (Linsley, 1992). Frequency analysis methods such as
Weilbull, Gumbel and Log Pearson Type lll distributions were used to estimate flood frequency
events. However, by adjusting the procedure slightly to accommodate low flow events when
calculating the Weilbull recurrence intervals to establish an estimated frequency distribution,
and by calculating the probability that the flow is less than (as opposed to greater than or

equal to) a flow event of a given magnitude, all three (3) methods mentioned above can be

used effectively to estimate the frequencies of low flow events. Plots comparing the three (3) |
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calculated frequency distributions, as well as the extrapolation of Log Pearson Type llI
distributions at the Danville (USGS, 2008b) and Wilkes-Barre (USGS, 2008a) gage stations, can
be found on Figure 2.4-39 and Figure 2.4-40, respectively.

Table 2.4-40 summarizes the recurrence intervals calculated for the record low flows at
Wilkes-Barre and Danville gauging stations. Figure 2.4-41 and Figure 2.4-42 illustrate the |
state-discharge curves for Danville and Wilkes-Barre, respectively. |

Using the drainage area ratio transfer method developed by the US Geological Survey (USGS),

in cooperation with the Pennsylvania Department of Environmental Protection (PADEP), low
flow statistics were interpolated for the ungaged water supply intake located at Susquehanna
River Mile 165 based on statistics that were developed using the data recorded at the

upstream (Wilkes-Barre; USGS, 2008a) and downstream (Danville; USGS, 2008b) gauging |
stations (USGS, 2008g). When applying this method using the low flow statistics calculated at |
the Wilkes-Barre gage station, the 1-day, 10-year average low flow (Q1,10) was estimated as

818 cfs (23 m3/s) (Table 2.4-39). The 7-day, 10-year low flow condition (Q7,10) estimated at
Wilkes-Barre as the design low flow condition is 850 cfs (24 m3/s).

Regulatory Guide 1.206 (NRC, 2007) does not provide guidance regarding the specific return
period for the extreme low water level, but does recommend the use of the 100-year drought
as a design basis for non-safety related facilities. The 100-year low water level is the
appropriate design level for the non-safety-related makeup water intake for the Circulating
Water System (CWS) and Raw Water Supply System (RWSS), or the BBNPP Intake Structure.

As shown in Table 2.4-38, the minimum water level in the Susquehanna River at the
Wilkes-Barre was 509.13 ft (155.18 m) NAVD 88 in 1964 (USGS, 2008f).

The minimum flow is based on the historical flow data (from 1900 to 2006) at the Wilkes-Barre
station, located upstream from the BBNPP site. The minimum daily mean flow of 532 cfs (15
m3/s) reported at Wilkes-Barre on September 27, 1964 (USGS, 2008a), which has an estimated
recurrence interval of 109 years based on the Weilbull frequency distribution, results in a water
level of 485.3 ft (147.9 m) msl near the BBNPP Intake Structure after applying the
depth-flow-level relationship of the Susquehanna River at the SSED Environmental Laboratory
(Soya, 1991). Soya (Soya, 1991) also reports that flows ranging from 380 to 600 cfs (11 to 17
m?3/s) result in a water level near the SSES Environmental Laboratory, which is approximately
1,620 ft (402 m) up river from the existing SSES river intake, of about elevation 485.1 to 485.5 ft
(147.9 to 148.0 m) msl (Soya, 1991). These water levels are higher then tha BBNPP Intake
Structure's design low water level of 484 ft (148 m) NAVD 88 and thus will not impact
withdrawal of water from the Susquehanna River.

Susquehanna River Basin Drought

The PADEP is responsible for the drought monitoring and management. The PADEP uses
drought indicators (i.e. stream flow, soil moisture and precipitation) to provide timely
identification of developing drought conditions. Stream flows have been widely used as an
indicator of a developing drought. For this evaluation, 30-day average stream flow values
computed by the USGS (USGS, 2008¢) (USGS,2008d) were used to evaluate drought status

based on stream flow percentiles. Figure 2.4-43 and Figure 2.4-44 shows the 30-day moving
average for 2007 and 2008 stream flow for Danville and Wilkes-Barre USGS gauging stations, |
respectively. For stream flows, the 25, 10 and 5 percentile color bands are used as indicators

for drought watch, warning, and emergency, respectively.
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When drought conditions occur, the SRBC commission has the authority to release water from
the Cowanesque Reservoir to augment the Susquehanna River flow. Currently, this release is
initiated by a flow of less than or equal to 868 cfs (25 m3/s) at the USGS Wilkes-Barre gauging |
station (Soya, 1991).

2.4.11.4 Future Controls

There are no future controls that could create or exacerbate low flow conditions, or that could |
affect the ability of potential BBNPP safety-related facilities to function adequately.

2.4.11.5 Plant Requirements
2.4.11.5.1 Minimum Safety-Related Cooling Water Flow

In terms of plant requirements, the ESWS provides flow for normal operating conditions, for
shutdown/cool down and for Design Basis Accident (DBA) conditions. The ESWS pump in each
train obtains water from the ESWS cooling tower basin of that train and circulates the water
through the ESWS. Heated cooling water returns to the ESWS cooling tower to dissipate its

heat load to the environment. Makeup water is required to compensate for ESWS cooling

tower water inventory losses due to evaporation, drift, and blowdown associated with cooling
tower operation. Water to the ESWS cooling tower basins under normal operating conditions
and shutdown/cool down conditions is provided by the Raw Water Supply System (RWSS). |
Water is stored in the ESWS cooling tower basin, which provides at least 72 hours of makeup
water for the ESWS cooling tower following a DBA. After 72 hours have elapsed under DBA
conditions, emergency makeup water to the tower basins is provided by the safety-related
ESWEMS Retention Pond. Refer to Section 9.2.1 and ER Section 3.3 for more information
regarding the ESWS. ‘

During DBA conditions, the ESWS cooling tower basins contain sufficient water to |
accommodate 72 hours of operation without makeup. Four trains of ESWS are assumed to be
in operation to respond to an accident. After 72 hours of post-accident operation, makeup |

flow will be supplied by the ESWEMS Retention Pond (or Ultimate Heat Sink [UHS]) to the four |
operating ESWS cooling tower basins. The required makeup flow rate will reduce over time as |
heat loads get lower. Post-accident makeup to the ESWS cooling tower basins is pumped from |
the ESWEMS Retention Pond using pumps located in the safety-related ESWEMS Pump House.
Refer to Section 9.2.5 and ER Section 3.3 for more information regarding the UHS.

Technical Specifications (TS) and bases for the ESWEMS Retention Pond (or Ultimate Heat Sink
[UHS]), TS 3.7.19, is discussed in COLA Part 4. Surveillance requirements (SR) for the ESWEMS
Retention Pond are identified, including verification of the water level and average water
temperature on a 24-hour basis, to ensure that the ESWEMS remains operable and capable of
performing its safety-related function (i.e., provide the 27-day post-accident water supply)
during DBA conditions.

2.4.11.5.2 Minimum Normal Operating Water Flow

Plant Requirements

The normal BBNPP plant water demand will be approximately 25,729 gpm (97,384 Ipm). This
water will be drawn from the Susquehanna River through the BBNPP Intake Structure.

2.4.11.5.2.1 Susquehanna River Flow
Water Supply Intake and Pumphouse Structure
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The estimated low water level of 485.3 ft (147.9 m) msl (Soya, 1991) is above the design basis |
low water level of 484 ft (148 m) NAVD 88 for the BBNPP Intake Structure. Therefore, the
function of the non-safety-related makeup water intake for the Circulating Water System
(CWS) and Raw Water Supply (RWSS) will not be affected by the estimated low water level.
Furthermore, the SRBC has the authority to release water from the Cowanesque Reservoir to
supplement river flow if drought conditions occur; this release is initiated by a flow of 868 cfs
(25m3/s) at the Wilkes-Barre gauging station, and for this reason there is little chance of ever
having water levels less than 485.72 ft (148.05 m) msl near the BBNPP Intake Structure (Soya,
1991).

Water treatment will be required for both influent and effluent water streams. The Circulating
Water Treatment System provides treated water for the CWS and consists of three phases:
makeup treatment, internal circulating water treatment and blowdown treatment. The RWSS
Water Treatment System provides treated water for the ESWS and power plant makeup.
Detailed information regarding the water treatment process is described in ER Section 3.3.2

Circulating Water System

Under normal plant operating conditions, BBNPP uses the CWS to dissipate heat from the
turbine condenser and Closed Cooling Water System. A closed-cycle, wet cooling system is

used for BBNPP similar to the existing SSES cooling system. Makeup water to the CWS cooling |
tower is required due to evaporation, drift and blowdown. Refer to Section 10.4.5 and ER

Section 3.3 for more information regarding the CWS.

2.4.11.5.3 Plant Water Effluent

The plant water effluent will consist mainly of the blowdown from the CWS and ESWS cooling
towers. The blowdown from the CWS and ESWS cooling towers and miscellaneous low volume
waste are directed to the Combined Waste Water Retention Pond. The discharge velocity will
be sufficient to mix the effluent with the river water for a 7-day, 10-year low flow condition
estimated at Wilkes-Barre as the design low flow condition (850 cfs (24 m3/s)), in order to
minimize thermal effects. These anticipated discharge conditions meet the existing
Pennsylvania Water Quality standards.

24.11.6 Heat Sink Dependability Requirements

The normal source of water for the CWS and ESWS is the BBNPP Intake Structure on the
Susquehanna River. The ESWEMS Retention Pond will be the emergency source of water for
the ESWS. The low flow conditions in the Susquehanna River do not influence the
dependability of the ESWEMS Retention Pond since the ESWEMS Retention Pond is designed
to provide a 27 day supply of water.

Design basis heat loads for various plant modes are provided in Section 9.2.5 and U.S. EPR
FSAR Section 9.2.5.

2.4.11.7 References
Linsley, 1992. Probability Concepts in Planning, Water-Resources Engineering, B.J. Clark and
E. Castellano, ed., McGraw-Hill, Inc., New York, pp. 140-144 and pp. 808-809 (Table A-5).

NRC, 2007. Combined License Applications for Nuclear Power Plants (LWR Edition),
Regulatory Guide 1.206, Revision 0, U.S. Nuclear Regulatory Commission, June 2007.
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Groundwater |

The U.S. EPR FSAR includes the following COL Item in Section 2.4.12:

A COL applicant that references the U.S. EPR design certification will provide
site-specific information to identify local and regional groundwater reservoirs,
subsurface pathways, onsite use, monitoring or safeguard measures, and to
establish the effects of groundwater on plant structures.

This COL Item is addressed as follows:

{This section provides a description of the hydrogeologic conditions present at, and in the
vicinity of the BBNPP site and describes regional and local groundwater resources that could
be affected by construction and operations at the site. The regional and site-specific physical
and hydrologic characteristics of these resources are summarized to provide the basic data
required for an evaluation of potential impacts on the aquifers of the area.

Section 2.4.12.1 through Section 2.4.12.6 are added as a supplement to the U. S. EPR FSAR.
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2.4.12.1 Description and Use
2.4.12.1.1 Physiographic and Geologic Setting

The BBNPP site area is encompassed by three of the Commonwealth of Pennsylvania’s
physiographic regions, namely the Appalachian Plateaus, Ridge and Valley, and Piedmont
provinces. The geology, stratigraphy, and tectonic history of these areas are described in detail
in Section 2.5. However, a very brief discussion of the geology and hydrogeology is provided
here.

2.4.12.1.1.1 Appalachian Plateaus Physiographic Province

The Appalachian Plateaus Province extends over most of West Virginia, much of Pennsylvania,
and small parts of westernmost Virginia and Maryland, and is bounded on the east and
southeast by the Ridge and Valley Province. The Appalachian Plateaus region is underlain
primarily by flat lying Cambrian- to Permian-age (i.e., Paleozoic) sedimentary rocks (Trapp,
1997).

Aquifers in the Appalachian Plateau consist mostly of Paleozoic shale, sandstone,
conglomerate, limestone, and coal beds. The water-yielding characteristics of these aquifers
differ significantly due to local variations in lithology and thickness of the geologic units. The
most productive aquifers lie within sandstones or conglomerates, but many limestone
formations also yield significant volumes of water (Trapp, 1997). Sand and gravel deposits
derived from glacial outwash, kame terraces, and ground moraine also form secondary
aquifers.

2.4.12.1.1.2 Ridge and Valley Physiographic Province

The northeast-southwest trending Ridge and Valley Physiographic Province extends from
West Virginia and Maryland to northeastern Pennsylvania, and encompasses approximately 25
percent of Pennsylvania. This region is bounded to the north and west by the Appalachian
Plateaus and to the southeast by the Piedmont Province. The Ridge and Valley Province is
characterized by complexly faulted and folded Paleozoic sedimentary rocks. These rocks range
in age from Cambrian to Pennsylvanian. Elongated mountain crests within the Ridge and
Valley Province are formed by wellcemented sandstones and conglomerates that are resistant
to weathering. These ridges typically are the remnant flanks of breached anticlines. Limestone,
dolomite, and shale are more easily weathered and eroded and, as a result, form intervening
valleys.

The principal aquifers in the Ridge and Valley Province are carbonate rocks (limestone and
dolomite) and sandstones. Most of the more productive aquifers are composed of carbonate
rocks, primarily limestone, and are typically found in valley bottoms. However, the
water-yielding characteristics of the carbonate rocks largely depend upon the degree of
fracturing and development of solution cavities in the rock. Sandstone formations also yield
large volumes of water where these rocks are well fractured. Generally, the carbonate aquifer
rocks are early Paleozoic in age, whereas the sandstone aquifers are typically found in late
Paleozoic rocks (Trapp, 1997).

Similar to the Appalachian Plateaus Province, the Ridge and Valley Province contains
secondary aquifers within glacial outwash, kame terrace, and ground moraine sands and
gravels.
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2.4.12.1.1.3 Piedmont Physiographic Province

The Piedmont Province lies southeast of the Great Valley Section of the Ridge and Valley
Province (Figure 2.5-125). In southeastern Pennsylvania, the Piedmont Province ranges in
elevation between 20 and 1,355 ft (6 to 413 m) NAVD 88 (DCNR, 2007¢c) (DCNR, 2007d) and is
approximately 60 miles (97 km) wide.

The Piedmont Province is specifically divided into three sections, the Piedmont Lowland, the
Gettysburg-Newark Lowland, and the Piedmont Upland (Figure 2.5-126). The Piedmont
Lowland consists of wide, moderately dissected valleys separated by broad low hills and is
developed primarily on limestone and dolomite rocks, which are highly susceptible to
karstification (DCNR, 2007b). The Gettysburg-Newark Lowland, in turn, comprises rolling low
hills and valleys developed on rocks of fluvial and lacustrine origin (Root, 1999). Sedimentary
basins within the Gettysburg-Newark Lowland are typically formed in early Mesozoic crustal
rift zones, and contain shale, sandstone, and conglomerate, interbedded locally with basaltic
lava flows and coal beds. In some places, these rocks are intruded by diabase dikes and sills
(Trapp, 1997).

The Piedmont Upland is underlain primarily by metamorphosed sedimentary, volcanic, and
plutonic rocks (Crawford, 1999). Meta-carbonate rocks of Cambrian and Ordovician age overly
these basement rocks in the western Piedmont Upland (Crawford, 1999). To the east, Mesozoic
clastic sedimentary rocks overly the basement.

Aquifers in the Piedmont Province occur predominantly in shallow, fractured igneous and
metamorphic rocks. In topographically low areas, aquifers also exist within the carbonate
rocks and sandstones (Trapp, 1997).

2.4.12.1.2 Regional Hydrogeologic Description

The BBNPP site is located in the Ridge and Valley Province, on the north limb of the so-called
Berwick Anticlinorium, a moderately complex, northeast-southwest trending first-order fold
that plunges 2 to 4 degrees east-northeast (Inners, 1978). The total thickness of Paleozoic
sedimentary rocks in the vicinity of the site is nearly 33,000 ft (10,058 m), and includes
Paleozoic sandstone, siltstone, shale, and limestone units, with lesser amounts of coal and
conglomerate (Inners, 1978). The middle Devonian Mahantango Formation directly underlies
the BBNPP site, although younger rocks (e.g., the Harrell Shale and Trimmers Rock formations)
crop-out north of the site. Older rocks, including Marcellus Formation shales, are buried well
below the surface, but crop-out to the west-southwest of the site, along the centerline of the
anticlinorium.

Groundwater in the bedrock formations surrounding the BBNPP site (including shales and clay
shales) is present primarily in secondary openings, including fractures, joints, and bedding
plane separations. Dissolution of calcareous material, especially along fractures and bedding
planes, greatly increases the secondary porosity and permeability of local carbonate rock
units. It should also be noted that extensive aquitards are not found in the BBNPP site region,
largely as a result of the folded, faulted, and fractured condition of the bedrock.

Bedrock in the BBNPP site area is overlain by a variable thickness of glacial till, colluvium,
outwash, kame, and kame terrace deposits of late Wisconsinan age (approximately 22,000 to
17,000 years ago) (Figure 2.4-37). The outwash and kame terrace deposits constitute some of
the most permeable aquifer units in the region (Lohman, 1937) (Hollowell, 1971) (Taylor, 1984)
(Williams, 1987).
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The glacial deposits and underlying rock formations of the BBNPP site area are discussed in
greater detail below, in order of increasing age.

2.4.12.1.2.1 Glacial Outwash Deposits

In upland and lowland areas at the BBNPP site, surface deposits consist largely of glacial
outwash sands and gravels (Figure 2.4-47 and Figure 2.4-48). Within the lowland valleys (e.g.,
in the NBSR valley) surface deposits also include recent alluvium. In these deposits, porosity
and permeability are primary. That is, upland lowland glacial outwash aquifers are largely
inter-granular in nature.

2.4.12.1.2.2 Catskill Formation

The Catskill Formation is the youngest Paleozoic sedimentary sequence in eastern
Pennsylvania. The Duncannon Member of the Catskill Formation consists of approximately
1,100 ft (335 m) of repetitive, fining upward cycles of greenish-gray and grayish-red
sandstone, siltstone, and shale. Each cycle is generally 30 to 65 ft (9 to 20 m) thick (Williams,
1987). The Sherman Creek Member, in turn, is approximately 2,500 ft (762 ft) thick and consists
of interbedded grayish-red shale, siltstone, and sandstone. The Irish Valley Member, the
lowermost member of the Catskill Formation, is approximately 1,800 to 2,000 ft (549 to 610 m)
thick and consists of greenish-gray to gray interbedded shale, siltstone, and sandstone.

Note that the Catskill Formation is not directly present at the BBNPP site, but crops-out within
approximately 2.9 mi (4.7 km) of the site. Specifically, the more resistant Duncannon Member
forms the steeper, southern flank of Lee Mountain (north of the site) and the northern flank of
Nescopeck Mountain, located south of the NBSR (Figure 2.4-45 and Figure 2.4-46).

2.4.12.1.2.3 Trimmers Rock Formation

The Trimmers Rock Formation consists of medium dark gray, very fine to fine-grained
sandstone, medium to dark gray siltstone and silty shale, and medium dark to dark gray silty
clay shale that is moderately resistant to erosion (Inners, 1978). Sandstones occur primarily in
the upper 2,300 to 2,500 ft (701 to 762 m) of the formation, in beds that range from 2 in to 5 ft
(5 to 152 cm) in thickness. The Trimmers Rock Formation underlies upland terrain of moderate
relief in central and eastern Pennsylvania, and forms the steep escarpments on the north and
south sides of much of the Susquehanna River Valley. This formation is absent, however, at the
BBNPP site.

2.4.12.1.2.4 Harrell and Mahantango Formations

The Harrell Formation is a dark gray to grayish black clay shale and silty clay shale. It is
noncalcareous, locally carbonaceous, pyritic, and frequently jointed. The formation is
approximately 120 ft (37 m) thick (Inners, 1978). At the BBNPP site, the Harrell Formation forms
an east-west trending swale located immediately south of Beach Grove Road.

The Mahantango Formation directly underlies the BBNPP site. It is approximately 1,500 ft (457
m) thick and consists primarily of dark gray, silty to very silty claystone. The uppermost section
of the Mahantango Formation, the so-called Tully Member, is approximately 50 to 75 ft (15 to
23 m) thick and consists of argillaceous, fine-grained limestone and calcareous clay shale
(Inners, 1978). Frequent joints and extensive pencil cleavage development causes the
claystone to become fragmented upon weathering. The Mahantango Formation has low to
moderate resistance to weathering and forms lowland terraine, with knobs and ridges of
moderate relief formed by more resistant silty and calcareous beds (Inners, 1978).
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2.4.12.1.2.5 Marcellus Formation

The Marcellus Formation lies at a depth approximately 1,500 ft (457 m) below the ground
surface at the BBNPP site. It is approximately 350 ft (107 m) thick and consists of dark gray to
black clay shale (Inners, 1978). Upper sections of the Marcellus are moderately silty, whereas
lower sections are typically, noncalcareous to slightly calcareous, pyritic, and carbonaceous. In
outcrops, the formation generally has low resistance to weathering and forms lowlands.

2.4.12.1.2.6 Onondaga and Old Port Formations

The Onondaga Formation immediately underlies the Marcellus Formation, is approximately |
175 ft (53 m) thick, and consists of medium dark gray, calcareous shale and gray argillaceous, |
fine-grained limestone (Inners, 1978).

