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RAI No. 101

Question 02.04.12-9

The DCD requirement on subsurface hydrostatic loading states that the maximum groundwater
level is 1.0 m below grade. The results of the groundwater modeling described in FSAR Section
2.4.12.5 and Calculation No. 25237-103-KOC-HMMG-00001, Groundwater Flow Model of
Surficial Aquifer, show that the DCD requirement is not satisfied at several locations and that
the predicted groundwater level is very close to the DCD requirement (within one meter) over a
relatively large area. Provide a discussion of the degree of conservatism of the model results
and the reliability of meeting the DCD requirement on maximum groundwater level considering
the following issues:

The observed average fluctuation in the surficial aquifer was 1.2 m over the year of observation;

The calibration errors reported in Calculation No. 25237-103-KOC-HMMG-00001: root mean
squared residual of 0.8 m, correlation coefficient of 0.525;

The use of the pre-construction, calibrated recharge value of 8.7 in/yr for post-construction
conditions;

Other model errors, such as not accounting for the presence of building foundations and the
surface of cut areas prior to filling;

Clarify the locations of and other names for the buildings identified in Calculation No. 25237-
103-KOC-HMMG-00001, Groundwater Flow Model of Surficial Aquifer, as having a depth to
groundwater of less than 1.0 m: buildings 1 UQB, 1 URB, 1 UBP, and 2UBP. A figure was
provided as Attachment 3 to the Calculation that was indicated to identify these buildings.
However, only 1 URB could be identified on this figure, the easternmost building in the nuclear
island.

Response

Question 02.04.12-9 refers to the results of Revision 0 of the Surficial aquifer numerical model
(Calculation No. 25237-103-KOC-HMMG-00001, Revision 0) completed in July 2007.
Revision 1 of this model was completed in December 2008 which:

* expanded the model domain,

* incorporated the effect on groundwater flow resulting from deep foundations in the power
block area,

* modeled the size and depth of the excavation for the deep foundations in the power
block to account for the different hydraulic conductivity of the backfill in the excavation,

• revised the groundwater recharge rate; and,

" estimated the impact to stream flow in Johns Creek.
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An electronic copy of the input files for Revision 1 of model was provided in response1 to
Question 2.4.12-8.

A new multi-layer model to allow evaluation of alternative flow paths from the Surficial aquifer to
the underlying Upper Chesapeake unit has been developed. This model and the conservatism
of the model results are discussed in detail in the response to Question 02.04.12-11.

COLA Impact

The COLA has been updated to incorporate the results of the new groundwater model.
Markups are provided in Enclosures 2, 3 and 4. The Groundwater model is provided in
Enclosure 5.

UniStar Nuclear Energy Letter UN#09-243, from Greg Gibson to Document Control Desk, U.S. NRC, Response to Request for
Additional Information for RAI No.101, Groundwater; dated May 20, 2009



Enclosure 1
UN#10-122
Page 4

RAI No. 101

Question 02.04.12-10

Calculation No. 25237-103-KOC-HMMG-00001, Groundwater Flow Model of Surficial Aquifer,
concludes with the following statement: "To explain the area around the power block where the
saturated thickness of the surficial aquifer is zero, detailed modeling should be conducted. This
should account for the building foundations, which will act as barriers to groundwater flow,
potentially raising the water-table. The other feature that should be incorporated is the surface
of the cut areas prior to filling. This will provide a more accurate representation of the base of
the fill/top of the surficial aquifer." Provide a discussion describing how the issues raised in
these conclusions are being addressed. If additional modeling has been conducted, describe
this modeling and provide electronic versions of the model input files used.

Response

Question 02.04.12-10 refers to the results of Revision 0 of the Surficial aquifer numerical model
(Calculation No. 25237-103-KOC-HMMG-00001, Revision 0) completed in July 2007.
Revision 1 of this model was completed in December 2008 which:

" expanded the model domain,

* incorporated the effect on groundwater flow resulting from deep foundations in the power
block area,

* modeled the size and depth of the excavation for the deep foundations in the power
block to account for the different hydraulic conductivity of the backfill in the excavation,

" revised the groundwater recharge rate; and,

* estimated the impact to stream flow in Johns Creek.

An electronic copy of the input files for Revision 1 of model was provided in response 2 to
Question 2.4.12-8.

A new multi-layer model to allow evaluation of alternative flow paths from the Surficial aquifer to
the underlying Upper Chesapeake unit has been developed. This model, including discussion
of how the issues raised in the above conclusions are addressed, is discussed in the response
to Question 02.04.12-11.

COLA Impact

The COLA has been updated to incorporate the results of the new groundwater model.
Markups are provided in Enclosures 2, 3 and 4. The Groundwater model is provided in
Enclosure 5.

2 UniStar Nuclear Energy Letter UN#09-243, from Greg Gibson to Document Control Desk, U.S. NRC, Response to Request for
Additional Information for RAI No.101, Groundwater; dated May 20, 2009
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RAI No. 101

Question 02.04.12-11

At the site hydrology audit the applicant stated that a new modeling effort will be looking at post-
construction effects to the Upper Chesapeake unit. This was in reference to a question about
alternative pathways considered and consistency between FSAR 2.4.12 and 2.4.13. If this new
modeling has been conducted, describe this modeling and provide electronic versions of the
model input files used

Response

The groundwater model for the site of Unit 3 has been revised twice. The model was first
developed to simulate flow in the Surficial aquifer. The first model of the Surficial aquifer was a
two-dimensional, single layer model. It was completed in July 2007 (Revision 0). In 2008, this
model was revised to expand the model domain, incorporate the effect of deep foundations in
the power block area on groundwater flow, account for the size and depth of the excavation in
the power block, and account for the different hydraulic conductivity of the backfill in the
excavation. In addition, the groundwater recharge rate was revised and the model was used to
estimate the impact of the construction of Unit 3 on the base flow in Johns Creek. This revision
of model (Revision 1) was completed in December 2008.

The model was further revised to account for the interaction between the Surficial aquifer and
the underlying hydrostratigraphic units. For this purpose, the model was expanded to three
dimensions by including five layers, each of which approximately describes one of the following
hydrostratigraphic units:

Layer 1 Surficial aquifer
Layer 2 Upper Chesapeake aquitard
Layer 3 Upper Chesapeake unit
Layer 4 Middle Chesapeake aquitard
Layer 5 Lower Chesapeake unit

The two uppermost hydrostratigraphic units, the Surficial aquifer and the Upper Chesapeake
aquitard, do not extend over the entire model domain. Because Visual Modflow requires that all
layers extend over the entire model domain, cells within a particular layer, where the
hydrostratigraphic unit generally corresponding to that layer is absent, were assigned the
hydraulic properties of the unit that is present at that location.

The thickness of each of the five units included in the model was defined from borehole data
collected as part of the geotechnical investigation at the site. The Lower Chesapeake aquitard,
which separates the Lower Chesapeake unit from the Piney Point/Nanjemoy aquifer, was not
included explicitly in the three-dimensional model. The Lower Chesapeake aquitard is below
the bottom of the model, which was treated as a no-flow boundary. A sensitivity analysis was
conducted to assess the effect of this assumption. The sensitivity analysis indicated that the
leakance to the Piney Point Aquifer, which can be estimated by the flux through a general head
boundary at the bottom of Layer 5, is relatively negligible compared with the horizontal flux
towards the Chesapeake Bay.
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The model grid was rotated 90 degrees from the plant design grid so that the model north is
equivalent to the plant east. All references to the signs of the compass are with respect to the
model north, which is at 45-degree angle with the true north, pointing to the true northeast. The
model domain for the five-layer model is larger than the model domain of the original Surficial
aquifer model (Revision 1). The total areal extent of the revised model is about one and a
quarter square miles (1.26 mi2), covering an area of 5180 ft (1579 m) by 6790 ft (2070 m). The
model domain extends southward approximately 0.25 mi (0.40 km) beyond the southern side of
the Unit 3 switchyard into the Johns Creek watershed. To the model north, the domain extends
into Chesapeake Bay about 50 ft (15 m) beyond the tip of the barge dock. In the model east-
west direction, the domain extends about 0.35 mi (0.56 km) to the east of the eastern side of the
Unit 3 power block and about 0.45 mi (0.72 km) to the west of the western side of the Unit 3
cooling tower.

Because the exact location of groundwater discharge from the Surficial aquifer and the Upper
Chesapeake unit into nearby streams and other low-lying areas is not known, a drain condition
was applied over the entire top layer of the model, except over the part of the model that is in
Chesapeake Bay. The elevation of each drain was set at 0.1 ft (0.03 m) below the ground
surface. A high value for the conductance of these drains was used to allow the discharge of
groundwater out of the aquifer system when the water table reaches the ground surface.

In the top layer of the model, a constant head boundary condition was used to represent
Chesapeake Bay, and no flow conditions were used along the other three sides of the model. In
the layers of the model representing the Upper and the Lower Chesapeake units, a general
head boundary condition was used on the southern and northern boundaries and a no-flow
condition on the eastern and western sides. Layer 2 and layer 4 in the model represent the two
aquitards, with the exception of the north side of layer 2 where the Upper Chesapeake unit is
present. The northern boundary of layer 2 used a general head boundary while other
boundaries in layers 2 and 4 were treated as no-flow boundaries.

Different zones of groundwater recharge were used in the model simulations. These zones
include forested areas, open undeveloped areas (i.e., areas covered with grasses and low
shrubs), and paved areas. Also, different recharge zones were defined for forested areas over
the Surficial aquifer, over the outcrop of the Upper Chesapeake aquitard and over the outcrop of
the Upper Chesapeake unit.

In most simulations, each of the five hydrostratigraphic units was represented with a single
value of horizontal hydraulic conductivity and a single value of vertical hydraulic conductivity.
One alternative, conceptual geologic scenario and corresponding model employed two zones of
horizontal hydraulic conductivity for the Upper Chesapeake unit. The second value represented
a zone of low horizontal hydraulic conductivity relative the major portion of the unit. The
horizontal to vertical anisotropy of hydraulic conductivity for all aquifer units was assumed to be
10:1.

Calibration parameters included hydraulic conductivity values and the rate of recharge in all
units. Piezometric level data from thirteen monitoring wells in the Surficial aquifer, twenty wells
in the Upper Chesapeake unit and three wells in the Lower Chesapeake unit were used as
calibration targets. The model was calibrated for steady-state conditions. For this purpose, the
average value of the monthly or quarterly observations at each well in 2007 was used as a
calibration target representing long-term average conditions. The calibrated hydraulic
conductivity values were within the range of values obtained from slug tests conducted in each
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aquifer unit. The calibrated hydraulic conductivity values for the aquitards were within the range
of values for the confining layers used by the Maryland Geological Survey in their regional
model (Drummond, Water-Supply Potential of the Coastal Plain Aquifers in Calvert, Charles,
and St. Mary's Counties, Maryland, with Emphasis on the Upper Patapsco and Lower Patapsco
Aquifers, Report of Investigations no. 76, Maryland Geological Survey, 2007).

The calibrated model was used to predict groundwater levels and flow direction at the site under
post-construction conditions. For this purpose, the model was modified by replacing the current
topography with the post-construction topography. The post-construction model accounts for
hydraulic properties of backfill and other fill material used to achieve the final grade plan, treats
buildings within deep foundations as barriers to shallow groundwater flow, incorporates
proposed surface sand filters, and considers changes in groundwater recharge resulting from
the construction of Unit 3 and supporting facilities and structures.

The post-construction model was used to estimate piezometric levels in the power block area.
In addition, the post-construction model was used to identify likely and plausible alternative
pathways of postulated accidental effluent releases from the Nuclear Auxiliary Building (NAB).
The post-construction model was also used to quantify the impact of the construction of Unit 3
on groundwater discharge in Johns Creek. A sensitivity analysis was conducted to assess the
impact of different assumptions and input parameter values on the model predictions. The
sensitivity analysis included simulations for different values of hydraulic conductivity of the fill
material, different assumptions for the performance of the surface sand filters designed to
enhance groundwater recharge, an alternative hydraulic conductivity distribution in the Upper
Chesapeake unit, and an assumption of leakage through the bottom of the Lower Chesapeake
unit.

The major conclusions from the post construction simulations are:

a) The water table in the power block area will be well below the site grade level. In all
simulations, the water table in the power block area was more than 30 ft (9.1 m) below
the site grade level of 85 ft (26 m) (NGVD 29).

b) The groundwater pathway for liquid effluent releases from the NAB depends on the
hydraulic conductivity of the fill material.

If the hydraulic conductivity of the fill is equal to the lower end of the range of
expected values (1 x 10-3 cm/s (2.8 ft/day)), then releases from the bottom of the
NAB will move first downward to the Upper Chesapeake unit and then horizontally
through this unit toward Chesapeake Bay where they eventually discharge. Even
with a conservative assumption of 0.145 for the effective porosity for the Upper
Chesapeake unit, the estimated travel time from the release point to Chesapeake
Bay is over 22 years.

" If the hydraulic conductivity of the fill is equal to the upper end of the range of
expected values (1 x 10-2 cm/s (28 ft/day)), then releases from the bottom of the NAB
will move horizontally though the fill material and discharge into Branch 2. The
estimated travel time from the release point to discharge point is less than a year.

c) The impact of the construction of Unit 3 on groundwater discharge in Johns Creek will be
negligible.

Details on the development of the groundwater model, the assumptions and input parameter
values used as well as simulation results are presented in the Groundwater Model Study
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provided in Enclosure 5 of this letter. Electronic versions of the model input files are provided in
Enclosure 6.

COLA Impact

The COLA has been updated to incorporate the results of the new groundwater model.
Markups are provided in Enclosures 2, 3 and 4.
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FSAR: Chapter 1.0 Interfaces with Standard Designs and Early Site Permits

1.8

1.8.1

INTERFACES WITH STANDARD DESIGNS AND EARLY SITE PERMITS

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

The U.S. EPR FSAR includes the following COL Item in Section 1.8:

A COL applicant that references the U.S. EPR design certification will describe where the
interface requirements are satisfied in the COL Final Safety Analysis (FSAR) to demonstrate
compatibility with the U.S. EPR design.

This COL Item is addressed as follows:

Interface requirements for systems, structures, and components (SSCs) that relate to specific
mechanical, electrical, nuclear, or structural systems are identified in appropriate sections of
the FSAR. Table 1.8-1 provides a cross-reference to the description of these interfaces.

COL INFORMATION ITEMS

The U.S. EPR FSAR includes the following COL Item in Section 1.8.1:

A COL applicant that references the U. S. EPR design certification will identify the FSAR
section, or provide a list, that demonstrates how the COL information items have been
addressed.

This COL Item is addressed as follows:

The text of the COL Items and COL No. identifier listed in Table 1.8-2 of the U.S. EPR FSAR are
presented in Table 1.8-2. For each COL Item listed, the corresponding section of this FSAR that
addresses the COL Item is identified. Additional explanatory comments are provided as
necessary or appropriate.

DEPARTURES

The U.S. EPR FSAR includes the following COL Item in Section 1.8.2:

A COL applicant that references the U. S. EPR design certification will provide a list of any

departures from the FSAR in the COL FSAR.

