
2.4 Hydrology  
 
The ESP site is located on the east bank of the Mississippi River near river mile 406, 
approximately 25 miles south of Vicksburg, Mississippi, and 6 miles northwest of Port 
Gibson, Mississippi.  The ESP site is bounded on the east by loessial bluffs and on the 
west by the Mississippi River.  The floodplain of the Mississippi River near the ESP site 
ranges in elevation from 55 feet to 75 feet above MSL.  The existing GGNS Unit 1 site 
has a grade elevation of 132.5 feet above MSL.  
 
The Mississippi River would supply makeup and normal service water for the ESP facility 
or facilities.  A series of existing radial collector wells that draw water from the alluvial 
aquifer supply plant makeup and service water to the existing GGNS Unit 1.  Based on 
the estimation by the applicant of the total plant and service water requirement for the 
ESP facility or facilities and the characteristics of the alluvial aquifer, the capacity of 
existing radial collector wells would not be sufficient to meet combined demands of the 
ESP facility or facilities and the existing GGNS Unit 1.  A new intake structure will be 
located on the east bank of the river and north of the barge slip used during construction 
of the existing GGNS Unit 1.  The effluent from both the ESP facility or facilities and 
GGNS Unit 1 would be discharged into the Mississippi River.  The UHS for the ESP 
facility or facilities will use a closed cooling system, possibly mechanical draft cooling 
towers.  The ESP facility UHS will not rely on water intake from the Mississippi River.  

2.4.1 Hydrologic Description  

2.4.1.1 Technical Information in the Application  

In Section 2.4.1.1 of the SSAR, SERI stated that the ESP site is located on the east 
bank of the Mississippi River near river mile 406, approximately 25 miles south of 
Vicksburg, Mississippi, and 6 miles northwest of Port Gibson, Mississippi.  The ESP site 
is bounded on the east by loessial bluffs and on the west by the Mississippi River.  The 
floodplain of the Mississippi River near the ESP site ranges in elevation from 55 feet to 
75 feet above MSL.  The GGNS Unit 1 nuclear unit site has a grade elevation of 132.5 
feet above MSL.  

The applicant stated that the powerblock of the ESP facility or facilities would be 
located approximately at UTM coordinates N3,542,873 meters and E684,021 meters.  
The plant grade for the ESP facility or facilities would be established in consideration of 
the requirements to provide flood protection for associated safety-related SSCs.  

The applicant also stated that effluent from the ESP facility or facilities will be combined 
with effluent from the existing GGNS Unit 1, and then the combined effluent will be 
discharged into the Mississippi River.  The outfall will be located downstream of the 
intake so as to preclude recirculation of the effluent to the embayment area and intake 
pipes.  

Two small streams flow around the GGNS plant site into Hamilton Lake, located in the 
floodplain of the Mississippi River.  Stream B is located south of the GGNS plant site 
and was rerouted during construction of the existing unit.  A 15-foot culvert was placed 
at its outlet to safely carry local floods.   
 



 
The drainage area of Stream B is approximately 0.6 square miles (mi

2
).  Stream A is 

located to the north of the GGNS plant site and was not rerouted.  
 
 A 12-foot culvert placed under the access road connects its drainage to the floodplain.  
The drainage area of Stream A is approximately 2.8 mi. Several lakes lie in the 
floodplain of the Mississippi River, but they do not influence the GGNS plant site. 
According to SERI, the natural floodplain of the Mississippi River is about 60 miles wide 
near the GGNS plant site. The flow of the river is restricted to a width of about 2 to 4 
miles by high bluffs on the east bank and manmade levees with crest elevation 
between 101 and 103 feet above MSL.  During the dry season, the approximate river 
width is 0.5 to 1 mile and increases to about 4 miles during floods.  
The applicant stated that the U.S. Army Corps of Engineers (USACE) has finished 
revetments on the east bank of the river near the GGNS site to maintain the river 
channel.  The design project flood (DPF) elevation at the GGNS site is 102.1 feet 
above MSL, as given in USACE, “1994 Flood Control and Navigation Maps—
Mississippi River,” issued 1994.  
 
In RAI 2.4.1-1, the NRC staff asked SERI to provide survey coordinates, including 
elevations, for the bounding areas of all ESP facility safety-related structures.  The staff 
also requested that the applicant provide the coordinates of existing aquifers in the 
bounding areas, particularly perched aquifers.  In response to RAI 2.4.1-1, the 
applicant stated that the UTM grid coordinates for the center of the location of the 
powerblock area for a new nuclear unit are approximately N3,542,873 meters and 
E684,021 meters in UTM Zone 15.  These UTM coordinates correspond approximately 
to 32� N latitude and 91�3' W longitude.  SERI also stated that all safety-related 
structures will be contained within the proposed powerblock area (PPBA) indicated on 
SSAR Figure 2.1-1, included below as Figure 2.4-1.  
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Figure 2.4-1  SSAR Figure 2.1-1 showing location and extent of PPBA
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According to the applicant, SSAR Figure 2.4-37 provides a cross-section of the ESP site
subsurface, including the portion that is designated as the PPBA.  This figure indicates the
regional ground water table for the area and the perched water table for the existing GGNS
Unit 1 plant area.  Section 2.4 of the GGNS Unit 1 UFSAR discusses previous site
investigations, including extensive subsurface data obtained from borings.  SSAR Section 2.4
summarizes these pieces of data.  In addition, four borings were drilled as part of the ESP site
geotechnical investigation.  SSAR Section 2.5.4 describes the results of this investigation. 
SERI stated that the conditions encountered during the ESP geotechnical investigation were
consistent with those found during the initial site investigations documented in the GGNS
UFSAR.  The applicant did not obtain direct ground water measurements during the ESP
geotechnical investigation.  Instead, it used borehole seismic compression and shear wave
velocity surveys to estimate the location of the ground water table.  According to the applicant,
the estimated location of the ground water table ranged from 70 to 100 feet below the ground
surface, which itself is located between 55 and 63 feet above MSL.