The Onondaga, in turn, is underlain by the 100 to 150 ft (30 to 45 m) thick Old Port Formation.
The Old Port consists of dark gray, argillaceous, fine-grained limestone; medium to dark gray, |
calcareous clay shale; and medium gray, silty, cherty, fine-grained limestone (in descending

stratigraphic order). |

2.4.12.1.2.7 Keyser and Tonoloway Formations

The Keyser and Tonoloway formations comprise the primary carbonate aquifers in the site
area (Inners, 1978). The Keyser Formation is composed of gray to bluish gray, thin- to |
thick-bedded limestone. The limestone is, in part, argillaceous and dolomitic. The Tonoloway

Formation consists of laminated, gray to dark gray limestone. Dolostone occurs in the lower |
sections of the Tonoloway. |

2.4.12.1.2.8 Water Yielding Characteristics of the Geologic Materials

Table 2.4-41 and Table 2.4-42 present construction, water yield, and specific capacity data for |
domestic and non-domestic wells located within the NBSR basin area. These data (from Taylor,
1984) suggest that alluvium and glacial outwash deposits are generally characterized by high
yield and specific capacity, with 50 percent of the non-domestic wells providing more than |
164 gpm (approximately 620 Ipm). Non-domestic well yields in rocks of the Onondaga, Old |
Port, Keyser, and Tonoloway formations are similarly high (Table 2.4-42). In these bedrock
formations, dissolution along fractures, joints, and bedding planes has enlarged openings and
created a greater number of water-producing zones in which to transmit groundwater more
efficiently. Yield and specific capacity of wells screened in the claystone, shales, and silty shales
of the Mahantango and Marcellus formations are, in contrast, somewhat lower, with only 50
percent of the measured non-domestic well yields exceeding 65 gpm (246 [pm) (Table 2.4-42).
Wells in the Catskill and Trimmers Rock formations exhibit much lower yields (typically less
than 35 gpm or 132 Ipm) (Table 2.4-42).

In the area immediately surrounding the BBNPP site (i.e., in the Berwick-Bloomsburg-Danville
area), Taylor (Taylor, 1984) noted that specific capacities were highest in wells screened in
glacial outwash deposits, and significantly lower in the underlying Paleozoic rock formations
(Table 2.4-43). When tabulated and/or viewed by lithology (Table 2.4-44 and Figure 2.4-49)
these data indicate that sand and gravel deposits (glacial outwash, alluvium, etc.) and
carbonate rocks generally yield the greatest quantities of water. Because valleys in the
Berwick-Bloomsburg-Danville area are often covered by permeable sand and gravel deposits
or are underlain by carbonate rocks, wells located in this area tend to be characterized by
higher yields (Figure 2.4-50). In contrast, area ridges are often capped by more erosion
resistant sandstones and siltstones and thus exhibit lower yields.
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In the Berwick area, Williams (Williams, 1987) noted that the size and frequency of
water-bearing zones generally decreases with depth (Figure 2.4-51). This is largely related to
fracture closure with increasing confining pressure (i.e., with increasing rock weight with
depth).

2.4.12.1.2.9 Precipitation, Water Budgets, and Groundwater Recharge

Mean annual precipitation in the Middle Susquehanna Sub-Basin (which includes the NBSR)
generally decreases from southeast to northwest, from a high near 45 in (114.3 cm) per year in
northwestern Schuylkill County, to less than 34 in per year (86.4 cm per year) in northwestern
Bradford County (Figure 2.4-52). Drier conditions are observed within the Susquehanna and
Lackawanna river valleys in central Columbia, central Luzerne, and south-central Lackawanna
counties. At the BBNPP site, mean annual precipitation is between about 38 and 39 in (97 and
99 cm) per year. This rainfall total is, however, highly variable from year-to-year. Between 1931
and 1980, for example, mean annual rainfall fluctuated between 25 and 56 in (64 and 142 cm)
per year (Figure 2.4-53).

Taylor (Taylor, 1984) evaluated the water budgets for three drainage basins in the NBSR region
using rainfall, runoff, evaporation, and groundwater discharge data collected over a 20-year
span, between 1961 and 1980. At Wapwallopen Creek, located approximately 2 miles (3.2 km)
southeast of the BBNPP site (Figure 2.4-54), Taylor (Taylor, 1984) noted high rainfall totals (44
in per year, or 112 cm per year) (Table 2.4-45) and relatively high groundwater discharge rates
(14.2 inches [36.1 cm] per year). This discharge rate was effectively equated with a basin-wide
groundwater recharge of 469 gpm per square mile (685 Ipm per square kilometer). Generally
lower groundwater discharge rates were noted in areas north of the BBNPP site, in the
Towanda and Tunkhannock creek basins (Table 2.4-45). It should be noted, however, that
groundwater discharge (runoff) at Wapwallopen Creek is highly variable from year-to-year
(Figure 2.4-55).

Williams and Eckhardt (Williams, 1987) similarly developed water budgets for two small stream
basins west of the NBSR (Table 2.4-45). Notably, water budgets were determined for these
basins under both dry and wet conditions. Although evapotranspiration rates were not
significantly different in the basins during dry and wet periods (1963-1966 and 1972-1975,
respectively) surface runoff and groundwater discharge were considerably reduced under dry
conditions.

2.4.12.1.2.10 Fluctuations in Groundwater Elevations

Groundwater elevations in the glacial deposits and underlying rock formations of the BBNPP
site area typically decline in summer and fall, when precipitation rates are low and
evapotranspiration rates are high. For example, monitoring well data for Luzerne County
(maintained by the USGS) indicate that groundwater levels in the near-surface glacial outwash
deposits of the site area vary seasonally by as much as 14 ft (4.3 m) (Figure 2.4-56).
Groundwater elevations in the underlying bedrock formations (e.g., the Catskill Formation)
vary slightly less (6 to 8 ft; 1.8 to 2.4 m) between spring and winter high levels, and summer
lows (Figure 2.4-57).

2.4.12.1.3 Site-Specific Hydrogeologic Investigations

Geotechnical and hydrogeological investigations at the BBNPP site have provided detailed
information on the sub-surface characteristics of the site to a depth of 600 ft (183 m) bgs. An
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initial investigation was completed between 2007 and 2008, and included the installation of
41 groundwater observation monitoring wells. A second investigation was initiated in 2010
(and completed in 2011) following relocation of the Power Block to an area approximately
1,000 ft (305 m) to the north of the originally proposed location. This secondary investigation
included the installation of 44 geotechnical borings and an additional ten groundwater
observation wells. A detailed description of the geotechnical subsurface investigation,
including the location of all borings installed at the site, is provided in Section 2.5. |

Wells established during the 2007-2008 field investigation were constructed with 2 or 4-in (5
or 10-cm) diameter polyvinyl-chloride (PVC) screens and riser pipe. Fifteen geotechnical
borings were also converted to groundwater monitoring wells using 1 to 1.5-in (2.5 to 3.8-cm)
PVC screens and risers (Table 2.4-46). Fourteen (14) wells ("A" wells) were screened in glacial
outwash deposits, identified hereafter as the Glacial Outwash aquifer. An additional 19 wells
were screened within the fractured bedrock at the site, in the so-called Shallow Bedrock
aquifer. The remaining 8 wells were installed at depths greater than 175 ft (53 m) bgs, in a
zone identified as the Deep Bedrock aquifer. Note that Glacial Outwash aquifer wells at the site
are identified as “A” wells. Shallow Bedrock aquifer wells, in turn, are generally identified as “B”
wells, with the exception of MW302B and MW307B. At these two locations, the shallow
bedrock provided few water-bearing zones, and deeper drilling was required. As a
consequence, these wells instead have been grouped with the Deep Bedrock aquifer or “C”
wells. The “C" wells, it should also be noted, exclude MW313C. The total depth of MW313C was |
originally designed to reach a depth 200 ft (61 m) bgs. However, drilling complications
resulted in the grouting of the bottom portion of the well, and the actual screen depth (130 ft,
or 40 m) is comparable to the “B” wells.

Monitoring wells installed during the second site investigation were designed to provide more
detailed information on the sub-surface characteristics in the vicinity of the relocated Power
Block. Of the ten additional wells installed, nine were constructed as 4-in (10-cm) diameter
Shallow Bedrock aquifer “B” wells, and one as a 4-in (10-cm) diameter Glacial Outwash aquifer
“A” well (Table 2.4-46).

The locations of groundwater observation and monitoring wells installed at the site are |
provided in Figure 2.4-58. Surface water monitoring locations are also provided in |
Figure 2.4-59. Note that the wells established during the 2007-2008 field investigation are
designated by identification numbers in the 300s, whereas wells added during the 2010-2011
field study are denoted by identification numbers in the 400s. These wells were distributed to
provide adequate characterization of groundwater levels, subsurface flow directions, hydraulic
gradients, and flow velocities beneath the site. Well clusters (two or more wells placed in close
lateral proximity, but monitoring different water-bearing intervals) were installed in 10
locations at the BBNPP site specifically to determine vertical hydraulic gradients. Vertical
extent of a subset of these groundwater monitoring wells and inferred depths of
water-bearing intervals at the BBNPP site are identified in the hydrogeologic cross-sections
(see Figure 2.4-60) provided in Figure 2.4-61 and Figure 2.4-62.

During the initial investigation, groundwater levels were measured monthly in each of the 41
wells (existing at that time) at the BBNPP site. The monitoring was initiated in November 2007
and continued through October 2008 (Table 2.4-47). Note also that surface water levels were
measured in four pond and seven stream locations at the BBNPP site over the same time
period (Table 2.4-48). In the second investigation, from May 2010 to April 2011, groundwater
levels were measured monthly in all wells, (Table 2.4-71). Surface water level measurements
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were also recommenced during this latter investigation in each of the stream locations, but
only in two of the ponds (Table 2.4-72).

It should also be noted, here, that hydraulic testing (slug, pumping, and packer testing) was
completed in multiple wells at the site during the 2007-2008 and 2010-2011 field
investigations. Test methodologies and results are discussed below, in Section 2.4.12.3.2.

2.4.12.1.3.1 Site Hydrogeology

I
The elevations, thicknesses, and descriptions of the geological materials encountered at the |
BBNPP site to depths up to 600 ft (183 m) bgs were determined from geotechnical and |
hydrogeological borings. Geotechnical descriptions of these geologic materials are provided |
in Section 2.5. However, discussion of the hydrogeology is included here. |

2.4.12.1.3.1.1 Glacial Outwash Aquifer |

The glacial outwash aquifer at the BBNPP site consists primarily of sands and gravels deposited |
during the late Pleistocene. Specifically, these materials include kame, kame terrace, and |
outwash deposits, as well as unstratified ground moraine, end moraine, and alluvium. East of |
the BBNPP Power Block, near the SSES Spray Pond, glacial deposits reach thicknesses near 100 |
ft (approximately 30 m). In the immediate vicinity of the BBNPP Power Block area, the greatest |
saturated thickness of the glacial outwash deposits is approximately 40 ft (or 12 m). These
thicknesses occur largely along Beach Grove Road, on the north side of the BBNPP property
(Figure 2.4-63). This elongated ‘trough’ of glacial sediments (the so-called northern trough)
likely represents an outwash channel that was eroded into bedrock by melt waters of the
receding glaciers.

A second trough of thick glacial sands and gravels extends across the BBNPP property (i.e.,
south of the Power Block area) (Figure 2.4-63). This southern trough is physically separated
from the northern trough by low bedrock hills comprised largely of the Mahantango
Formation shales, and more specifically, the relatively erosion resistant Tully Member of the
upper Mahantango Formation (see Section 2.4.12.1.3.1.2, below). It should be noted, however,
that these hills are dissected by small creeks and drainages that generally run north to south
across the BBNPP property. Walker Run, a small stream that flows southward along the
western boundary of the BBNPP property, effectively delineates a ‘notch’ in the westernmost
bedrock hills at the site (the western notch) (Figure 2.4-63). Another small unnamed tributary
stream flows along the eastern and southern boundary of the BBNPP protected area
boundary, through an eastern notch in the bedrock hills at the site, and into the southern
trough, to Walker Run (Figure 2.4-63).

2.4.12.1.3.1.2 Shallow Bedrock and Deep Bedrock Aquifers |

The shallow and deep bedrock aquifers at the BBNPP site are comprised of shale and claystone
from the Harrell and Mahantango formations. The weaker, erosion prone Harrell Formation
crops out in northern areas of the site, and forms an elongated trough (i.e., a topographic and
bedrock low identified as the “Northern Trough”) along Beach Grove Road, north of the BBNPP
Power Block area (Figure 2.4-64). The Harrell is approximately 120 ft (37 m) thick at the site,
and dips to the north. The Mahantango Formation, in contrast, is much thicker (approximately
1,500 ft, or 457 m). Bedrock (specifically, the Tully Member of the Mahantango Formation) is
found near the current ground surface in the vicinity of the BBNPP Power Block area

(Figure 2.4-65). |

The Harrell and Mahantango shales are similar both lithologically and hydraulically, and
cannot be treated as distinct aquifers. Instead, the ‘shallow’ and ‘deep’ designations simply
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provide a means by which to evaluate general groundwater flow characteristics in three
dimensions (rather than two). Here, a depth of approximately 175 ft (53 m) bgs has been
arbitrarily selected as the division between the shallow bedrock aquifer and deep bedrock
aquifer. Note also that the Harrell and Mahantango formations are folded, jointed, and
fractured, and that the degree of fracturing is one of the most important controls on the
hydraulic conductivity of bedrock layers at the site.

The exact depth to older formations (e.g., the Marcellus Shale) at the BBNPP site is not known,
but is thought to be at least 1,000 to 1,200 ft (300 to 365 m) bgs. As such, no consideration has
been given here to groundwater flow within older (deeper) formations at the site.

2.4.12.2 Groundwater Resources and Groundwater Use |
2.4.12.2.1 Groundwater Use |

This section provides a discussion of the U.S. Environmental Protection Agency (EPA) Sole
Source Aquifers Program and sole source aquifer designations for the BBNPP site region, as
well as groundwater use at, and in the vicinity of the BBNPP. The latter includes a general
discussion of groundwater use in northeastern Pennsylvania, and current groundwater users
in Luzerne and Columbia counties. Groundwater use at SSES Units 1 and 2, anticipated
demands for groundwater in Luzerne and Columbia counties, expected use at the BBNPP, and
possible impacts on groundwater supplies associated with construction and operation of the
BBNPP are also reviewed.

2.4.12.2.2 Sole Source Aquifers

The Sole Source Aquifer (SSA) Program, which is authorized by the Federal Safe Drinking

Water Act, allows for protection of drinking water supplies in areas where there are few orno |
alternative sources to groundwater resources. The USEPA defines a sole or principal source |
aquifer as one which supplies at least 50 percent of the drinking water consumed in the area
overlying the aquifer (USEPA, 2008).

The BBNPP site is located in USEPA Region 3 (Delaware, District of Columbia, Maryland,
Pennsylvania, Virginia, and West Virginia). There are six sole source aquifers in this region

(Figure 2.4-66). One of these aquifers, the Seven Valleys aquifer, is located in York County, |
Pennsylvania, approximately 90 mi (145 km) south of the BBNPP site. A second, the New Jersey |
Coastal Plain aquifer, is recharged by the Delaware River which lies approximately 55 miles (89 |
km) east of the BBNPP site. The other four sole-source aquifers are located in Maryland and |
Virginia and are more than 100 mile (161 km) from the BBNPP. As such, all six of these sole |
source aquifers are beyond the surface water and groundwater flow systems of the BBNPP,

and will not be impacted by any activities at the site.

2.4.12.2.3 Northeastern Pennsylvania Groundwater Use

In northeastern Pennsylvania, groundwater extraction is concentrated in areas of high |
population density, and along major former glacial outwash valleys. In the NBSR basin, total |
water use in 1970 was estimated to be approximately 308 million gpd (1.16E+09 Ipd)
(Table 2.4-49). Roughly 14 percent of this total (44.2 million gpd, or 1.67E+08 Ipd) was
obtained from groundwater. More recently, in 1995, the USGS estimated groundwater use in |
the NBSR basin to be between 32 and 50 million gpd (1.2E+08 to 1.9E+08 Ipd) (Figure 2.4-67).
Within the NBSR sub-basin that includes the BBNPP site, groundwater use was estimated to be
21 to 30 million gpd (0.79E+08 to 1.14E+08 Ipd) (Figure 2.4-67).
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2.4.12.2.4 Luzerne and Columbia Counties Groundwater Use

The locations of groundwater wells within a 25 mi (40 km) and 5 mi (8 km) radius surrounding
the BBNPP site are provided in Figure 2.4-68 and Figure 2.4-69, respectively. Note that the 25
mi (40 km) inventory covers all of Columbia County, most of Luzerne County, and portions of
seven other Pennsylvania counties, but includes only those wells for which location
coordinates are available. However, a full listing of wells in the 5 mi (8 km) radius is provided in
Table 2.4-50. Information on these wells is provided by the Pennsylvania Ground Water
Information System (PaGWIS) database, maintained by the Pennsylvania Department of
Conservation and Natural Resources (DCNR). PaGWIS contains state-level information on
44,411 wells and 1,538 springs adapted from the USGS'’s Ground Water Site Inventory (GWSI)
(DCNR, 2010). This database also contains information on more than 300,000 wells from the
PGS Water Well Inventory (WWI), and data from 9,067 public water supply wells, as provided
by the PADEP Bureau of Water Supply Management (DCNR, 2010). It should be noted,
however, that the information contained in the PaGWIS database is of varying reliability. For
example, much of the early WWI data was submitted in paper form by well drillers with
location information provided only by hand-written directions and/or hand-drawn maps.

The PADEP also maintains a database of industrial, agricultural, commercial, and/or mineral
use groundwater withdrawals associated with Water Use Planning Program primary facilities.
Data entries from this inventory are also provided here, in Table 2.4-51 and Table 2.4-52 and
Figure 2.4-70 and Figure 2.4-71, respectively, for the 25 mi (40 km) and 5 mi (8 km) radii.

A listing of public supply system wells within Columbia and Luzerne counties is included in
Table 2.4-53. This listing, from the PADEP Drinking Water Reporting System (PADEP, 2010b),
associates the largest public supply wells in the greater BBNPP site area with the Pennsylvania
American Water Company (Berwick District). This public water supplier serves a population of
approximately 16,000 through nearly 6,300 connections in five municipalities. Raw water is
obtained from four wells located at the company's Canal Street pumping station in Berwick.
These wells are screened in bedrock, approximately 87 to 180 ft (27 to 55 m) below ground
surface on the north bank of the North Branch of the Susquehanna River. The combined
potential yield of the four wells is approximately 4.60 million gpd (1.74E+07 Ipd). The average
production rate is 1.74 million gpd (6.58E+06 Ipd) and the maximum daily production rate is
2.48 million gpd (9.39E+06 Ipd)(PPL, 2006).

24.12.2,5 Susquehanna SES Units 1 and 2 Groundwater Use

The SSES maintains water supplies for drinking, pump seal cooling, sanitation, and fire
protection through an on-site well system. This system consists of two groundwater wells
(TW-1 and TW-2) which are located approximately 1,200 ft (366 m) northeast of the SSES
reactor building (Figure 2.4-72). Both of these wells are screened in glacial outwash deposits
(sand and gravel) at a depth of approximately 75 ft (23 m) bgs. The potential production
capacities of TW-1 and TW-2 are approximately 50 and 150 gpm (189 and 568 Ipm),
respectively (PPL, 1989). Note that TW-2 is the primary well in the system for water supply, and
TW-1 serves as a back-up well.

Additional wells provide water on an intermittent basis for drinking and/or sanitary use in
SSES-owned buildings adjacent to the primary reactor site area. These wells are located at the
West Building (formerly known as the Emergency Operations Facility), the Energy Information
Center, and the Riverlands Recreation Area (Figure 2.4-72). These wells are likely screened in
glacial outwash and/or NBSR alluvium.
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2.4.12.2.6 Projected Northeastern Pennsylvania Groundwater Demands

Under the auspices of the Water Resources Planning Act, the Statewide Water Resources
Committee, six regional water resources committees, and the PADEP cooperate and
coordinate with appropriate basin commissions, federal, interstate, and state agencies,
municipalities, and public water suppliers for efficient planning for the maintenance and
enhancement of water resources in Pennsylvania. The State Water Plan, completed in 2008,
included an inventory of water resources within Pennsylvania, assessment and projection of
future water use, needs, and demands, and evaluation of water supply alternatives. In this
assessment, the Statewide Water Resources Committee and the PADEP identified no sites in
the NBSR basin as Critical Water Planning Areas (i.e., as sites where existing or future demands
exceed or threaten to exceed the safe yield of available water resources).

Similar efforts by the SRBC (SRBC, 2005) identified several geographic areas in the greater
Susquehanna River Basin wherein existing or projected groundwater withdrawals and uses
were anticipated to exceed sustainable levels (so-called potentially stressed or water
challenged areas) (Figure 2.4-73). None of these areas, however, are located in Columbia or
Luzerne counties (i.e., near the BBNPP).

Note also that state projections indicate that the population of Luzerne County (for example)
will likely decrease by 7 percent by 2030 (PADEP, 2008a). This suggests that the demand for
groundwater in the BBNPP site area will likely decline over the next 10 to 20 years, and that
groundwater supplies will not be over-drafted (i.e.,, demand is not likely to exceed available
supplies in the future).

2.4.12.2.7 BBNPP Groundwater Use Projections

Presently, on-site groundwater use is not planned for operation of the BBNPP. Instead, all
cooling make-up water will be extracted from the Susquehanna River. Water for drinking and
other uses will be obtained from a public water supply.

2.4.12.3 Subsurface Pathways
2.4.12.3.1 Observation Well Data

As previously discussed, water levels were measured monthly in 41 wells and in several
streams and ponds at the BBNPP site between November 2007 and October 2008

(Table 2.4-47 and Table 2.4-48). Well and surface water levels were also measured between
May 2010 and April 2011, following the proposed relocation of the BBNPP Power Block area
(Table 2.4-71 and Table 2.4-72). This latter measurement effort included water level
determinations in 10 new wells, in addition to the existing 41 wells.