This COL Item is addressed as follows:

{The list of departures from the U.S. EPR FSAR is as follows:

1.8.2

Maximum Differential Settlement FSAR 2.5.4 and 3.8.5

Maximum Annual Average Atmospheric Dispersion Factor FSAR 2.3.5

Accident Atmospheric Dispersion Factor from 0 - 2 Hours for the I FSAR 2.3.4 and 15.0.3
Low Population Zone

.LVAII.h 'lull' GI I d Wtt1erl-eIvot'u., . FSAR 2.4.12.3.4.2. and 3.9.5

Toxic Gas Detection and Isolation FSAR 3.11,6.4,9.4.1 and 14.2.12

FSAR 16.3.3, 16.5.5, and Bases 16.3.3Low Population Zone
Technical Specifications
Setpoint Control Program I

Justification for these departures is presented in Part 7 of the COL application.1

CCNPP Unit 3 1-27
© 2007 UniStar Nuclear Services, LLC. All rights reserved.
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Table 2.0-1-(U.S. EPR Site Design Envelope Comparison)
(Page 2 of 5)

CCNPP Unit 3
U.S. EPR FSAR Design Parameter Design Parameter

_ Value/Characteristic Value/Characteristic

Maximum Differential 11/2 inch in 50 feet in any direction 1/22-1 inch in 50 ft for common Basemat. (note a) (See Sections 2.5.4 and 3.8.5.5.1)
Settlement (across the basemat) j > /2 inch in 50 ft for both EPGB and ESWB (note a) (See Sections 2.5.4,3.8.5.5.2, and

1 3.8.5.5.3)
Maximum Ground Water 3.3 ft below grade Ranges between 4.0 ft and l0oft below .rade

3.0 ft belcw grade fer EPGB 1/2 (mete b) (See Sectien: 2.1.12, 3.8.4, and 3.8.5.5.2)
One "rneFr ef ESWF (See Sectio.' 2.4.12 and 3.&.53)

Inventory of Radionuclides Which Could Potentially Seep Into the Groundwater

Bounding Values for Component See Table 2.0-2 See2Table2.0-2
Radionuclide Inventory 

T 2.0

Flood Level

Maximum Flood (or Tsunami) I1 ft below grade Approximately 3 ft below grade, except for the UHS keupWate IntakeStructure
and UHS Electrical Building which is designed to fun tion under submerged

conditions
_(See Sections 2.4.1 and 2.4.2,2.4.10,3.4.2,3.4.3.10 .8.4.1.11,3.8.4.3, and 9.2.5)

Wind
Maximum Speed (Other than 145 mph (Based on 3-sec gust at 33 ft above ground level and 95 mph (parameter referred to as Wind Gust in is FSAR)
Tornado) factored for 50-yr mean recurrence interval.) (based on 3 second gust at 33 feet for 50 year ecurrence interval)

____ (See Section 2.3.1)

Importance Factor 1.15 (Safety-related structures for 100-year mean recurrence 1.15

interval.) (safety related structures for 100 year me recurrence interval)
.__ __ _(See Section 2.3.1)

Tornado
Maximum Pressure and rate of 1.2 psi at 0.5 psi/sec 0.9 psi at 0.4 psi/sec
Drop (See Section 2.3.1) /_

Maximum Rotational Speed 184 mph 160 mph
_(See Section 2.3.1)

Maximum Translational Speed 46 mph 40 mph

(See Section 2.3.1)

-n

LA

0

:3

Maximum Wind Speed 230 mph 200 mph
(See Section 2.3.1) /

Radius of Maximum Rotational
Speed

I50ft 150 feet
(See Section 2.3.1)

rD

Approximately 30 feet below grade
(See Section 2.4.12.5)



FSAR: Section 2.1

Notes:

a. Value is a departure from a design parameter and is listed in Part 7 of the COL Application. Justification is provided
in Chapter 3.

b. Value is a departure from a design p ,,,meter and is listed
.... 3..

s n Part 7 ef the G06 Apige"Etien. Justification is DrFOVided

c. Value is a departure from a design parameter and is listed in Part 7 of the COL Application. Justification is provided
in Section 2.3.5.

d. Value is a departure listed in Part 7 of the COL Application. Justification is provided in Chapter 15.

e. The maximum 48-hour PMWP liquid of 32 inches is based on data obtained from NOAA Hydrometeorological
Report No. 53 "Seasonal Variation of 1 O-square-mile Probable Maximum Precipitation estimates, United States East
of the 10 5th Meridian" for the three winter months - December through February. However, the effect of rainfall
events on U.S. EPR roof loads is negligible, due to lack of parapets.

f. First value is U.S. EPR Design Parameter/Second value is CCNPP3 Site Specific Parameter.

g. The same meteorological data are used to calculate unfiltered x/Q values. Since the site-specific control room x/Q
values were demonstrated to be bounded by the U.S. EPR x/Q values, the calculation of the site-specific atmosphere
dispersion factors for unfiltered inleakage was not necessary. CCNPP Unit 3 incorporates by reference the doses for
the main control room presented in the U.S. EPR FSAR.

CCNPP Unit 3 2-7
© 2007 UniStar Nuclear Services, LLC. All rights reserved.
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FSAR: Section 2.4 Hydrologic Engineering

elevation of approximately -610 ft (-186 m) msl and the aquifer appears to attain a thickness of
less than 25 ft (7.6 m) (MGS, 1996).

Transmissivities of 450 ft2/day to 4570 ft2/day (41.8 m 2/day to 424.6 m2/day) have been reported
for the Magothy aquifer in southern Anne Arundel County (MGS, 2002). Reported
transmissivity values for southern Maryland counties range from 1000 ft2/day to 12,000 ft2/day
(92.9 m2/day to 1114.8 m2/day. The primary use of this aquifer occurs in Anne Arundel, Prince
George's, and Charles counties (Wolman, 2004).

Recharge to the Magothy aquifer is from direct infiltration of precipitation in northern Anne
Arundel County where the Magothy Formation is exposed at the surface. In central Calvert
County, flow is east-southeast, towards the Atlantic Coast. Other discharge occurs at local
pumping locations (MGS, 1997 and USGS, 2005b).

A 2003 potentiometric surface map of the Magothy aquifer is presented in Figure 2.4-61 (USGS,
2005b) to establish the elevation and horizontal direction of ground Water flow.

2.4.12.1.2.8 Potomac Group

The lower Cretaceous Potomac Group consists of the following (in descending order): the
Patapsco, Arundel, and Patuxent Formations. These units form a thick (greater than 1500 ft
(457 m)) series of unconsolidated sediments, which locally contain three confining units and
three aquifers. Because of the significant depth of these formations, and the abundance of
exploitable supplies of ground water in shallower aquifers, these units are not currently used as
a significant source of ground water in the vicinity of the CCNPP site. Consequently, available
hydrogeologic information for the Potomac Group of aquifers and confining units is limited.

The Upper Patapsco aquifer underlies the Magothy aquifer and is separated from it by clayey
units in the top of the Patapsco Formation and bottom of the Magothy Formation. These clayey
units are collectively referred to as the Upper Patapsco confining unit. The Upper Patapsco
aquifer includes sand units in the upper part of the Patapsco Formation. This aquifer is not
continuous and comprises complexly stratified sandy units separated locally by silts and clays.
Individual sand units in the Upper Patapsco aquifer are difficult to correlate laterally, but they
appear to be sufficiently interconnected at the regional scale to form a single aquifer (MGS,
1995). The aquifer extends to the northeast through Prince George's and Anne Arundel
counties, and beneath Chesapeake Bay to the eastern shore of Maryland. The aquifer is
recharged by precipitation at outcrops in western and northern Charles, Prince George's and
Anne Arundel counties. It subcrops beneath the tidal part of the Potomac River, where river
water intrusion has been documented in the Indian Head area (USGS, 1997b). IMGS, 2007a

The Upper Patapsco aquifer is extensively used for public supply in central aries County,
where a cone of depression has formed as deep as elevation -136 ft (-41.5 ) rmsl. It is also
pumped heavily by major users in Prince George's and Anne Arundel coun ies (Wolman, 2004).
A few major users pump the Upper Patapsco aquifer in northern St. Mary' and Calvert counties
(MGS, 1995). Pump tests performed in the Upper Patapsco aquifer in e -central Charles
County yielded a transmissivity of 1110 ft2/day (103 m2/day) (MGSS,-20G). Upper Patapsco
transmissivities reported for Charles and Anne Arundel counties range from 1000 ft2/day to
10,000 ft 2/day (92.9 to 929 m 2/day) (Wolman, 2004).

The Lower Patapsco aquifer underlies the Upper Patapsco aquifer. The two aquifers are
separated by clayey units forming the Middle Patapsco confining unit in the middle part of the
Patapsco Formation. The Lower Patapsco aquifer comprises sandy units in the lower part of the
Patapsco Formation. The aquifer extends northeast to northern Anne Arundel County, but its

CCNPP Unit 3 2-800 Rev. 6
© 2007 UniStar Nuclear Services, LLC. All rights reserved.
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FSAR: Section 2.4 Hydrologic Engineering

of approximately 84.78 ft (25.8 m) msl at well OW-423 to a low of approximately 68.1 ft (20.8 m)
msl at well OW-743.

The ground water surface contour maps indicate that horizontal ground water flow in the
Surficial aquifer is generally bi-modal. A northwest trending ground water divide roughly
following a line extending through the southwestern boundary of the proposed power block
area is present at the CCNPP site. Northeast of this divide, horizontal ground water flow is
northeast toward Chesapeake Bay. Because the Surficial aquifer is not present below
elevations of approximately 65 ft (19.8 m) msl to 70 ft (21.3 m) msl, ground water flowing in the
northeastern direction likely discharges to small seeps and springs before reaching the
Chesapeake Bay or CCNPP site streams. Ground water southwest of this divide flows to the
southwest. Ground water s.. thwcst .f this d.ii•, de flews to the southwest. Ground water
flowing from the divide toward the hydraulic boundary created by John's Creek and Branch 3
presumably discharges from seeps and springs above the 65 to 70 ft (19.8 to 21.3 m) msl
elevation level along these stream valleys.

In general, the horizontal hydraulic gradient for the Surficial aquifer decreases from north to
south across the CCNPP site. In the northern portion of the CCNPP site, the hydraulic gradients
associated with the southwesterly and northeasterly flow components are similar with values
ranging from 0.0110 ft/ft and 0.0124 ft/ft, respectively. In the southern portion of the CCNPP
site where nertheasterly flow pred.minat.s, the hydraulic gradient is lower (approximately
0.0086 ft/ft). In the northwest portion of the CCNPP site where a small portion of the site's
ground water flow emanating from the ground water divide is to the north and west, the
hydraulic gradient is approximately 0.0150 ft/ft.

Ground water elevations measured in the four well clusters that monitor headdifferences
between the Surficial aquifer and the Upper Chesapeake unit indicated a downward vertical
gradient between the Surficial aquifer and the Upper Chesapeake unit. Water table elevations
in the Surficial aquifer range from approximately 36.0 to 42.0 ft (11.0 to 12.8 m) higher than the
potentiometric surface of the Upper Chesapeake unit (Table 2.4-36) indicative of
less-permeable material separating the two water-bearing units.

2.4.12.3.1.2 Upper Chesapeake Unit

Ground water elevation data for the Upper Chesapeake unit in 2006 and 2007 are shown in
Figure 2.4-74. These data exhibit slightly more variability in ground water elevations during the
observation period (July 2006 to June 2007) than those for the Surficial aquifer. Seasonal
trends for the Upper Chesapeake are very similar to those in the Surficial aquifer; they are
slightly more pronounced. A slight seasonal influence during the monitoring period was
indicated by ground water elevation lows in August 2006, followed by gradually increasing
levels through March/April 2007, followed by decreasing levels generally approaching water
levels observed in July 2006. One well (OW-759B) exhibited steadily increasing water levels
throughout most of the 12-month observation period, with a maximum in June 2007. Although
they exhibit the same general water level trends during the 12-month observation period,
three wells (OW-708A, OW-71 1, and OW-769) exhibit noticeably higher ranges (amplitude) of
elevation changes. On average, ground water elevations fluctuated approximately 4.0 ft
(1.2 m), and the maximum observed fluctuation of 8.3 ft (2.5 m) was observed in OW-708A.

The ground water potentiometric data summarized in Table 2.4-36 were used to develop
ground water surface elevation contour maps for the Upper Chesapeake unit on a quarterly
basis. These maps are presented in Figure 2.4-75 through Figure 2.4-78 for July 2006,
September 2006, December 2006, and March 2007, and Figure 2.4-100 for June 2007. For each
quarter, the spatial trends of the potentiometric surface and the horizontal hydraulic gradients

CCNPP Unit 3 2-812 Rev. 6
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FSAR: Section 2.4 Hydrologic Engineering

flowing in this direction likely discharges directly to the Chesapeake Bay because the silty sand
unit containing the Lower Chesapeake unit is below sea level. Very little change in horizontal
hydraulic gradient was observed during the monitoring period with values averaging
approximately 0.0140 ft/ft.

Ground water elevations measured in the three well clusters that monitored head differences
between the Upper Chesapeake unit and the Lower Chesapeake unit indicated a slight
downward vertical gradient. Potentiometric surface elevations in the Upper Chesapeake unit
range approximately 3.9 to 4.9 ft (1.2 to 1.5 m) higher than the ranges in the Lower Chesapeake
unit at well cluster locations OW-313 and OW-418, respectively. Potentiometric surface
elevations in the two units are basically identical at the well cluster closest to the Chesapeake
Bay, location OW-703.

2.4.12.3.2 Hydrogeologic Properties

The 40 ground water observation wells installed in connection with the CCNPP Unit 3 site
subsurface evaluation were slug tested to determine in situ hydraulic conductivity values for
the Surficial aquifer and Upper and Lower Chesapeake units. Table 2.4-37 summarizes the test
results.

Ten of the 17 Surficial aquifer wells tested were used to calculate hydraulic conductivity values.
Three wells screened in the Surficial aquifer had measurable water but at or below the bottom
of the well screen (OW-413A, OW-729, and OW-770); therefore, the slug test results from these
wells are not included in this analysis. The slug test data from three additional Surficial aquifer
wells (OW-714, OW-718, and OW-766) were not used in this evaluation because the static water
levels were below the top of the solid slugs inserted into the well to displace the water level.
Additionally, observation well OW-744 appears to have been screened in a discontinuous sand
unit between the water bearing sand units of the Surficial aquifer and the Upper Chesapeake
unit. Because the following slug test analyses are categorized by the three distinct water
bearing units encountered onsite, the hydraulic conductivity evaluations presented below do
not consider slug test data from this well. Slug test data from all the Upper and Lower
Chesapeake unit wells were used in the hydraulic conductivity evaluations.

Seil samples Eel...e fte~m the. Surficfial aquwifer-, Upper Chesapeake, and Lower Chesapeake-
units during the geotech nical in v. Aigatien were submitted for laboratoy tcsting to detcFRmine
mceist unit weight, moiSture Ecntent, and specifiE gravity. Testing results are incluided in
Table 2.4 38. The results ef these laberatcry analyses were used to calculate m~eAn Void ratio
and porosity values for the three water bearin.g unitS .ited above. The following discussions on
hydrogeological properties are derived from the CCNPP Unit 3 data evaluations for the Surficial
aquifer, Upper Chesapeake unit, and Lower Chesapeake unit. Hydrogeological property
discussions for the Chesapeake Group aquitards comprising the Chesapeake Confining Unit
and all deeper units described in Section 2.4.12.1.2 were summarized from the literature, where
available. A detailed description of the geotechnical subsurface site investigation, including
the hydrogeologic field program is described in Section 2.5.

2.4.12.3.2.1 Surficial Aquifer

Hydraulic conductivity values were determined from slug test results for the Surficial aquifer
range from 0.040 ft/day to 17.4 ft/day (0.01 to 5.3 m/day), with a geometric mean of
0.910 ft/day (0.28 m/day) as detailed in Table 2.4-37. The range in values is considered to be
indicative of the variability of the subsurface material composition (see Section 2.5). A
transmissivity of 10.9 ft2/day (1.01 m2/day) for the Surficial aquifer was calculated using the
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FSAR: Section 2.4 Hydrologic Engineering

mean hydraulic conductivity value cited above and an average saturated thickness of 12 ft
(3.7 m).