The cross-sections in SSAR Figures 2.5-75 through 2.5-77 show the ground water levels and
gradients.  The applicant stated that, as mentioned in SSAR Section 2.5.4.2, it is possible for a
shallow perched water table to form in parts of the loess during periods of high rainfall,
especially over fine-grained zones.  However, the applicant stated that these perched zones are
likely to dissipate rapidly after the heavy rainfall stops.  Additional assessment to define the
location and extent of perched aquifers would be conducted at the COL stage.

In RAI 2.4.1-2, the staff asked SERI to describe the potential use of dewatering systems in the
design of a future reactor(s).  In response to this RAI, the applicant stated that, during
excavation of the existing GGNS Unit 1 powerblock, the use of tie-back walls effectively
restricted dewatering to a localized area.  The applicant anticipated that dewatering will be
required for construction of a new nuclear unit on the ESP site and stated that dewatering wells
will be installed to support plant construction and operation, if required.  Specific well locations
and well design details will be provided at the COL stage when the plant design and layout are
finalized.

In RAI 2.4.1-3, the staff asked the applicant to explain how flooding from localized intense
precipitation will be handled without interfering with safety-related structures of the new
reactor(s).  In response to this RAI, the applicant stated that the GGNS Unit 1 site has a plant
grade elevation of 132.5 feet above MSL.  The proposed site for a new nuclear unit is adjacent
to the existing GGNS Unit 1.  The design flood considerations for the site areas were based on
local drainage areas shown in SSAR Figure 2.4-10.  Because a specific plant design for a new
nuclear unit has not yet been selected, SERI has not determined the final plant grade.

SERI reiterated that the estimated maximum floodwater elevations resulting from local intense
precipitation do not exceed 133.25 feet above MSL.  This is the maximum floodwater elevation
from the probable maximum precipitation (PMP) at the existing GGNS Unit 1 site.  The
applicant considers this maximum floodwater level to be valid for the new nuclear facility on the
proposed ESP site.  According to the applicant, all safety-related SSCs for the new nuclear
facility will be placed above the maximum flood elevation, or flood protection such as drainage
provisions, grading, culverts, dams, and water-tight doors will be provided.



2-69

In RAI 2.4.1-4, the staff asked SERI to explain its estimation of the service and makeup water
requirement of 85,000 gpm.  In response to this RAI, the applicant stated that the normal
makeup flow rate to the proposed ESP facility is approximately 50,320 gpm, and the maximum
expected makeup flow rate is 85,000 gpm.  SSAR Table 1.3-1 shows specific system uses of
this makeup water and the estimated maximum and normal or expected amounts required. 
According to the applicant, the SSAR provides this value of 85,000 gpm for the proposed
facility’s maximum makeup water requirement primarily to demonstrate site suitability and to
offer a comparison with the historical low river flow to show that adequate water will be
available.  As previously noted in SSAR Section 2.4.11.2, this maximum makeup water quantity
is approximately 0.2 percent of the minimum historical river discharge and thus has an
insignificant impact on the river’s capability as a cooling water source for the ESP facility.  SERI
also stated that it did not use this parameter, maximum makeup water demand, in the SSAR for
the analysis of safety-related features.

The applicant noted that, as discussed with NRC staff during a site visit on June 30, 2004, it did
not intend for this makeup water requirement of 85,000 gpm to be a limiting parameter included
as a basis for the ESP.  The applicant stated that it would revise the SSAR text and Table 1.3-1
to ensure that they clearly identify the parameters and their corresponding values that were
actually used in the analysis of safety-related features and treat them as bases for the SSAR.

SERI stated that it also used the river water makeup flow rate in the evaluation of environmental
impacts to the site.  It based the value of 85,000 gpm, developed by the PPE process, on a
review of a range of plant technologies to establish the bounding makeup water requirement, as
described in ESP ER Section 3.4.2.1.  The applicant also referred to ESP ER Figure 2.3-29,
which provides details regarding estimated plant water needs.  The applicant revised the SSAR
text and Table 1.3-1 to ensure that they clearly identify the parameters and their corresponding
values that were actually used in the analysis of safety-related features and treat them as bases
for the SSAR.  The revised (Revision 2, SSAR Table 1.3-1) maximum makeup water
requirement is 78,000 gpm.

2.4.1.2  Regulatory Evaluation

Section 1.4 of the SSAR discusses the applicant’s conformance to NRC regulatory guidance. 
The staff finds that SERI correctly identified the applicable regulatory guidance.  Section 2.4.1
of RS-002 provides the review guidance used by the staff to evaluate this SSAR section.

The SSAR should address 10 CFR Part 52 and 10 CFR Part 100 as they relate to identifying
and evaluating hydrologic features of the site.  The regulations at 10 CFR 52.17(a) and 10 CFR
100.20(c) require that the review take into account the physical characteristics of a site
(including seismology, meteorology, geology, and hydrology) to determine its acceptability to
host a nuclear unit(s).  In addition, 10 CFR 100.20(c) addresses the hydrologic characteristics
of a proposed site that may affect the consequences of an escape of radioactive material from
the facility.  Applicants should determine factors important to hydrologic radionuclide transport,
described in 10 CFR 100.20(c)(3), by using onsite measurements.  The staff evaluated SSAR
Section 2.4.1 in light of these requirements.

To satisfy the hydrologic requirements of 10 CFR Part 52 and 10 CFR Part 100, the applicant’s
SSAR should describe the surface and subsurface hydrologic characteristics of the site and
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region.  This description should be sufficient to assess the acceptability of the site and the
potential for those characteristics to influence the design of the SSCs of a nuclear unit(s) (or a
facility falling within a PPE) that might be constructed on the proposed site. 

Meeting this guidance provides reasonable assurance that the hydrologic characteristics of the
site and potential hydrologic phenomena will pose no undue risk to the type of facility (or facility
falling within a PPE) proposed for the site.  Further, it provides reasonable assurance that such
a facility will pose no undue risk of radioactive contamination to surface or subsurface water
from either normal operations or as the result of a reactor accident.