Monthly data from the monitoring wells were used to characterize long term (i.e., seasonal)
trends in groundwater levels at the BBNPP site (Figure 2.4-74 to Figure 2.4-78 and

Figure 2.4-108 to Figure 2.4-112). Pressure transducer data from the monitoring wells was also
used to identify higher frequency (short term) changes in groundwater levels (Figure 2.4-79
and Figure 2.4-80). These data were then used to develop representative spring, summer, fall,
and winter potentiometric surface maps for the site and thereby identify typical groundwater
flow directions (Figure 2.4-81 to Figure 2.4-92 and Figure 2.4-113 to Figure 2.4-124).

2.4.12.3.1.1 Glacial Outwash Aquifer

Comparable patterns in groundwater levels were observed across the BBNPP site in wells
screened within the glacial outwash aquifer (Figure 2.4-125). These data suggest that
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groundwater elevations in the glacial outwash deposits at the site are typically higher during
winter and early spring months (December to April) and lower in summer and early fall
months (July to October). The highest water levels in the glacial outwash aquifer were
generally observed in well MW303A, located north of the BBNPP Power Block area.
Groundwater levels in wells MW305A1 and MW305A2, located east-northeast of well
MW303A, were also relatively high. In contrast, monitoring well MW309A exhibited the
greatest range in elevations, nearly 10.2 ft (3.1 m) between September 2010 and April 2011
(Table 2.4-71). The lowest range in groundwater levels, 2.90 ft (0.88 m), was observed in
monitoring well MW308A (located within the southern bedrock trough) between March 2008
and September 2008 (Table 2.4-47).

Generally, groundwater in the glacial outwash aquifer flows from north to south or northeast
to southwest (Figure 2.4-81 to Figure 2.4-84 and Figure 2.4-113 to Figure 2.4-116). In the
higher elevation areas at the BBNPP site surrounding monitoring well MW303A, for example,
groundwater flow in the glacial outwash aquifer is generally toward the west-southwest,
around the raised Mahantango Formation bedrock highs underlying the BBNPP Power Block
area. In the western notch, this groundwater then flows toward the south and southwest,
following Walker Run. In the area surrounding well cluster MW305, groundwater flow in the
glacial outwash aquifer is similarly directed around the bedrock high underlying the BBNPP
Power Block area, toward the southeast, and into the so-called eastern notch. In the eastern
notch, groundwater flows toward the south, and enters the southern trough.

In the southern trough (south and southeast of the BBNPP Power Block area) groundwater in |
the glacial outwash deposits generally flows from the east toward the west, and, ultimately, to |
the southwest (Figure 2.4-81 to Figure 2.4-84 and Figure 2.4-113 and Figure 2.4-116).
Immediately south of the Power Block, the southern trough narrows and the glacial outwash
deposits thin considerably. As a consequence, the southwestward flowing groundwater is
forced to the surface, and discharges effectively as springs and seeps into the wetland areas
located south of the Power Block, and into an abandoned farm pond (identified by surface
monitoring station G8) at the BBNPP site. Spring and seep discharge is also concentrated
along Walker Run.

It should be mentioned here that anecdotal evidence supports the classification of the |
aforementioned areas as a discharge region for the glacial outwash aquifer. For example, in |
February 2008, several surface water bodies at the BBNPP site (identified by gauging stations |
G6, G7, and G9) were noted to have been covered with a thin layer of ice. However, no ice had
developed on the surface of the abandoned farm pond, suggesting that relatively warm
groundwater was discharging into the pond. Moreover, the farm pond appears to discharge |
water throughout the year, even in dry summer months. |

2.4.12.3.1.2 Shallow Bedrock Aquifer

Shallow bedrock aquifer water level data collected during the 2007-2008 and 2010-2011 field
investigations are provided in Table 2.4-47 and Table 2.4-71, respectively. These data are also
presented in Figure 2.4-126.

Groundwater elevations in the shallow bedrock are typically higher during winter and lower in
summetr, as observed in the glacial outwash aquifer (Figure 2.4-126). The highest groundwater
levels in the shallow bedrock zone were also generally observed to the north of the BBNPP
Power Block area, within well cluster MW303 and well cluster MW305 (Table 2.4-47 and

Table 2.4-71). The greatest range in shallow bedrock groundwater elevations (15.50 ft, or 4.72
m) was identified in well MW404, between September 2010 and April 2011. The lowest range
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in shallow bedrock aquifer elevation values was measured in well MW304B (3.24 ft, or 0.99 m)
between March 2008 and October 2008. These two wells are located beneath the proposed
location of the BBNPP nuclear island, and in the eastern bedrock notch at the site, respectively.

Throughout the year, at least in general, water in the shallow bedrock zone flows radially from
a mound-like feature located north-northeast of the BBNPP Power Block, near monitoring well
MW315B (Figure 2.4-85 to Figure 2.4-88 and Figure 2.4-117 to Figure 2.4-120).

2.4.12.3.1.3 Deep Bedrock Aquifer

Groundwater elevation data for the deep bedrock aquifer are provided in Table 2.4-47, |
Table 2.4-71, and Figure 2.4-127. As observed in the glacial outwash and shallow bedrock
aquifers, groundwater elevations measured in the deep bedrock wells at the BBNPP site are
typically higher during winter and early spring months and lower in the summer and early fall
months. The highest groundwater levels were also observed in areas north of the BBNPP
Power Block. However, the maximum range in measured groundwater elevations, 33.51 ft
(10.21 m), is significantly higher than the range obtained in the glacial outwash and shallow
bedrock aquifers. The lowest range in elevation values for the deep bedrock aquifer (2.12 ft, or
0.65 m) is comparable to values determined for the glacial outwash and shallow bedrock
aquifers.

Potentiometric contours in the deep bedrock aquifer generally reflect surface topography,
with high groundwater elevations in the northern areas of the site and a relatively uniform
decrease southward across the site (Figure 2.4-89 to Figure 2.4-92 and Figure 2.4-121 to
Figure 2.4-124.).

2.4.12.3.1.4 Vertical Hydraulic Gradients and Vertical Flow Directions

Vertical hydraulic gradients between the glacial outwash, shallow bedrock, and deep bedrock
aquifers at the BBNPP site were determined in multiple well pairs using measured
groundwater elevations (Table 2.4-47 and Table 2.4-71) and well screen elevation data

(Table 2.4-46). Specifically, vertical gradients were calculated as the difference in the
groundwater elevations measured in two wells in a cluster (but screened at different depths)
divided by the vertical distance between the mid-points of the two well screens. Potential
vertical flow (leakage) directions were then determined from the resulting gradient such that
positive values indicated downward flow potential and negative values indicate upward flow
potential. Note that differences in vertical head do not necessarily imply the existence of a
continuous or discontinuous aquitard separating two aquifer units; it simply means that |
vertical flow has the potential to occur. Therefore, the vertical flow directions are considered
potential flow directions.

Vertical hydraulic gradients between the glacial outwash and shallow bedrock aquifers were
evaluated in seven well clusters (see Gradient 1, in Table 2.4-55 and Table 2.4-74). In both the
2007-2008 and 2010-2011 groundwater monitoring periods, estimated vertical flow directions
were generally downward (i.e., positive vertical gradients were determined) between the
glacial outwash and shallow bedrock aquifers in well clusters MW304, MW305, MW308, and
MW?309. In contrast, upward flow was indicated by negative vertical gradients in well clusters
MW301, MW303, and MW310. A maximum positive vertical gradient of 1.4998 occurred
between wells MW308A and MW308B on 24 March 2008 (Table 2.4-55). A maximum negative
gradient of -0.1722 occurred between wells MW310A and MW310B on 20 April 2011

(Table 2.4-74).
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Vertical hydraulic gradients between the glacial outwash and deep bedrock aquifers at the
BBNPP site were also determined for the 2007-2008 and 2010-2011 monitoring periods,
although in only three well clusters (MW302, MW306, and MW307) (see Gradient 2, in

Table 2.4-55 and Table 2.4-74). In both instances, downward flow potentials (positive vertical
gradients) were determined only in well cluster MW307. The maximum positive vertical
gradient in the MW307 well cluster of 0.3113 occurred on 23 July 2008 (Table 2.4-55). A
maximum negative gradient of -0.0499 occurred between wells MW302A1 and MW302B on 23
July 2008 (Table 2.4-55).

Data from the 2007-2008 field investigation indicate that two well clusters, namely MW303
and MW304, maintained downward flow potentials (positive vertical hydraulic gradients)
between the shallow and deep bedrock aquifers at the BBNPP site and that one well cluster
(MW310) was characterized by upward flow potentials (negative vertical hydraulic gradients)
(see Gradient 3, in Table 2.4-55). The maximum positive gradient in the 2007-2008 (0.1145)
occurred in well cluster MW303 on 23 July 2008, and the maximum negative gradient (-0.1491)
occurred within well cluster MW310 on July 23 2008 (Table 2.4-55). For the 2010-2011
monitoring period, downward flow potentials (positive gradients) were identified only in well
cluster MW303 (Table 2.4-74). The maximum positive gradient of 0.1243 occurred between
wells MW303B and MW303C on 6 May 2010. The maximum negative vertical gradient of
-0.1671 occurred between wells MW310B and MW310C on 14 September 2010.

In general, for the 2007-2008 and 2010-2011 investigations, the greatest potential for upward |
flow was identified in well clusters MW301, MW302, MW303, MW306, and MW310. Artesian
pressures were also encountered in bedrock groundwater monitoring wells (MW301B4,
MW302B, and MW310C) and a geotechnical boring (B302) in three of these locations, and in |
monitoring wells MW312B and MW313C, located in the wetlands south of the BBNPP Power |
Block area. From this, it was inferred that the greatest potential for upward groundwater flow |
from bedrock at the BBNPP site likely exists in areas south of the BBNPP Power Block, within

the southern trough, and in areas along Beach Grove Road, north of the BBNPP Power Block
(Figure 2.4-93).

Although vertical gradients suggest that upward groundwater flow is occurring, the exact
areas where upward flow takes place, the overall rate of flow, and the temporal changes in
flow rate, are not known with any degree of certainty.

2.4.12.3.2 Hydraulic Properties |

The hydraulic properties of the geologic materials (i.e., the glacial outwash and shale bedrock) |
present at the BBNPP site were characterized by slug, constant-rate pumping, and packer
tests. Results from these tests are discussed below, in Sections 2.4.12.3.2.1 and 2.4.12.3.2.2.

Falling head slug tests were conducted in 14 glacial outwash wells, 6 shallow bedrock wells,
and 5 deep bedrock wells at the BBNPP site during the 2007-2008 field investigation. Falling
and rising head slug tests were also completed in the new wells installed at the site between
2010 and 2011. Data collected from the slug tests were analyzed using AquiferTest Pro
software, and the Butler High-K (Butler, 2003) and Hvorslev (Hvorslev, 1951) methods were
used to estimate hydraulic conductivity (Kj,) values for both the rising and falling head slug
tests. Estimates of K, from each slug test analysis are listed in Table 2.4-56.

During the 2007-2008 site investigation, constant-rate pumping tests were completed within
the glacial outwash aquifer at well cluster MW302 and in the shallow bedrock at well cluster
MW301. The pumping test in well cluster MW302 utilized wells MW302A2, 302A3, and 302A4
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as observation wells and MW202A1 as a pumping well. The pumping test in well cluster
MW301, in turn, implemented MW301B2, MW301B3, and MW301B4 as observation wells and
MW301B1 as a pumping well. Prior to the pumping tests, pressure transducers were installed
within the pumping wells and nearby observation wells to collect detailed water level
readings, and a step-drawdown test was performed to establish an optimal pumping rate for
each test (i.e., a pumping rate that would stress a monitored aquifer but not result in
drawdown below the depth of a respective well screen). Target pumping rates of 60 gpm (227
Ipm) and 6 gpm (23 Ipm) were selected for wells MW302A1 and MW301B1, respectively.

Constant rate pumping tests in well cluster MW302 and MW301 were run continuously over a
24-hour period. Upon completion of each pumping test, the transducers continued to collect
water level data (i.e., recovery data) for an additional 12 hours. Drawdown and recovery data
from the pumping tests were similarly analyzed using the AquiferTest Pro software program in
an effort to determine K}, transmissivity, and storativity (storage coefficient) values for the
glacial outwash deposits and shale bedrock at the site.

In the 2010-2011 field investigation period, three additional pumping tests were conducted in
the shallow bedrock zone underlying the relocated BBNPP Power Block area, at well clusters
MW404, MW405, and MW407. Observation wells for each of the pumping tests consisted of
nearby shallow bedrock wells, including MW405 and MW407 for the pumping test at MW404,
MW404 and MWA406 for the pumping test at MW405, and MW404 and MW409 for the
pumping test at MW407. Step-drawdown tests were also completed prior to each pumping
test, and indicated optimum pumping rates of 11.3, 6.5, and 5.6 gpm (42.77, 24.60, and 21.20
Ipm, respectively) at MW404, MW405, and MW407, respectively. The duration of pumping in
these wells was 8, 9, and 10 hours, respectively. Following pumping, recovery data was
collected for a minimum of 8 hours. Drawdown and recovery data from the 2010-2011
pumping tests were also analyzed using AquiferTest Pro. Hydraulic property estimates from
these pumping test analyses, as well as the 2007-2008 analyses, are provided in Table 2.4-57.
Again, test results are discussed below, in Sections 2.4.12.3.2.1 and 2.4.12.3.2.2.

Packer tests were also performed on 56 intervals within 5 open-hole bedrock borings at the
BBNPP site during the 2007-2008 site investigation. These borings were later converted into
monitoring wells MW301C, MW304C, MW306C, MW310C, and MW313C. In the 2010-2011 field
study, additional packer tests were completed on 34 intervals within another four open-hole
bedrock borings. These borings were also converted to monitoring wells (specifically, wells
MW401, MW402, MW403, and MW408). Hydraulic conductivity estimates from the packer tests
are provided in Table 2.4-58.

Note that a significant number of slug, pumping, packer, and other hydraulic property tests |
were previously completed at the SSES, adjacent to the BBNPP. For comparison, the results of |
these tests are summarized in Table 2.4-59.

Finally, it should also be noted that open-hole sections in 5 monitoring wells were surveyed
using down-hole optical and acoustic televiewers. Data from this imaging was used to better
characterize the vertical distribution and orientation of fractures located along the surfaces of
the open boreholes. Results of the optical and acoustic surveys in wells MW301C and MW310C
are provided in Figure 2.4-94, Figure 2.4-95, Figure 2.4-96, Figure 2.4-97, Figure 2.4-100, and
Figure 2.4-101.
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2.4.12.3.2.1 Glacial Outwash Aquifer |

Slug tests were completed in all 15 monitoring wells screened in the glacial outwash aquifer at
the BBNPP site. The horizontal hydraulic conductivity (K;,) values calculated from these tests
ranged from a low value of 3.38E-02 ft/day (1.19E-05 cm/s) in MW307A to a high of 9.63E+01 |
ft/day (3.40E-02 cm/s) in MW306A (i.e., Ky, values for the glacial outwash aquifer vary by nearly
three orders of magnitude) (Table 2.4-56). More specifically, the lowest K, values at the site
were measured in three wells located north of the BBNPP Power Block area (namely MW303A,
MW305A1, and MW305A2) and in three wells installed in areas south of the BBNPP Power
Block (i.e., in wells MW307A, MW308A, and MW309A). Low K, values were also identified in
well MW410, adjacent to the proposed ESWEMS Pump House location. In these wells, K,
values ranged from 3.38E-02 to 1.51E+01 ft/day (1.19E-05 to 5.33E-03 cm/s). In the remaining 8 |
glacial outwash wells, all located within the so-called southern trough, K}, values ranged from |
23.8 t0 96.3 ft/day (8.40E-03 to 3.40E-02 cm/s). The geometric mean of the slug test Kp,
estimates for the glacial outwash aquifer (9.84 ft/day, or 3.47E-03 cm/s) compares reasonably
well with previously determined Kj, estimates from slug tests completed at the adjacent SSES.
These tests at the SSES resulted in K, values between 1.8 and 6.6 ft/day (6.35E-04 to 2.33E-03
cm/s) (Table 2.4-59). |

The pumping test conducted in the glacial outwash aquifer at the MW302 well cluster at the
BBNPP site provided a mean (geometric) K, estimate of 186 ft/day (6.57E-02 cm/s)

(Table 2.4-57). Pumping tests performed in the glacial outwash aquifer at the nearby SSES
yielded an overlapping range of values (between 3.3 to 200 ft/day, or 1.16E-03 to 7.06E-02 cm/
s) (Table 2.4-59). It should be noted, however, that the SSES pumping tests that yielded the
highest K, values were based on specific capacity data, and are only rough estimates of Kj,. I

Estimates of specific yield in the glacial outwash aquifer from well cluster MW302 pumping
tests ranged from 2.53E-01 to 5.00E-01, with a median value equal to 0.322 (Table 2.4-57).
Here, it is assumed that (for sand and gravel deposits) specific yield is equivalent to effective
porosity. Consequently, the median specific yield value of 0.322 was used in all flow

calculations for the site that required an estimate of effective porosity. |

2.4.12.3.2.2 Shallow and Deep Bedrock Aquifers

I
I
Slug tests were also completed in 15 wells screened in the shallow bedrock aquifer at the
BBNPP site. The Kj, values estimated from these tests ranged from 1.39E-01 ft/day (4.89E-05 |
cm/s) in MW301B1 to 38.5 ft/day (1.36E-02 cm/s) in MW304B, with an overall geometric mean |
Ky, estimate of 1.54 ft/day (5.43E-01 cm/s) (Table 2.4-56). This value is approximately 16 percent |
of the value determined for the glacial outwash aquifer using slug tests. |
Horizontal hydraulic conductivity (Kp,) values estimated from slug tests in 5 deep bedrock wells
at the BBNPP site, in turn, ranged from 3.25E-02 ft/day (1.15E-05 cm/s) in well MW306C to
4.27E+00 ft/day (1.51E-03 cm/s) in well MW307B (Table 2.4-56). The overall geometric mean K, |
estimate for the deep bedrock aquifer was 3.35E-01 ft/day (1.18E-04 cm/s), approximately one |
order of magnitude less than the value determined for the shallow bedrock aquifer using slug |
tests (Table 2.4-56).

Pumping tests completed in the shallow bedrock well at the MW301, MW404, MW405, and
MW407 well clusters provided a geometric mean K, estimate of 1.50 ft/day (5.30E-04 cm/s). |
This value is roughly two orders of magnitude lower than the value determined for glacial
outwash deposits at the BBNPP. No pumping tests were completed in the deep bedrock |
aquifer.
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A total of 90 packer tests (constant pressure, pump-in tests) were conducted in nine open |
bedrock borings at the BBNPP site. Each packer test was completed on 12.6 to 23 ft (3.8to 7 m) |
rock intervals. Approximately half of these tests (51) were conducted in shallow bedrock wells.
These wells yielded Kj, estimates ranging from less than 1.13E-03 to 1.08 ft/day (4.00E-07 to
3.82E04 cm/s) (Table 2.4-58). The geometric mean estimate packer test derived Ky, values in the
shallow bedrock wells equaled 5.49E-03 ft/day (1.94E-06 cm/s) (Table 2.4-58). In the other 39
tests conducted in deep bedrock wells, K}, estimates ranged from less than 1.13E-03 ft/day to
3.34E-01 ft/day (4.00E-07 to 1.18E-04 cm/s) (Table 2.4-58). The geometric mean of these K, |
estimates equaled 4.30E-03 ft/day (1.52E-06 cm/s), a value that is roughly comparable to that |
determined for the shallow bedrock (Table 2.4-58). |

This comparison contradicts values based on slug test results, in which the shallow bedrock
appears to have K}, values that are significantly higher (one order of magnitude) than the deep
bedrock.

In both the shallow and deep bedrock wells, K, estimates determined by packer tests were
considerably lower than K;, values determined by slug tests and pumping tests. Hydraulic
conductivity estimates from packer testing at the SSES were similarly higher than the values
obtained by packer tests at the BBNPP site. These tests yielded K}, values that ranged from 0 to
approximately 0.85 ft/day (0 to 3.00E-04 cm/s) (Table 2.4-59). Moreover, it should be recalled
that slug test based Kj, estimates for the shallow bedrock at the BBNPP site are higher (by an
order of magnitude) than the estimated K}, for the deep bedrock. This difference contradicts
the roughly comparable K}, values determined by packer testing (described above).
Accordingly, it is assumed that the hydraulic conductivity of the shallow and deep bedrock
zones at the BBNPP site is highly variable, as expected for a fractured rock mass.

Optical and acoustic televiewer data were consequently used to more effectively characterize |
the distribution and orientation of fractures in the shallow and deep bedrock zones, and
thereby identify any possible fracture influence on hydraulic conductivity. Results of the
televiewer surveys for two wells, MW301C and MW310C, are provided in Figure 2.4-94, |
Figure 2.4-95, Figure 2.4-96, Figure 2.4-97, Figure 2.4-100, and Figure 2.4-101. |

In well MW301C, fractures were more frequently encountered at depth intervals between 47
and 58 ft (14.3 and 17.7 m) and 251 and 261 ft (76.5 and 79.6 m) bgs (Figure 2.4-94). These
intervals coincide with well zones where packer tests identified measurable fracture
permeabilities (Table 2.4-58). In well MW301C, the primary dip direction of these fractures was
southward, and the primary dip angle was relatively steep (60 to 90°) (Figure 2.4-95 and |
Figure 2.4-96, respectively). In well MW310C, fracture density was generally higher, but |
greatest from approximately 24 to 80 ft (7.3 to 24.4 m), 141 to 145 ft (43.0 to 44.2 m),and 195 |
to 200 ft (59.4 to 61.0 m) bgs (Figure 2.4-97). Again, these three intervals generally coincide |
with depths where packer tests identified measureable fracture permeabilities. Fracture dip
directions in well MW310C were predominantly northward (in contrast to MW301C) and the
fracture dip angle was less steep (50 to 60°) (Figure 2.4-100 and Figure 2.4-101, respectively).
These data therefore suggest that fracture density likely influences hydraulic conductivity in
the shallow and deep bedrock zones at the site, but that fracture orientation is not necessarily
important.