Tab4ple. 2.1• 38i summar elizes4 the,. labc. 1•• 41-e.r. test rcsul. fI÷.r^ the three aectech-nka JUl I IUILJ

.. ll ..ted frm .the SUrfi.ial aquifer sediments, which were at elevatin•tS raging fromn 66.3 to
75.3 ft (20.2 mg t 23 n) msl. These samples were . . llected from, geotechnical borings B 320,
B 722, and B 732. Sand and Elayey sand make up the mnajority of the samples. Measured mois
unit weight ranges from 120 to 124 pundscubic ft (pcf) (1922 to 1986 1(g-/m. 3). Measuer,
m...stue E .ntents, by weight, range frOm 23.1.. to 29.4.. . Specific gravity values range
between 2.63 anid 2.76. U.:sing these values, thc mean void ratio was estimated tt be about
0.75. A m.ean total por.Sity f 42.7-96t was al.at.d from. this void ratio, and mean eff ct ve
porosity of about 34.16 (Table 2.4 38) was estimated based on 80 pecnt f the total porosity

Information on the vadose zone above the Surficial aquifer is limited. From the geotechnical
data listed in Section 2.5.4, measured moisture contents by weight range from approximately
2.5% to 19.1%. The majority of the values ranged between 5% and 15%. Hydraulic
conductivity for the Upland Deposits was estimated from grain size analyses as part of the
CCNPP Units 1 and 2 FSAR investigation. A maximum hydraulic conductivity of 400 gpd/ft2

(16,299 lpd/m) (53.6 ft/day (16.3 m/day)) was reported.

2.4.12.3.2.2 Chesapeake Group

The following discussion presents the evaluations of the hydrogeologic properties of the two
water bearing units in the upper Chesapeake Group informally named the Upper Chesapeake
and Lower Chesapeake units. This is followed by a description of the intervening and
underlying Chesapeake Clay and Silt units comprising the remainder of the Chesapeake Group.

Upper Chesapeake Unit

The top of the silty sand unit comprising the informally named Upper Chesapeake unit lies
approximately 50 ft (15 m) below the base of the Surficial aquifer. Hydraulic conductivities
determined from the slug test results for the Upper Chesapeake unit range from 0.12 to
13.7 ft/day (0.04 m/day to 4.2 m/day), with a geometric mean of 0.740 ft/day (0.23 m/day) as
detailed in Table 2.4-37. The range in values is indicative of the variability of the grain size and
clay content of the material. A transmissivity of 15.8 ft2/day (1.5 m2/day) for the Upper
Chesapeake unit is calculated using the mean hydraulic conductivity value cited above and an
average saturated thickness of 21.4 ft (6.5 m/day).

Table 2.1 38 summa•rizes the labWoWty test results for the five geoteEh•nEal samples collected
from the Upper Chesapeake Unit sediments. Measued moist Unit weights range from 116
lb/t 3 to 121 lbs/ftt (1859 te 1939 kgmo3e). Measured moisture contents, by weight, range ftrm
23.1%6 to 44.2%6. Specific gravity values range between 2.66 and 2.75. Using these values, th
mnean void ratio is estimated to be about 0.86. A mean total porosity of 46.26 is calculated fromn
this void ratio, and the mnean effective porosity of about 37.0%6 (Table 2.4 38) was estimfated
based on 8096 of the total)p

Lower Chesapeake Unit
The top of the informally named Lower Chesapeake unit generally lies approximately 15 ft
(4.6 m) below the base of the Upper Chesapeake unit. Hydraulic conductivities determined
from the slug test results for the three wells screened in the Lower Chesapeake unit range from
0.019 to 0.093 ft/day (0.006 to 0.028 m/day), with an arithmetic mean of 0.045 ft/day
(1.37 cm/day) (Table 2.4-37). The arithmetic mean for the hydraulic conductivity was used
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FSAR: Section 2.4 Hydrologic Engineering

instead of the geometric mean due to the very small sample size. These values are lower than
those observed in the Surficial aquifer and the Upper Chesapeake unit by more than one order
of magnitude. A transmissivity of 1.6 ft2/day (0.15 m2/day) for the Lower Chesapeake unit is
calculated using the mean hydraulic conductivity value cited above and an average saturated
thickness of 36.1 ft (11i m).

Table 2.4 38 summarizcs the laboratory tcSt results for the three geotechnical sam~pleS
collectedl from the Lower Chesapeake unit sediments. Measured moeist unit weight rag fromR
113 pf t. 117 p.f (1811 to 1875 .(...3). Measured mo..istue contents, by weight, range from
37.396 to 50.596. SpecfiffiE gravity -values range between 2.64 and 2.70. Using these values, the
mnean Yeed ratio is estimated to be about 1.06. A mnean total porosity of 51.5%6 iS calEulated fromA
thiS void ratio, and mnean effective porosity of about 41.2%6 was etimated based on 806 ofte
total porosity (de Marsily4,1986);

Chesapeake Clay and Silts
Clay and silt comprising the Upper Chesapeakeaquitard separates the Surficial aquifer from the
underlying Upper Chesapeake unit. The aquitard immediately underlies the Surficial aquifer
below an elevation of approximately 65 ft (19.8 m) msl. Laboratory tests performed on core
samples in support of southern Maryland hydrogeologic studies reported vertical hydraulic
conductivities ranging between 5.9 x 1 0-5 ft/day to 2.5 x 10-2 ft/day (1.8 x 1o-5 in/day to 7.6 x 10-3
in/day (MGS, 1997). Vertical hydraulic conductivities established for ground water model
calibrations associated with these studies, range from 8.6 x 10-6 ft/day to 8.6 x 10--5 ft/day (2.6 x
10-6 in/day to 2.6 x 1 O~ft/day), except for channeled areas where higher values were assigned
to accommodate infilled deposits of sand and gravel (MGS, 1997). These sand units
presumably correlate to the Upper and Lower Chesapeake units described herein. Assigned
specific storage values ranged between 6.0 x 10 -6 ft' and 1 X 10-5 ft-1 (2.0 x 10-5 in1 and 3.3 x 1 0-
in1 for the Chesapeake Group aquitards in the Chesapeake Confining Unit (MGS, 1996).

2.4.12.3.3 Ground Water Flow and Transport

The following sections present the most probable ground water flow direction and travel time
from the CCNPP Unit 3 power block area to nearby surface water features. Based on the
evaluation summarized in the above sections, only the shallow water bearing units (Surficial
aquifer and the Upper Chesapeake and Lower Chesapeake water-bearing units) would be
affected by construction and operation of the CCNPP Unit 3. Ground water use associated with
CCNPP Unit 3 operations is discussed in Section 2.4.12.1.4. Accidental release parameters and
pathways for liquid effluents in ground water and surface water are presented in Section 2.4.13.

The ground water seepage velocity is defined as distance over time and is calculated as follows:

Velocity =[(hydraulic gradient) x (hydraulic conductivity)] / (effective porosity)

The travel time is defined as rate of ground water movement for a set distance and is calculated
as follows:

Travel Time = (distance) / (velocity)

2.4.12.3.3.1 Surficial Aquifer

In the vicinity of the CCNPP site, the Surficial aquifer is capable of transmitting ground water
but is of limited areal and vertical extent. The Surficial aquifer (Upland Deposits) is not a
reliable source of ground water because of its relative thinness, limited saturated thickness, and
dissected topography that causes local ground water to discharge as small seeps and springs.
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The ground water travel time in the Surficial aquifer was calculated from th enter of the
ground water divide in the CCNPP Unit 3 power block area to the projected di harge point in
the headwater area of Branch 3. An average horizontal ground water velocity of ft/day
(0.009 m/day) was calculated using a mean horizontal hydraulic gradient of 0.0110 ft/ft

ween the ground water divide and Branch 3 (Figure 2.4-70 through Figure 2.4-73 and
Figure 2.4-99), a hydraulic conductivity of 0.910 ft/day (0.28 m/day), and an effective porosity of

0.022 34.1% (Scctien 2.4.12.3.2.1). Using a mean travel distance of approximately 1315 ft (400.8 m)
344the ground water divide in the CCNPP Unit 3 power block to the closest downgradient
point above 65 ft (19.8 m) msl in Branch 3, the groundwater travel time from the power block

3%area to Branch 3 was estimated to be about 4-24 years. East of the CCNPP Unit 3 reactor
building, the flow paths to ad g and seeps are presumed to be shorter, with shorter

50 correspond* imes for spring/seep discharge. j--0.087

2.4.12.3.3.2 Upper Chesapeake Unit

Direct ground water discharge to surface water from the Upper Chesapeake ikely occurs

along the lower reaches of Branch 1 and Branch 2 at elevations below a oximately 20 ft (6 0.026
msl where the Upper Chesapeake unit presumably outcrops. Th ound water tra me in
the Upper Chesapeake unit was calculated from the center e CCNPP Un ower block
area northward to the projected discharge point a e-evation of 2 6 m) msl in Branch 2.
An average horizontal ground water velocity of ft/day (0.01 i/day) was calculated using
a mean horizontal hydraulic gradient of 0.017 ft/ft (Section 2.4.12.3.1.2) along the projecte
flowpaths between the center of the CCNPP Unit 3 power block and the disc oint in
Branch 2 (Figure 2.4-75 through Figure 2.4-78 and Figure 2.4-10 raulic conductivity of
0.740 ft/day (0.226 m/day), and an effective porosity of ... (, 2.4.. .... 44. Using a
mean travel distance of approximately 1425 ft (434 m) from the center of the CCNPP Unit 3
power block to the projected downgradient discharge point at 20 ft (6 m) msl in Branch 2, the
ground water travel time from the power block area to Branch 2 was estimated to be about 115
years. Similarly, the ground water travel times in the Upper Chesapeake unit were calculated
from a point south of the CCNPP Unit 3 power block area northeastward to the projected
discharge point at an elevation of 20 ft (6 m) msl in Branch 1 and farther downgradient t 45
Chesapeake Bay. Using the same average horizontal ground water velocity of 0. /day
(0.010 m/day) and mean path distances of 1415 ft (431.3 m) and 1685 f m) to Branch 1
and the Chesapeake Bay, respectively, travel times of approximately years and T years
were calculated. It is possible that a ground water hydraulic divide exists along the
southwestern boundary of the CCNPP Unit 3 power block area, resulting in a flow direction 53
beneath the western switchyard area towards St. John's Creek and Branch 3.

2.4.12.3.3.3 Lower Chesapeake Unit 0.0012

The ground water in the Lower Chesapeake unit likely disc arges to the Chesapeake Bay,
because this unit is entirely below sea level. The ground ater travel time in the Lower
Chesapeake unit was calculated from the center of the NPP Unit 3 power block area

0.nnrtheastward to the downgradient location of the C sapeake Bay shoreline. An average
horizontal ground water velocity f 0.00• - ft/day ( . i m/day) was calculated using a mean
horizontal hydraulic gradient of 0.014 ft/ft (Section 2.4.12.3.1.3) along the projected flowpaths
between the center of the CCNPP Unit 3 power block area and the shoreline (Figure 2.4-80

1through Figure 2.4-83 and Figure 2.4-101), a hydraulic conductivity of 0.045 ft/day (0.014
in/day), and an effective porosity c1.2% (Sectien 2.4.12.3.2.2.2). The arithmetic mean for the
hydraulic conductivity was used instead of the geometric mean due to the very small sample
size. Using a distance of approximately 1540 ft (469 m) from the center of the CCNPP Unit 3
power block area to a downgradient point on the shoreline of Chesapeake Bay, the ground
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water travel time from the CCNPP Unit 3 power block area to the bay is estimated to be about
!-30y e years.
11040

2.4.12.4 Monitoring or Safeguard Requirements

The observation well network in the vicinity of CCNPP Unit 3 currently consists of 40 wells
constructed in the summer of 2006. Groundwater levels in the observation well network were
monitored monthly from July 2006 through October 2008 and have been monitored quarterly
thereafter. Quarterly groundwater level monitoring will continue until the onset of CCNPP Unit
3 construction, at which time most of the existing observation wells will be properly sealed and
abandoned in accordance with MDE Regulation 26.04.04.11. Most of the wells are within the
CCNPP Unit 3 power block area and adjacent areas that will be re-graded during construction.
For this reason, all but nine of the existing wells will be properly abandoned to allow for
construction and to eliminate the potential for the wells to become damaged during
construction and potentially provide a pathway for contaminants to enter the local
groundwater system.

Groundwater levels will continue to be monitored quarterly during the construction of CCNPP
Unit 3 in the nine observation wells outside of the construction footprint. The following wells
will remain: OW-768A, -769, -703A, 703B, -718, -725, -743,.-759A and -759B. The objective of
continued monitoring of water levels is to determine the long-term range of seasonal
water-level fluctuation. The range of fluctuation during the construction period will be
compared to that identified during monitoring before construction, to determine if
groundwater gradients, flow directions and flow velocities are significantly affected by
construction activities.

As soon as practical after construction is complete, and before CCNPP Unit 3 begins operation,
approximately 29 new observation wells will be installed in the vicinity of CCNPP Unit 3. The
locations of the proposed observation wells are shown on FSAR Figure 2.4-108. These 29 wells,
together with the 9 existing wells, are comparable to the number of wells in the original
observation network and provide sufficient coverage to monitor groundwater levels in the
three aquifers of primary interest beneath the site of CCNPP Unit 3. These are (in increasing
depth) the Surficial aquifer, the Upper Chesapeake unit and the Lower Chesapeake unit. Other
deeper regional aquifers exist beneath the CCNPP Unit 3 site, but the shallowest of these (the
Piney Point-Nanjemoy aquifer) is separated from the overlying Lower Chesapeake unit by an
aquitard approximately 170 ft thick and it is unlikely that there is a significant flow path from
the Lower Chesapeake unit to the deeper aquifers.

The proposed new wells are arrayed in 13 pairs and one well triplet. Eleven of these new well
pairs, plus one well pair from the original nine wells, will monitor the vertical hydraulic gradient
between the Surficial aquifer and the underlying Upper Chesapeake unit. Two of the new well
pairs, plus one well pair from the original nine wells, will monitor the vertical gradient between
the Upper Chesapeake unit and the underlying Lower Chesapeake unit. The well triplet will
monitor the vertical hydraulic gradient between all three aquifers. Two of the original nine wells
are single wells monitoring the Surficial aquifer and three of the original nine wells are single
wells monitoring the Upper Chesapeake unit.

Groundwater levels in each of the 38 observation wells (9 existing and 29 new) in the
post-construction network will be measured quarterly. The data will be used to construct water
table contour maps for the Surficial aquifer and potentiometric surface contour maps for both
the Upper and Lower Chesapeake units. These maps will allow determination of groundwater
flow gradients, flow directions and flow velocities after operation of CCNPP Unit 3 begins. In
addition, some of these wells may be used during plant operation to monitor groundwater
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quality, including identifying the presence of plant-related radionuclides in the vicinity of
CCNPP Unit 3.

Safeguards will be used to minimize the potential of adverse impacts to the ground water by
construction and operation of CCNPP Unit 3. These safeguards would include the use of lined
containment structures around storage tanks (where appropriate), hazardous materials storage
areas, emergency cleanup procedures to capture and remove surface contaminants, and other
measures deemed necessary to prevent or minimize adverse impacts to the ground water
beneath the CCNPP Unit 3 site. No ground water wells are planned for safety-related purposes.