To meet the requirements of the hydrologic aspects of 10 CFR Part 52 and 10 CFR Part 100,
SSAR Section 2.4.1 should form the basis for the hydrologic engineering analysis with respect
to subsequent sections of the application for an ESP.  Therefore, completeness and clarity are
of paramount importance.  Maps should be legible and adequate in their coverage to
substantiate applicable data.  Site topographic maps should be of good quality and of sufficient
scale to allow independent analysis of preconstruction drainage patterns.  Data on surface
water users, location with respect to the site, type of use, and quantity of surface water used
are necessary.  Inventories of surface water users should be consistent with regional hydrologic
inventories reported by applicable Federal and State agencies.  The description of the
hydrologic characteristics of streams, lakes, and shore regions should correspond to those of
the U.S. Geological Survey (USGS), NOAA, Soil Conservation Service (SCS), USACE, or
appropriate State and river basin agencies.  Applicants should describe all existing or proposed
reservoirs and dams (both upstream and downstream) that could influence conditions at the
site.  Descriptions may be obtained from reports of USGS, U.S. Bureau of Reclamation
(USBR), USACE, and others.  Generally, reservoir descriptions of a quality similar to those
contained in pertinent datasheets of a standard USACE hydrology design memorandum are
adequate.  Tabulations of drainage areas, types of structures, appurtenances, ownership,
seismic and spillway design criteria, elevation-storage relationships, and short- and long-term
storage allocations should be provided. 

2.4.1.3  Technical Evaluation

The staff conducted a site visit in accordance with the guidance provided in Section 2.4.1 of
RS-002.  The staff used information from the site visit, digital maps, and streamflow data from
USGS to independently verify the hydrologic description provided in SSAR Section 2.4.1.  SERI
provided data, including maps, charts, and information from Federal, State, and regulatory
bodies, describing hydrologic characteristics and water use in the vicinity of ESP site.

The staff independently verified the applicant’s description of the ESP site location using maps
of the GGNS ESP site and its vicinity (Figures 2.4-2 and 2.4-3).  The staff created these maps
using publicly available data sources (e.g., State boundaries, city locations, and digital raster
graphs (DRGs) of topographic maps).  The GGNS site is located on the east bank of the
Mississippi River.  Cities located near GGNS include Port Gibson, about 5 miles to the
southeast; Vicksburg, about 26.3 miles to the north-northeast; and Natchez, about 37.2 miles to
the southwest.  The staff estimated that the GGNS site is located at approximately river
mile 407, based on river mile markings on the Mississippi River near the GGNS site.
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Figure 2.4-2  Location map of the GGNS site.  The site is located on the east bank of the
Mississippi River in Mississippi about 8 kilometers northwest of Port Gibson,

Mississippi.  Vicksburg, Mississippi, is about 41 kilometers north-northeast, and
Natchez, Mississippi, is about 60 kilometers southwest of the GGNS site.
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Figure 2.4-3  The GGNS site and Mississippi River miles.  This map also shows Gin and
Hamilton Lakes, located on the floodplain of the Mississippi River.

Sections 2.4.2 and 2.4.3 of the DSER described staff’s independent estimate of the flood
elevation caused by local intense precipitation on the ESP site.  The NRC will require the COL
applicant to design the ESP plant grade such that flooding caused by local intense precipitation
will be discharged to Streams A and B without reliance on any active drainage systems that
may become blocked during the local intense precipitation event.  The staff intended to specify
this requirement as DSER Permit Condition 2.4-1.  However, DSER Permit Condition 2.4-4 in
Section 2.4.2.3 of the SER also stated a similar requirement.  Therefore, Section 2.4.2.3 of this
SER describes the resolution of DSER Permit Conditions 2.4-1 and 2.4-4, and these DSER
permit conditions are replaced by COL Action Item 2.4-5.

GGNS Unit 1 and the ESP facility or facilities will discharge their combined effluents into the
Mississippi River downstream of the new ESP intake.  The NRC will require the COL applicant
to demonstrate that sufficient separation between the new ESP intake and the combined
effluent outfall is provided so that the effluent recirculating back to the new ESP intake will not
adversely affect the intake.  The staff intended to specify this requirement as DSER Permit
Condition 2.4-2.  However, based on applicant’s response to open items, the staff determined
that detailed design of the ESP facility intake and outfall has not been completed at the ESP
stage and will only be undertaken at the COL stage after a reactor design for the ESP facility is
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chosen.  The staff also determined that the NRC will review the detailed design of ESP facility
intake and outfall at the COL stage according to existing regulations and regulatory guidance. 
Therefore, the staff determined that specification of DSER Permit Condition 2.4-2 is not
required.  Instead, the COL or CP applicant should demonstrate that sufficient separation
between the new ESP intake and the combined effluent outfall is provided so that the effluent
recirculating back to the new ESP intake will not adversely affect the intake.  This is
COL Action Item 2.4-1.

The staff independently verified the applicant’s description of the two small, steep streams that
flow around the GGNS site.  The staff manually delineated the watersheds for these two
streams using USGS topographic maps (Figure 2.4-4).  Stream A, located to the north of the
GGNS site, drains Basin A.  The staff estimated that the contributing area of Basin A at its
outlet into Hamilton Lake is approximately 2.94 mi2.  Stream B, located to the south of the
GGNS site, drains Basin B.  The staff estimated that the contributing area of Basin B at its
outlet into Hamilton Lake is approximately 0.68 mi2.

Figure 2.4-4  Small drainage basins (Basins A and B) that are drained by small, steep
streams to the north and south of the GGNS site
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In RAI 2.4.1-1, the staff asked SERI to provide survey coordinates, including elevations, for the
bounding areas of all ESP safety-related structures.  The staff also requested that the applicant
provide the coordinates of existing aquifers in the bounding areas, particularly perched aquifers. 
In response to RAI 2.4.1-1, the applicant stated that the UTM grid coordinates for the center of
the location of the powerblock area for a new facility are approximately N3,542,873 meters and
E684,021 meters in UTM Zone 15.  According to the applicant, these UTM coordinates
correspond to approximately 32E N latitude and 91E3' W longitude.  SERI also stated that all
safety-related structures will be contained within the PPBA indicated on SSAR Figure 2.1-1.