2.4.12.3.3 Horizontal Hydraulic Gradients and Groundwater Flow Velocities |

Horizontal hydraulic gradients and groundwater flow velocities (Table 2.4-54 and Table 2.4-73)
were calculated for generalized groundwater flow pathlines in the glacial outwash, shallow
bedrock, and deep bedrock aquifers at the BBNPP site. These pathlines, identified in |
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Figure 2.4-81 to Figure 2.4-92 and Figure 2.4-113 to Figure 2.4-124 are considered
representative of spring, summer, fall, and winter months in the 2007-2008 and 2010-2011
monitoring periods.

Specifically, horizontal hydraulic gradients were calculated along each of the pathlines by
dividing the difference in hydraulic head at the beginning and ending point of each flow path
by the total distance of the flow path. Groundwater flow velocities, in turn, were calculated as
the product of the hydraulic conductivity (K;,) along the pathline and the horizontal hydraulic
gradient, divided by the effective porosity for the transporting medium (glacial outwash or
fractured shale). Here, K}, values were based on geometric mean values resulting from
pumping tests for the glacial outwash and shallow bedrock aquifers and slug tests for the
deep bedrock aquifer (Table 2.4-57 and Table 2.4-56, respectively).

2.4.12.3.3.1  Glacial Outwash Aquifer |

The calculated horizontal hydraulic gradients in the glacial outwash range from 3.20E-03 to
2.68E-02 (Table 2.4-54 and Table 2.4-73). The largest (steepest) hydraulic gradients in the
glacial outwash aquifer generally occurred in the spring, when groundwater elevations were
highest. Relatively low gradients, in contrast, developed in the summer when groundwater
elevations were typically lowest. Groundwater flow velocities (seepage velocities) resulting
from these gradients ranged from 1.85E+00 to 1.55E+01 ft/day (6.53E-04 to 5.47E-03 cm/s)
(Table 2.4-54 and Table 2.4-73).

2.4.12.3.3.2 Shallow and Deep Bedrock Aquifers

In the shallow bedrock aquifer at the BBNPP site, calculated horizontal hydraulic gradients
range from 1.97E-02 to 6.75E-02 (Table 2.4-54 and Table 2.4-73). Based on these calculated
gradients, a mean hydraulic conductivity value derived from pumping tests (1.50 ft/day, or
5.29E-04 cm/s) (Table 2.4-57) and an assumed minimum effective porosity value of 0.01, linear
groundwater velocities for the shallow bedrock aquifer at the BBNPP site were estimated to
range from 2.95E-01 to 1.01E+00 ft/day (1.04E-04 to 3.56E-04 cm/s) (Table 2.4-54 and

Table 2.4-73). Using a maximum estimated effective porosity value of 0.10, groundwater
velocities ranged from approximately 2.95E+00 to 1.01E+01 ft/day (1.04E-03 to 3.56E-03 cm/s)
Table 2.4-54 and Table 2.4-73).

In the deep bedrock aquifer, horizontal hydraulic gradients ranged from 1.46E-02 to 3.17E-02
over the 2007-2008 and 2010-2011 monitoring periods (Table 2.4-54 and Table 2.4-73). Using
a slug test derived K}, value equal to 3.35E-01 ft/day (1.18E-04 cm/s) (Table 2.4-56) and an
assumed minimum effective porosity value of 0.01, the calculated horizontal hydraulic
gradient in the deep bedrock aquifer yielded linear groundwater flow velocities from 4.90E-01
to 1.06E+00 ft/day (1.73E-04 to 3.74E-04 cm/s) (Table 2.4-54 and Table 2.4-73). Using an
assumed maximum effective porosity value equal to 0.10, flow velocities in the deep bedrock
aquifer at the BBNPP site varied between 4.90E-02 to 1.06E-01 ft/day (1.73E-05 to 3.74E-05 cm/
s) (Table 2.4-54 and Table 2.4-73).

2.4.12.4 Monitoring or Safeguard Requirements

Some of the existing BBNPP monitoring wells will be taken out of service prior to construction |
activities at the site. Prior to construction, the observation well monitoring network will be |
evaluated to determine groundwater data gaps and needs created by the abandonment of |
any existing wells. These data needs will be met by the installation of new monitoring wells.
Additionally, the hydrologic properties and groundwater flow regimes of the shallow
water-bearing units will likely be impacted by the proposed earthmoving, regrading, and |
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construction of infrastructure (buildings, parking lots, etc.). Revisions to the observation well
network will be implemented to ensure that resulting changes in local groundwater regime
will be identified.

Safeguards will be used to minimize the potential of adverse impacts to the groundwater by
construction and operation of BBNPP. These safeguards could 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 BBNPP site. No groundwater wells are planned for safety-related
purposes.

2.4.12.5 Site Characteristics for Subsurface Hydrostatic Loading and Dewatering
2.4.12.5.1 Dewatering During Construction

Prior to construction activities at the BBNPP, the Power Block, ESWEMS Pond, and Cooling
Towers areas will be excavated down to competent bedrock, with placement of localized
concrete fill as necessary. These excavations will then be partially backfilled with compacted
engineering fill in preparation for construction (building foundations, etc.). During this
excavation, groundwater will be encountered in varying amounts in each of these areas.
Because the excavation, backfilling, and construction activities need to be performed in dry
conditions, temporary groundwater controls will be required. Specifically, groundwater
elevations will need to be drawn downward to a depth below the base level of each
excavation unit, using dewatering wells and/or sumps. Once construction has been completed
in each area, the pumps will be turned off, and groundwater elevations will be allowed to
rebound to levels approximately equal to or slightly lower than the pre-construction
elevations.

Construction areas in the BBNPP Power Block vicinity are underlain by roughly 10 to 35 feet (3
to 11 m) of silty and sandy glacial deposits and clayey weathered shale, and 75 to 90 feet (23
to 27 m) of fractured and/or weathered Mahantango Formation shale. Basal layers of the
glacial deposits in the Power Block area are saturated, and will need to be dewatered and
stripped from the rock surface prior to excavation into the weathered shale and competent
bedrock. Dewatering of the existing hilltop in the Power Block area will commence prior to
excavation, and will extend throughout excavation activities. Dewatering wells will be
required around the perimeter of the excavation, and may be augmented (or replaced) by
sumps and sump pumps. Groundwater elevations in the excavation area will likely be drawn
down below 624 ft (190 m) NAVD 88.

In the area surrounding the ESWEMS Pond and Pump House at the BBNPP site, saturated
glacial deposits (sand and gravel) are approximately 30 to 55 ft (9 to 17 m) thick. Groundwater
within these deposits is generally flowing to the south and southwest toward Walker Run and
an unnamed Walker Run tributary. This groundwater is likely to be a significant source of
seepage into the excavation during the construction of the ESWEMS Pond.

A three-dimensional, seven-layer, finite-difference groundwater flow model was developed
using Visual MODFLOW software in an effort to assess dewatering requirements. Based on the
results of the modeling, the Power Block dewatering will require the extraction of
approximately 50 gpm (189 Ipm). The actual pumping rate will be partially dependent on how
long in advance of excavation the dewatering system is implemented, and how fast the
excavation proceeds downward.
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The groundwater model also predicts that approximately 920 gpm (3,482 Ipm) of
groundwater will need to be pumped continuously from the area to keep the ESWEMS Pond
excavation dry during construction. This dewatering effort will likely impact wetland areas
immediately northwest of the ESWEMS Pond and wetlands adjacent to the unnamed tributary
to Walker Run (south of the ESWEMS Pond area). The model predicts that groundwater
elevations in the glacial deposits underlying the wetlands immediately northwest of the Pond
area could be lowered approximately 15 to 25 ft (4.6 to 7.6 m), and that groundwater levels
beneath the wetlands adjacent to the unnamed Walker Run tributary could be lowered by 20
to35ft(6to 11 m).

In an effort to reduce the amount of groundwater extraction that will be required during
construction of the ESWEMS Pond area (and thereby minimize impacts to the wetland areas), a
groundwater flow barrier (e.g., soil-bentonite slurry wall) will be installed around the entire
ESWEMS Pond area (including the Pump House). The flow barrier will greatly reduce the
dewatering rate and the number of dewatering wells required to keep the excavation dry.
With the use of a flow barrier, the pumping rate required to keep the excavation dry could be
as low as 230 gpm (871 lpm). Results from the groundwater flow model also suggest that the
drawdown in groundwater elevation beneath the wetlands will likely be only 5 to 10 ft (1.5 to
3.0 m) following the installation of the flow barrier. The slurry wall will be rendered
non-functional after completion of construction.

Similar to the Power Block area, excavations in the vicinity of the proposed location of the
BBNPP Cooling Towers will proceed down to competent bedrock. As a result, the excavation
will likely intersect the glacial outwash aquifer, which would require dewatering. However, in
this area, the thickness (and saturated thickness) of the glacial deposits (approximately 24 to
35ft, or 7 to 11 m) is considerably less than in the vicinity of the ESWEMS Pond area, as is its
saturated thickness. As a result, a groundwater flow barrier should not be necessary for
dewatering in the Cooling Towers area. According to the groundwater modeling results, a
continuous pumping rate of approximately 70 gpm (265 Ipm) will be required to keep the
Cooling Towers excavation dry.

A cumulative dewatering rate of approximately 350 gpm (1325 Ipm) will be required to keep
excavations dry. This cumulative dewatering rate includes the installation of a flow barrier
around the entire ESWEMS Pond and Pump House area. In the vicinity of the ESWEMS Pond
and Cooling Towers, dewatering of the glacial outwash aquifer is necessary, but should only
require the use of shallow dewatering wells. In the Power Block area, the saturated thickness
of the overburden is minimal, and much of the dewatering can likely be achieved with sump
pumps in the floor of the excavation. The dewatering system design will be developed and
finalized closer to the time of construction.

2.4.12.5.2 Maximum Groundwater Elevations During Operation

The U.S. EPR standard design has been selected for construction at the BBNPP. The safe
operation of this design is based on a set of conservatively established site characteristics that
are required to meet the design criteria. The U.S. EPR FSAR (AREVA, 2011) specifies that the
maximum groundwater levels should be at least 3.3 ft (1.0 m) below grade in the vicinity of
safety-related structures. At the BBNPP, these structures include not only the Power Block, but
also the ESWEMS Pond and Pump House.

In the vicinity of the Power Block, excavation to competent bedrock will remove both glacial
deposits and any weathered shale. Following completion of the building foundations, the
remainder of the excavation will be backfilled with compacted granular materials, to an
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elevation of 719 ft (219 m) (i.e,, finished plant grade). It should also be noted that a majority of
the surface area in the vicinity of the Power Block area will be rendered relatively impermeable
due to the presence of buildings, sidewalks, and parking areas. As a result, recharge to the
groundwater system in this developed area will be reduced in comparison to currently
existing conditions. In addition, swales, culverts, and storm sewers will be installed to rapidly
convey surface water away from the Power Block area. Accordingly, it is assumed that
post-construction groundwater elevations within the Power Block area will likely be equal to
below current elevations. Existing maximum groundwater elevations in the Power Block area
should therefore provide an estimate of the maximum groundwater elevation that is likely to
occur after construction.

In the vicinity of the ESWEMS Pond and Pump House, the final plant grade (i.e., ground
surface) is expected to range between 696 and 701 ft (212 and 214 m) NAVD 88. Similar to the
Power Block area, recharge to the groundwater system in the vicinity of the ESWEMS Pond and
Pump House will be greatly reduced by removal of surface soils during grading and paving,
and by construction of buildings and other surface features. Furthermore, installation of
surface drainage systems and storm drains will rapidly convey surface water away from the
ESWEMS Pond area and up-gradient areas. It is thus assumed that post-construction
groundwater elevations will be no higher than current elevations in the ESWEMS Pond area,
and will likely be lower. Identification of the maximum groundwater elevation that currently
exists in this area will therefore also conservatively estimate the maximum groundwater
elevation that is likely to occur after construction.

Twelve (12) monitoring wells (MW310B, MW318B, MW319B, and wells MW401 through
MWA409) were installed in the shallow bedrock beneath the Power Block area during the
2007-2008 and 2010-2011 field investigations at the BBNPP site, in part to monitor existing
groundwater elevations. A total of 5 groundwater monitoring wells (MW302A1, MW302A2,
MW302A3, MW302A4, and MW410) were similarly installed in the vicinity of the ESWEMS Pond
and Pump House. Construction details for these wells are provided in Table 2.4-46 and
locations are shown on Figure 2.4-58.

It should be noted here that two monitoring wells located in the Power Block area at the
BBNPP (MW318B and MW319B) were installed in geotechnical borings and thereby possess
screen elevations that are higher than adjacent wells in the Power Block area (see

Table 2.4-46). The screen intervals of these two monitoring wells intersect the top of fractured
bedrock surface at the site, and consequently maintain hydraulic communication with
overlying glacial deposits. The screen elevation of monitoring well MW318B is above the
finished grade level designed for the Power Block (719 ft, or 219 m). As such, the geologic
materials intersected by this well will be removed and not replaced during construction
activities. The fractured rock that surrounds the well screen in MW319B is below the projected
finished grade elevation of 719 ft (219 m), but will similarly be removed during excavation and
replaced with engineered fill. Accordingly, the water levels measured in these two monitoring
wells was not considered representative of projected post-construction groundwater
elevations in the competent, unweathered bedrock and the data for these two wells was not
used to assess groundwater elevations beneath the Power Block area. Monitoring well MW402
was also excluded from the groundwater elevation assessments for the Power Block. This well
is located in the far northeast corner of the Power Block area (Figure 2.4-58) and is not close to
any safety-related buildings.

Based on water level measurements made in the appropriate shallow bedrock wells located in
the vicinity of the Power Block, the maximum groundwater elevation (712.03 ft, or 217.03 m,
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NAVD 88) and average groundwater elevation (689.82 ft, or 210.26 m, NAVD 88) are both
below the U.S. EPR maximum allowable elevation of 715.7 ft (218.1 m) NAVD 88. Similarly, the
maximum and average groundwater elevation in the ESWEMS Pond area, 665.07 and 659.69 ft
(202.71 and 201.07 m) NAVD 88, are both below the U.S. EPR design criterion of 692.7 ft (211.1
m) NAVD 88. Thus, the U.S. EPR safety requirement regarding groundwater elevations in the
vicinity of the Power Block and ESWEMS Pond and Pump House will be met during the
operational phase of the NPP. There is no exception to the U.S. EPR requirement that
post-construction groundwater levels must be at least 3.3 ft (1 m) below grade.

Groundwater elevations will continue to be monitored, and any observed deviations in
groundwater elevations potentially impacting the current design bases will be addressed.

2.4.12.5.3 Hydrostatic Loading During Operation

Dewatering activities intended to keep the BBNPP Power Block area dry during construction
will significantly lower groundwater elevations (see Section 2.4.12.5.2, above). Following
construction, dewatering will be stopped, and groundwater elevations will be allowed to
return to pre-construction levels. The maximum expected groundwater elevation beneath the
Power Block area is expected to be less than 712.0 ft (217.0 m) NAVD 88. The base elevation
(deepest safety-related foundation) for building structures in the Power Block will be at 677.5
ft (206.5 m) NAVD 88. Based on the expected maximum groundwater level, the
post-construction hydrostatic loading on the base of building structures in the Power Block
area will likely not exceed 34.5 ft (10.5 m) (i.e., 712.0 ft - 677.5 ft = 34.5 ft). Loading will be less
in the shallower substructures in the Power Block area.

In the ESWEMS Pond area, the maximum expected post-construction groundwater elevation is
expected to be less than 665.1 ft (202.7 m) NAVD 88. The base elevation for the ESWEMS Pump
House will be at 695.0 ft (211.8 m) NAVD 88. The base elevation of the Pond will be 677.5 ft
(206.5 m) NAVD 88. Based on this expected maximum groundwater level, there will be no
post-construction hydrostatic loading on the base of the Pump House or the ESWEMS Pond, as
the groundwater elevation will be below the base elevations of both structures.

2.4.12.5.4 Permanent Dewatering System during Operation

The maximum projected water-table surface is expected to be at least 7 ft (2.1 m) below plant
grade in the BBNPP Power Block area, and at least 29.9 ft (9.1 m) below grade in the ESWEMS
Pond area after construction. As a result, no permanent groundwater dewatering system
should be required during operation of the BBNPP. Nonetheless, groundwater elevations will
continue to be monitored during operation to ensure that U.S. EPR design bases are
maintained.
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2.4.13 Pathways of Liquid Effluents in Ground and Surface Waters
The U.S. EPR FSAR includes the following COL Item in Section 2.4.13:
A COL applicant that references the U.S. EPR design certification will provide
site-specific information on the ability of the groundwater and surface water
environment to delay, disperse, dilute or concentrate accidental radioactive liquid

effluent releases, regarding the effects that such releases might have on existing
and known future uses of groundwater and surface water resources.

This COL Item is addressed as follows:
{Sections 2.4.13.1 through 2.4.13.3 are added as a supplement to the U.S. EPR FSAR.

2.4.13.1 Groundwater

This section provides a conservative analysis of a hypothetical accidental release of |
radionuclide-containing liquid effluents to groundwater and surface waters at the BBNPP. The |
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hypothetical release scenario is described, and the conceptual model used to evaluate
radionuclide transport is presented. Site-specific calculations that detail the ability of the
groundwater and surface water systems to delay, disperse, or dilute the liquid effluent prior to
reaching a potential water receptor are also provided. Possible radiological consequences
associated with the radionuclide release are then evaluated by comparison with established
regulatory limits. This analysis applies conservative assumptions and transport parameters to
obtain an evaluation with a large margin of safety.

2.4.13.1.1 Accident Release Scenario Outline

This analysis considers a hypothetical accidental release from a liquid waste storage tank
located below grade in the power block area at the BBNPP site, and southwestward effluent
migration in groundwater through engineered backfill materials, shallow bedrock, and glacial
outwash deposits at the site, toward Walker Run (Figure 2.4-98). Mixing of the
radionuclide-containing groundwater with surface waters of Walker Run then occurs, and is
followed by discharge into the North Branch of the Susquehanna River (NBSR), with
subsequent mixing and dilution (Figure 2.4-99).

Advection, decay, dispersion, retardation, and dilution of the radionuclide-containing
groundwater plume were determined in four steps, described in detail within Section
2.4.13.1.9. For each step, the resulting radionuclide activities were compared against accepted
NRC Effluent Concentration Limit (ECL) values, as compiled in Appendix B to Part 20, Chapter
1, Title 10 of the Code of Federal Regulations, hereafter denoted as 10 CFR 20 (CFR, 2010). Only
the radionuclides that exceeded 1 percent of a respective ECL were evaluated in subsequent
analyses. Note that all radionuclide activities are reported and discussed using units of
microcuries per cubic centimeter (uCi/cm3) in an effort to facilitate direct comparison to the
NRC's ECL values.

Step 1 involved the release of the source-term radionuclides and migration through the
groundwater system, assuming only advection and radioactive decay. All parent radionuclides
expected to be present in the liquid waste storage tank, along with daughter progeny in the
decay chain sequences that are important for dosimetric purposes, were considered.
International Commission on Radiological Protection (ICRP) Publication 107 (ICRP, 2008) was
used to identify the progeny for which the decay chain sequences could be truncated.
Consideration of up to three members of the decay chain was required for several of the
radionuclides present in the liquid waste storage tank.

Step 2 evaluated the additional impact of retardation on radionuclide transport. Retardation,
modeled here by a partition ratio, Ky, is the process whereby radionuclides are sorbed to and
desorbed from aquifer matrices via cation/anion exchange, oxidation and reduction (redox)
reactions, and mineral precipitation (among other reactions).

Step 3 considered discharge of the groundwater plume to Walker Run and dilution of the
radionuclides within the stream. It was assumed that the entire volume of the
radionuclide-containing groundwater plume would seep through the stream bank and fully
mix with the creek water under typical low flow conditions.

Step 4 included the migration of the radionuclide-containing creek waters into the North
Branch of the Susquehanna River (NBSR) and subsequent dilution. Specifically, the Step 4
calculations included mixing of Walker Run flow with 25 percent of the flow in the NBSR. This
volume was selected to represent a low mixed volume and minimal dilution.
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An important assumption in the hypothetical release scenario presented here is that the
radionuclide-containing groundwater plume is transported within the NBSR and arrives at a
potential user that consumes the water directly, or uses the water to produce crops or raise
animals for later consumption, as outlined in the NRC’'s NUREG 0800 Standard Review Plan
(SRP) Section 2.4.13 (NRC, 2007a) and Branch Technical Position (BTP) 11-6 (NRC, 2007b). For
direct consumption, conditions are considered acceptable if a release does not result in
radionuclide concentrations in excess of the ECLs included in 10 CFR 20 (CFR, 2010) in the
nearest source of potable water, located in an unrestricted area. Here, it is assumed that any
radionuclides in the NBSR continue downstream and flow toward public water supply wells
associated with the Berwick District of the Pennsylvania American Water Company. This public
water supplier serves a population of approximately 16,000 through nearly 6,300 connections
in five municipalities.

2.4.13.1.2 Accident Scenario and Assumptions

In this analysis, a liquid waste (reactor coolant) storage tank in the Nuclear Auxiliary Building at
the BBNPP is postulated to be the source of an accidental radionuclide release. This tank, with
an estimated capacity of 4,061 cubic feet (ft3) or 115 cubic meters (m3) (AREVA, 2011a) is
assumed to rupture completely and release 80 percent of the contained liquid volume (3,249
ft3; 92 m3) in accordance with NUREG 0800 SRP Section 2.4.13 (NRC, 2007a) and BTP 11-6 (NRC,
2007b). At the BBNPP site, these tanks would likely contain the largest volume of reactor
coolant water. Moreover, an instantaneous release from a ruptured tank would discharge a
larger quantity of water more rapidly than a pipe rupture.