2.4.12.5 Site Characteristics for Subsurface Hydrostatic Loading and Dewatering

Ground water conditions relative to the foundation stability of safety-related facilities and plans
for the analysis of seepage and piping conditions during construction are discussed in Section
2.5.4.6. The completed surface grade for CCNPP Unit 3.is expected to range between elevations
of 72 to 85 ft (21.9 to 25.9 m) msl, requiring cut and. fill across the site area. The proposed
maximum grade elevation of the nuclear island is approximately 83 ft (25.3 m) msl. The design
depth for foundations of structures within the nuclear island is estimated to be at an
approximate elevation of 40 ft (12.2 m) msl for the reactor containment structure.

Ground water elevations within the Surficial aquifer range from approximately elevation 68 to
85.7 ft (20.7 to 26.1 m) msl with the highest observed elevations occurring in the CCNPP Unit 3
power block area. Since the current maximum observed Surficial aquifer ground water
elevation is 85.7 ft (26.1 m) msl in the nuclear island area, the water table currently lies
approximately 45.7 ft (13.9 m) above the lowest subsurface portion of safety-related structures.

The U.S. EPR FSAR requires that the maximum ground water elevation be at least 3.3 ft (1.0 m)
below grade for safety-related structures. As indicated above, existing data indicates that the
maximum pre-construction ground water level is currently at or slightly above the proposed
grade level in the nuclear island area, potentially outside of the U.S. EPR FSAR design envelope.
Beause the CCNPP Unit 3 cut and fill eperatins, site grading, and EAoS.•utien activitics w;ll
alter the existing Surficial aquifer ground water system, ground water moedelin usn a
two dimensional single layer numerical moedel was employcd to evaluate th-5- -effEct in the
poweF We&o ka ra and estimate Pest consitruction gro)und water levels in the Surficial aquifcr
belew the safety related 5tructues of the power blok The safety related UHS makeup water
inta ke StrUEet (MWlS),~ shwn in Figur 2.4 61, is locatcd near the Chesapeake Bay at a

nominal grade elevation of 1i0 ft. Be.ause .f its remote loation, the UHS MWIS iS ot inudE
in the numeFrEal model. The ground water level at the UHS MWIS is renser^atk•e, y if^, 7natt
be at gradle elevation.

At the time of the preparation ef the ground water moedcl, Surficial aquifer ground water
elevations were not yet available for the period from April to June 2007. Water levels in
March 2007 were the highest observed values, and these observations were used to 4aibratee
the mo-del, Sur-ficial aquifer observation wells OW 714, OW 718, OW 713, and OW 7-59A were
not used in the calibration since they were outside of the moedel domfain boundaries. To
Ealibrate the numiFerical moedel, hydraulic conducti-vity values and recharge rates of the nativ e
soiilswere allowed to vary. Hydraulic conductivityvalues and thee effecsAof aneisOtrPYwere
evaluated, however-, it was determilned that the best fit to the observed ground water elevato
data was obtained when a uniformn hydraulic conductivity value (0.1 OXI 0-3 Ecms) approXimfately
equal to the arithmgetic men- (13 l 3f the slug test data was used. Due to the uncertainty
&in infiltrateion values at the site, recharge was varied, with a starting estimate of 10 to 2096o te~k
mean annual rainfall of 44 inches. The best agreement with the observed water levels was

ebta~~~~~~~~~~~ned~. .... wit a........e...iFy-,e 1.9 e heFen n ua aif .A h ,•tim
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moedeling was pcrfeFrmed, precfipfitation data was not available for 2007 to compare the Yau
used during Ealibratien to the periodl used to Ealibate the model. The simulated ground water
levels were feund to agree well with the obscrved values and reproduce the salient features-of
the flew patters shown in Figues 2.1 70 through 2.4 73 and Figure 2.1 99 based on the
interpretatie .f the m.easued water levels. Be.ause of inhc`ent spatial Variability in aquifer

hydr•alia codu•tivityI, and potential spatial variability in actual infiltration verSUS rUnoff, an
exact mnatch between nbserved and cE hbrc grun water elevations is not expected.

Post construction modeling accounted-for-. the ple-4.atiens of areas to be cut, filled and graded-.
The fill areas effectively extend the boundaries of the pre construction gro~und water domain
The hydraulic conductivity of the fill mnaterial used in the moedel was 5.00( X 1 ()3 Fý5 e A feesif~
the hydraulic conductivity of dr~ain cells was explored, but was found to have insignifiant
effect on the simulated water levels. Model cells in areais wherc building founldations extemdt
or niear the bottom of the Surficial aquifer were designated as inactive and excludc-1d fro-m t"he
modeJPl*A to idicate that the foundlations are barriers to ground water flowAF. R6-chage rates oerL-
the area of the proposed buildings in the Unit 3 power block area were redIuced t6 0, while in all
other areas they were k~ept at 5 in/yr. in addition, the design calls for boo retention ditches
(French drains) to be installed along the perimeter of the power block. Drain cells were locate
in the moedel to relpresent the bio retention ditches. The drain elevations were set at 76 and 7-4
ft mns', according to the current design. Post consitruction modelinig results indiate the
fellewin.

4Beneath the reactor building, the minimum depth to water will be abou 13 f.4 (1.0O M)
below grade. At this location, plant grade levation is approximately 83 ft (25.3 in)~.-

Beneath the enitire power block area, the depth to water ranges fromA approximfately 6 ft
to 16 ft (1.8 mn to 4.9 mn) below ground surface (Figure 2.1 97).

4The Surficial aquifer water table elevations ranges approx(imately 8 to 16 ft (2.14to
4.9 mn) below proposed gradle at all safety related structues (Figure 2.1 97).

4-The depth below grade of the water table at safety related structues is mor~e than the
3o3 ft (1.0 mn) requiredl by the U.S. EPR FSAR.

+ Horizontal ground water flew below the Unit 3 power bloc area will b6 predomfinantly
to the north and east and toward the bio retention ditches on the nrethwest,
nretheast, and southeast sides of the power block( area.

Modeled post constrution water table elevations will average approximately 69 ft (21.0 mn) m~s!
at the nuclear island (Figure 2.4 98). The predicted maiu po.St construction water table
elevation at safety related sWtrutues extending below grade is approximately 72 ft (22.0 in).

T-his occurs in the southern portion of the CCNPP Unit 3 nuclear island at the Safeguards
Building2 (Figure 2.1 98). The design depth for foundlations of structures within the nIuclear
isl'and is estimated to be at an elevation of approximately 10 ft (12.2 FR) m~sl. Therefore, a
maximum of approximately 32 ft (9.8 mn) of hydrostatic head exists at the foundations.

Based on the results of the ground water model, a permnanent ground water dewatering systemR
i s not anticipated to be a design feature for the CCNPP Unit 3 faciity. Control of surface water

during conStruction activitiesz.

The numerial moedel of the Surficlial aquifer has been revised to eva luate EonArucbtien imfpacts
to groundl water levels in the vicinity of the power blockl and streamf flow in Jo~hns CrFeek
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adja.ent ti the Unit 3 site. Figure 2.5 129 shows the grading plan f1r the Unit 3 site and Figurc
2.4 107 sh-ws the pest •on•Strution tepogrI•phy of the mdel domain. Both stream flow a
ground water levels after constrution of Unit 3 arc dependent upon seve ral fa~.tors, including
the hydrau~liE conductivity of the engineered fill mnaterial Used and the rate of groundI water
re.harge within the graded area of the site.

The hydraulic condU.tivity of t engineered ; t, ,n÷ fill mt be estimfiated because it hasnot yet bn
plaWed and, therefore, Eannot be mneasured. The rate of ground water recharge within the
graded area ef the site iS difficu~lt to predict because conStrution of Structures, paying with
i mpermneable SUrfaces, and installation of Stefrmwater drains have the effect of reducing
recharge while leveling of the topography4, placement of relatively peFrmeable engineered fill,
removal of vegetation and its associated eIap•trFa•npatin and conlStructioen f St1rAlwateU

retention d.ithes and basin. hae the eff•ect f in.reasing recharge.These actiiti•. . es are
undertaken dUr•i• Een•S•uction of Unit-3.

A sensitivity analysis to i;prove estimates oft he hydraulic cnducOt;vity of the engineered fill

an~d ground water recharge within the graded area of the site was completed using the
numerical model. This analysis determnined baseline values of 0.005 cm/sec and 5 in/yr,
respectively, for these pan rmeteus

Baseine -values of hydraulk conductivity and ground wate.r recharge fo the native soils we• e

determfined to be 0.001 cmn/sec and 5 in/yr-, respectively-. Model simulations wsing these values
produce ground water levels that best satisfy the mo-dePl calib*-raýtionl criteria. Assuming baselin
conditions, where the rate of ground water recharge in areas to be graded does not differ
signiaficnly fromn that in undisturibed woeded areas of the site (i.e. 5 in/yr)1 moedel simfulation
show that the estimated average ground water discharge into John's CrFeek in the reach
adjacent to the Unit 3 site iS approximately 20 percent lower after construction than befoee
constructieon

The m~agnitude of thiS chang is pialy dependent upon the rate of ground water recharge
that occUrsoever the graded4area oefI the site. Assuming baseline conditions, cutting, filling and
grading of the site cause the position of the existing groundI water divide to shift to the wes
and a greater proportion of ground water recharge fro~m the site to flow toward the
Chesapeake Bay rather than John's Creek. However-, if the rate of ground water recharge oere
the graded area is actually twice as high as in the undisturbed wooded areas, the discharge to
Johns Creek( in the reach adjacent to the Unit 3 site will increase after construction by up to
aeut20pef~eet.

On the other hand, the results of modeling show that if the rate of recharge oere the graded
area is equal to only half the rate over the undfisturbed wooded areas, the discharge to John'S
Creek in the reach adjacent to the Unit 3 site is reduced by about 50 percent. Because only the
access road and nuclear islad of the Unit 3 site will be paved, evapotranspiration Is
substantially reduc~ed by cl!earing approximately 274 acres of woodlland across the Un~it 3 site
and reeal 5teffnwat&r retention basins are used to promonte infiltration of site drainage, it is
likely that the rate of ground water recharge oere the graded area of the site will be greater
than the rate over the undisturbed wooded areas. T-herefore, ground water discharge to John's
Creek( most lik(ely will not decrease substantially and may slightly inrEease after construction Of

Cutting, filling and grading will locally affect the location and flow of springs and seeps onth
Unit 3 site. These springs and seps occur where the base of the Surficial aquifer is exposedl
within erolsioni channels and at the face of embankments. Downward flow Of ground water
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within the aquifer is rcStricted by the undcrlyi-Ag aguitard and diScharge occurs laterally at
these l..ati;ns, form,,ing a prn r sep. SpringS and seeps that currently exist in areas te
filled by site grading will be buried. HoweverI, they will be buried with fill whoes hydrauli•c;

EenductivitY Will likely be greater than that of the Surficfial aquifer frcmR which the springs and
seeps currently flew. (Calibration of the Surficial aqufifer numerical moedel produced an estimat
fer the hydraulic conductiVity of the engineeredl fill of 0.005 cm/sec and 0.001 cm/sec for that
the native soil). New springs andI seeps will likely issue fromA the toe of the fill, in lecations-
further down gradient from their former positions-.

ef

The effect on local users of ground water from cutting, filling and grading the Unit 3 site will be
negligible. The upland deposits of southern Calvert County are deeply incised by stream
erosion, such that they are laterally discontinuous. This condition causes dissection of the
Surficial aquifer into relatively small areas that are effectively isolated and have limited
hydraulic connection. Furthermore, because of its thin and variable saturated thickness
(typically less than 20 feet at CCNPP) and vulnerability to low yield during droughts, few water
wells are completed in the Surficial aquifer in southern Calvert County. Deeper aquifers
beneath the Surficial aquifer are effectively segregated from flow in the shallow aquifer. For
these reasons, users of ground water near CCNPP are expected to experience no significant
impacts to their water supplies due to construction or operation of Unit 3.

Ground water within the Surficial aquifer beneath the pre-construction CCNPP Unit 3 facility
area ranges from approximately elevation 68 to 85.7 ft (20.7 to 26.1 m) msl. Therefore, it is
expected that the saturated sands within the Surficial aquifer will be encountered during
grading and excavation activities. The saturated sands, where present, rest on at least 10 ft
(3 m) of relatively low permeability clays and silts at an approximate elevation of 65 to 75 ft
(19.8 to 22.9 m) msl. A temporary ground water management system may need to be
employed during excavation to drain and control ground water flow through the Surficial
aquifer. The expected lateral ground water flow rate discharging to the excavation during
construction is estimated to be 25 gpm (95 Ipm) or 4,817 ft3/day (137 m3/day). This is estimated
by:

Qgw = qRAR Eq 2.4.12-1

where

Qgw is the rate of ground water discharge into the excavation area
qR is the rate of ground water discharge
AR is the source area bounded by the estimated ground water divide
and the perimeter of the excavation

As stated above, qR = 5 in/yr (0.13 m/yr) for an average year (i.e., 11.4 percent of the mean
annual precipitation) based on the results of the ground water model calibration. The source
area bounded by the estimated ground water divide and the perimeter of the excavation is AR =

4,220,000 ft2 (392,050 M 2 ).

Therefore,

Qgw = qRAR = 5 in/yr/(1 2 in/ft) * 4,220,000 ft2 / (365 days/yr) = 4817 ft3/day (137 m3/day) =
25 gpm (95 Ipm).

As a measure of possible fluctuation above the average of steady-state rate of ground water
discharge to the excavation, the calculation of discharge was also performed using the largest
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Because the CCNPP Unit 3 cut and fill operations, site grading, and construction activities will alter the
existing ground water system, ground water modeling using a three-dimensional five layer numerical
model was employed to evaluate these effects. The model was developed using Visual MODFLOW
(Schlumberger, 2008), Each layer approximately describes one of the hydrostratigraphic units of the
shallow groundwater system. Specifically, most of the top layer of the model (layer 1) represents the
Surficial aquifer; most of the next lower layer (layer 2) represents the Upper Chesapeake aquitard; layer
3 represents the Upper Chesapeake unit, layer 4 the Middle Chesapeake aquitard, and layer 5, the
lowermost layer of the model, describes the Lower Chesapeake unit. The two uppermost
hydrostratigraphic units, the Surficial aquifer and the Upper Chesapeake aquitard, do not extend over
the entire model domain. Because Visual Modflow requires that all layers extend over the entire model
domain, cells within a particular layer, where the hydrostratigraphic unit generally corresponding to that
layer is absent, were assigned the hydraulic properties of the unit that is present at that location.

The Lower Chesapeake aquitard, which separates the Lower Chesapeake unit from the Piney
Point/Nanjemoy aquifer, was not included explicitly in the three-dimensional model. The Lower
Chesapeake aquitard is below the bottom of the model, which was treated as a no-flow bodndary. A
sensitivity analysis was conducted to assess the effect of this assumption. The sensitivity analysis
indicated that the leakance to the Piney Point Aquifer, which can be estimated by the flux through a
general head boundary at the bottom of Layer 5, is relatively negligible compared with the horizontal
flux towards Chesapeake Bay.