The staff’s review of SSAR Figures 2.1-1 and 2.1-2 revealed that, although the coordinates
inscribed on these figures for the center of the proposed powerblock are the same as those
mentioned in applicant’s response to RAI 2.4.1-1, the coordinates do not agree accurately with
the position of the center of the proposed powerblock as drawn on these figures.  The staff
independently created a map to more accurately locate the center of the proposed powerblock. 
Figure 2.4-5 shows this map.

The staff downloaded USGS DRGs and orthorectified and georeferenced aerial photographs
from the Mississippi Automated Resource Information System.  The staff used ArcMap™
Version 8.3 to create a map of the GGNS site, including the ESP site and its immediate vicinity. 
The staff used the topographic contours on the USGS DRGs to manually delineate the basins
draining through local Streams A and B.  The staff also used topographic contours to determine
the approximate location of the bluff line that separates the GGNS site from the Mississippi
River floodplain to the west.  It used USGS bluelines that indicate stream channels on DRGs to
locate Streams A and B, as shown on the map.  Since the USGS DRGs predate GGNS
construction, Stream B was located in its original configuration on the topographic maps.  The
staff determined the post-GGNS construction location of Stream B using the aerial photos. 
Aerial photos were also used to determine the location of Sedimentation Basins A and B and
locations of proposed intake and discharge for the ESP facility.

The map shown in Figure 2.4-5 uses the UTM Zone 15N North American Datum (NAD) 1983
geographic projection.  As shown on SSAR Figures 2.1-1 and 2.1-2, the applicant’s PPBA is
located north of the heavy haul road, east of the bluffs, and southeast of the ESC building.  The
staff created the polygon labeled “Proposed Powerblock Area” on Figure 2.4-5 closely following
the location of applicant’s PPBA shown on SSAR Figures 2.1-1 and 2.1-2.  The staff overlaid
the largest circle that could fit inside the PPBA as shown in Figure 2.4-5.  The staff assumed
that the center of this circle represents the location of the center of the proposed powerblock. 
The UTM coordinates determined by the staff for the center of the proposed powerblock are
N3,543,266.06 meters and E684,017.28 meters, with reference to the UTM Zone 15N
NAD 1983 geographic projection.

The staff also overlaid the applicant-stated coordinates of the center of the proposed
powerblock on the map and found that these coordinates place the proposed powerblock
approximately 302 feet southwest of the staff-estimated coordinates mentioned above and
closer to Stream B.  Because of this discrepancy between the coordinates provided by the
applicant and the plotted location of the powerblock on Figures 2.1-1 and 2.1-2, the staff cannot
determine the actual location of the powerblock on the ESP site.  Therefore, the staff required
additional information on the true coordinates of the center of the powerblock.  This was
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Open Item 2.4-1.  The staff intended to specify the coordinates of the center of the proposed
powerblock as a permit condition subsequent to the satisfactory resolution of Open Item 2.4-1.

Figure 2.4-5  Grand Gulf ESP site vicinity map

In response to Open Item 2.4-1 (Response to Request for Additional Information to Resolve the
Grand Gulf Early Site Permit draft Safety Evaluation Report Open Items, System Energy
Resources, Inc., June 21, 2005), the applicant stated that the UTM coordinates indicated in the
SSAR, ER, and Environmental Policy Institute documents were inaccurate because of an error
in a spreadsheet which was used to calculate UTM coordinates corresponding to Mississippi
West grid coordinates.  The applicant converted the coordinates of the center of the ESP
powerblock, N550,099 feet and E277,346 feet in the Mississippi West grid coordinate system,
to N3,543,261 meters and E684,018 meters in the UTM Zone 18 NAD 83 projection system
using USACE software Corpscon Version 6.0.  The applicant revised Figures 2.1-1, 2.1-2, 2.2-
4, 2.4-1, 2.4-10, and 2.4-33 of the SSAR.  The applicant also revised SSAR Sections 1.2,
2.1.1.1, and 2.4.1.1; Part 1, “Administrative Information,” in Section 1.1; Part 4, “Emergency
Planning Information,” and Figures 2-1 and 2-3; and Section 2.1.1, ER Figures 2.1-1, 2.2-1, 2.3-
1, 2.3-7, 2.3-12, and 2.3-20; and ER Sections 1.1, 2.1, 2.3, and 4.5.1 to include corrected UTM
coordinates.

The staff reviewed the applicant’s response to Open Item 2.4-1 and concluded that the
corrected UTM coordinates of the center of the proposed ESP powerblock are approximately
16.8 feet away from the coordinates estimated by the staff in its independent review.  Since this
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separation is small compared to the overall dimensions of the ESP footprint, the staff concluded
that the applicant’s corrected UTM coordinates for the proposed ESP powerblock are
acceptable.  Based on the above review, the staff considers Open Item 2.4-1 resolved.

The applicant did not provide information on the elevation (depth) of the zone that the
construction of the new facility could disturb.  Excavation and fill activities will alter the local
subsurface environment and its alignment with the existing hydrogeological environment. 
Therefore, the staff needed information on the elevation (depth) of the zone that the
construction of the new nuclear facility could disturb.  This was Open Item 2.4-2.

In response to Open Item 2.4-2, the applicant stated that SSAR Section 2.5 discusses various
depths of foundation and excavation in relation to required foundation bearing capacity,
minimum shear wave velocity at foundation mat, and depth of the same stratigraphic layer that
forms the foundation of the existing GGNS unit.  The applicant stated that these three criteria
resulted in different embedment depths for the proposed ESP facility.  The applicant noted that
the foundation depth requirement based on the first two criteria may also depend on plant
design and may also vary within the ESP footprint because of irregularities in elevations of
contact between different geologic strata that underlie the ESP site.  For these reasons, the
applicant could not identify a single maximum excavation depth, and the statements made in
the SSAR were an attempt to bracket the likely foundation depths based on each criterion.