Liquid from the tank rupture is assumed to flood the building and migrate beyond secondary
containment structures and sump collection systems within the building. This effluent then
exits the building via cracks in the foundation floor, and enters the subsurface at a depth of
41.5 feet (ft; 12.7 meters [m]) below the proposed finished plant grade, 719 ft (219.2 m) North
American Vertical Datum of 1988 (NAVD 88). The actual elevation of this release point is
therefore assumed to equal 677.5 ft (206.5 m) NAVD 88.

Existing hydrogeologic data indicate that groundwater flow is consistently to the southwest
and/or south at the BBNPP site. It is therefore assumed that subsurface migration of the
radionuclide-containing effluent plume would be generally southwestward or southward,
toward Walker Run and an unnamed tributary to Walker Run, identified hereafter as Unnamed
Tributary (UT) 1. Flow is also assumed to be lateral, through post-construction backfill
materials (compacted sand and gravel), shallow bedrock (fractured shale), and glacial outwash
deposits. It is also assumed that the plume does not change shape, become diluted, or
disperse during migration in the groundwater system. These mechanisms would only act to
reduce the concentrations of the radionuclides. Dilution is assumed to occur only when the
plume seeps into Walker Run and the NBSR (in Steps 3 and 4, respectively).

It should be noted (from field observations) that Walker Run is a gaining stream, and receives
groundwater discharge from the shallow bedrock and glacial outwash deposits at the site.
Groundwater similarly discharges to UT 1 and the wetland areas located south of the BBNPP.
This suggests that very little (if any) shallow groundwater flows beneath Walker Run or UT 1.
That is, groundwater flow does not likely continue in the subsurface to locations south of the
site. Nonetheless, it is assumed here that at least some radionuclide-containing groundwater
could migrate beneath UT 1 to a possible receptor (a domestic well user) located
approximately 5,315 ft (approximately 1,620 m) south-southeast of the BBNPP.
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2.4.13.1.3 Liquid Release Source Terms |

An inventory of radionuclides in the release source (a reactor coolant storage tank) is provided |
in Table 2.4-60. This list includes parent radionuclides and daughter progeny with the greatest
potential for exposure consequences. Half-life and branching fraction values listed in

Table 2.4-60 are consistent with values provided by the ICRP (ICRP, 2008). The initial |
radionuclide concentrations used in this evaluation correspond to a 0.25 percent defective
fuel rod rate (AREVA, 2011a). This rate is nearly two times the failure rate established by BTP
11-6 (0.12 percent) (USNRC, 2007b). Accordingly, the analysis provides a conservative
bounding estimate of the radionuclide inventory and associated activity levels in the
postulated release. I

2.4.13.1.4 Possible Groundwater Flowpaths |

Four possible groundwater flowpaths were identified at the BBNPP site (Figure 2.4-98).
Flowpath A assumes that a subsurface effluent plume will migrate toward the southwest
(Figure 2.4-98) through post-construction backfill materials (compacted sand and gravel) and
into the shale bedrock surrounding the BBNPP power block excavation area. This plume then
enters the glacial outwash deposits covering the bedrock at the site, and ultimately discharges
into Walker Run (and therein mixes with surface waters in the stream).

Groundwater flow along pathway B assumes that the plume will initially migrate directly to |
the south (also through backfill materials) but is followed by southwestward flow within the |
shallow bedrock zone, along the dominant groundwater flow directions at the site

(Figure 2.4-98). Flow continues through glacial outwash deposits, with discharge into Walker
Run occurring approximately 440 ft (134.11 m) downstream of the groundwater discharge
point for flowpath A.

For paths C-1 and C-2, initial plume migration is assumed to be toward the south-southeast,
through excavation backfill. The radionuclide-containing groundwater then enters the
shallow bedrock zone, and migrates along a more southerly route, again following the |
dominant flow directions at the site. Flow is then assumed, most plausibly, to continue
through the glacial outwash deposits at the site, with discharge into UT 1 and subsequent
transport to Walker Run (pathway C-1, Figure 2.4-98). Alternatively, plume migration could be
retained within the shallow bedrock zone, with continued flow southward, beneath UT 1 and
adjacent wetlands. Subsurface flow would then continue to the south, toward a cluster of |
several homes located outside of the BBNPP Owner-Controlled Area (pathway C-2). Here, it is
postulated that the plume enters a private well (positioned roughly at the end of an unnamed
road west of Confers Lane) at a depth 41.5 ft (12.65 m) below the ground surface (i.e., at a
depth comparable to the initial effluent release point).

2.4.13.1.5 Groundwater Velocities and Travel Times |

Hydraulic properties (hydraulic conductivity, porosity, and dry density) of the transporting
media (geologic materials and engineering backfill planned for the excavation) are provided in
Table 2.4-61. Hydraulic gradients, Darcy velocities, seepage velocities, and groundwater travel
times (Table 2.4-61) were calculated for each postulated effluent pathway at the BBNPP site
using the Darcy equation for flow (Freeze and Cherry, 1979) and the input data provided in
Table 2.4-61. Along flow pathway A, for example, with a total length of 710 ft (216.41 m), a
horizontal hydraulic gradient (ihorizontal) €qualing 0.072 was calculated by assuming that the
maximum post-construction groundwater elevation in the release area will be equal to 712.03
ft (217.03 m) NAVD 88 and that the surface water elevation in Walker Run at the discharge
point is approximately 661 ft (201.47 m) NAVD 88:

BBNPP

2-1215 Rev 4
© 2007-2013 UniStar Nuclear Services, LLC. All rights reserved.
COPYRIGHT PROTECTED



FSAR: Section 2.4 Hydrologic Engineering

hifterence _ (712.03 ft NAVD 88 — 661 ft NAVD 88)
Xtotal 710 ft

=0.072 (Eg.2.4.13-1)

Thorizontal =

From this, a Darcy velocity (q) was calculated using a harmonic mean of the hydraulic
conductivities provided in Table 2.4-61:

q = ihorizontal X Kharmonic = 0-072 x 9.383 ft/day = 0.674 ft/day (Eq. 2.4.13-2)

A linear groundwater flow velocity (or seepage velocity, v;) was also calculated for pathway A,
using a porosity value (n) equal to the average of values determined for backfill, bedrock, and
glacial outwash deposits at the BBNPP site:

g _0.6741t/day _ 3 .7 4t/day
- 0.206

average

Vs = (Eq.2.4.13-3)

A conservative estimate of total travel time (t;ot5) for the groundwater plume (along path A)
was then determined using the seepage velocity value calculated above:

(EqQ. 2.4.13-4)
Xeom _ 710ft

= =217 days
3.27 ft/day

Erotal =
s

It should be noted that the seepage velocity and total travel time values calculated here
(Table 2.4-62) are directly applicable only to groundwater flow and not necessarily
radionuclide migration. Nonetheless, these results indicate that flowpath A is the fastest (and
thereby most direct) migration pathway for radioactive effluent at the BBNPP site. Although
plausible, flow along pathways B and C-1 is considerably slower than flow along pathway A
(by 50 and 697 days, respectively) and therefore is considered less conservative. Pathway C-2,
in turn, is considered extremely unlikely, and also results in a significantly longer travel time
relative to flowpaths A, B, and C-1. Accordingly, only pathway A is considered (here) as an
effluent migration pathway at the site.

2.4.13.1.6 Groundwater Plume Dimensions and Volumetric Flow Rate

A volume for the radionuclide-containing groundwater plume (????) was determined from the
initial spill volume (3,249 ft3, or 92 m3) and the average porosity of the transporting media at
the BBNPP site (0.206) (Table 2.4-63):
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(Eq. 2.4.13-5)

= =15,771 ft>
P Mpyerage 0206

The groundwater plume is assumed to maintain a height equal to 12 ft (3.66 m), a value that is
50 percent of the average thickness of the glacial outwash deposits at the site. Assuming a
length to width to height ratio that is roughly 10:1:1, the plume cross-sectional area (A) was
determined to equal 144 square feet (ft2) (13.38 square meters [m?]):

A=HxW=12ftx 12 ft=144ft2 (Eq. 2.4.13-6)

This cross-sectional area is considered normal to the direction of groundwater flow. In turn, a
volumetric groundwater flow rate (Q) of 97 cubic feet per day (ft3/day) or approximately 2.75
cubic meters per day (m3/day) was estimated from this cross-sectional area and the calculated
Darcy velocity (g; see Eqg. 2.4.13-2, above) for the radioactive effluent plume:

Q=Axq =144 ft> x 0.674 ft/day = 97 ft3>/day (Eq. 2.4.13-7)

Note that the Darcy velocity (q) is an apparent velocity that characterizes the rate at which
water would move through the subsurface if the groundwater system were an open conduit.

2.4.13.1.7 Radionuclide Transport Equations

In this analysis, radionuclide transport along groundwater flowpath A was evaluated using the
one-dimensional advection-dispersion-reaction equation of Javandel (Javandel, 1984):

(Eq. 2.4.13-8)

2
R0C _ o o

- v.Z= _JRC
ot oxt P ox

where Cis the radionuclide activity, R is a retardation factor, D is a coefficient of longitudinal
hydrodynamic dispersion, v; is the previously defined (Eq. 2.4.13-3, above) linear groundwater
flow (or seepage) velocity, A is the radioactive decay constant, t is the groundwater travel time
from source to receptor, and x is the total horizontal distance along the flowpath.

The retardation factor, R, in Eq. 2.4.13-8 is defined by the relationship:

(Eq. 2.4.13-9)

R:(1+&j
n

where p (rho) is the dry (or bulk) density of the transporting medium, K is a partition ratio, and
nis the porosity. The radioactive decay constant in Eq. 2.4.13-8, in turn, can be written as:

(Eq.2.4.13-10)

BBNPP

2-1217 Rev 4
© 2007-2013 UniStar Nuclear Services, LLC. All rights reserved.
COPYRIGHT PROTECTED




FSAR: Section 2.4 Hydrologic Engineering

where t,, denotes the half-life a specified radionuclide.

As described by Konikow and Bredehoeft (Konikow and Bredehoeft, 1978), the method of
characteristics approach can be applied to Eq. 2.4.13-8 to determine the rate of change in the
activity of the radionuclide:

dc _ac +d_x£ (Eg.2.4.13-11)

dt ot dt ox

Conservatively neglecting the coefficient of longitudinal hydrodynamic dispersion, D, the
advection-dispersion-reaction equation can then be integrated to yield:

(Eq.2.4.13-12)

€ _ i
dt
and
(Eg.2.4.13-13)
o v,
dadt R

Note that Eq. 2.4.13-12 represents the decay reaction for a radionuclide of interest, and that
Eqg. 2.4.13-13, in turn, describes transport of the radionuclide within the groundwater system.
Solutions for Eq. 2.4.13-12 and Eq. 2.4.13-13 can be obtained by integration to yield the
characteristic curves (integral curves) of Eq. 2.4.13-8. For transport of a parent radionuclide,
expressed in units of activity, these characteristic curve equations are:

(Eq.2.4.13-14)
Ci(t) = C 7 exp(-Ait)

and

. (EG. 2.4.13-15)
t=R, X

S

where C; (t) denotes the parent radionuclide concentration (activity) at time t, C?; is the initial
parent activity (i.e., the activity at time zero), A; is the radioactive decay constant for the parent
radionuclide (from Eq. 2.4.13-10), and R; is the retardation factor for the parent radionuclide.

Similar relationships exist for progeny radionuclides. For the first progeny in a decay chain, the
advection-dispersion-reaction equation is:
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(Eq.2.4.13-16)

2
%2 _ D 0 Vs 86C2 +dp MR Gy — 4,R, G
X

R
2 ot ox?

where the subscript 2 identifies the activities and/or properties (half-life, retardation, etc.) of
first progeny radionuclides, and d,, is the fraction of parent radionuclide transitions that result
in the production of first progeny radionuclides.

The characteristic (integral) curves for Eq. 2.4.13-16, conservatively neglecting (again) the
coefficient of longitudinal hydrodynamic dispersion, can be reduced to:

JC (EQ. 2.4.13-17)

=2 _d.2,C—1,C
dt 12711%1 2%2

and

* v, (EQ. 2.4.13-18)

dt R,

where A'; is defined as the product of the radioactive decay constant for the parent
radionuclide (again, ;) and the quotient of the retardation factors for the parent radionuclide
and the first progeny in the decay chain (i.e., R; divided by R»):

(Eq.2.4.13-19)

Recognizing that Eq. 2.4.13-17 is formally similar to Equation B.30 in NUREG/CR-5512 (NRC,
1992), these equations can be integrated to yield:

, (Eq. 2.4.13-20)
C, = K exp(-4it) + K, exp(-4,t)

and

X (Eq.2.4.13-21)
t = R2 —

s

where R, is the retardation factor for the first progeny radionuclide, and x and v; are, again, the
total horizontal distance along the groundwater flowpath and the groundwater seepage
velocity, respectively. The decay chain coefficients for the parent (K;) and first progeny (K3)
radionuclides in Eq. 2.4.13-19 are defined by the following:
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(EqQ. 2.4.13-22)
_ dip 42 C7
A =4

and

(Eq. 2.4.13-23)
0
K2 _ C? _ d/;zlzjj
2~ M

It should be noted, here, that Eq. 2.4.13-20 and supporting Egs. 2.4.13-21 through 2.4.13-23
are formally similar to equation B.43 in NUREG/CR-5512 (NRC, 1992).

The advection-dispersion-reaction equation for second progeny radionuclides in a decay
chain follows an expanded form of Eq. 2.4.13-16:

(EQ. 2.4.13-24)

aC o%C aC

Ry

where subscript 3 identifies the activities or properties (again, half-life, retardation, etc.) of
second progeny radionuclides, and d;3 and d,3; denote the fraction of parent radionuclide
transitions and first progeny transitions, respectively, that result in the production of second
progeny radionuclides.

By ignoring the coefficient of longitudinal hydrodynamic dispersion, D, Eq. 2.4.13-24 can be
reduced to:

dc (Eq. 2.4.13-25)
d_t3 =di3 4Gy +dy34,C; — A5G

and

o v, (EQ. 2.4.13-26)

dt R,

where A'; in this case, is defined as the product of the radioactive decay constant for the parent
radionuclide (again, A;) and the quotient of the retardation factors for the parent radionuclide
and the second progeny in the decay chain (i.e., R; divided by R3):

(Eq. 2.4.13-27)
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where X, is defined as the product of the radioactive decay constant for the first progeny
radionuclide (A;) and the quotient of the retardation factors for the first and second progeny
radionuclides in the decay chain (i.e., R, divided by R;):

(Eq. 2.4.13-28)

. R,

12 = lz R_
3

Equations 25 and 26, above, can also be integrated to yield the following:

. , (Eg. 2.4.13-29)
C; =K exp(—44t) + K, exp(—4;t) + K5 exp(—Ast)

and

(Eq. 2.4.13-30)

t:R3L
vS

where Rj is the retardation factor for the second progeny radionuclide, and x and v; are, again,
the total horizontal distance along the groundwater flowpath and the groundwater seepage
velocity, respectively. The decay chain coefficients for the parent (K;) and first and second
progeny (K; and K3, respectively) radionuclides in Eq. 2.4.13-28 are defined by the following:

(Eq.2.4.13-31)

K, = dy345C? . dy34201225C7
Ay =2 Ay =2 \a - 2)

0 . . (Eq. 2.4.13-32)
— d23/13C2 _ d23ﬂ'2d12ﬂ'3c1

K . —v ;
N A PR PR

0 . 0 (Eq.2.4.13-33)
di34;CY B dy343C; dy342d1 243G

_co
Ka=Gs ds—A s +(/13—1'1X/13—22)

Egs. 2.4.13-29 through 2.4.13-33 are collectively similar to Equation B.54 in NUREG/CR-5512
(NRC, 1992). To estimate the radionuclide concentrations in groundwater, Eq. 2.4.13-14,
2.4.13-20, and 2.4.13-29 were applied as appropriate along the groundwater transport
pathway.

2.4.13.1.8 Partition Ratios (K, Values)

As described previously, retardation incorporates the geochemical processes which slow the
movement of radionuclides (relative to groundwater) during groundwater transport. These
processes include adsorption and desorption, redox reactions, chemical precipitation, and
cation/anion exchange, and can be represented mathematically as a partition ratio, or Ky
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value. Because the volume of the effluent plume (here) is small relative to the volume of water
encountered during migration through the groundwater system at the Site, radionuclide
mobility is assumed to be controlled by the chemistry of the groundwater and transporting
media (backfill, outwash deposits, etc.). That is, the overall chemical characteristics of the
plume are assumed to reflect local groundwater and geologic conditions during migration,
rather than the initial chemistry of the liquid effluent. It should also be noted that no chelating
agents such as ethylenediaminetetraacetate (EDTA) will be used to clean pumps, pipes, tanks,
or other components related to cooling water circulation systems at the BBNPP. Accordingly,
no other complexing compounds are expected to influence the chemistry of the liquid release
source.

Table 2.4-64 compiles site-specific Ky values determined by laboratory testing of possible fill
materials and glacial outwash deposits (ANL, 2010 and BNL, 2010, respectively) and partition
ratios that have been reported and evaluated in scientific literature. The most conservative
(i.e., lowest) K4 value reported for each element is identified in Table 2.4-64, and has been used
in the calculations for the Step 2 transport analysis.

2.4.13.1.9 Transport Analyses

The radionuclide transport analyses presented here included four steps, as outlined in Section
2.4.13.1.1. Step 1 provided calculations of radionuclide activities at the point of groundwater
discharge, with consideration of only advection and radioactive decay. Step 2 calculations, in
turn, incorporated the effects of retardation. Step 3 utilized the calculated radionuclide
concentrations from Step 2 to determine activities in Walker Run (under low flow conditions)
following mixing with the discharged plume. Step 4 calculations modeled the dilution of
radionuclides in the NBSR. In Steps 3 and 4, it was assumed that no other surface water inputs
enter Walker Run or the NBSR (e.g., tributary inflows). Moreover, adsorption of radionuclides to
bottom or suspended sediments is assumed not to occur, and uptake by biota (e.g., algae) was
not considered. Accordingly, the calculations are considered conservative, as the attenuation
of radionuclides during surface water transport is minimal.

2.4.13.1.9.1 Transport Analyses Considering Advection and Radioactive Decay (Step
1)

An inventory of equation inputs for the Step 1 transport calculations are provided in

Table 2.4-65. The calculated radionuclide activities at the point of groundwater discharge into
Walker Run are also presented in Table 2.4-65 and compared with the ECLs established by NRC
requirements (CFR, 2010). Results indicate that 29 of the 76 radionuclides exhibited activities
that exceeded 1 percent of a defined ECL (Table 2.4-60). ECLs were not available for an
additional 12 radionuclides. However, these 12 radionuclides had low (or zero) activities at the
point of discharge, with the exception of barium-137m (Ba-137m). Tritium (H-3) had the
highest activity at the point of groundwater discharge (9.67E-01 pCi/cm3), although
cesium-134 (Cs-134) had the highest activity to ECL ratio (1.55E+05).

The radionuclide activities presented in Table 2.4-65 that were less than 1 percent of a
respective ECL were eliminated from further consideration in the Step 2 analysis.

24.13.1.9.2 Transport Considering Advection, Decay, and Retardation (Step 2)

The 29 radionuclides identified in Step 1 with activity to ECL ratios greater than 1.0E-02 were
retained for further evaluations in Step 2 that considered partition ratio (K,) derived
retardation factors (R values; see also Section 2.4.13.1.8 and Table 2.4-66). Daughter progeny
associated with the 29 radionuclides identified in Step 1 were also considered in Step 2.
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Calculated radionuclide activities within the discharged groundwater that consider the
combined effects of advection, decay, and retardation are presented in Table 2.4-66. These
values establish that only 5 of the radionuclides considered here, namely H-3, strontium-90
(Sr-90), yttrium-90 (Y-90), iodine-129 (I-129), and plutonium-239 (Pu-239) exceeded 1 percent
of the respective ECLs. Tritium had the highest calculated activity and highest activity to ECL
ratio (9.67E-01 uCi/cm3 and 9.67E+02, respectively). It should be noted that the H-3
concentration at the groundwater discharge point calculated in Step 2 is identical to the value
determined in Step 1 because the K, of H-3 is zero (i.e., tritiated water moves through the
groundwater system with no retardation).

2.4.13.1.9.3 Transport Considering Dilution in Walker Run (Step 3)

Only the radionuclides with calculated activities in excess of 1 percent of a respective ECL
value (H-3, Sr-90, Y-90, I-129, and Pu-239) were evaluated in Step 3. In this analysis, it was
assumed that the entire radionuclide-containing groundwater plume (15,771 ft3; 447 m3)
(Table 2.4-63) was instantaneously discharged into, and mixed with, surface waters in Walker
Run. Radioactive decay, additional dilution, dispersion, and adsorption to bottom sediments
during mixing were not considered in Step 3 in an effort to simplify the analysis and ensure a
conservative estimate of radionuclide activities that would occur in the stream water.

A flow rate of 1.12E-03 ft3 per second (ft3/s; 3.18E-05 m3 per second [m?3/s]) was calculated for
the water discharged into Walker Run along path A (Table 2.4-63 and Table 2.4-67). Mixing of
the discharged groundwater with surface waters in Walker Run is therefore approximated by a
dilution ratio equal to 1.32E-03 (Table 2.4-67), assuming low flow conditions in the stream
(equivalent to 8.48E-01 ft3/s, or 2.40E-02 m3/s).

Radionuclide activities following application of the dilution ratio are presented in Table 2.4-67.
With mixing in Walker Run, the activities of H-3, Sr-90, Y-90, I-129, and Pu-239 were
significantly reduced. Only H-3 and Sr-90 maintained activity to ECL ratios greater than 0.01
(1.28E+00 and 1.03E-02, respectively).