The thickness of each of the five units included in the model was defined from borehole data collected
as part of the geotechnical investigation at the site. The model grid was rotated 90 degrees from the
plant design grid so that the model north is equivalent to the plant east. All references to the signs of
the compass are with respect with the model north, which is at 45-degree angle with the true north,
pointing to the true northeast. The total areal extent of the model is about one and a quarter square
miles (3.24 kin2), covering an area of 5180 ft (1579 m) by 6790 ft (2070 m). The model domain extends
southward approximately 0.25 mi (0.40 kin) beyond the southern side of the Unit 3 switchyard into the
Johns Creek watershed. To the model north, the domain extends into Chesapeake Bay about 50 ft (15
m) beyond the tip of the barge dock. In the model east-west direction, the domain extends about 0.35
mi (0.56 km) to the east of the eastern side of the Unit 3 powerblock and about 0.45 mi (0.72 kin) to the
west of the western side of the Unit 3 cooling tower.

Because the exact location of groundwater discharge from the Surficial aquifer and the Upper
Chesapeake unit into nearby streams and other low-lying areas is not known, a drain condition was
applied over the entire top layer of the model, except over the part of the model that is in Chesapeake
Bay. The elevation of each drain was set at 0.1 ft (0.03 m) below the ground surface. A high value for
the conductance of these drains was used to allow the discharge of groundwater out of the aquifer
system when the water table reaches the ground surface.

In the top layer of the model, a constant head boundary condition was used to represent the
Chesapeake Bay, and no flow conditions were used along the other three sides of the model. In the
layers of the model representing the Upper and the Lower Chesapeake units, a general boundary
condition was used on the southern and northern boundaries and a no-flow condition on the eastern
and western sides. Layer 2 and layer 4 in the model represent the two aquitards, with the exception of
the north side of layer 2 where the Upper Chesapeake unit is present. The northern boundary of layer



2 used a general head boundary while other boundaries in layers 2 and 4 were treated as no-flow
boundaries.

Different zones of groundwater recharge were used in the model simulations. These zones include
forested areas, open undeveloped areas (i.e., areas covered with grasses and low shrubs), and paved
areas. Also, different recharge zones were defined for forested areas over the Surficial aquifer, over
the outcrop of the Upper Chesapeake aquitard and over the outcrop of the Upper Chesapeake unit.

In most simulations, each of the five hydrostratigraphic units was represented with a single value of
horizontal hydraulic conductivity and a single value of vertical hydraulic conductivity. One alternative,
conceptual geologic scenario and corresponding model employed two zones of horizontal hydraulic
conductivity for the Upper Chesapeake unit. The second value represented a zone of low horizontal
hydraulic conductivity relative the major portion of the unit. The horizontal to vertical anisotropy of
hydraulic conductivity for all aquifer units was assumed to be 10:1.

Calibration parameters included hydraulic conductivity values in all units and the rate of groundwater
recharge at the top layer of the model. Piezometric level data from monitoring wells discussed in
Section 2.4.12.3.1 were used as calibration targets. The model was calibrated for steady-state
conditions. For this purpose, the average value of the monthly or quarterly observations at each well in
2007 was used as a calibration target representing long-term average conditions. The calibrated
hydraulic conductivity values were within the range of measured values in the hydraulic tests conducted
in each aquifer unit. The calibrated hydraulic conductivity values for the aquitards were within the
range of values for the confining layers used by the Maryland Geological Survey in their regional model
(MGS, 2007b).

The simulated ground water levels were found to agree with the observed values and reproduce the
salient features of the flow patterns shown in Figures 2.4-70 through 2.4-73 and Figure 2.4-99 for the
Surficial aquifer, in Figures 2.4-75 through 2.4-78 and Figure 2.4-100 for the Upper Chesapeake
aquitard, and in Figures 2.4-80 through 2.4-83 and Figure 2.4-101 for the Upper Chesapeake unit
based on the interpretation of the measured water levels. Because of inherent spatial variability in
aquifer hydraulic conductivity, and potential spatial variability in actual infiltration versus runoff, an exact
match between observed and calibrated ground water elevations is not expected.

The model was used to predict groundwater levels and flow direction at the site under post-construction
conditions. For this purpose, the model was modified by replacing the current topography with the
post-construction topography as shown in Figure 2.5-173. The post-construction model accounted for
hydraulic properties of backfill and other fill material used to achieve the final grade plan, treated
buildings within deep foundations as barriers to shallow groundwater flow, incorporated stormwater
treatment measures including surface sand filters, and considered changes in groundwater recharge
resulting from the construction of Unit 3 and supporting facilities and structures.

Model cells in areas where building foundations extend to or near the bottom of the Surficial aquifer
were designated as inactive and excluded from the model to indicate that the foundations are barriers
to groundwater flow. Recharge rates over the area of the proposed buildings in the Unit 3 powerblock
area were reduced to zero. The rate of recharge from the surface sand filters surrounding the
powerblock area was estimated based on the amount of flow directed to the surface sand filters and the
ability of the subsurface materials in these areas to accommodate these rates.

The post-construction model was used to estimate piezometric levels in the powerblock area. Modeled
post-construction depth to the water table in the powerblock area is shown on Figure 2.4-97. The



elevation of the water table across the powerblock area is shown on Figure 2.4-98. The model post-
construction topography is shown on Figure 2.4-107.

In addition, the post-construction model was used to identify likely and other plausible pathways of
postulated accidental effluent releases in the Nuclear Auxiliary Building (NAB). The post-construction
model was also used to quantify the impact of the construction of Unit 3 on groundwater discharge in
Johns Creek. A sensitivity analysis was conducted to assess the impact of different assumptions and
input parameter values on the model predictions. The sensitivity analysis included simulations for
different values of hydraulic conductivity of the fill material, different assumptions for the performance of
the surface sand filters designed to enhance groundwater recharge, an alternative hydraulic
conductivity distribution in the Upper Chesapeake unit assumptions, and an assumption of leakage
through the bottom of the Lower Chesapeake unit.

The major conclusions from the post construction simulations are:

a) The water table in the powerblock area will be well below the site grade level. In all
simulations, the water table in the powerblock area was more than 30 ft (9.1 m) below the site
grade level of 85 ft (26 m) (NGVD).

b) The groundwater pathway for liquid effluent releases from the NAB depends on the hydraulic
conductivity of the fill material.

" If the hydraulic conductivity of the fill is equal to the lower end of the range of expected
values (1x10-3 cm/s (2.8 ft/day)), then releases from the bottom of the NAB will move first
downward to the Upper Chesapeake unit and then horizontally through this unit toward
Chesapeake Bay where they eventually discharge. Even with a conservative
assumption of 0.145 for the effective porosity for the Upper Chesapeake unit, the
estimated travel time from the release point to Chesapeake Bay is over 22 years.

* If the hydraulic conductivity of the fill is equal to the upper end of the range of expected
values (1x10-2 cm/s (28 ft/day)), then releases from the bottom of the NAB will move
horizontally through the fill material and discharge into Branch 2. The estimated travel
time from the release point to discharge point is less than a year.

c) The impact of the construction of Unit 3 on groundwater discharge in Johns Creek will be
negligible.

Details on the development of the groundwater model, the assumptions and input parameter values
used as well as simulation results are presented in the Groundwater Model Report (Bechtel, 2010).

++++++++ END INSERT I to FSAR Subsection 2.4.12.5 ++++++++
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annual precipitation on record (64.6 inches in 1979) and assuming the same percentage
infiltration rate (11.4 percent) which results in qR - 7.4 inches (0.19 m) of recharge for the year.

With the same contributing area applied, the calculated lateral ground water flow rate obtained
is:

Qgw = qRAR = 7.4 in/yr/(1 2 in/ft) * 4,220,000 ft2 / (365 days/yr) = 7,130 ft3/day (202 m 3/day) =

37 gpm (140 Ipm).

This estimate ignores integration of antecedent conditions, the time delay between infiltration
and discharge, and assumes a direct proportion of infiltration to precipitation. For these
reasons it is considered a conservatively high estimate of maximum ground water discharge to
be expected.

Based on these evaluations, a permanent ground water dewatering system is not anticipated to
be a design feature for the CCNPP Unit 3 facility. Control of precipitation seepage and runoff
and passive temporary ground water seepage controls to manage the estimated 25 gpm to
37 gpm (95 Ipm to 140 Ipm) excavation inflow are expected during construction activities. It is
expected that surface swales may be required in areas of higher elevations adjacent to the
CCNPP Unit 3 facilities to redirect surface runoff away from the site, ahd passive ground water
drainage systems consisting of ditches, sumps, and pumps will be used to manage the limited
amount of projected ground water inflow during construction. Stormwater and Surficial
aquifer ground water runoff will be directed to Stormwater Management Basin(s) for
settlement prior to discharge to the Chesapeake Bay. If required, this water may also be used for
control of construction dust or for other non-potable water use.

From the period of July 2006 through June 2007, ground water elevations in the Upper
Chesapeake unit at the proposed power block area ranged from a high of approximately 42.1 ft
(12.7 m) msl in observation well OW-401 to a low of approximately 17.6 ft (5.4 m) msl at well
OW-703A. The bottom of the deepest base of the excavation for construction of the reactor
building will be at an elevation of approximately 40 ft (12.2 m) msl within the clays and silts
separating the overlying Surficial aquifer from the Chesapeake sand units. Therefore, it is
anticipated that a ground water management/dewatering system may not be required for the
Upper Chesapeake unit. Ground water elevations will continue to be monitored, and any
observed deviations in ground water elevations that could impact construction will be
evaluated with respect to the need for a temporary construction dewatering system, as
appropriate.

Based on current ground water conditions and the anticipated facility surface grade between
elevations of 72 to 85 ft (21.9 to 25.9 m), ground water is expected to be encountered at depths
of 6 to 16 ft (1.8 to 4.9 m) below grade. Surface water controls to minimize precipitation
infiltration and the redirection of surface runoff away from the facility area are expected,
further minimizing water infiltration to the ground water system beneath the site.

Electrical manholes within the facility area are expected to be at depths of 10 to 15 ft (3 to
4 .6 m ) b elo/ - -- - - 1 G ro u n w at e r M od el fo r nth e -alv r ff s Nu clea rn o wr Plant

eventuall& Bechtel, 2010. Groundwater Model for the Calvert Cliffs Nuclear PowerPln
waterse rUnit 3 Site, 25237-000-30R-GEK-00002, Revision 000.
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Table 2.4-38-{1 U.... - Aquifer Unit Geeotcchnlaramneters)

C v -f'N

7

Sample Geotechnical Laboratory Test Results Calculated Values
Top Natural Moist Unit jEff ive

Exp tory Elevation Moisture Weight j Specific Porosity IPorosity
Bonn (ft) (%) (PCF) I Gravity Void Ratio (%) I (%)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ ,__ _ _ _ •S u r f i c i a l A q u i f e r .. . . . .-

B-320 7.9 29.4%" 124 2.63 0.713 41.6 3.3%O
B -72--- -26" 6 ". 2 6 .8 % 1 2 0 2 .7 6 0 .8 2 0 4 5 .00---.0 %
B-732 7.23.1% 7 41.3% 33.0%

I_ _ I_ __ _-_ LMean F 745 42.7%1 34.1%
__________ _______ Upper Chesapeake_____

B-281.8 4.2i 121 2.66 -i 0.97849%3.%
B-321 2.8 28.5% 043.7% 35.0%
B-423 6.6 23.1% 12 1i.74 0.754 43.0% 34.40%--B-420 -i0,T -i~ - •

- - 0 28.3% 117 882 -46.9% 37.5%
B-440 5 .3 j 30.0% - 6 2.75 0.923 1 48.0% 38.4%

_____________ Me =0.8663 46.2% [37.0%'

B304 3. 113.2 2.65 j 1.076 518%41.5%
B-401 -6.4 50.5% 117 2.70 j 1. 7_7 53.86% 43.1%
B-701 -38.8 37.3% / 116 2.64 0.950 1% 39.0%

. . .064 1 51.5% [ 41.2%
Calculations:
Void Ratio (Specific Gravity (x) Unit Weight of Water (x) (I + Natural Moisture)/(Moist Unit Weight)-1)

Unit ight Water = 62.4
PVosity =(Void Ratio)/(1+Void Ratio)
Effective Porosity = 80% of Total Porosity)
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Figure 2.4-97--{Modeled Post-Construction Depth to the SufcilA Water Table mft the Unit 3 Power Block Area)
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Figure 1

Replacement FSAR Figure 2.4-97
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r)Figure 2.4-98-{Modeled Post-Construction Elevation of the Surficial Aquifer Water Table in the Unit 3 Power Block Area)
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Figure 2

Replacement Figure 2.4-98
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2- Figure 2.4-1 07-{Topography of the Post-Construction Groundwater Flow Model Domain) L
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Figure 3

Replacement Figure 2.4-107
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3.4 WATER LEVEL (FLOOD) DESIGN

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

Seismic Category I structures, systems and components (SSCs) can withstand the effects of
flooding due to natural phenomena or onsite equipment failures without losing the capability
to perform their safety-related functions. The maximum flood and ground water elevations for
the U.S. EPR are shown in U.S. EPR FSAR Table 2.1-1 and Table 2.0-1.

{The U.S. EPR FSAR flood and ground water design elevations bound the Calvert Cliffs
site-specific elevations or otherwise calculations have been performed to demonstrate that
these loadings will not adversely affect the ability of safety-related structures to perform their
safety functions during or after such events.}

3.4.1 INTERNAL FLOOD PROTECTION

The U.S. EPR FSAR includes the following COL Holder Items in Section 3.4.1:

A COL applicant that references the U.S. EPR design certification will perform internal flooding
analyses prior to fuel load for the Safeguard Buildings and Fuel Building to demonstrate that
the impact of internal flooding is contained within the Safeguard Building or Fuel Building
division of origin.

This COL Holder Item is addressed as follows:

{Calvert Cliffs 3 Nuclear Project, LLC and UniStar Nuclear Operating Services, LLC} shall perform

This section of the U.S. EPR FSAR is incorporated by reference with the supplements described
below: g or

wn.

The maximum groundwater elevation for the U.S. EPR generic design is 3.3 ft (1 m) below finished
grade. The maximum groundwater level at CCNPP Unit 3 Powerblock is approximately 30 ft (9.1 0
m) below finished grade as discussed in Section 2.4.12.5.

internal flood level or is designed to ithstand flooding.

LThis COL Holder Item is addres d as follows:

{Calvert Cliffs 3 Nuclear Pr eject, LLC and UniStar Nuclear Operating Services, LLC} shall perform

an internal flooding a aysis prior to fuel load for the Reactor Building and Reactor Building

Annulus to demons te that the essential equipment required for safe shutdown is located

above the intern a~lood level or is designed to withstand flooding. Locations of essential SSC

and features p/r evided to withstand flooding will be ve~rified by walk-down.

3.4.2 EXTERN• FLOOD PROTECTION

* *... .. . . . . ... *• s.. . . . .. . . . . . . ... ... • . . . . . .. ... • • n.. ..;; • ' 2. ~ ~ ..
belew~

The U.S. EPR design requires ground water to be at least 3.3 ft (I mn) below gradle. The ground
water level at the C=CNPP Unit 3 site rang.... be.tween 4.0 ft(1.2 n) and 10.0 ft (3mF) bclow
prcepesed grade at all safety related structures, with the e)(ceptien of the Esse.ntial SerV*Ec
Water Ceeding Tower 1 and the Emnergency Power Generating Buildings 1 and2

CCNPP Unit 3 3-16 Rev. 6
© 2007 UniStar Nuclear Services, LLC. All rights reserved.

f/nVDOIIr-UT fl nD-1T/f-TrICr



FSAR: Chapter 3.0 Water Level (Flood) Design

*While the water table averages approximately 4.0 ft (1.2) below grade at the Essential
SerVice Water Ceeling T;wer 1, the ground water under s;me areas lf this Struct0uE is
less than 3.3 feet ( 1n) bel1w grade. This does not E;mply with the U.S. EPR dekIgn
ground water level efr3.3 feet (1 mn) below grade. A calculation1 demonstrated that the
Essential Service Water Cooling Tower 1 can still performn its safety rclated function With

Secti•n 3.8.5.5.3.
a :PC C'wa V M. a rl=v m v x F ca ca ax RR arc =0"ý _"

4 The Em.ergency P.wer Generating Buildings 1 and 2 are located approXimately 3 ft

(0.9 mA) above ground water level. This doe5 not Eemply with the U.S. EPR desg
ground water level of 3.3 ft (I mn) below grade. A calculation demBnstrated tha
Emergency Power Generating Buildings 1 and 2 can still perfoIrm their safety related

functi•s••With the ground water at this elevatin. The results if the calculation aFe

discussed in Section 3.8.5.5.2.