The applicant stated that specific foundation design, site grading, and ground improvements
can be used in some cases to decrease the required foundation depths based on the first two
of the three criteria mentioned above, but not for the last.  The applicant, as an example, stated
that deep soil densification or grouting could be used to strengthen the soil to reduce the
embedment depth required for adequate bearing capacity and may also be effective to
marginally increase the shear wave velocity.  However, the last criterion, the requirement to
found the ESP facility structures in strata equivalent to those for the existing GGNS unit,
requires a specific foundation depth that cannot be adjusted by engineering approaches.

The applicant stated that the parameters which define the range of required foundation depths
are 35 to 140 feet, as reported in SSAR Section 2.5.4.6, and were developed based on a PPE
worksheet.  However, the PPE table (Table 1.3-1 of the SSAR) did not include the depth of the
foundation.

The applicant stated that it is likely that additional excavation below the required foundation
depth specified for a particular plant design will be required.  The applicant also stated that soils
underlying the selected plant foundation that have shear wave velocities below the design
requirement will either require replacement or in situ improvements to meet seismic design
criteria.

The applicant stated that the overall ground water regional gradient for the GGNS site including
the ESP site points westward to the Mississippi River controlled by the prevailing river stage. 
The applicant stated that excavation and other construction activities related to installation of
the ESP facility will alter the subsurface environment and its alignment with the existing
hydrogeological environment.  The applicant argued that these alterations during construction
of the ESP facility are expected to be localized and temporary.  The presence of the ESP facility
itself will alter the subsurface environment and its alignment with the existing hydrogeological
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environment, but the applicant argued that these effects are also expected to be localized.  The
presence of the ESP facility is not expected to substantially alter the overall and controlling
regional ground water table gradient or its direction.  The applicant stated that any postulated
liquid effluent release would be expected to eventually enter the regional ground water table
beneath the GGNS site property and then move laterally towards the Mississippi River.  This
expectation is based on an understanding of the characteristics of the GGNS site, including site
and ground water table elevations, measured gradients toward the river, and evidence of the
influence of the river stage on monitored ground water levels, as summarized in SSAR
Section 2.4.12.2.3.

The applicant stated that as part of standard construction measures, ground water levels will be
monitored during various phases of the ESP site development and facility construction.  A
detailed ground water monitoring program will be developed at the COL stage.

The staff reviewed the applicant’s response to Open Item 2.4-2 and concluded that because of
construction activities at the ESP site, the subsurface environment will be disturbed to a depth
ranging from 35 to 140 feet plus some additional excavation required to place the foundation
based on three criteria—bearing capacity, minimum shear wave velocity at the foundation mat,
and depth of the same stratigraphic layer that forms the foundation of the existing GGNS unit. 
Based on the applicant’s response, the staff determined that the actual excavation depth will
also depend on the foundation requirements of the chosen plant design for the ESP facility,
which has not been finalized at the ESP stage.  The staff had intended to use the information
on the extent of ground disruption as it might affect liquid pathway and overall site drainage.  At
the ESP stage, the detailed design information is not available; therefore, the staff included
COL Action Item 2.4-2 on ESP site dewatering related to the Open Item 2.4-3 below, and
Permit Condition 2.4-1 related to preclusion of accidental release from waste treatment storage
facilities in Section 2.4.13.3.  Based on the above review, staff concluded that the applicant has
provided sufficient information and Open Item 2.4-2 is resolved.

In response to RAI 2.4.1-2, the applicant stated that it anticipates that dewatering will be
required during construction of the ESP facility, and dewatering wells may be installed to
support plant operation, if required.  The applicant also stated that specific locations and design
details of these wells will be provided at the COL stage.  The staff determined that dewatering
wells, if required to support plant operation, are safety-related ESP structures.  Based on the
applicant’s response, the staff concluded that it needed more details at the ESP stage
regarding dewatering wells to determine whether ground surface subsidence could affect
safety-related structures and piping.  In particular, the staff needed information related to the
location of dewatering wells in relation to safety-related structures and associated monitoring of
the ground water table.  This was Open Item 2.4-3.

In response to Open Item 2.4-3, the applicant stated that the existing site ground water levels
and gradients are only expected to undergo slight modifications because of installation of the
ESP facility.  The applicant stated that this expectation is based upon ground water monitoring
conducted for the installation of GGNS Unit 1, which showed only localized, short-term effects
to ground water levels from dewatering during construction.  The applicant concluded that the
effect of dewatering at the ESP site will be similar and will not result in any ground water flow
reversal.  Dewatering is a likely necessity during construction of the ESP facility and is a
possibility for ESP facility operation.  The applicant also stated that any such alteration to
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ground water levels would be included in design considerations for safety-related structures for
the ESP facility.

The applicant stated that the potential for subsidence resulting from alterations to ground water
levels will be one such design consideration.  Several factors that may affect the potential for
subsidence, including stability of soils and other subsurface material, will be evaluated.  The
applicant stated that this analysis will be used to define where over-excavation may be required
to reach proper soil characteristics for foundation embedment, or where other stability control
measures such as the use of engineered backfill may be required.  The applicant stated that
any backfill around safety-related structures would have strict gradation requirements that will
ensure lateral confinement and appropriate soil-structure interaction along sidewalls of buried
structures to prevent any possible liquefaction or dynamic strength loss under seismic loadings. 
The applicant stated that backfill criteria would be developed to minimize potential settlement of
shallow structures that may be placed over filled areas adjacent to the ESP facility powerblock.

The applicant stated that geotechnical analyses would determine temporary excavation
stabilization requirements.  For example, tie-back walls could be used to provide support to
temporary foundation excavation walls and also to assist in control of ground water inflow into
the excavation pit during construction.  The applicant noted that during construction of GGNS
Unit 1, no unstable conditions or materials were discovered and standard shoring techniques
were successfully used to stabilize deep foundations in loess and alluvial soils below the ground
water table.