2.4.13.1.9.4 Dilutioninthe NBSR (Step 4)

In Step 4, it was assumed that the radionuclide-containing water within Walker Run flows into,
and mixes with, 25 percent of the water within the NBSR. For this dilution, an assumed 7-day,
10-year stream low-flow value (Qy, o) in the NBSR equal to 8.70E+02 ft3/s (2.46E+01 m3/s)
resulted in a reduction of H-3 and Sr-90 activities to 4.97E-06 and 1.99E-11 pCi/cm3,
respectively (Table 2.4-68). These calculated values are well below 1 percent of the defined
ECLs.

2.4.13.1.10 Compliance with 10 CFR Part 20

It should be noted that 10 CFR 20 (CFR, 2010) requires the summation of all radionuclide |
activity to ECL ratios, and specifies that the sum of these ratios should be less than or equal to

1 (i.e., unity). Summation of the conservatively estimated radionuclide activity to ECL ratios
resulted in an overall total equaling only 1.38E-02, less than 2 percent of the established limit
(Table 2.4-69). Accordingly, no direct or indirect impacts related to the release scenario
presented here (contamination of public supply wells, etc.) are identified.

2.4.13.2 Direct Releases to Surface Waters

U.S. EPR secondary containment design features include shielding of storage tanks with
roughly 2.5-feet thick concrete walls, and labyrinth shielding for piping compartments.
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Moreover, the concrete compartments housing the reactor coolant storage tanks identified in
the accidental release scenario contain elevated access doors, sealed floor penetrations, and
floor drains that are normally closed so that each compartment has the capability of retaining
the complete drainage of a tank. The liquid from potential tank leaks is also contained by
berms and collected by drain systems used for processing in the liquid waste management
system. Floor drains, sumps and piping that transfer potentially radioactive liquids to the
liquid waste management system are designed with barriers and leakage detection
instrumentation. These barriers and detection instrumentation minimize the introduction of
uncontrolled radioactive effluent into the environment. Consequently, it is highly unlikely that
a release from a liquid waste storage tank would reach an open ground surface and thereby
directly impact surface waters.
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24.14 Technical Specification and Emergency Operation Requirements

The U.S. EPR FSAR includes the following COL Item in Section 2.4.14:

A COL applicant that references the U.S. EPR design certification will describe any
emergency measures required to implement flood protection in safety-related
facilities and to verify that there is an adequate water supply for shutdown
purposes.

This COL Item is addressed as follows:

{References to elevation values in this section are based on the North American Vertical Datum |
of 1988 (NAVD 88), unless stated otherwise. |

Sections 2.4.14.1 and 2.4.14.2 are added as a supplement to the U.S. EPR FSAR.

2.4.14.1 Need for Technical Specifications and Emergency Operations Requirements

The preceding subsections of Section 2.4 provide an in-depth evaluation of the site’s
hydrologic acceptability for locating BBNPP. The information provided below concludes that
there is no need for emergency protective measures designed to minimize the impact of
hydrology-related events on safety-related facilities. Therefore, the requirements of 10 CFR
50.36 (CFR, 2007a), 10 CFR Part 50, Appendix A, General Design Criteria 2 (CFR, 2007b), 10 CFR
Part 100 (CFR, 2007c), and 10 CFR 52.79 (CFR, 2008) are met with respect to determining the
acceptability of the site.

Sections 2.4.1 through 2.4.11 present a comprehensive discussion of the potential for flooding
and low water at the site, including details of each potential cause and the resulting effects.
These evaluations conclude that flooding in the Powerblock area of safety-related structures, |
systems, and components due to local intense precipitation, or local Probable Maximum
Precipitation (PMP), will be prevented by the site drainage features engineered and

constructed for that purpose. The BBNPP design finished plant grade elevation is located |
above the design basis flood level and the Probable Maximum Flood (PMF) elevation from
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local streams. The finished plant grade elevation will be at 719 ft (219.2 m) NAVD 88, whichis |
approximately 206.7 ft (63.0 m) above the Susquehanna River 100-yr floodplain of |
approximately 513 ft (156 m) National Geodetic Vertical Datum of 1929 (NGVD 29) (Federal
Emergency Management Agency (FEMA), 2008) or 512.3 ft (156.1 m) NAVD 88. Additionally,
there are no major water bodies (e.g., area greater than 10 acres (4.05 hectares)) directly
adjacent to or within the BBNPP Property Boundary (except for the Susquehanna River south
of US RT 11) . The PMF on local streams (i.e., Walker Run, Unnamed Tributary-1, and Unnamed
Tributary-2) was analyzed and discussed in Section 2.4.3, and maximum PMF water surface
elevations in the vicinity of safety-related facilities (i.e., the various safety-related structures
located within the Powerblock, and the safety-related ESWEMS Retention Pond) can be
summarized as follows: 675.69 ft (205.95 m) NAVD 88 along Walker Run, 672.34 ft (204.93 m)
NAVD 88 along Unnamed Tributary-1, and 715.03 ft (217.94 m) NAVD 88 along Unnamed
Tributary-2 at River Station 1645.505 as shown on Figure 2.4-33. The wave runup within the
ESWEMS Retention Pond during a localized PMP event was analyzed and discussed in Section
2.4.8. Under the 1,000 year wind event, the PMF evaluation of the ESWEMS Retention Pond
results in a freeboard of 0.17 ft (0.05 m) to the top of the dike embankment at 700 ft (213.4 m)
NAVD 88 and 0.67 ft (0.20 m) of freeboard to the grade level of the ESWEMS Pump House at
700.5 ft (213.5 m) NAVD 88. Therefore, the plant is dry with respect to major flooding of local
streams and localized PMP events. Because the BBNPP site is not located near a coastal region
and due to the higher elevation of the plant relative to the Susquehanna River 100-yr |
floodplain, tsunami and storm surge and seiche flooding considerations are not applicable for
this site.

The U.S.EPR FSAR requires that the maximum post-construction groundwater elevation be at
least 3.3 ft (1 m) below grade for any safety-related structure. Since the finished plant grade |
elevation is 719 ft (219.2 m) NAVD 88 at the Powerblock and the maximum expected |
groundwater level for the existing conditions is elevation 712.03 ft (217.03 m) NAVD 88 for the |
Shallow Bedrock, a permanent dewatering system is not needed during operation of BBNPP at
the Powerblock. Additionally, the finished site grade elevation is 700.5 ft (213.5 m) NAVD 88 at
the ESWEMS Pump House and the maximum expected groundwater level for the existing
conditions is elevation 665.07 ft (202.71 m) NAVD 88 for the Glacial Outwash Aquifer, a
permanent dewatering system is not needed during operation of BBNPP at the ESWEMS |
Pumphouse.

BBNPP is designed such that no actions need be captured in Technical Specifications or
Emergency Operating Procedures to protect the facility from flooding or interruption of water
supply for shutdown and cooldown purposes.

Additionally, as described in U.S. EPR FSAR Section 9.2.5, the Essential Service Water System
(ESWS) cooling tower basins are designed for operation without makeup for 3 days following a
design basis accident (DBA), and the ESWEMS makeup pumps are only required for ESWS
makeup following those 72 hours post-DBA. Three days of cooling water inventory in the

ESWS cooling tower basin is sufficient for shutdown and cooldown, should a potential

flooding event require plant shutdown. Operation of the ESWEMS pumps is therefore not
required for achieving cold shutdown. The minimum 3 day water inventory in the ESWS

cooling tower basin, along with additional details of ESWEMS/ESWS operation, are discussed

in U.S. EPR FSAR Section 9.2.1 and Section 9.2.5. |

The worst case low water event does not pose a potential of interrupting the supply of cooling
water, as discussed in Section 2.4.11. There are no other uses of water drawn from the BBNPP
ESWEMS Retention Pond, such as fire water or system charging requirements. There are no
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other interdependent safety-related water supply systems to the ESWS, such as reservoirs or
cooling lakes. There is no potential of blockage to the safety-related ESWS intake due to ice or
channel diversions as discussed in Sections 2.4.7 and 2.4.8. Other potential low water
conditions are also evaluated and accounted for in the establishment of the design low water
level, as discussed Section 2.4.11.

Accordingly, no emergency protective measures are required to minimize the effect of
hydrology-related events on safety-related facilities.

2.4.14.2 References
CFR, 2007a. Technical Specifications, Title 10, Code of Federal Regulations, Part 50.36, 2007.
CFR, 2007b. General Design Criteria for Nuclear Power Plants, Criteria 2, Design Bases for

Protection Against Natural Phenomena, Title 10, Code of Federal Regulations, Part 50,
Appendix A, 2007.

CFR, 2007c. Reactor Site Criteria, Title 10, Code of Federal Regulations, Part 100, 2007.

CFR, 2008. Contents of Applications; Technical Information in Final Safety Analysis Report,
Title 10, Code of Federal Regulations, Part 52.79 (a)(10(iii), 2008.

FEMA, 2008. Flood Insurance Map, Luzerne County. Website: http://msc.fema.gov/webapp/
wcs/stores/servlet/FemaWelcomeView?storeld=10001&catalogld=10001&langld=-1, Date
accessed: March 27, 2008.}
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Table 2.4-1— {Sub-basin Flow Path Length and Slope}

Su;;ba Length of longest flow path (ft) Length of longest flow path (m) ;:7::) Ave(n‘;g:nS‘I)ope
SB1-1 2791.16 850.75 189.71 35.93
SB1-2 8365.51 2549.81 206.19 39.05
SB1-3 8691.82 2649.27 138.80 26.29
SB2-1 8949.22 2727.72 107.26 20.32
SB2-2 6626.43 2019.74 330.33 62.56
SB2-3 5689.13 1734.05 429.71 81.38
SB2-4 4744.73 1446.19 98.13 18.59
SB3-1 6685.73 2037.81 326.30 61.80
SB3-2 4170.91 1271.29 33.19 6.29
SB3-3 2862.04 872.35 58.10 11.00
SB3-4 2779.25 847.12 112.14 21.24
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Table 2.4-2— {Annual Peak Streamflow for Wilkes-Barre, PA USGS Station No. 01536500, (1787
through 2006)}

(Page 1 of 3)

Water Year Date Gage Height (ft) Streamflow (cfs)
1787 Oct. 05,1786 N.A. 189,000
1807 Apr. 1807 N.A. 202,000
1809 Jul. 1809 N.A. 95,200
1833 May 14, 1833 N.A. 176,000
1865 Mar. 18, 1865 33.10 232,000
1891 Jan. 24,1891 26.80 164,000
1892 Apr. 04,1892 21.60 112,000
1893 May 05, 1893 22.02 115,000
1894 May 21, 1894 20.00 97,100
1895 Apr. 10, 1895 21.82 113,000
1896 Apr.01, 1896 24.00 135,000
1897 Oct. 15,1896 19.00 88,600
1898 Apr. 26, 1898 17.82 78,900
1899 Mar. 06, 1899 18.22 82,100
1900 Mar. 02, 1900 19.70 94,500
1901 Nov. 28, 1900 22.00 115,000
1902 Mar. 02, 1902 3140 213,000
1903 Mar. 25, 1903 22.40 119,000
1904 Mar. 09, 1904 30.60 204,000
1905 Mar. 26, 1905 23.40 129,000
1906 Apr.01, 1906 18.10 81,300
1907 Mar. 16, 1907 16.00 65,500
1908 Feb. 17,1908 23.50 130,000
1909 May 02, 1909 23.00 125,000
1910 Mar. 03,1910 26.10 157,000
1911 Mar. 29, 1911 19.70 94,500
1912 Apr.03,1912 23.20 127,000
1913 Mar. 28,1913 28.50 184,000
1914 Mar. 29,1914 28.30 182,000
1915 Feb. 26, 1915 23.30 127,000
1916 Apr.02,1916 26.50 160,000
1917 Mar. 28, 1917 17.70 75,700
1918 Mar. 15,1918 23.00 124,000
1919 May 24,1919 16.60 66,900
1920 Mar. 13,1920 26.00 155,000
1921 Mar. 10, 1921 19.00 86,600
1922 Nov. 29, 1921 22.30 117,000
1923 Mar. 05, 1923 19.60 91,800
1924 Apr. 08, 1924 23.50 129,000
1925 Feb. 13,1925 25.10 145,000
1926 Mar. 26, 1926 19.40 90,100
1927 Nov. 17,1926 22.70 121,000
1928 Oct. 20, 1927 24.70 141,000
1929 Apr. 22,1929 26.40 159,000
1930 Mar. 09, 1930 16.70 67,600
1931 Mar. 30, 1931 17.60 74,700
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Table 2.4-2— {Annual Peak Streamflow for Wilkes-Barre, PA USGS Station No. 01536500, (1787

through 2006)}
(Page 2 of 3)

Water Year Date Gage Height (ft) Streamflow (cfs)
1932 Apr. 02,1932 20.50 107,000
1933 Aug. 25,1933 19.72 99,800
1934 Mar. 06, 1934 18.00 85,500
1935 Jul. 10, 1935 25.39 151,000
1936 Mar. 20, 1936 33.07 232,000
1937 Jan. 23,1937 17.15 77,300
1938 Sep. 24,1938 14.70 64,900
1939 Feb. 22,1939 23.80 137,000
1940 Apr.01, 1940 31.53 212,000
1941 Apr. 07,1941 23.50 138,000
1942 Mar. 11,1942 20.62 111,000
1943 Jan. 01,1943 29.37 191,000
1944 May 09, 1944 18.50 90,000
1945 Mar. 05, 1945 21.80 119,000
1946 May 29, 1946 32.01 210,000
1947 Apr. 07,1947 24.88 151,000
1948 Mar. 23, 1948 28.76 193,000
1949 Dec. 31,1948 17.39 82,700
1950 Mar. 30, 1950 27.04 172,000
1951 Apr.01, 1951 22.72 128,000
1952 Mar. 13,1952 22.39 124,000
1953 Dec. 12,1952 19.43 98,000
1954 May 5, 1954 16.85 78,900
1955 Mar. 03, 1955 17.80 85,900
1956 Mar. 09, 1956 28.17 186,000
1957 Apr. 07,1957 20.48 107,000
1958 Apr. 08, 1958 26.80 170,000
1959 Jan. 23,1959 21.14 113,000
1960 Apr. 02, 1960 29.60 184,000
1961 Feb. 27, 1961 26.20 163,000
1962 Apr. 02,1962 22.84 128,000
1963 Mar. 28, 1963 22.26 131,000
1964 Mar. 10, 1964 N.A. 188,000
1965 Feb. 14, 1965 11.10 44,600
1966 Feb. 15, 1966 18.25 93,500
1967 Mar. 29, 1967 17.16 84,800
1968 Mar. 24, 1968 19.19 101,000
1969 Apr. 07,1969 16.57 80,500
1970 Apr. 04,1970 20.92 115,000
1971 Mar. 17,1971 20.28 110,000
1972 Jun. 24,1972 40.91 345,000
1973 Apr. 06,1973 18.04 91,800
1974 Dec. 28,1973 18.24 93,400
1975 Sep. 27,1975 35.06 228,000
1976 Feb. 19,1976 21.34 118,000
1977 Sep. 26,1977 21.62 121,000
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Table 2.4-2— {Annual Peak Streamflow for Wilkes-Barre, PA USGS Station No. 01536500, (1787

through 2006)}
(Page 3 of 3)

Water Year Date Gage Height (ft) Streamflow (cfs)
1978 Jan. 27,1978 21.08 116,000
1979 Mar. 07,1979 31.02 192,000
1980 Mar. 23, 1980 19.50 104,000
1981 Feb. 22,1981 19.57 104,000
1982 Oct. 29, 1981 17.24 86,400
1983 Apr. 16, 1983 23.86 138,000
1984 Dec. 14,1983 29.76 192,000
1985 Mar. 14, 1985 13.04 55,800
1986 Mar. 16, 1986 27.36 172,000
1987 Apr. 05, 1987 19.22 98,500
1988 May 21, 1988 16.88 82,200
1989 May 12, 1989 21.12 117,000
1990 Feb. 18, 1990 15.75 74,900
1991 Oct. 25,1990 22.69 134,000
1992 Mar. 28, 1992 18.46 92,000
1993 Apr. 02,1993 29.87 185,000
1994 Mar. 26, 1994 24.16 148,000
1995 Jan. 22,1995 15.76 72,100
1996 Jan. 20, 1996 34.45 221,000
1997 Nov. 10, 1996 23.57 128,000
1998 Jan. 09, 1998 24.79 138,000
1999 Jan. 25,1999 21.59 112,000
2000 Feb. 29,2000 23.66 129,000
2001 Apr. 11,2001 19.49 96,800
2002 Mar. 28, 2002 17.02 78,900
2003 Mar. 22,2003 22.84 122,000
2004 Sep. 19, 2004 34.96 227,000
2005 Apr. 04, 2005 30.88 189,000
2006 Jun. 28, 2006 34.14 218,000

Note: N.A. = Not Available
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FSAR: Section 2.4

Hydrologic Engineering

Table 2.4-7— {Annual Peak Streamflow for Danville, PA USGS Station No. 01540500, (1865

through 2006)}

(Page 1 of 3)

Water Year Date Gage Height (ft) Streamflow (cfs)
1865 Mar. 18, 1865 28.00 N.A.
1900 Mar. 02, 1900 15.90 105,000
1901 Nov. 28, 1900 18.50 135,000
1902 Mar. 03, 1902 26.90 243,000
1903 Mar. 25, 1903 18.20 132,000
1904 Mar. 27, 1904 19.62 148,000
1905 Mar. 26, 1905 18.62 136,000
1906 Apr.01, 1906 15.40 99,500
1907 Mar. 17,1907 13.00 73,400
1908 Feb. 17, 1908 17.40 122,000
1909 May 2, 1909 18.40 134,000
1910 Mar. 03,1910 21.00 165,000
1911 Mar. 29, 1911 15.20 97,300
1912 Apr.03,1912 17.91 129,000
1913 Mar. 28,1913 23.11 192,000
1914 Mar. 29, 1914 22.60 186,000
1915 Feb. 26,1915 19.00 141,000
1916 Apr.02,1916 21.80 175,000
1917 Mar. 29,1917 14.80 92,900
1918 Mar. 16, 1918 18.60 139,000
1919 May 24,1919 13.70 80,800
1920 Mar. 14, 1920 20.90 170,000
1921 Mar. 10, 1921 15.50 101,000
1922 Nov. 30, 1921 18.10 133,000
1923 Mar. 05, 1923 15.80 105,000
1924 Apr. 08, 1924 18.80 142,000
1925 Feb. 13,1925 20.30 162,000
1926 Mar. 27,1926 15.50 101,000
1927 Nov. 17,1926 18.80 142,000
1928 Oct. 21,1927 19.90 156,000
1929 Apr. 23,1929 20.35 163,000
1930 Mar. 09, 1930 13.50 78,700
1931 Mar. 30, 1931 14.35 88,500
1932 Apr. 02,1932 17.05 119,000
1933 Aug. 25,1933 17.04 119,000
1934 Mar. 06, 1934 14.50 98,600
1935 Jul. 11,1935 20.00 153,000
1936 Mar. 20, 1936 27.42 250,000
1937 Jan. 23,1937 15.20 93,400
1938 Oct. 24,1937 13.80 79,400
1939 Feb. 22,1939 19.20 139,000
1940 Apr. 02,1940 25.25 222,000
1941 Apr. 07,1941 19.45 142,000
1942 Mar. 11, 1942 17.08 116,000
1943 Jan. 01,1943 24.00 204,000
1944 May 9, 1944 15.48 97,600
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FSAR: Section 2.4

Hydrologic Engineering

Table 2.4-7— {Annual Peak Streamflow for Danville, PA USGS Station No. 01540500, (1865

through 2006)}
(Page 2 of 3)

Water Year Date Gage Height (ft) Streamflow (cfs)
1945 Mar. 05, 1945 17.55 121,000
1946 May 26, 1946 25.98 234,000
1947 Apr.07,1947 19.95 150,000
1948 Mar. 24, 1948 22.63 184,000
1949 Jan. 01,1949 15.16 89,600
1950 Mar. 30, 1950 21.81 168,000
1951 Dec. 05, 1950 19.02 131,000
1952 Mar. 13,1952 18.84 127,000
1953 Dec. 13,1952 16.80 103,000
1954 May 5, 1954 14.71 82,100
1955 Mar. 03, 1955 15.09 85,900
1956 Mar. 09, 1956 2247 175,000
1957 Apr. 08, 1957 17.78 114,000
1958 Apr. 08,1958 21.87 169,000
1959 Jan. 24,1959 17.45 112,000
1960 Apr. 02, 1960 23.92 198,000
1961 Feb. 28, 1961 21.72 167,000
1962 Apr. 02,1962 19.38 136,000
1963 Mar. 29, 1963 18.89 130,000
1964 Mar. 11, 1964 25.13 261,000
1965 Feb. 14, 1965 N.A 44,900
1966 Feb. 15, 1966 16.26 98,900
1967 Mar. 30, 1967 15.23 87,500
1968 Mar. 24, 1968 16.75 104,000
1969 Apr. 07, 1969 14.67 81,700
1970 Apr. 04,1970 18.24 122,000
1971 Mar. 17,1971 17.34 111,000
1972 Jun. 25,1972 32.16 363,000
1973 Dec. 08, 1972 15.96 99,600
1974 Dec. 29,1973 16.39 103,000
1975 Sep. 28, 1975 27.52 257,000
1976 Feb. 19,1976 18.13 120,000
1977 Sep. 27,1977 18.04 122,000
1978 Mar. 23,1978 17.98 116,000
1979 Mar. 07,1979 23.93 188,000
1980 Mar. 23, 1980 16.65 104,000
1981 Feb. 22, 1981 16.95 105,000
1982 Oct. 30, 1981 14.61 83,300
1983 Apr. 17,1983 20.53 149,000
1984 Apr. 07,1984 24.14 194,000
1985 Mar. 14, 1985 11.77 55,300
1986 Mar. 16, 1986 22.68 173,000
1987 Apr. 06, 1987 16.74 104,000
1988 May 21, 1988 14.81 83,500
1989 May 15, 1989 17.70 116,000
1990 Feb. 18, 1990 13.51 70,900
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FSAR: Section 2.4