3.4.3

U.S. EPR FSAR Section 3.8.5.4 describes the methods and procedures used to evaluate static an
dynamf.ic.. effectS • f groun.d water o. structures.

The following in4feoation supplements the U. S. EPR FSAR:

The U.S. EPR FSAR requires the Probable Maximum Flood (PMF) elevation to be 1 ft (0.3 m)
below finished yard grade. This requirement envelopes the CCNPP Unit 3 maximum flood level
for all safety-related structures, except the Ultimate Heat Sink (UHS) Makeup Water Intake
Structure and the UHS Electrical Building. The UHS Makeup Water Intake Structure and the UHS
Electrical Building are located at the shoreline. Since the UHS Makeup Water Intake Structure
and the UHS Electrical Building are classified as safety-related buildings, they will be designed
to meet the requirements of Regulatory Guide 1.27 (NRC, 1976). The UHS Makeup Water Intake
Structure and the UHS Electrical Building are designed to be watertight to prevent internal
flooding of the buildings. The UHS Makeup Water Intake Structure and the UHS Electrical
Building are discussed in Section 2.4.10, Section 3.4.3.10, Section 3.8.5 and Section 9.2.5.1

ANALYSIS OF FLOODING EVENTS

3.4.3.1 Internal Flooding Events

{No departures or supplements.1

3.4.3.2 External Flooding Events

The U.S. EPR FSAR includes the following COL Item in Section 3.4.3.2:

A COL applicant that references the U.S. EPR design certification will confirm the potential
site-specific external flooding events are bounded by the U.S. EPR design basis flood values
or otherwise demonstrate that the design is acceptable.

This COL Item is addressed as follows:

[U.S. EPR FSAR Section 3.4.3.2 states: "The Seismic Category I structures are not designed for
dynamic effects associated with external flooding (e.g., wind, waves, currents) because the
design basis flood level is below the finished yard grade" The design of the CCNPP Unit 3
safety-related structures is consistent with this statement, except the UHS Makeup Water Intake
Structure and the UHS Electrical Building. Flooding of these structures is addressed in Section
3.4.3.10.1
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ER: Section 2.3 Water

CCNPP Unit 3. Although the water level in the vicinity of CCNPP will be lowered, the
results of numerical modeling indicate the projected drawdown (using extreme
assumptions) in the closest wells of major water users to be approximately 13 ft. even
after 6 years of increased pumping from the CCNPP wells and from those of other
domestic and major users of the Aquia aquifer. Drawdowns of this amount do not
significantly impact the relevant water management factors.

It is important to note that the anticipated use of the additional groundwater is for
construction purposes which are expected to last approximately 6 years. After that
time, a desalination plant is planned to be on-line producing 1,225 gpm (1,764,000
gpd).

2.3.2.2.10 Groundwater Monitoring

Groundwater monitoring (water level observations) for the CCNPP Unit 3 area is currently being
implemented through the use of the groundwater observation wells installed in 2006 for the
CCNPP Unit 3 site subsurface investigation and through the periodic review of water levels
from selected wells within the Calvert County Ground Water Level Monitoring Network as
discussed in Section 2.3.2.2.7. Some of the existing CCNPP Unit 3 area observation wells will
need to be taken out of service prior to construction activities due to anticipated earth moving
and construction requirements. Prior to construction activities, the observation well
monitoring network will be evaluated in order to determine groundwater data gaps and needs
created by the abandonment of existing wells. These data needs will be met by the installation
of additional observation wells, if required. Additionally, the hydrologic properties and
groundwater flow regimes of the shallow water bearing units (Surficial aquifer, and to a lesser
extent, the Chesapeake units) will be impacted by the proposed earthmoving, regarding, and
construction of infrastructure (buildings, parking lots, etc.). Revisions to the observation well
network will be implemented to ensure that the resulting changes in the local groundwater
regime from construction activities will be identified.

Safeguards will be used to minimize the potential for adverse impacts to the groundwater
caused by construction and operation of CCNPP Unit 3. These safeguards will 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 CCNPP site.

isert 4 3.2.2.11 Site Characteristics for Subsurface Hydrostatic Loading and Dewatering

Th completed surface grade for CCNPP Unit 3 is expected to range between elevations of 72
an 85 ft (21.9 and 25.9 m) msl, requiring cut and fill across the CCNPP site area. The proposed
gra elevation of the nuclear island ranges from approximately 82.0 ft to 85.0 ft (25.0 m to 25.9
m) m 1. The maximum design depth for construction of foundations is estimated to be at an
appro imate elevation of 44 ft (13.4 m) msl for the reactor containment structure.
Groun dvater elevations within the Surficial aquifer range from approximately 68.1 to 84.8 ft
(20.8 to , .8 m) msl with the highest observed elevations occurring in the CCNPP Unit 3 power
blockarea The curr.ent maimumn observed Surfi,•al aquifer groundwater elevation is at the
proposed m~aximfum grade level in the nuclear island arca. This maximum wateF ryl is
approximgately 41 ft (12.5 mn) abeve the lowest subsurface pertions of safety related Structures-,
systemns, anid Eomponents.

The U.S. EPR Final Safety Analysis Report (FSAR) reg~uirs that the maiumgondwater
elevation be at least 3.3 ft (1.0 mn) bclew grade for the nuclear island. As indicated above,
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ER: Section 2.3 Water

existing data indiateS that the maximumf groundwatcr level iS currently at the proposed
maximum gade level in the nuclear island area, and therefore eMce~ds the U.S. EPR FSAR

design envelpeBcus the GC-NPP Unit 3 cut and fill opcrations, site grading, and
ilnStrUl tien activities will altr the existing SUrficial aquifer groundwater system, grundwatc
mdeling was emplyed t ealuate these effets and estiatenstructn
gr.undwater 'eves b.. the u...a .island. Mde .... u......at. the fo wg

4 With.the e ,pt 'en of the Essential Se
Emergency Power Generating Build in~
range approx(imately 4.0 te 10.0 ft (1.2
safety elated faelties F4Re23 79)

rvie Water System Cooling Tower 1 aEnd
g 1 /Q, Surf;ial aquifer water table ele-a-
to 3.0 Fn) below proposedl grade at all

Offs

The water table averages approximately 4.0 ft (1.2 Fn) below grade at Essential SeyiEr-
Water System C.. ling T.wer 1 and appr.ximately 3.0 ft (0.9 n) below grade at
Emnergency Power Generating Building 1W2 (Figure 2.3 79).

4HoriZontal groundwater flow within the Unit 3 power block( area will be prdedominantly
to the north and east and toward the bee retention ditches on the northwest,
northeast, and southeast sides of the power block( area. The sutheast bie reteRtiol

ditch Will intercept and drain a portion of the groundwater flowing to it fromA the
upgradient area to the s.uth ... (Figure 2.3 80).

The moedeled pest construction maximum water table elevation is apoiately 77.0 ft(2.
m) mns! at the nuclear island (Figure 2.3 80). T-herefore a mnaximum of approximately 33 ft (10.1-
mn) of groundlwater induced h9ydrostatic head loadings should be used as the design basis for
the subsurface prtions of all safety related structures in the power bloc area.

The numerial moedel of the Surficial aquifer has been revised to evaluate construction imfpacts
to groundwater levels in the vicinity of the power bloc and stream flow off site in John's Crek
Figure 2.3 86 shows the topogralphy of the post construction groundwater flow moedel and
Figure 4.2 1 shows the construction footprint of the CCNPP Unit 3 site. Both streamn flew and
groundwater levels A&fternstruction of CCNPP Unit 3 will be dependent upon several factors-,
inc~luding the hydrauli conductivity of the engineered fill mnaterial used and the rate oe
groundwater recharge within the graded area of the site.

The hydr~aulic conductivity of the engineered fill1 mu 0st b6 estimated because it has not yet bee
placed and, therefore, canntb esrd The rate of groundlwater recharge within the
graded area of the site is dlifficult to predfict because construction of srutuwtres, paving Wit
impe~rmeable surfaces and installation of Sterm~water- drFains all hIave the effect of reducing
recharge while leveling of the tepegraph)4 placemgent of relatively permneable engineered fill,
remoeval of vegetation and its associated evapotranspiration and construc~tion of stormwater
retention dlitches and basins all have the effect of increasing recharge. All of these activities wl
be undertaken dIuFrig construction of CCNPP Unit 3.

A senitivityIL analysO eis fffv estimates efthe co~wlEEnductivity efthe en e fill

and groundwater recharge within the graded area of the site was completed using the
numerical moedel. This analysis determifined baseline values Of 0.005 cm/sec and 5 i/r
respective l)y for these paralmeters.

Baseline values of hydraU IE EondU~tivit, and groundwater recharge for the native soils were
determnined to be 0.001 cm/sec and 5 in~yr-, respectively. Model simulations using these valueýs
prodluce groundwater levels that best satisfy' the moedel calibration criteria. Assuming baselin
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ER: Section 2.3 Water

conditions. whcre the Fate of groundwater recharge in areas to be graded does not differ
Significantly fromR that in undistubed weeded arcas of the site (i.e. 5 inI/yr), moedel simuilation
show that the estimated average groundwater disharge into Jehn's Creek after conStructiono
CCNjPP Unit 3 well be approximately 20 percent lower than b3efore co~nStrution-.

The magnitudc of thiS cha H y dpendent upon the rate of groundwate-r rFecharg
that will occurF oeye th e gra~ded -aref. the site. Assuming baseline conditfions, cutting, filling
and grading of the site cause the pesition of the existing groundwater divide to shift to the east.
and a greater proportfien of groundwater recharge from the site to flow toward the Chesapak
Bay rather than John's Cr-ee'(. However-, if the rate of groundwater recharge oere the graded
area is actually twice as high as in the undisturbed Weeded areas, the diScharge to John's Cree
after construction of C-CNPP Unit 3 will increase by up to about 20 percent.

On the other hand, the results of modeling show that if the rate of recharge oere the graded
area is equal to only half the rate ever the unditurbed wooded areas, the dlischarge to John's
CrFeek( will be reducedl by about 50 percent. Several Stefrmwater r etention ditches and basins will
be used to prmoete infiltration of site drainage, and evapotranspiration will be substantially
reduced by clearing approximately 274 acres of woodland. Both of these actions Will have the
effect of inrEeasing net groundwater recharge to the site. in addition, only the relatively smfall
areas of the CCNPP Unit 3 site occupied by the acceSS road and the nuclear island will be paved.
Maintaining a low percentage of paved SUrface area will mwi~nimze the extent to which
groundwater recharge is reduced. For these reasons, it is likely that the rate of groundwater
recharge within the graded area of the site well be greater than the rate within the unidiisturbý-ed
wooded areas. TFherefore, groundwater dishargle to John's CrFeek( most likely will not decrease
substantially and mnay slightly inrEease after construction of CCNPP Unit 3.

Cutting, filling and grading will locally affect the location and flow of springs an~d seeps on the
CCNPP Unit 3 site. These springs and sep eEcUr where the base of the Surficial aquifer is
exposed within erosion chanels and at the face of embankments. DoEwniward flow-ot
groundwater within the aquifer is restricted by the underlying aqluitard and di*scharge occur-s
l aterally at these le~atien s formning as spin or se. Springs an~d seeps that currently exist i
areas to be filled by site gradn wil be.. buried. However-, they will be buried with fill whose
hydraulic conductivity Will likely be greater than that of the Surfiial aquifer fromn which the
springs and seeps currently flow. New springs and seeps will likely issue fromA the toe of the fill,
in loceations further down gradient fromA their formerF positions.

The effect on local users of gro~undwater fromR cutting, filling and grading the C-CNPP Unit 3 site
will be negligible. The upland dleposits of southernl Calvert County a re deeplyi Onised by Stream
erosion, such that they are laterally discontinuous. T-his condition case u lise~tien of the
Surficfial aquifer into relatively small areas that are effectively iso lated and hav eliffited
hydraulic connection. Furthermor)e, because of its thin and variable saturated thickness
(typically less than 20 feet at CCNPP) and vulnerability to low yield dur~ing droughts, few water
wells are comgpleted in the Surficfial aquifer in southern Calvert County. Deeper aquifers
beneath the Surficial aquifer are effectively segregated fromn flow in the shallow aquifer. For
these reasons, users of groundwater near C-CNPP are expected to eeiec no siniicn
pimpactS to their water supplies due to construction or operation of CCN-=PPP Unit0 3-.

Groundwater within the Surfiial aquifer beneath the CCNPP Unit 3 facility area ranges fromA
approx(imately elevation 68.1 to 84.8 ft (20.8 to 25.8 mn) mnsl. TFherefore, it is expected thatth
saturated sandls within the Surficial aquifer well be encountered during grading and excavato
activities. The saturated sands, where present, rest on at least 10 ft (3mA) of relatively low
permneability clays and silts at an approximfate elevation of 65 to 75 ft (19.8 to 22.9 mn) mns'. A
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ER: Section 2.3 Water

temporary gr.undwater management system may need to be employed during .X.aVation t
drain and Eontrol groundwater flew through the Surficial aquifer. It is expccted that surface
swales and pasvcgouddains may be required in areas of higher letiosajacent to the
C=CNPP Unit 3 facilities to redirected surface runoff and groundwater away fromR the site.
SteFrmwater runoff and Surficial aquifer groundwater Will be directed to Stormwater
Management Basin(s) for Eollection of sediment prier to discharge to the Chesapeakec Bay. 4f
required, this water May alSo be redirected for use in constructionl dust control or othcr
non potable water uses.

Frm,. the peri•d of July 2006 thr.ugh March 2007, groundwater elevations in. the Upper
Chesapeake unit at the proposed power block.area a.gcd fr.m a high of apptrximw ately 41
(12.7 mn) mll s in obserVatlIn well lW 1011 to a Il• of approximately 17.6 ft (5.4lm) mFnl at well
OW 703A. The deepest eX~a~'atien for construction of the reactor building will be at an
e evation of approximately 4 ft (13.1 m) msl with.in the clays aAd siits eparFatig the oerlyin
Surficial aquifer from the Chesapeake sand units. The.ef•;-, it is anticipated..... a

,.'.,+-Bechtel, 2010. Groundwater Model for the Calvert Cliffs Nuclear Power Plant
U•Unit 3 Site, 25237-000-30R-GEK-00002, Revision 000.

system.

As previously stated, a permanent groundwater dewatering system is not anticipated to be a
design featu e for the CCNPP Unit 3 facilities. Based on the modeled post-construction
groundwate conditions and the anticipated facility surface grade between elevations of 72 to
85 ft (21.9 t 25.9 m), groundwater is not predicted to exceed the U.S. EPR DCD design
envelope.