The applicant stated that the specific location of dewatering wells in relation to safety-related
structures of the ESP facility is a design feature and will be addressed at the COL stage.  After
the selection of location and plant design of the ESP facility, a program to monitor ground water
levels will be developed, which would start preconstruction monitoring with additional
exploratory borings throughout the planned excavation area and ESP facility footprint.  This
monitoring plan is expected to provide detailed information on ground water levels, including the
location of perched water, and to assist in assessment of dewatering requirements,
determination of location and design of dewatering wells, and in measuring dewatering effects.

The applicant stated that inspection and monitoring procedures will be developed for the
construction phase of the ESP facility.  Observation wells would be installed and monitored
periodically throughout the construction of the ESP facility to measure ground water levels and
to verify that ground water drawdown and radius of influence evolve as predicted.  The design
of dewatering wells will be modified if necessary.

Information obtained during the preconstruction and construction ground water monitoring will
be used to determine the location of permanent dewatering wells, if required by the selected
plant design and ground water conditions at the ESP site.  The applicant stated that localized
reversal of the ground water gradient may occur, but engineering and design controls will be
used to minimize the need for dewatering and subsequent impact on the gradient and the area
of influence.

The applicant stated that the pumping rate of 3570 gpm given in the SSAR is the maximum
expected consumption of water during operation of the ESP facility, which is a short-term or
temporary flow rate with an expected average usage of approximately one-third of the stated
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maximum.  Since the maximum withdrawal rate is short-term, it is not relevant for the
consideration of ground subsidence because any impact on the subsurface ground water table
would also be temporary.  The applicant also stated that this water supply (3570 gpm) will likely
come from a variety of sources, including, but not necessarily limited to, ground water and/or
surface water.

Any newly required water supply wells would be designed and located at a suitable distance
from the ESP facility to prevent significant drawdown of the water table and impacts to the
ground water gradient.  The operational ground water monitoring program would be used to
ensure that effects from any new water supply wells are within expected ranges.

The staff reviewed the applicant’s response to Open Item 2.4-3 and concluded that dewatering
will be necessary during construction of the ESP facility.  The staff also determined that local
impacts to ground water levels and the ground water gradient may occur because of the
dewatering activities.  Since a specific plant design for the ESP facility has not been chosen at
the ESP stage, the design and location of dewatering wells, which partially depend on the
foundation type of the selected plant design, are also not known.  The COL applicant will design
the dewatering wells and establish their locations, and the NRC will review them at the COL
stage according to appropriate regulations and regulatory guidance.  However, if dewatering is
necessary for the operation of the ESP facility, it will be considered a safety-related facility and
must be designed, operated, and maintained as such.  This is COL Action Item 2.4-2.  Based
on the above review, the staff considers Open Item 2.4-3 resolved.

In response to RAI 2.4.1-3, SERI stated that it has not yet determined the final plant grade
since it has not finalized a specific plant design for the ESP facility.  The estimated maximum
floodwater elevation caused by local intense precipitation does not exceed 133.25 feet above
MSL.  However, the staff’s independent assessment of flooding caused by local intense
precipitation could not verify the same floodwater elevation.  Therefore, the staff determined
that the applicant must provide more details regarding its floodwater level estimation, including
the data and methods used during this analysis.  This was Open Item 2.4-4.

In response to Open Item 2.4-4, the applicant stated that SSAR Revision 0 contained the
current GGNS Unit 1 design basis for local flooding based on a PMP determined using HMR
33, “Seasonal Variation of the Probable Maximum Precipitation East of 105th Meridian for
Areas from 10 to 100 Square Miles and Durations of 6, 12, 24, and 48 hours,” issued April
1956, and USACE EM-1110-2-1411, “Standard Project Flood Determinations,” issued 1965. 
According to the applicant, SSAR Revision 0 indicated that the GGNS Unit 1 design basis was
reviewed and that the flooding level for GGNS Unit 1 was also considered valid for the ESP site
flooding from local intense precipitation because the 6-hour-duration PMP from HMR 53 was
within 2 percent of that derived from HMR 33.

In response to the staff’s Open Item 2.4-5, SERI agreed that local intense precipitation should
be estimated using the guidelines of HMR 52, “Application of Probable Maximum Precipitation
Estimates—United States East of the 105th Meridian,” issued August 1982, which is the current
relevant guidance for this site characteristic.  The applicant provided newly estimated PMP
values for various durations in response to Open Item 2.4-5.  It noted that PMP values for
30-minute and 1-hour durations are about 40 percent greater than those based on HMR 33 and
reported previously in the SSAR.
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The applicant stated that the higher local intense precipitation will have an impact on the ESP
site flooding calculations because of increased runoff from Basins A and B.  It still considers the
method used to determine flow in Streams A and B during a PMP event valid, although the
maximum flow in these streams would increase.  The applicant described differences in relative
positions of the existing GGNS Unit 1 site and the proposed ESP facility site to provide a
qualitative evaluation of the effect of increased flow on the estimated floodwater levels at the
ESP site.

SSAR Figures 2.4-13 (Sheet 1) and 2.4-18, which show site drainage characteristics, indicate
that the proposed ESP site powerblock area is located west of the existing GGNS Unit 1 across
the site access road.  The topography from the ESP site drops off to the north to Sedimentation
Basin A, located at the downstream end of Stream A, which flows west from GGNS Unit 1
through Culvert 9, and to the south to Sedimentation Basin B, located at the downstream end of
Stream B, which flows west from GGNS Unit 1 through Culvert 1.  Although the ESP site grade
has not been established at the ESP stage, the applicant estimated that it will approximately be
132.5 feet above MSL.  ESP site grading will take full advantage of its topography to provide
adequate runoff to the north and south to Streams A and B, respectively.