Hydrologic Engineering

Table 2.4-7— {Annual Peak Streamflow for Danville, PA USGS Station No. 01540500, (1865

through 2006)}
(Page 3 of 3)

Water Year Date Gage Height (ft) Streamflow (cfs)
1991 Oct. 25,1990 18.51 124,000
1992 Mar. 29, 1992 15.37 89,200
1993 Apr. 03,1993 23.97 187,000
1994 Mar. 26, 1994 20.15 139,000
1995 Jan. 22,1995 13.81 73,700
1996 Jan. 21,1996 25.96 209,000
1997 Dec. 03, 1996 19.06 130,000
1998 Jan. 10,1998 2043 143,000
1999 Jan. 25,1999 17.81 116,000
2000 Feb. 29, 2000 19.24 132,000
2001 Apr. 11,2001 15.95 97,800
2002 May 15, 2002 14.84 84,700
2003 Mar. 22,2003 18.81 130,000
2004 Sep. 19,2004 26.22 220,000
2005 Apr. 04, 2005 24.28 202,000
2006 Jun. 28, 2006 28.19 260,000

Note: N.A. = Not Available
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{Susquehanna River Basin Upstream Dam Information}
(Page 2 of 2)

Table 2.4-12

Recreation Pool
Flood Control Pool
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{Susquehanna River Basin Upstream Dam Information}
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FSAR: Section 2.4

Hydrologic Engineering

Table 2.4-17— {Water Pollution Control Facilities in Luzerne County}

(Page 1 of 2)

ORGANIZATION SITE_ID |SUB_FACI_2 SITE_STATUS
ABF FREIGHT SYS INC 535140 |DISCHARGE POINT ACTIVE
AGWAY PETRO CORP 245439 |DISCHARGE POINT ACTIVE
ALLIANCE LDFL 452024 |DISCHARGE POINT ACTIVE
AMER ROCK SALT CO LLC 534131 |DISCHARGE POINT ACTIVE
AQUA PAINC 257459 |CONVEYANCE SYSTEM ACTIVE
BEMIS CO INC 238511 |DISCHARGE POINT ACTIVE
BP PROD NORTH AMER INC 245780 |DISCHARGE POINT ACTIVE
BRIDON AMER CORP 465509 |DISCHARGE POINT ACTIVE
BRUSH WELLMAN CORP 450819 |DISCHARGE POINT ACTIVE
BUTLER PROD 540068 |DISCHARGE POINT ACTIVE
CABOT CORP 241624 |PRODUCTION SERVICE UNIT ACTIVE
CASTEK INC 515571 | DISCHARGE POINT ACTIVE
CBD ENTERPRISES INC 250561 | DISCHARGE POINT ACTIVE
CELOTEX CORP 513776 |DISCHARGE POINT ACTIVE
CERTAINTEED CORP 242936 |DISCHARGE POINT ACTIVE
CON WAY FREIGHT INC 534973 | DISCHARGE POINT ACTIVE
DALLAS AREA MUNI AUTH 681690 |PUMP STATION ACTIVE
DIAL CORP 262476 |DISCHARGE POINT ACTIVE
EDWARD LUKASHEWSKI 532225 |DISCHARGE POINT ACTIVE
ELDORADO PROP CORP 236472 |DISCHARGE POINT ACTIVE
ENTENMANNS 534395 | DISCHARGE POINT INACTIVE
EXXON 739 CORP 260255 |TREATMENT PLANT ACTIVE
FABRAL INC 607189 |DISCHARGE POINT ACTIVE
FEDEX CORP 533615 |PRODUCTION SERVICE UNIT ACTIVE
FEDEX NATL LTL INC 662274 |DISCHARGE POINT ACTIVE
FLEXTRONICS 547487 |DISCHARGE POINT ACTIVE
GEN MILLS INC 536701 |DISCHARGE POINT ACTIVE
GRAHAM PKG CO LP 635944 | DISCHARGE POINT ACTIVE
GRAHAM PKG CO LP 637387 |DISCHARGE POINT ACTIVE
GREIF BROS CORP 534867 |DISCHARGE POINT ACTIVE
GRUMA CORP 655837 |DISCHARGE POINT ACTIVE
GSD PKG LLC 670073 |PRODUCTION SERVICE UNIT ACTIVE
GULF OIL LTD PARTNERSHIP 465179 |DISCHARGE POINT ACTIVE
HAZLETON CASTING CO 647590 |DISCHARGE POINT ACTIVE
HAZLETON CITY WATER AUTH LUZERNE CNTY 447541 |DISCHARGE POINT ACTIVE
HERSHEY FOODS CORP 481099 |DISCHARGE POINT ACTIVE
HPG INTL INC 248877 |TREATMENT PLANT ACTIVE
INDALEX INC - MOUNTAINTOP DIV 525674 |DISCHARGE POINT ACTIVE
INTERMETRO IND CORP 248955 | DISCHARGE POINT ACTIVE
INTERMETRO IND CORP 527804 |DISCHARGE POINT ACTIVE
INTERSIL CORP 471870 |DISCHARGE POINT ACTIVE
IRECO INC 241565 |DISCHARGE POINT ACTIVE
JACOBSON CO INC 699736 |PRODUCTION SERVICE UNIT ACTIVE
LOUIS COHEN & SON INC 534190 |DISCHARGE POINT ACTIVE
OFFSET PAPERBACK MANUFACTURERS INC 243274 |PRODUCTION SERVICE UNIT ACTIVE
PA AMER WATER CO 243286 |TREATMENT PLANT ACTIVE
PA AMER WATER CO 446349 |DISCHARGE POINT ACTIVE
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Table 2.4-17— {Water Pollution Control Facilities in Luzerne County}
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(Page 2 of 2)
ORGANIZATION SITE_ID |SUB_FACI_2 SITE_STATUS
PA AMER WATER CO 449229 |DISCHARGE POINT ACTIVE
PA AMER WATER CO 449233 | DISCHARGE POINT ACTIVE
PA AMER WATER CO 452022 |DISCHARGE POINT ACTIVE
PA AMER WATER CO 480951 |DISCHARGE POINT ACTIVE
PA DEP NERO 544343 |DISCHARGE POINT ACTIVE
PA DEPT OF CORR 516545 |DISCHARGE POINT ACTIVE
PETRO SVC CORP 547319 |DISCHARGE POINT ACTIVE
PILOT CORP 250389 |DISCHARGE POINT ACTIVE
POLYGLASS USA INC 525105 |DISCHARGE POINT ACTIVE
PPL ELEC UTILITIES CORP 250359 |DISCHARGE POINT ACTIVE
SANDUSKY LEWIS METAL PROD INC 236732 | DISCHARGE POINT ACTIVE
SCHOTT GLASS TECH INC 256591 | DISCHARGE POINT ACTIVE
SLUSSER BROS TRUCKING & EXCAV CO INC 513213 |DISCHARGE POINT ACTIVE
SLUSSER BROS TRUCKING & EXCAV CO INC 534045 |DISCHARGE POINT ACTIVE
SMITHS AEROSPACE COMPONENTS 665612 |DISCHARGE POINT ACTIVE
SOUTHERN ALLEGHENIES LDFL INC 803 TREATMENT PLANT ACTIVE
STAR ENTERPRISE 248793 |DISCHARGE POINT ACTIVE
STERICYCLE INC 535121 |DISCHARGE POINT ACTIVE
SUNOCO INC 465963 |DISCHARGE POINT ACTIVE
SVC MFG INC 481491 |DISCHARGE POINT ACTIVE
TECHNEGLAS INC 244619 |DISCHARGE POINT ACTIVE
THREE SPRINGS WATER CO 261223 |DISCHARGE POINT ACTIVE
UGI DEVELOPMENT COMPANY 264295 | DISCHARGE POINT ACTIVE
UNISON ENGINE COMPONENTS INC 511980 |DISCHARGE POINT ACTIVE
UPS INC 534803 |DISCHARGE POINT ACTIVE
WEIR HAZLETON INC 511126 |DISCHARGE POINT ACTIVE
WILKES BARRE SCRANTON INTL AIRPORT 489635 |DISCHARGE POINT ACTIVE
WILLIAMS GAS PIPELINE TRANSCO 689478 |DISCHARGE POINT ACTIVE
BBNPP 2-1263 Rev 4
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Hydrologic Engineering

Table 2.4-18— {1-Hour 1 mi2 Probable Maximum Precipitation

(PMP) Depths}
Duration All Season PMP All Season PMP
(min) (in) (cm)
5 5.9 15.0
15 9.3 23.6
30 133 338
60 17.5 44.5
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Hydrologic Engineering

Table 2.4-19— {72-Hour 10 mi2 Probable Maximum Precipitation

(PMP) Depths}
Duration All Season PMP All Season PMP
(hrs) (in) (cm)
6 26.3 66.8
12 30.0 76.2
24 326 82.8
48 36.4 92.5
72 37.6 95.5
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Hydrologic Engineering

Table 2.4-20— {Sub-Basin Drainage Areas for BBNPP (Site

Drainage)}

Hydrologic Element/

Drainage Area

Drainage Area

Sub-Basin (ft2) (m?) (acre) (ha)
Basin 10.1 1,467,115.4 (136,299.5) 33.678 (13.629)
Basin 10.4A 588,560.4 (54,679.1) 13.511 (5.468)
Basin 10.4B 1,462,812.7 (135,899.7) 33.579(13.589)
Basin 10.4C 61,006.0 (5,667.6) 1.400 (0.567)
Basin 12 1,910,550.5 (177,495.9) 43,857 (17.748)
Basin 13.1 277,125.2 (25,745.8) 6.361 (2.574)
Basin 13.2 194,929.3 (18,109.5) 4.475(1.811)
Wetland Area 710,604.1 (66,017.3) 16.312 (6.601)
ESWEMS Pond 312,271.3(29,011.0) 7.168 (2.901)
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Hydrologic Engineering

Table 2.4-21— {Safety-Related Facility Entrance Elevation Summary}

Safety-Related Facility Ent.rance PMP Pe.ak Water Freeboard
Elevation ft (m) | Elevation ft (m) ft (m)
Nuclear Island™! 720.00 (219.46) | 718.36 (218.96) 1.64 (0.50)
ESWS Cooling Tower Structures' 720.00 (219.46) | 718.36(218.96) 1.64 (0.50)
Emergency Power Generator Building' 720.00 (219.46) | 718.36(218.96) 1.64 (0.50)
ESWEMS Building? 700.50 (213.51) 698.36 (212.86) 2.14 (0.65)
" Includes Reactor, Fuel and Safeguards Buildings.
Evaluated using 1-hour PMP data (see Table 2.4-18).
2Evaluated using 72-hour PMP data (see Table 2.4-19).
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Hydrologic Engineering

Table 2.4-22— {Walker Run Sub-basin

Areas}

Sub-basin Area (sq mi)
SB1-1 0.15
SB1-2 0.44
SB1-3 0.59
SB2-1 1.15
SB2-2 0.88
SB2-3 0.38
SB2-4 0.10
SB3-1 0.25
SB3-2 0.11
SB3-3 0.12
SB3-4 0.15

Total Area 4.32
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Hydrologic Engineering

Table 2.4-23— {SCS Loss Method Parameters for Walker

Run Sub-basins}

Initial
Abstraction (1)

Sub-basin Curve Number (in) Impervious %
SB1-1 66 1.04 3
SB1-2 71 0.81 3
SB1-3 58 1.43 3
SB2-1 73 0.74 3
SB2-2 74 0.71 3
SB2-3 67 0.96 3
SB2-4 56 1.60 12.67
SB3-1 68 0.95 3
SB3-2 67 0.99 3
SB3-3 66 1.01 91.67
SB3-4 68 0.94 42.56
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Hydrologic Engineering

Table 2.4-24— {Clark Unit Hydrograph Parameters

for Walker Run Sub-basins}

Time of
Concentration (Tc) Storage Coefficient
Sub-basin (hr) (R) (hr)
SB1-1 0.34 0.21
SB1-2 0.88 0.28
SB1-3 0.97 0.39
SB2-1 1.05 0.49
SB2-2 0.66 0.18
SB2-3 0.55 0.14
SB2-4 0.61 0.42
SB3-1 0.66 0.18
SB3-2 0.66 0.95
SB3-3 043 0.54
SB3-4 0.37 0.32
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Hydrologic Engineering

Table 2.4-25— {PMF Flow and Flow Change Locations}

River Name River Station HEC-HMS Junctions/Outlets PMF
(ft) (cfs)
Walker Run 19611.64 Junction B-2 16396.0
Walker Run 15788.7 Junction B-3 19663.3
Walker Run 13352.65 Junction B-4 19492.3
Walker Run 10497.04 Junction A-1 24963.5
Walker Run 8567.727 Junction A-2 278354
Walker Run 6600.763 Junction A-3 31569.0
Walkerrun TR#1_1 1614.092 Junction C-3 4940.9
Walkerrun TR#1_2 2594.424 Outlet of Reach SB3-2 and 3218.10
Outlet of SB3-2
Walker TR#2 1645.505 Outlet of SB3-3 1025.5
Note: TR = Tributary, SB = Sub-basin
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Table 2.4-26— {Walker Run PMF Water Surface Elevations near the Proposed Site}

Reach River Station QTotal Water Surface El. (ft)
(cfs) (NAVD88)
Walker Run Upstream 12790.74 Bridge Bridge
Walker Run Upstream 12764.15 19492.30 675.69
Walker Run Upstream 12621.46 19492.30 672.10
Walker Run Upstream 12484.2 19492.30 671.28
Walker Run Upstream 12378.4 19492.30 671.04
Walker Run Upstream 12288.75 19492.30 670.92
Walker Run Upstream 12223.66 19492.30 670.57
Walker Run Upstream 12125.81 19492.30 669.86
Walker Run Upstream 12005.02 19492.30 669.40
Walker Run Upstream 11827.5 19492.30 669.02
Walker Run Upstream 11691.35 19492.30 668.56
Walker Run Upstream 11607.94 19492.30 668.31
Walker Run Upstream 11513.03 19492.30 668.15
Walker Run Upstream 11424.58 19492.30 667.98
Walker Run Upstream 11363.19 19492.30 667.99
Walker Run Upstream 11351.37 Bridge Bridge
Walker Run Upstream 11331.06 19492.30 667.84
Walker Run Upstream 11257.47 19492.30 667.79
Walker Run Upstream 11070.75 19492.30 667.80
Walker Run Upstream 10926.4 19492.30 667.78
Walker Run Upstream 10829.1 19492.30 667.77
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Hydrologic Engineering

Table 2.4-27— {Tributary #1 and Tributary #2 PMF Water Surface Elevations near the Proposed Site}

Reach River Station Q Total (cfs) Water Surface El. (ft)
(NAVD88)
WalkerrunTR#1_1 624.6631 4940.90 672.30
WalkerrunTR#1_1 741.0195 4940.90 672.30
WalkerrunTR#1_1 995.4287 4940.90 672.31
WalkerrunTR#1_1 1129.112 4940.90 672.30
WalkerrunTR#1_1 1225.459 4940.90 672.30
WalkerrunTR#1_1 1299.731 4940.90 672.31
WalkerrunTR#1_1 1447.257 4940.90 672.32
WalkerrunTR#1_1 1614.092 4940.90 672.34
WalkerrunTR#1_2 351.9543 3218.10 672.40
WalkerrunTR#1_2 462.8771 3218.10 672.42
WalkerrunTR#1_2 688.9208 3218.10 672.47
WalkerrunTR#1_2 805.65 3218.10 672.50
WalkerrunTR#1_2 1098.944 3218.10 672.59
WalkerrunTR#1_2 1269.473 3218.10 672.75
WalkerrunTR#1_2 1471.046 3218.10 673.26
WalkerrunTR#1_2 1687.279 3218.10 674.13
WalkerrunTR#1_2 1939.839 3218.10 674.37
WalkerrunTR#1_2 2285.067 3218.10 676.28
WalkerrunTR#1_2 2594.424 3218.10 683.58
WalkerTR#2 53.11654 925.50 672.40
WalkerTR#2 149.6818 925.50 672.40
WalkerTR#2 722 Culvert Culvert
WalkerTR#2 742.3789 925.50 696.38
WalkerTR#2 843.369* 925.50 696.38
WalkerTR#2 944.3609 925.50 696.39
WalkerTR#2 1056.754 925.50 696.36
WalkerTR#2 1213.469 925.50 699.89
WalkerTR#2 1336.411 925.50 704.78
WalkerTR#2 1645.505 925.50 715.03

* Note: Denotes Interpolated Cross-section
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Hydrologic Engineering

Table 2.4-28— {Walker Run Probable Maximum Precipitation Depths}

Area (mi?)

6-hr

12-hr

24-hr

48-hr

72-hr

10

26.3 (in)

30.0 (in)

32.6 (in)

36.4 (in)

37.6 (in)

Source: NOAA, 1978.
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Hydrologic Engineering

Table 2.4-30— {Estimated Average Monthly Ice Thickness, Susquehanna River 2001-2007}

Month AFDD (°F) Ice Thickness (in) Ice Thickness (cm)
January 190.4 2.07 5.26
February 125.1 1.68 4.27

December 88.1 1.41 3.58
Average 134.5 1.72 4.37
Note: Estimated values based on SSES Unit 1 & 2 Meteorological Tower data (PPL, 2008).
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Table 2.4-31— {Estimated Average Monthly Ice Thickness, ESW Emergency Makeup Retention
Pond 2001-2007}

Month AFDD (°F) Ice Thickness (in) Ice Thickness (cm)
January 190.4 9.66 24.54
February 125.1 7.83 19.89

December 88.1 6.57 16.69
Average 1345 8.02 20.37
Note: Estimated values based on SSES Unit 1 & 2 Meteorological Tower data (PPL, 2008).

BBNPP 2-1277 Rev 4
© 2007-2013 UniStar Nuclear Services, LLC. All rights reserved.
COPYRIGHT PROTECTED



FSAR: Section 2.4

Hydrologic Engineering

Table 2.4-32— {10 mi? (25.9 km?)Probable
Maximum Precipitation Depths at the

ESWEMS}
Duration (hrs) All Sea:f»on PMP | All Season PMP

(in) (em)
6 26.3 66.8
12 30.0 76.2
24 32.6 82.8
48 36.4 92,5
72 37.6 95.5
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Table 2.4-33— Data Input and Results for Wind Setup Calculations

Wind Velocity Effective Fetch | Wind Tide Fetch | Average Depth Wind Setup
U Fe F D S

Case (mph) (mi) (mi) (ft) (ft)

Fastest Annual Recorded 57 0.1307 0.2614 20.86 0.03
Wind

2 Year Frequency Wind 50 0.1307 0.2614 20.86 0.02
Event

10 Year Frequency Wind 60 0.1307 0.2614 20.86 0.03
Event

25 Year Frequency Wind 70 0.1307 0.2614 20.86 0.04
Event

50 Year Frequency Wind 71 0.1307 0.2614 20.86 0.05
Event

100 Year Frequency Wind 83 0.1307 0.2614 20.86 0.06
Event

1,000 Year Frequency Wind 118 0.1307 0.2614 20.86 0.12
Event

Wind Velocity Effective Fetch | Wind Tide Fetch | Average Depth Wind Setup
U Fe F D S

Case (km/hr) (km) (km) (m) (m)

Fastest Annual Recorded 92 0.2103 0.4207 6.36 0.01
Wind

2 Year Frequency Wind 80 0.2103 0.4207 6.36 0.01
Event

10 Year Frequency Wind 97 0.2103 0.4207 6.36 0.01
Event

25 Year Frequency Wind 113 0.2103 0.4207 6.36 0.01
Event

50 Year Frequency Wind 114 0.2103 0.4207 6.36 0.02
Event

100 Year Frequency Wind 134 0.2103 0.4207 6.36 0.02
Event

1,000 Year Frequency Wind 190 0.2103 0.4207 6.36 0.04
Event

BBNPP 2-1279 Rev 4
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Hydrologic Engineering

Table 2.4-34— Wave Runup Results

Wind Setup Wave Runup Freeboard Requirement
S Ru2 S+ Ruz%
Case (ft) (mi) (ft)
Fastest Annual Recorded Wind 0.03 0.65 0.68
2 Year Frequency Wind Event 0.02 0.57 0.59
10 Year Frequency Wind Event 0.03 0.68 0.71
25 Year Frequency Wind Event 0.04 0.79 0.83
50 Year Frequency Wind Event 0.05 0.80 0.85
100 Year Frequency Wind Event 0.06 0.94 1.00
1,000 Year Frequency Wind Event 0.12 1.35 1.47
Wind Setup Wave Runup Freeboard Requirement
S Ru29 S +Ruz%
Case (m) (m) (m)
Fastest Annual Recorded Wind 0.01 0.20 0.21
2 Year Frequency Wind Event 0.01 0.17 0.18
10 Year Frequency Wind Event 0.01 0.21 0.22
25 Year Frequency Wind Event 0.0 0.24 0.25
50 Year Frequency Wind Event 0.02 0.24 0.26
100 Year Frequency Wind Event 0.02 0.29 0.30
1,000 Year Frequency Wind Event 0.04 0.41 0.45
BBNPP 2-1280 Rev 4
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Table 2.4-35— {Highest Wind Speeds Using Fisher-Tippet Type | (Frechet) Distribution}