• "-l c~r~ a .R•P, n l es w Itnf m , tn e_ Elrlilly a re a, a re e x p e c te .d to be a t de p t hs efT 1 0 t e 1 a Ah k6 t e .

into the trutues. Manhole sump pumps may be required to be operated periodically to
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INSERT 2

ER section 2.3.2.2.11

Because the CCNPP Unit 3 cut and fill operations, site grading, and construction activities will alter the
existing ground water system, ground water modeling using a three-dimensional five layer numerical
model was employed to evaluate these effects. The model was developed using Visual MODFLOW
(Schlumberger, 2008), Each layer approximately describes one of the hydrostratigraphic units of the
shallow groundwater system. Specifically, most of the top layer of the model (layer 1) represents the
Surficial aquifer; most of the next lower layer (layer 2) represents the Upper Chesapeake aquitard; layer
3 represents the Upper Chesapeake unit, layer 4 the Middle Chesapeake aquitard, and layer 5, the
lowermost layer of the model, describes the Lower Chesapeake unit. The two uppermost
hydrostratigraphic units, the Surficial aquifer and the Upper Chesapeake aquitard, do not extend over
the entire model domain. Because Visual Modflow requires that all layers extend over the entire model
domain, cells within a particular layer where the hydrostratigraphic unit generally corresponding to that
layer is absent were assigned the hydraulic properties of the unit that is present at that location.

The Lower Chesapeake aquitard, which separates the Lower Chesapeake unit from the Piney
Point/Nanjemoy aquifer, was not included explicitly in the three-dimensional model. The Lower
Chesapeake aquitard is below the bottom of the model, which Was treated as a no-flow boundary. A
sensitivity analysis was conducted to assess the effect of this assumption. The sensitivity analysis
indicated that the leakance to the Piney Point Aquifer, which can be estimated by the flux through a
general head boundary at the bottom of Layer 5, is relatively negligible compared with the horizontal
flux towards Chesapeake Bay.

The simulated ground water levels were found to agree well with the observed values.

The model was used to predict groundwater levels and flow direction at the site under post-construction
conditions. For this purpose, the model was modified by replacing the current topography with the
post-construction topography.

The post-construction model was used to estimate piezometric levels in the powerblock area. Modeled
post-construction depth to the water table in the powerblock area is shown on Figure 2.3-79. The
elevation of the water table across the powerblock area is shown on Figure 2.4-80.

In addition, the post-construction model was used to identify likely and other plausible pathways of
postulated accidental effluent releases in the Nuclear Auxiliary Building (NAB). The post-construction
model was also used to quantify the impact of the construction of Unit 3 on groundwater discharge in
Johns Creek. A sensitivity analysis was conducted to assess the impact of different assumptions and
input parameter values on the model predictions. The sensitivity analysis included simulations for
different values of hydraulic conductivity of the fill material, different assumptions for the performance of
the surface sand filters designed to enhance groundwater recharge, an alternative hydraulic
conductivity distribution in the Upper Chesapeake unit assumptions, and an assumption of leakage
through the bottom of the Lower Chesapeake unit.

The major conclusions from the post construction simulations are:

a) The water table in the powerblock area will be well below the site grade level. In all
simulations, the water table in the powerblock area was more than 30 ft (9.1 m) below the site
grade level of 85 ft (26 m) (NGVD).



b) The groundwater pathway for liquid effluent releases from the NAB depends on the hydraulic
conductivity of the fill material.

* If the hydraulic conductivity of the fill is equal to the lower end of the range of expected
values (1x10-3 cm/s (2.8 ft/day)), then releases from the bottom of the NAB Will move first
downward to the Upper Chesapeake unit and then horizontally through this unit toward
Chesapeake Bay where they eventually discharge. Even with a conservative
assumption of 0.145 for the effective porosity for the Upper Chesapeake unit, the
estimated travel time from the release point to Chesapeake Bay is over 22 years.

* If the hydraulic conductivity of the fill is equal to the upper end of the range of expected
values (lx1 0-2 cm/s (28 ft/day)), then releases from the bottom of the NAB will move
horizontally through the fill material and discharge into Branch 2. The estimated travel
time from the release point to discharge point is less than a year.

c) The impact of the construction of Unit 3 on groundwater discharge in Johns Creek will be
negligible.

Details on the development of the groundwater model, the assumptions and input parameter values
used as well as simulation results are presented in the Groundwater Model Repoit (Bechtel, 2010).

++++++++ END INSERT 2 to ER Subsection 2.3.2.2.11 ++++++++
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nFigure 2.3-79-Modeled Post-Construction Depth to Sufda qiirWater Table Around Power Block 3
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Figure 2.3-80-Modeled Post-Construction Elevation to Sur.fitcl Aqguifir Water Table Around Power Block 3
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* Increasing runoff from the approximately 130 acres (53 hectares) of impervious
surfaces (including the power block, switchyard cooling tower, laydown areas, critical
areas, and roads);

* Infilling and eliminating the Camp Conoy Fishing Pond under the southeast portion of
the laydown area south of the CCNPP Unit 3 power block foundation;

* Infilling and eliminating the upper reaches of Branch 2 and Branch 3, and an unnamed
tributary to Johns Creek;

* Isolating portions of the upper reach of Branch 1 by construction of the laydown areas
south of the CCNPP Unit 3 power block foundation;

* Disruption of the drainage in the Lake Davies dredge spoils disposal area with possible
impacts on the two downstream impoundments;

* Wetlands removal and disruptions; and

The h
const No changes on this page, included for reference only.

+ Disruption of current Surficial aquifer recharge and discharge areas by plant
construction. Hilly, vegetated areas would be cleared and graded; some streams and
the Camp Conoy Fishing Pond (impoundment) would be backfilled and construction
areas would be covered by less permeable materials and graded to increase runoff into
bio-retention ditches. The locations of, or quantity of, water produced at springs and
seeps could change downgradient of the construction areas

* Stormwater runoff from the flat, non-vegetated foundation pads, switchyard and
laydown areas would be directed and concentrated into bio-retention ditches and new
impoundments that could affect recharge to the Surficial aquifer. Since the ditches and
impoundments are unlined, they could act as smaller, focused recharge areas and
might increase the amount of water recharging the surficial aquifer

* Additional drawdown in the Aquia aquifer when the water needed for CCNPP Unit 3
construction is supplied by the CCNPP Units 1 and 2 onsite wells

* Minor shifting of the Surficial aquifer recharge area(s) to the underlying Chesapeake
aquifer/confining unit

A further discussion of related construction activities is provided in Section 4.2.1.2.

4.2.2.3 Physical Effects of Hydrologic Alterations

Impacts from the construction of CCNPP Unit 3 are similar to those associated with any large
construction project. The construction activities that could produce hydrologic alterations to
surface water bodies and groundwater aquifers are presented in Section 4.2.1.2. The
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potentially affected surface water bodies and groundwater aquifers are described in Section
4.2.1.4. The potential construction effects on surface water bodies and groundwater aquifers
are presented in Section 4.2.1.5.

Surface Water Impacts
Because of the potential for impacting surface water resources, a number of environmental
permits are needed prior to initiating construction. Table 1.3-1 in Chapter 1 provides a list of
construction-related consultations and permits that have to be obtained prior to initiating
construction activities.

The construction activities expected to produce the greatest impacts on the surface water

bodies occur from:

* Reducing the available infiltration area

* Grading and the subsequent covering of the 46 acre (19 hectare) CCNPP Unit 3 power

No changes on this page, included for reference only. tation

Dncrete

* Creation of impoundments

* Elimination of an existing impoundment (i.e., Camp Conoy Fishing Pond)

* Elimination of existing branches of Johns Creek

Site grading and new building foundations will cover and reduce existing infiltration and
recharge areas. Possible increases in runoff volume and velocity in the downstream creeks may
cause erosion and adversely affect riparian habitat if not controlled.

Dewatering for the proposed foundation excavations could also impact surface water bodies.
Effluent from the dewatering system, and any stormwater accumulating during the excavation,
would be pumped to a stormwater discharge point or into onsite impoundments. If pollutants
(e.g., oil, hydraulic fluid, concrete slurry) exist in these effluents from construction activities,
they could enter the impoundments, downstream channel sections, or other surface water
bodies. Monitoring of construction effluents and stormwater runoff would be performed as
required in the stormwater management plan, NPDES permit, and other applicable permits
obtained for the construction. Depending on the design of the stormwater impoundments
and discharge systems, outflow rates into the surface streams could be altered.

All water bodies within the CCNPP site boundary could have the potential to indirectly receive
untreated construction effluents. The water bodies listed in Section 4.2.1.1 are potentially
subject to receiving untreated construction effluents directly. It will be necessary to implement
proper BMPs under state regulations such as a: General NPDES Permit for Stormwater
associated with Construction Activity, Erosion and Sediment Control Plan, and a stormwater
pollution prevention plan. Table 1.3-1 lists and presents additional information on the Federal,
State and Local Authorizations associated with this project.
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If proper BMPs are implemented under these permits, treated construction effluents could be
released to the site water bodies without adverse impacts. Flow rates for untreated
construction effluents will depend upon the usage of water during site construction activities
and the amount of precipitation contacting construction debris during construction activities.
Flow rates and physical characteristics of the construction effluents are discussed in Section
4.2.1.4. A quantitative calculation and evaluation of the construction effluents and runoff will
be done as part of the state construction permit process. BMPs would be implemented to
control runoff, soil erosion, and sediment transport. Good housekeeping practices and
engineering controls will be implemented to prevent and contain accidental spills of fuels,
lubricants, oily wastes, sanitary wastes, etc.

BMPs are implemented under a Spill Prevention Plan, a SWPPP, and an Erosion Control Plan, as
described in Section 4.2.1.7 and Section 4.2.2.10. Environmental control systems installed to
minimize impacts related to construction activities will comply with all Federal, state and local
environmental regulations and requirements. Once the initial controls are in place, they are
maintained through the completion of construction and during plant operation, as needed.

Surfa . ' "
buffe nd
wetla

Grou No changes on this page, included for reference only.
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Increasing groundwater withdrawals for construction needs from the onsite Aquia aquifer
production wells, could produce a local depression of the potentiometric surface in that
aquifer. These increased withdrawals could potentially induce salt water intrusion or produce
land subsidence, but as discussed earlier, neither had been reported as a significant problem in
Calvert County or St. Mary's County.

The hydrologic alterations that could be produced in the groundwater aquifers are expected to
be localized and possibly temporary. Most of the effects are expected to occur in the
uppermost or Surficial aquifer. Any effects in the deeper aquifers are expected to be minor, due
to remaining within the existing permit withdrawal limits, and dependent to a large extent on
groundwater travel time, thickness and physical properties of the intervening stratigraphic
units, and the nature of the hydraulic connection between aquifers.

The construction activities listed in Section 4.2.1.2 that are expected to produce the greatest
impacts on the Surficial aquifer are related to:

* Changing the existing recharge and discharge areas

* Possibly changing the amount of runoff available for infiltration

* Dewatering of foundation excavations during construction

Site grading and leveling for the building foundations and laydown areas will cover and
possibly eliminate existing recharge areas. Runoff from the graded areas will be directed into
sand filters and several proposed impoundments, possibly creating new "focused" recharge
areas. Runoff velocity may be increased in the channels downstream of the impoundments,
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which could decrease the amount of runoff available for infiltration and recharge. Fine-grained
sediments could settle out in the impoundments and channels and create less-permeable
areas for infiltration and recharge. These changes affect local recharge to the Surficial aquifer.
Impacts on the deeper Aquia aquifer are likely to be SMALL.

Dewatering foundation excavations also produce localized impacts on the Surficial aquifer. The
deepest excavations anticipated are for the proposed reactor and auxiliary building
foundations, and extend approximately 40 ft (12 m) below plant grade and approximately 60 ft
(18.3 m) below pre-construction grade. The dewatering system and activities are not expected
to have any significant impact on the deeper Aquia aquifer due to the main recharge area of
the Aquia aquifier is to the north. Hence, it is insensitive to perturbances of the Surficial
aquifier. Effluent from the dewatering system will be pumped to a stormwater discharge point.
Monitoring of construction effluents and stormwater runoff will be performed as required in
the stormwater pollution prevention plan, NPDES permit, and other applicable permits
obtained for the construction.

Th( ifter
the uld
be No changes on this page, included for reference only. t
are

As a result of the low vertical hydraulic conductivity, large thickness and continuity of
the confining beds between the Surficial aquifer and principal aquifers in the vicinity of
the CCNPP (the Piney Point-Nanjemoy and Aquia aquifers) changes at the surface that
may locally affect the recharge, to discharge from or water table elevation in the
Surficial aquifer are not expected to alter the groundwater potentiometric surface or
water availability of these deeper aquifers. While the Surficial aquifer may provide
recharge to the deeper aquifers as either leakage through the intervening confining
layers or as direct infiltration where it directly contacts an underlying aquifer this
recharge occurs over the entire areal extent of the Surficial aquifer where it overlies the
deeper aquifers. The portion that is attributable to local recharge immediately above
the Piney Point-Nanjemoy and Aquia aquifers at CCNPP is a small fraction of their total
recharge.

The planned construction activities may lead to a slight reduction in recharge of the
Surficial aquifer in some areas (due to construction of impermeable surfaces or
temporary dewatering effects) or an increase in other areas (such as stormwater
retention basins). Therefore it is difficult to determine the ultimate impact of Unit 3 to
the underlying aquifers. However, it is possible to make some reasonable bounding
assumptions. Considering the 2006 water table elevation of about 80 ft msl in the
Surficial aquifer (Figure 2.3.1-42) and a potentiometric head in the Piney
Point-Nanjemoy aquifer of about 0 ft msl (Figure 2.3.2-19) a vertical thickness of about
250 ft and a vertical hydraulic conductivity of .001 ft/day for the intervening Upper
Confining Bed (MGS 1997) implies a vertical flux of about 3.2x1 0- ft3/ft 2 day (about 0.14
in/yr) between the Surficial aquifer and the Piney Point-Nanjemoy aquifer. This flux is
analogous to the value modeled by MGS 2007 which has a simulated flux rate north of
CCNPP of 0.1 in/yr.
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If one considers a 106 ft2 area approximately the size of the Unit 3 power block (e.g., a
square with sides 1,000 ft long) over which groundwater recharge is totally eliminated,
recharge to the Piney Point-Nanjemoy aquifer would be reduced by about 40 ft'/day or
about 300 gpd. In reality the volume of recharge would be reduced less that 300 gpd
because surface runoff within the power block will be directed to bio-retention ditches
and basins where infiltration is enhanced.

Three hundred gpd is not significant in comparison to the overall recharge to the
deeper aquifers in southern Maryland. This value is also not significant in comparison
to one of the major users of the Piney Point-Nanjemoy aquifer in the vicinity of the
CCNPR The White Sands subdivision, with a Groundwater Appropriation Permit
average withdrawal rate of 8,000 gpd (Table 2.3.2-4). Therefore, even assuming a
reduced recharge from the Surficial aquifer to the Piney Point-Nanjemoy aquifer of 300
gpd the effect on the Piney Point-Nanjemoy aquifer is negligible and users of
groundwater from that unit are not expected to see any effect of the reduced recharge
on water level in the vicinity of the CCNPP ICCNPP Unit 3 (see Section 2.3.2.2.11).

Effects of changes to the Surficial aquifer on the level of the water table and
discharge to John's Creek

A numerical model has been developed of the Surficial aquifer at CCD2 (Groundwater
Flew Model cf the Surfiial Aqifc•, ). The model encompasses all areas affected by
construction of Unit 3 and contributing discharge to John's Creek. Simulation of
post-construction conditions in the SurfciEal aquifer indicates that maximum
groundwater levels around the po nnk -4 ft msl. The depth to the

approximately 55 water table in this area is estimated to be ft below grade level. Groundwater
levels in this area are dependent on man factors including the hydraulic conductivity
of the fill material and the rate of grou dwater recharge over the graded areas of the
site. 130 will be negligible.