Culverts 1 and 9, on Streams B and A, respectively, and the site access road act as restrictions
to flow in these streams that drain Basins B and A, respectively.  The applicant noted that
downstream of the culverts and the access road, the primary restrictions to flow in the streams
are sedimentation basin dams shown in SSAR Figure 2.4-13 (Sheet 1), with the top elevation of
these dams at approximately 89 feet above MSL.  Design-basis PMP flooding calculations for
the GGNS UFSAR showed that water levels in the two streams to the west of the access road
and downstream of the two culverts were significantly less than the water levels upstream. 
Runoff from the ESP site would drain into Streams A and B downstream of the two culverts. 
Therefore, the applicant argued, during a local PMP event, storm water runoff from the ESP site
would discharge directly into receiving channels where significantly more discharge capacity
would be available than for discharge point receiving runoff from the GGNS Unit 1 site.

Given the physical site topography and the proposed location of the ESP facility powerblock to
the west of the site access road and downstream of existing Culverts 1 and 9, it is reasonable
to expect that the flood water elevation in the two streams at locations adjacent to the ESP
facility powerblock would be substantially less than that of the proposed ESP site grade.  The
applicant noted that since local PMP rainfall intensities have been revised according to the
guidelines of HMR 52, GGNS Unit 1 flood calculations are no longer applicable to the ESP site. 
Since Streams A and B are expected to be capable of carrying PMP-event flows from the ESP
site without flooding, the potential and extent of flooding from a local PMP event on the ESP
site will depend on the facility design, the final grade, and the drainage system design.  The
applicant also stated that the final ESP site drainage systems may use several techniques,
including grading slopes and providing additional drainage channels, to efficiently move runoff
water.  Given the topographic location of the ESP site in relation to Streams A and B, an
effective drainage system can be designed at the COL stage.  The COL applicant will establish
the final ESP site characteristic for local intense precipitation flood water elevation and design
flooding protection requirements, such as placement of safety-related equipment above the
estimated PMP flood elevation, provision of water-tight doors, elevated structure access
openings and floors, and provision of penetration seals.
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The applicant revised SSAR Section 2.4.2 to indicate that the flooding analysis discussed is
specific to the GGNS Unit 1 site area and that a local intense precipitation flooding analysis for
the ESP site will be carried out at the COL stage.  The applicant removed the references to a
maximum GGNS Unit 1 PMP flood water elevation of 133.25 feet above MSL from the SSAR
and annotated tables and figures in the SSAR that refer to the PMP flooding analysis to clearly
indicate their limited applicability to the GGNS Unit 1 site.

The staff reviewed the applicant’s response to Open Item 2.4-4 and concluded that the
applicant provided a qualitative comparison of the topographic layout of the flooding mechanism
for the ESP site with that of the GGNS Unit 1 site.  The applicant stated, and the staff agrees,
that the flood water elevation estimation performed for the GGNS Unit 1 site is not appropriate
for the ESP site because the local intense precipitation at the ESP site is different and greater
than that at the GGNS Unit 1 site and because the drainage pattern at the ESP site is expected
to be much different than that at the GGNS Unit 1 site.  The staff also concluded that the site
grade for the ESP facility powerblock footprint has not been determined at the ESP stage.  For
these reasons, a comprehensive flood water elevation analysis for the ESP site cannot be
carried out at this time.  However, the COL applicant will have to design the site grading to
provide flooding protection to safety-related structures at the ESP site based on a
comprehensive flood water routing analysis for a local PMP event on the ESP site.  This is
COL Action Item 2.4-3.  Based on the above review, the staff considers Open Item 2.4-4
resolved.

In response to RAI 2.4.1-4, the applicant stated, “As discussed with the NRC Staff in the site
visit of June 30, 2004, it was not intended that this makeup value of 85,000 gpm be understood
as a limiting parameter to be included as bases for the early site permit.”  However, the staff
determined that this statement contradicts the concept of enveloped parameter (PPE).  In
response to RAI 2.4.1-4, the applicant also stated that it would revise the SSAR text and
Table 1.3-1 to ensure that they clearly identify the parameters and their corresponding values
that were actually used in the analysis of safety-related features and treat them as bases for the
SSAR.  The staff determined that the applicant has not amended PPE Section 2.4 of SSAR
Table 1.3-1 as of SSAR Revision 2.  According to the latest available revision of the SSAR, the
staff assumed that all parameters included in PPE Section 2.4 of SSAR Table 1.3-1 are
important and bounding PPE parameters.  Therefore, the NRC will limit the COL applicant to a
maximum service and makeup water withdrawal of 85,000 gpm (SSAR Revision 2,
Section 2.4.1.1, page 2.4-2).  The staff intended to specify this limit as DSER Permit
Condition 2.4-3.  However, based on the applicant’s response to open items, the staff
determined that the detailed design of the ESP facility including its makeup water requirements
will not be available until the COL stage.  At that time, the NRC will review the detailed facility
design according to existing regulations and regulatory guidance.  The staff determined,
therefore, that specification of DSER Permit Condition 2.4-3 is not necessary.  The COL
applicant should design the ESP facility with a maximum withdrawal of 85,000 gpm from the
Mississippi River to meet the makeup water requirement for the ESP facility.  This is COL
Action Item 2.4-4.

2.4.1.4  Conclusions

As set forth above, the applicant has provided sufficient information pertaining to the general
hydrologic characteristics of the site, including descriptions of rivers, streams, lakes, water-
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control structures, and users of the waters discussed.  Therefore, the staff concludes that the
applicant has met the requirements for general hydrologic descriptions with respect to
10 CFR 52.17(a) and 10 CFR 100.20(c).

2.4.2  Floods

The ESP site is adjacent to the existing GGNS Unit 1 site, located on the bluffs to the east of
the Mississippi River floodplain.  Runoff resulting from precipitation and snow melt on major
tributaries (i.e., the Ohio, Missouri, Arkansas, and Red Rivers) is primarily responsible for
flooding in the Mississippi River.

Two small, steep streams, called Stream A and Stream B, flow around the GGNS site. 
Stream A is located to the north of the GGNS site, and Stream B is located to the south.  The
greatest floods in these small streams are expected to result from local intense precipitation. 
These streams and their drainage basins are of interest because they will carry runoff from
local precipitation on the ESP site itself.  Stream B was rerouted during construction of GGNS
Unit 1.