Scenario THighest Wind Speed(mph) Highest WindSpeed (km/h)
2Highest Annual Wind 57 92
2-year Wind Event 50 80
10-year Wind Event 60 97
25-year Wind Event 70 113
50-year Wind Event 71 114
100-year Wind Event 83 134
1,000-year Wind Event 118 190
1 Highest Wind Speed Interpolated for BBNPP site.
2 Highest Annual wind was obtained from the SSES Unit 1 & 2 meteorological tower, based on available data from 2001 to
2007.
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Hydrologic Engineering

Table 2.4-36— {Summary of Information of the Stations and Range of Data Used}

Location Station Datum
Station Name | USGS Station ID Latitude Longitude ft (m) Period of Record
NAVD 88
Danville, PA 01540500 40°57'9" 76°37'10" 430.52 (131.23) 1900-2006
Wilkes-Barre, PA 01536500 41°15'03" 75°52'52" 510.86 (155.71) 1899-2006
Sources: USGA, 2008a; USGS, 2008b
BBNPP 2-1282 Rev 4
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Hydrologic Engineering

Table 2.4-37— {Annual Minimum Water Levels and Streamflow Measurements at Danville, PA

Station}
(Page 1 of 5)

M i
Date Stage EIev;tsnon (ft) NAVD Gauge Height (ft) Streamflow (cfs)
25-Sep-1900 1.60 822
432.12
27-0ct-1901 3.10 4,510
433.62
19-Sep-1902 2.75 3,115
433.27
8-Oct-1903 3.46 5,728
433.98
8-Jul-1905 3.90 7,720
434.42
30-Jun-1906 4.23 9,360
434.75
15-Oct-1907 5.67 14,700
436.19
15-Sep-1908 1.74 981
432.26
25-Jun-1909 3.98 8,426
43450
20-May-1912 7.55 25,612
438.07
4-Aug-1913 2.10 1,593
432.62
3-May-1915 5.06 14,022
435.58
4-Oct-1915 3.80 7,655
434.32
25-Sep-1917 3.00 3,767
433.52
5-Oct-1917 2.70 2,766
433.22
5-Oct-1918 5.23 12,900
435.75
29-Aug-1919 2.76 3,240
433.28
23-Jun-1920 418 9,290
434.70
21-Jun-1921 247 2,360
432.99
27-Aug-1922 6.37 20,400
436.89
18-Jul-1923 2.09 1,540
432,61
11-Aug-1924 248 2,360
433.00
22-Jul-1925 3.56 5,990
434.08
15-Aug-1929 2.54 2,550
433.06
16-Nov-1929 2.70 3,110
433.22
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Hydrologic Engineering

Table 2.4-37— {Annual Minimum Water Levels and Streamflow Measurements at Danville, PA

Station}
(Page 2 of 5)
Date Wstage Elevastsion (ft) NAVD Gauge Height (ft) Streamflow (cfs)
17-Sep-1930 2.27 1,680
432.79
13-Nov-1931 2.26 1,730
432.78
25-May-1933 4.46 9,790
434.98
17-Oct-1933 2.91 3,750
433.43
12-Jun-1935 3.46 5,780
433.98
14-Oct-1936 2.16 1,640
432.68
24-Aug-1937 3.32 4,840
433.84
13-Jun-1938 3.08 4,140
433.60
31-Aug-1939 1.79 980
432.31
13-Aug-1940 2.53 2,450
433.05
2-Oct-1941 1.80 962
432.32
1-Dec-1941 2.52 2,450
433.04
4-Oct-1943 2.09 1,440
432.61
1-Sep-1944 2.20 1,510
432.72
17-Aug-1945 3.28 4,580
433.80
14-Sep-1946 2.54 2,000
433.06
6-Oct-1947 2.46 2,010
432.98
27-Sep-1948 2.18 1,370
432.70
1-Aug-1949 2.51 2,300
433.03
29-Sep-1950 3.17 4,140
433.69
29-Aug-1951 2.57 2,370
433.09
21-Oct-1952 2.26 1,700
432.78
2-Sep-1953 1.83 1,040
432.35
17-Aug-1954 2.03 1,400
432.55
2-Aug-1955 1.79 978
432.31

BBNPP

2-1284

© 2007-2013 UniStar Nuclear Services, LLC. All rights reserved.

COPYRIGHT PROTECTED

Rev 4



FSAR: Section 2.4

Hydrologic Engineering

Table 2.4-37— {Annual Minimum Water Levels and Streamflow Measurements at Danville, PA

Station}
(Page 3 of 5)
Date Wstage Elevastsion (ft) NAVD Gauge Height (ft) Streamflow (cfs)
8-Aug-1956 3.06 3,960
433.58
27-Aug-1957 227 1,750
432.79
15-Oct-1958 2.90 3,440
43342
29-Jul-1959 2.17 1,540
432.69
3-Aug-1960 2.83 2,990
433.35
30-Oct-1961 2.06 1,310
432.58
20-Jul-1962 2.21 1,640
432.73
16-Oct-1963 1.81 936
432.33
9-Sep-1964 1.73 823
432.25
30-Nov-1964 2.04 1,280
432.56
16-Aug-1966 217 1,430
432.69
5-Oct-1967 3.14 3,980
433.66
10-Sep-1968 2.72 2,840
433.24
30-Sep-1969 217 1,550
432.69
25-Aug-1970 2.53 2,330
433.05
8-Sep-1971 2.60 2,520
433.12
21-Sep-1972 2.72 2,860
433.24
2-Oct-1973 3.08 4,020
433.60
22-Jul-1974 2.99 3,610
433.51
6-Aug-1975 2.92 3,360
433.44
9-Dec-1975 5.81 7,060
436.33
8-Jun-1977 3.18 4,290
433.70
2-Oct-1978 2.80 2,940
433.32
19-Jul-1979 2.69 2,560
432.21
9-Sep-1980 2.20 1,500
432.72
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Hydrologic Engineering

Table 2.4-37— {Annual Minimum Water Levels and Streamflow Measurements at Danville, PA

Station}
(Page 4 of 5)
Date Wstage Elevastsion (ft) NAVD Gauge Height (ft) Streamflow (cfs)
28-Aug-1981 2.32 1,850
432.84
17-Aug-1982 2.68 2,700
433.20
3-Oct-1983 2.21 1,660
432.73
10-Nov-1983 2.26 1,610
432.78
31-Oct-1984 2.77 2,930
433.29
11-Mar-1986 6.01 16,400
436.53
6-Aug-1986 6.02 15,800
436.54
12-Jul-1988 2.23 1,650
432.75
12-Oct-1988 235 1,970
432.87
16-Aug-1989 2.87 3,110
433.39
8-Aug-1991 2.04 1,380
432.56
30-Oct-1991 2.56 2,160
433.08
21-Jul-1993 2.31 1,840
432.83
17-Oct-1994 3.32 4,560
433.84
27-Sep-1995 2.23 1,830
432.75
2-Jul-1996 4.30 8,510
434.82
20-Oct-1997 2.19 1,640
432.71
29-Jun-1998 5.82 14,700
436.34
24-Jun-1999 2.38 1,820
432.90
24-Nov-1999 4.67 4,080
435.19
23-May-2001 3.25 4,330
433.77
24-Sep-2001 2.18 1,670
432.70
15-Jul-2003 3.91 7,080
434.43
27-Aug-2004 5.95 16,600
436.47
10-Aug-2005 2.28 1,600
432.80
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Hydrologic Engineering

Table 2.4-37— {Annual Minimum Water Levels and Streamflow Measurements at Danville, PA

Station}
(Page 5 of 5)
(1) i
Date Stage EIevasgon (ft) NAVD Gauge Height (ft) Streamflow (cfs)
16-Sep-2005 2.27 1,720
432.79
10-Aug-2007 2.82 3,130
433.34
5-Nov-2007 412 8,340
434.64
1 Stage elevation determined based on gage datum of 430.52 ft NAVD 88
Source: USGS, 2008e
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Hydrologic Engineering

Table 2.4-38— {Annual Minimum Water Levels and Streamflow Measurements at Wilkes-Barre

PA Station}
(Page 1 of 3)

Date Wstage EIevastsion (ft) NAVD Gauge Height (ft) Streamflow (cfs)
26-Sep-1900 513.06 2.20 961
20-Aug-1901 513.96 3.10 2,170
20-Sep-1902 513.96 3.10 2,170
15-Sep-1904 514.56 3.70 3,540
7-Nov-1904 515.35 4.49 5,660
29-Mar-1905 530.83 19.97 97,680

2-Jul-1906 516.37 5.51 9,400
16-Oct-1907 516.35 5.49 11,200
29-Oct-1908 513.52 2.66 1,657
4-May-1909 526.44 15.58 59,171
5-Aug-1913 512.99 2.13 1,017
2-Jun-1914 515.21 435 5,581
25-Aug-1914 516.82 5.96 10,492
8-Oct-1915 517.87 7.01 15,146
11-Jul-1916 515.15 4.29 5,859

1-Oct-1919 513.26 240 1,810
12-Feb-1920 513.81 2.95 2,620
11-Jun-1920 513.94 3.08 3,200
14-Sep-1921 512.99 2.13 1,490
21-Aug-1922 513.82 2.96 2,930
14-Aug-1923 512.88 2.02 1,360
13-Aug-1924 513.64 2.78 2,410
18-May-1925 516.34 5.48 9,670
19-Jul-1926 513.42 2.56 1,950
13-Aug-1929 5124 1.54 1,270
19-Aug-1930 511.93 1.07 1,010
11-Sep-1930 512.27 1.41 1,210
5-Oct-1932 512.34 1.48 1,240
5-Aug-1933 512.54 1.68 1,660
12-Jul-1934 512.64 1.78 1,870
22-Oct-1935 512.41 1.55 1,720
16-Jul-1936 512.38 1.52 1,350
31-Jul-1937 513.02 2.16 2,160
14-Sep-1938 512.55 1.69 1,710
18-Sep-1939 511.55 0.69 609
8-Aug-1940 512.71 1.85 1,960
3-Oct-1941 511.75 0.89 715
4-Dec-1941 512.84 1.98 1,920
29-Sep-1943 511.95 1.09 1,110
7-Sep-1944 511.9 1.04 1,200

29-Aug-1945 513.23 2.37 3,210
12-Sep-1946 512.57 1.71 2,210
8-Oct-1947 512.33 1.47 1,980
28-Sep-1948 511.92 1.06 1,280
8-Sep-1949 512.62 1.76 2,230
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Hydrologic Engineering

Table 2.4-38— {Annual Minimum Water Levels and Streamflow Measurements at Wilkes-Barre

PA Station}
(Page 2 of 3)

Date stage EIevastsion (ft) NAVD Gauge Height (ft) Streamflow (cfs)
31-Oct-1950 5133 244 3,570
16-Oct-1951 5125 1.64 1,960
12-Nov-1952 511.76 0.90 1,530

2-Oct-1953 511.24 0.38 839
2-Nov-1954 511.78 0.92 1,340
12-Jul-1955 512.2 1.34 1,840
22-Aug-1956 512.26 1.40 2,090
4-Sep-1957 511.64 0.78 1,410
16-Aug-1958 512.95 2.09 3,220
22-Sep-1959 510.82 -0.04 833
23-Aug-1960 5124 1.54 2,470
31-Oct-1961 511.05 0.19 1,370
7-Sep-1962 510.01 -0.85 671
21-Oct-1963 509.45 -1.41 736
22-Sep-1964 509.13 -1.73 545
13-Aug-1965 509.57 -1.29 788
7-Sep-1966 509.89 -0.97 985
19-Sep-1967 51143 0.57 2,980
30-Sep-1968 509.8 -1.06 2,000
24-Sep-1969 510.67 -0.19 1,320
14-Sep-1970 510.77 -0.09 1,480
22-Jul-1971 510.76 -0.10 1,430
17-Oct-1972 511.39 0.53 2,200
25-Oct-1973 511.05 0.19 1,590
2-Aug-1974 511.99 1.13 3,720
28-Aug-1975 511.85 0.99 3,200
22-Jul-1976 513.35 249 6,820
13-Jul-1977 512.24 1.38 3,800
14-Sep-1978 511.06 0.20 1,500
24-Jul-1979 511.47 0.61 2,780
17-Sep-1980 510.19 -0.67 1,010
6-Aug-1981 511.3 0.44 2,220
6-Oct-1982 510.48 -0.38 1,270
13-Sep-1983 510.23 -0.63 994
31-Oct-1984 511.6 0.74 2,710
22-Aug-1985 510.54 -0.32 1,080
29-Aug-1986 512.23 1.37 3,990
2-Jun-1987 51237 1.51 4,660
28-Oct-1987 513.03 217 5,790
23-Aug-1989 511.1 0.24 2,070
5-Oct-1989 511.57 0.71 2,780
8-Aug-1991 51037 -0.49 905
9-Oct-1992 512.25 1.39 3,960
5-Aug-1993 510.69 -0.17 1,380
25-Aug-1994 518.06 7.20 21,900
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Table 2.4-38— {Annual Minimum Water Levels and Streamflow Measurements at Wilkes-Barre |

PA Station}
(Page 3 of 3)
Date stage EIeva8t;0n (ft) NAVD Gauge Height (ft) Streamflow (cfs)
19-Jul-1995 510.78 -0.08 789
10-Jun-1996 514.03 3.17 9,230
18-Jul-1997 511.19 033 2,370
17-Oct-1997 510.64 -0.22 1,590
12-Aug-1999 510.28 -0.58 757
7-Oct-1999 513.05 2.19 6,530
9-Aug-2001 510.99 0.13 1,740
11-Sep-2001 510.59 -0.27 1,110
20-Nov-2003 510.86 9.91 4,470
31-Mar-2005 510.86 20.05 1,050
20-Jul-2006 514.09 3.23 9,270
5-Sep-2007 510.65 -0.21 1,380
4-Oct-2007 511.09 0.23 2,120
1 Stage elevation determined based on gage datum of 510.86 ft NAVD 88 |
Source: USGS, 2008f |
BBNPP 2-1290 Rev 4
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Hydrologic Engineering

Table 2.4-39— {Annual Low Flow Statistics for Danville and Wilkes-Barre Stations}

Gauge Station Dr:'::‘ge Periodof | Q10| Q7,10 | Q30,10 Mean | Median Ha“;':::'c
(mi2) Record (cfs) | (cfs) | (cfs) | (cfs) (cfs) (cfs)
USGS Wilkes-Barre (upstream) 9,960 1899-2006 | 799 | 850 | 1,032 | 13,606 | 7,390 4,283
USGS Danville (downstream) 11,220 1900 - 2006 | 945 | 1,017 | 1,284 | 15,501 | 8,770 5,262
BBNPP Site (using upstream gage) 10,200 - 818 | 870 | 1,056 - - -
BBNPP Site (using downstream gage) 10,200 - 859 | 924 | 1,167 - - -

Notes:

years.

every 10 years.

once every 10 years.

¢ BBNPP Site statistics were interpolated based on USGS gauging stations near SSES intake structure.

¢ Q1,10 flow is the mean stream flow over 1 day which, on a statistical basis, can be expected to occur once every 10

¢ Q7,10 flow is the mean stream flow over 7 consecutive days which, on a statistical basis, can be expected to occur once

¢ Q30,10 flow is the mean stream flow over 30 consecutive days which, on a statistical basis, can be expected to occur
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Hydrologic Engineering

Table 2.4-40— {Estimated Recurrence Interval for the Lowest Recorded Flow, Wilkes-

Barre and Danville Stations}

Estimated Recurrence Interval

Gage Station Water Year of Flow(cfs) Log P
Low Flow Event i og Fearson
Weilbull T, (yr) | Gumbel T, (yr) Type Il *T, (yr)
Wilkes-Barre 1964 532 109 33 4
Danville 1964 558 102 87 4

*T, estimated using power trendline with R2 < 0.90 at each gauging station.
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Table 2.4-42— {Yields and Specific Capacities of Groundwater Wells in the NBSR, Pennsylvania}

Reported Well Yield (gpm) Specific Capacity (gpm/ft)
Geologic Unit T:\Leel(ln No. of Percentile (2 No. of Percentile 2
Wells | 25th | 50th | 75th | Wells | 25th | 50th | 75th
Alluvium, Glacial Outwash D 56 12 18 22 10 0.34 0.8 2
N 60 50 164 500 20 7 20 43
Catskill Formation D 931 7 12 20 352 0.16 0.5 1.0
N 215 17 35 85 82 0.3 0.7 1.9
Trimmers Rock Formation D 79 3 6 10 18 0.03 0.06 0.17
N 11 10 15 30 5 - 0.10 -
Mahantango and Marcellus D 103 6 10 17 53 0.06 0.18 0.69
Formations N 29 20 65 175 15 023 | 1.1 25
Onondaga and Old Port D 6 - 10 - 4 - 0.16 -
Formations N 9 - 122 - 6 - 3.5 -
Keyser and Tonoloway Formations D 16 10 14 28 7 - 0.53 -
N 7 - 80 - 6 - 2.1 -
Notes:
(1) D = Domestic, N = Nondomestic
(2) Percent of wells that have values less than or equal to the value show
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Table 2.4-43— {Specific Capacities of Groundwater Wells in the Berwick-Bloomsburg-Danville
Area}
Median Specific Capacity (gpm/ft)
Geologic unit No. of Wells |Well Depth Percentile @
(Fe) ) Range
25th 50th 75th
Glacial outwash 10 66 37 1 19 1.4-84
Catskill Formation 15 165 0.16 0.39 1.2 0.08-3.8
Trimmers Rock Formation 8 200 0.06 0.13 0.37 0.03-0.55
Harrell and Mahantango Formations 16 263 0.06 0.27 0.79 0.03-2.5
Marcellus Formation 15 255 0.07 0.19 0.5 0.03-18
Onondaga and Old Port Formations 13 259 1.2 3.2 9.3 0.47-350
Keyser and Tonoloway Formations 18 205 1.6 4.6 20 0.35-280
Shale 35 268 0.07 0.23 0.5 0.03-18
Sandstone and shale 23 200 0.12 0.22 0.55 0.03-3.8
Sandstone, limestone, and shale 1 250 0.07 0.13 0.8 0.03-1.4
Carbonate rock and shale 28 202 1.5 3.1 5.5 0.23-250
Carbonate rock 18 205 1.6 4.6 20 0.35-280
Notes:
(1) Feet below ground surface
(2) Percent of wells that have values less than or equal to the value shown
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Table 2.4-44— {Groundwater Well Yields in the Berwick-Bloomsburg - Danville Area as a

Function of Lithology}
Median Reported Well Yield (gpm)
Well Percentile ®
No. of Depth
Aquifer Well Type Wells (ft)@ 25th 50th 75th Range
Sand and gravel D 4 44 - 20 - 15-50
N 8 58 - 40 - 18-100
Shale D 168 122 5 10 15 0.5-50
N 31 300 8 15 50 1-225
Sandstone and shale D 163 150 6 8 10 0.5-60
N 19 300 20 32 64 3-100
Sandstone, limestone and shale D 31 191 5 10 20 2-50
N 7 305 - 93 - 10-300
Carbonate rock and shale D 63 110 6 12 20 2-100
N 22 224 23 38 49 20-184
Carbonate rock D 28 165 10 20 30 3-150
N 14 280 65 160 383 24-900
Notes:
(1) D = Domestic, N = Nondomestic
(2) Feet below ground surface
(3) Percent of wells that have values less than or equal to the value shown
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Table 2.4-45— {Computed Water Budget Components for Selected Drainage Basins in the NBSR |

Basin}
Watershed Pelr)':g(’f Water Budget Components (in/yr)
Source |
Precipitation Surface Gro.undwater Evapotranspiration |
Runoff Discharge I
Towanda Creek Basin | 1961-1980 | 35.10(26.21-4 | 7.82(1.98-16.| 10.34(5.05-16. | 16.94(10.71-24.28) | Taylor, 1984
4.47) 44) 26)
Wapwallopen Creek | 1961-1980 | 43.87(32.04-6 |5.94(3.69-11. 14.20 23.73(16.57-41.85) | Taylor, 1984
Basin 4.48) 77) (6.60-21.81)
Tunkhannock Creek | 1961-1980 | 42.69(34.41-5 | 7.35(2.14-11.| 11.98(5.65-18. | 23.36(16.68-28.03) | Taylor, 1984
Basin 2.74) 28) 43)
East Branch 1963-1966 333 11.40 21.9 Williams, 1987
Chillisquaque Creek
East Branch 1972-1975 50.3 2710 22.8 Williams, 1987
Chillisquaque Creek
Fishing Creek 1963-1966 333 17.49 15.9 Williams, 1987
Fishing Creek 1972-1975 50.3 31.92 18.4 Williams, 1987
Notes:

(1) Number represents total runoff (surface water and groundwater combined). Groundwater is approximately 44% of
the total runoff.
(2) Number represents total runoff (surface water and groundwater combined). Groundwater is approximately 63% of

the total runoff
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Table 2.4-49— {Water Use in the Upper Susquehanna River Basin 1970}

Withdrawals
Type of Use Groundwater Surface Water Total
million Ipd million Ipd million Ipd
gpd gpd gpd
Public Supply 13.1 4.95E+07 99.5 3.76E+08 112.6 4.26E+08
Domestic Supply 8.3 3.14E+07 0.0 0.00E+00 8.3 3.14E+07
Industrial 8.1 3.06E+07 34.0 1.29E+08 421 1.59E+08
Mineral 10.3 3.89E+07 5.5 2.08E+07 15.8 5.97E+07
Agricultural 3.6 1.36E+07 2.0 7.56E+06 5.6 2.12E+07
Golf Course 0.2 7.56E+05 1.0 3.78E+06 1.2 4.54E+06
Institutional 0.6 2.27E+06 0.4 1.51E+06 1.0 3.78E+06
Power 0.0 0.00E+00 120.9 4.57E+08 120.9 4.57E+08
Totals 44.2 1.67E+08 263.3 9.95E+08 307.5 1.16E+09
Notes:

gpd = gallons per day

Ipd = liters per day

Reference: Taylor, 1984
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