The impact of the construction of Unit 3 on groundwater discharge to John's Creek is

site. This rate is diffficult te predlict because while grading, EOnStruction of buildings and
imperm~eable surfaces and installation cf Stefrmwateic drains all have the effctct
reducfing recharge, removal of vegetation and the aSSOciated evapotr~anspiration and
constructien of steirmwater retention ditches and basins haethe ffe~t of icen
recharge. Medel simulatiens indicate that if the rate of groundwater re~harge remfains1
relatively uncharged in the areas of the Unit 3 site to be graded which a•e currrently
weeded and undisturbed the discharge to John's Creek will be reduced by about 20
percent. On the ether hand groundlwater: discharge to John's CrFeek could increase b9y as
much as 10 percent if recharge in the graded areas of the site is twice as high as in the
existing undisturbed areas-.

* Effects of withdrawals from the Aquia aquifer on the users of the Aquia and Piney
Point-Nanjemoy aquifers

Increasing withdrawal from the Aquia aquifer from the average values withdrawn over
the past 5 years by CCNPP Unit 1 & 2 (an average of about 387,000 gpd from July 2001
to June 2006) (Table 2.3.2-7) to the value permitted in CA69G-010 (05) of 450,000 gpd
(Table 2.3.2-4), is expected to cause increased drawdowns in the vicinity of the CCNPP
Unit 2 production wells. The effects of the increased withdrawal, even though limited
to about 68 months for the duration of Unit 3 construction, may extend several
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thousand feet from the pumping wells. For example considering an infinite confined
aquifer with no leakage (to maximize the potential drawdown), a transmissivity of
about 1,000 ft2/day a storativity of about 10-4 (MGS 1997) and discharge of 63,000 gpd
from one well for 2,040 days would yield drawdown in the Aquia aquifer of about 4 ft at
a distance of about 10,000 ft and drawdown of about 7 ft at a distance of about 1,000 ft
from the pump well. This drawdown would be insignificant to other users of the Aquia
aquifer in the vicinity of CCNPP Unit 2 and would have an insignificant effect on
increasing leakage from the overlying Piney Point-Nanjemoy aquifer to the Aquia
aquifer.

The impact to groundwater is SMALL and localized, changes to the SUrficial aquifer water l-v.l
are expected to eventual recoere Pnce ccnstructien iS cOm~plcte.

4.2.2.4 Water Quantities Available to Other Users

As described in Section 2.3.2.1.2, at present no surface water withdrawals are made in Calvert
County for public potable water supply. Water use projection in Maryland for 2030 does not
include surface water as a source for public water supply in southern Maryland counties
including Calvert Country.

Groundwater use and trends in southern Maryland and at the CCNPP site are presented in
Section 2.3.2.2 and in Section 2.4.12 of the Final Safety Analysis Report.

The Surficial aquifer is not used as a potable water source in the vicinity of the CCNPP site. The
impacts expected from foundation dewatering or other construction activities will not impact
any local users. The Camp Conoy facilities include four wells authorized under an MDE water
appropriation permit. These wells draw from the Piney Point aquifer and have an appropriation
limit of 500 gpd (1,900 lpd). These wells are expected to be abandoned. The impact on the
local water supply resulting from any abandonment of these wells will be minor.

4.2.2.5 Water Bodies Receiving Construction Effluents

The surface water bodies directly downstream of the proposed construction activities could be
impacted during clearing, grubbing, and grading. Locations of surface water and its users that
could be impacted by construction activities are provided in Section 4.2.1.4.

Since most of the water for construction would be used for consumptive uses such as grading,
soil compaction, dust control, and concrete mixing, little infiltration would be expected. Any
effluents that might infiltrate would recharge the Surficial aquifer, and, potentially, the
underlying Chesapeake aquifer/ confining unit, and the Castle Hayne-Aquia aquifer.

If contaminants enter the surface water bodies unchecked, there would be a potential for
infiltration and subsequent groundwater contamination. If contaminants do enter
groundwater, they may impact the quality of water withdrawn for industrial and commercial
applications.

Any construction effluents infiltrating into the subsurface could potentially reach the Surficial
aquifer if they are of sufficient volume and concentration. The plume migration would be
downgradient and, depending on location, flow either eastward toward Chesapeake Bay or
westward toward the Patuxent River. As described in Section 2.3.2, the horizontal groundwater
flow in the Surficial aquifer is generally bi-directional. A northwest trending groundwater
divide roughly follows a line extending through the southwestern boundary of the proposed
power block area. Northeast of this divide, horizontal groundwater flow is northeast toward
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Enclosure 4

Update of COLA Part 7, Departures and Exemption Requests
to incorporate the new Groundwater Model

Calvert Cliffs Nuclear Power Plant, Unit 3



Part 7: DCD Departures Departures

1.1 DEPARTURES

This Departure Report includes deviations in the CCNPP Unit 3 COL application FSAR from the
information in the U.S. EPR FSAR, pursuant to 10 CFR Part 52. The U.S. EPR Design Certification
Application is currently under review with the NRC. However, for the purposes of evaluating
these deviations from the information in the U.S. FSAR, the guidance provided in Regulatory
Guide 1.206, Section C.IV.3.3, has been utilized.

The following Departures are described and evaluated in detail in this report:

4r• Maximum Gr'und Water Level
renumber as
appropriate Maximum Differential Settlement (across the basemat)

Maximum Annual Average Atmospheric Dispersion Factor (0.5 mile - limiting sector)

Accident Atmospheric Dispersion Factor (0-2 hour, Low Population Zone, 1.5 miles)

Aff^e.ted U.S. EPR FSAR SectionS.. T"ie 1 Table 5.0 1, Tir 2 Table 2.1 1 ,TieFr 2 Section 3.8.4.3.1

Summary of Depar-tur-e:
The U.S. EPR FSAR identifies a maximum groundwate. level of 3.3 ft belew grade. Emergency
Power Generating Building 1/2 and Essential Service Water System Cooling Tower 1 haY6
grundwater levels that eXeed.the U.S. EPR FSR value.

S"Eope.,Extent of Dleparture:'
This Departure is idetiie i CNPP Unit 3 FSAR Table 2.0 1 and Section 2.1.12.

Departur-e.Jsiiai
The poSt Eonstruction groundwater level for Em~ergencY Power Generating Building 1/'2 is
calculated to be 3.0 ft (0.9 mn) belew finished grade, or0.3 ftI (0.09 mn) above the U.S. EPR FSA
site p arameter valueof 3.3 ft (1.0m) below grade, an th pos coStrution groundwater ee
fe eRe~ oee f Essential Service Water System Cooling Towe 1 OS caluwlated to be slightly
above the U.S. EPR site parameter value of 3.3 ft (1.0 mn) below grade (but averages 4.0 ft (1.2 mf)
below gradle at Essential Service Water Cooling Tower 1.

For Emergency Power Generating Building 1/2, separate foundation design calculations Wer
performned for both the U.S. EPR FSAR and CCNPP Unit 3 specific groundwater levels, as
discussed in CCNjPP Unit 3 FSAR Section 3.8.5.5.2. The results show a variation in Em~ergency,
Power Generating Building 1/2 soil bearinprsuead baea deig moment of less
than 596. Factors of safety against slidlfing and overturnin reanwthin allowable values for
both groundwater levels.

For slight groundwater level departure associated with the one corner of Essential Scrvice
Water System Cooling Tower 11, as EWS~se din C-CNPP Unit 3 FSAR Section 3.8.5.5.3, the effect-s
of this local anomaly on stability (i.e., factors of safety against sliding and overturnling) and soil
bearing pressures of Essential Service Water System Cooling Tower 1 were determined to beI

Reg• • oe
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Part 7: DC Deatreearue
De .rtue- Evakh.,uA.o
This Departure, aSsociated with the maxmu gundwater level fer the Emergency Power
Generating Building !Q2 and Essential Service Water System Cooling Tower 1 has been
evaluated and dletermnined te not adlversely affect the safety fnActien of thes Structues.
Accordingly, this Departue does not:

4:.

Result On mor~e than a minimal inrEease in the frequwency of occurrence of an accident
previeusly evaluated in the plant specific FSAR;

RIut in more than a miniAmal finrEease in the likelihood of occurrence of a mnalfunction
of a Structure, system, or component (SSC-) imo tant safety and previously
evaluated in the plant specific FSAR;*

Result in more than a minfimal incr~ease inthe consequences of an accident previously
evaluated in the plant specifi FSAR;

Result in morfe than a minimal increase inthe consequences of a mfalfunction of an SSG
impotanlt to safety previously evaluated in the plant specific FSAR;

CrFeate a pesibikiy for an aEcident of a different type than any evaluated previously i
the plant specific FSAR;

Create a possibility for a mnalfunction of an SSG important to safety with a differentt
result than an evlaedpeiusly in the plant specific FSAR;,

Result in a design basis limit for a fission product barrier as described in the plant
5pecific FSAR being exceeded or altered; or

Resut.i a•.•, d,,nlrtu÷re fro aL, mc1h- of,,.-'•, r-ClAtinD. ri~ nt~nn ncfr

6:

8=.
used in establishing the design bases or in the safety analyses.

F
T his Departure doees not aftect resolutwon ot a severe accfidlent issue identitied fin the Wlant
spe~ifiE FSAR-

Therefore, this Depaf

I

T. 6 ff R.has no safety Signif*cc RnrrP
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Part 7: DCD Departures Exemption Requests

1.2 EXEMPTION REQUESTS

These exemption requests have been developed assuming approval and issuance of a design
certification for the U.S. EPR and are based on the current version of the U.S. EPR FSAR.

Calvert Cliffs 3 Nuclear Project and UniStar Nuclear Operating Services request the following

exemptions related to:

s 41-: Maximum Ground ateF Ievel,Ienumber

F)ippUFJiaIde

). Maximum Differential Settlement (across the basemat),

. Maximum Annual Average Atmospheric Dispersion Factor (0.5 mile - limiting sector),

L Accident Atmospheric Dispersion Factor (0-2 hour, Low Population Zone, 1.5 miles),

i Fitness For Duty Program

Use of MS' Advanced Zirconium Alloy Fuel Rod Cladding, and

Toxic Gas Detection and Isolation.

The exemption request associated with Use of M5TM Advanced Zirconium Alloy Fuel Rod
Cladding, is the same as that previously requested by AREVA in support of the U.S. EPR Design
Certification Application.

Discussion and justification for each of the above exemption requests are provided in the
following pages.

M..Aaximu~m -Ground WIat-er-Level

Applicable R.gulation: 10 CFR Part 52
The U.S. EPR FSAR T.ier 1 Table 5.0 1, Tier 2 Table 2.1 1, and Tier 2 Se.tion 3.8..8.3.1 identify a

mximum grundwater level ef 3.3 ft below grade. EmnergencY Power Generating Building !/2
-;;Ad- Es5enlt.ial Servi.e WateF System Cooling T.wer 1 have groundwate levels that eled the
U.S. EPR FSAR value.

Pursuant to 10 CFR 52.7 and 10 CFR 52.93, Calvert Cliffs 3 NWElcar Project and U.iStar Nuclear
Operating Ser L -r~ st an exemption fromn comnpiancc with the U.S. EPR FSAR T-ier 1 and 2
requirmn soitdwt the maximum ground water level.

The poSt conStruction groundwater level for Emnergency Power Gcnerating Building 1/ý2 is
caluated to be 3.0 ft (0.9 m) below finished grade, r 0.3 ft (0.09 mn) above the U.S. EPR FS.
site parameter value of 3.3 ft (1.0 mn) below grade, and the post consrucWtion groundwater ee
fer ene corner of Essential Service Water System Cooling Tower 1 is calculated to be slightly
above the U.S. EPIR site parameter value of 3.3 ft (1.0 mn) below grade (but averages 1.0 ft (1.2r- m)
below grade at Essential Service Water Cooling Tower 1)

For Emergenc~y Power Generating Building 1/2, separate foundation design calculations wer
performned for both the U.S. EPR FSAR and CCGNPP Unit 3 specific groundwater lees Las
diScussed in CCNSPP Unit 3 FSAR Section 3.8.5.5.2. The results show a variationfin Em~ergency
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Part 7: DCD Departures Exemption Requests

Power Generating Building 1/2 soil bcarin presur; and basemat design moements of less
than 5%. Factors of safety against sliding and overturningrmi within allowable values fer
both groundwater levels.

For slight groundwater level departurc aSSociatcd with the one corner of Essential Service
Water System C.. lir.g T.wer 1, as diS.u.sed in CCNPP Unit 3 FSAR Sectien 3.8.5.5.3, the eff•cts

ef this local anomaly on stability (i.e., factors of safety against sliding and oereturnling) andoi
bearing preSSUrcs of Essential SerVice Water System Cooling Tower 1 we re deteFmined to -be

The Ehange aS~eJated with the mnaH*imUm groundwater level for the Emergency Power
Generating Building 1/2 and Essential Service Water System Cooling Tower 1 has bebn
evaluwated and deteFrmined to net adversely affect the safe t, function of these structures.
Thercfore, this change will not resul in a significant decrease in the kvyel of safety otherwise
provided by the design described in the U.S. EPR FSAR.

The exemption is not incons~istent with the Atomic Energy Act Or an" other statute. As such4,th
req u eted exmptien is aulthorized by lakw.

This change does noet result in a departure fromn the design and does not require a change inV
the design deSEribed in the U.S. EPR FSAR. In addition, thb change has been evalu ated and

determiedt not adversely afflect the safety function of the associatedl structures. ThereforeL,
the requested exemption wIl not present an undue risk to the public- he-alth an;d- safety.

The change does noet relate to security and does not othe is pe tain to the commonn defens
and security. Therefore, the rcquested exemption will not endanger the commonfl ddeflens-eand
seEU~ty

The special circums5tance necessfitating the reque~t foý ~exeptien is that the CCNPRP Unit 3
Emergency Power Generating Building 1!2 and Essential Service Water System: Cooling Tower 1
have groundwater levels that excEeed the U.S. EPR FSAR value. However-, the CCNPP Unit 3
ground water levels have been evaluated and determnined to not advers ely aff-ect the safety
function of the Emergency Power Generating Building 1/2 or Essential Service Water SystemR
Cooling Tower 1.o As such, application of the regulation for this particular circumAstance would
not serve the underlying purpose of the rule and is not required to achieve the underlying
purpose of the rule.

T-his requested exemption does not require a change in the design described in the U.S. EPR
FSAR. Therefore, this exemption will not result in any loss of standardlization.

For these Fea~en , Calvert Cliff-53 NUclear Project and UniStar Nuclear Operating Services
reqluest approval of the requested exeffptie n fromn compliance with the U.S. EPR FSAR T-ier 1
and 2 requirements assocfiated with the maimm rund water evl

Maximum Differential Settlement (across the basemat)

Applicable Regulation: 10 CFR Part 52
The U.S. EPR FSAR Tier 1 Table 5.0-1, Tier 2 Table 2.1 -1, and Tier 2 Section 2.5.4.10.2 identify a
maximum differential settlement of 1/2 inch in 50 feet (i.e., 1/1200) in any direction across the
basemat. The estimated settlement values for the Nuclear Island common basemat, Emergency
Generating Building foundations, and Essential Service Water System Cooling Tower
foundations exceed the U.S. EPR FSAR value.

1.2.1
Note:
Renumber this
and subsequent
sections as
appropriate
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Bechtel Power Corporation Report,
Groundwater Model for the Calvert Cliffs Nuclear Power Plant Unit 3 Site