2.4.2.1  Technical Information in the Application

SERI stated that runoff resulting from precipitation and snow melt on major tributaries (i.e., the
Ohio, Missouri, Arkansas, and Red Rivers) is primarily responsible for flooding in the Mississippi
River.  The Ohio River contributes 66 to 76 percent of mean flow in the Mississippi from
January to March, and the Missouri River contributes 47 to 52 percent of this flow from June to
September.  The applicant stated that major floods on the Ohio River occur between mid-
January and mid-April, and those on the Missouri and Upper Mississippi Rivers occur between
mid-April and the end of July.  The Arkansas and White Rivers flood from April through June. 
The applicant stated that, because the timing of floods varies within the tributaries, flooding on
the Lower Mississippi River extends from mid-December to July, and the magnitude, duration,
and number of flood peaks during a year vary greatly.

SSAR Table 2.4-4 shows the flood discharges for the Mississippi River measured at Vicksburg,
Mississippi, during the six highest historical floods.  SSAR Figure 2.4-6 provides a water
surface profile for the Mississippi River between river miles 360 and 480 corresponding to the
1937 flood.  Based on this water surface profile, SERI estimated that the highest recorded
water level near the GGNS site is 92.5 feet above MSL.  The applicant stated that the 1927
flood is the highest on record, with a peak discharge equal to 2,278,000 cubic feet per second
(cfs) at Vicksburg, Mississippi.  Updated records show that no flood since the construction of
GGNS has exceeded the discharge of the 1973 flood.  The applicant also included graphs of
maximum, minimum, and average water surface elevation at Vicksburg, Mississippi, based on
data from 1932 to 2000, and those at Natchez, Mississippi, based on data from 1940 to 2000. 
The SSAR also provided the annual instantaneous peak discharge at Vicksburg, Mississippi,
from 1858 to 1999.

According to the applicant, no historical data exist for the two streams (A and B) that flow
around the GGNS site.  Based on U.S. Weather Bureau (now NOAA) Technical Paper 16,
“Maximum 24-Hour Precipitation in the United States,” issued January 1952, the maximum
observed 24-hour rainfall in the region varies from about 7.9 to 21.4 inches.  Based on USGS
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Water Supply Paper 1870-D, “Summary of Floods in the United States during 1966,” issued
1971, and USGS Water Supply Paper 2030, “Summary of Floods in the United States during
1969,” issued 1975, the applicant estimated the maximum observed streamflow values for
drainage basins located in the region, ranging in area from 0.18 to 182 mi2.  These flood values
range from 147 to 1581 cfs per mi2.

The applicant considered several flooding events that safety-related structures must withstand,
including (1) the Mississippi River probable maximum flood (PMF) coincident with wind-
generated waves, (2) seismic failures of upstream dams coincident with the USACE DPF,
(3) ice flooding, and (4) PMF events on Streams A and B.  The applicant provided details on its
estimation of these flooding events in SSAR Section 2.4.3.  The applicant stated that the
plant-grade elevation of the ESP facility or facilities will be well above the Mississippi River DPF;
thus, the design flood for safety-related SSCs will be the PMF caused by local intense
precipitation on the ESP site.

SERI stated that all safety-related SSCs for the ESP facility or facilities would be located above
the maximum flood elevation, or that flood protection would be provided such that the
requirements of 10 CFR Part 100 and General Design Criterion (GDC) 2, “Design Bases for
Protection Against Natural Phenomena,” in Appendix A, “General Design Criteria for Nuclear
Power Plants,” to 10 CFR Part 50 will be met.

According to the applicant, the GGNS UFSAR evaluated the effects of local intense
precipitation at the GGNS site, and its review determined that this evaluation is valid for the
ESP site.  The local intense precipitation at the GGNS site was based on the PMP estimated
using NOAA HMR 33.  The all-season PMP of 48-hour duration for a 10-mi2 area was
determined using HMR 33.  However, since the original UFSAR analysis, HMR 53 has
superceded HMR 33 and shows a 2-percent increase in the hourly rate of rainfall.  The
applicant concluded that this increase is relatively small and will not significantly affect the
previous analysis.  Thus, according to the applicant, the PMF analysis for GGNS Unit 1 also
applies to the ESP facility or facilities.

The applicant stated that, because of the small drainage areas of Basins A and B, the duration
of the PMP is too long for determination of the PMF.  The applicant used the guidelines of
USACE EM-1110-2-1411 to distribute the first 6-hour PMP depth within the first 6-hour time
period (SSAR Table 2.4-7).

SERI estimated the peak discharges from Basins A and B in response to the 6-hour PMP event
using a synthetic unit hydrograph.  This approach consisted of the estimation of basin lag times
based on the length and slope of the draining channel for Basins A and B using the curves
given by Chow in University of Illinois Experimental Station, Bulletin 462, “Hydrologic
Determination of Waterway Areas for the Design of Drainage Structures in Small Drainage
Basins,” issued 1962.  Hudlow (1966) and Feddes (1970) developed a set of curves for small
basins varying in size from 0.5–75 mi2 for the estimation of dimensionless hydrographs.  From
these studies, the applicant used dimensionless hydrographs for two basins called Basin J and
Hudson Creek, which have characteristics similar to Basins A and B, to derive an average
hydrograph for use in Basins A and B.
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The applicant used estimated basin lag times for Basins A and B to develop a 0.5-hour unit
hydrograph for Basin A and a 0.25-hour unit hydrograph for Basin B.  These unit hydrographs
were used along with a runoff coefficient equal to 1.0 to compute the PMF for Streams A and B.

The applicant stated that the time of concentration for a drainage basin is defined as the time
required for precipitation falling at the most remote point of the drainage basin to reach the
outlet of the drainage basin.  The time of concentration includes overland flow time and channel
flow time.  The applicant estimated the overland flow time using a formula given by Chow in
Bulletin 462.  It estimated the channel flow time based on the average velocity of flow in the
channel and the length of channel to the outlet of the drainage basin.

SERI estimated that the times of concentration for different subareas of Basins A and B range
from about 24 to 48 minutes.  The applicant argued that, during the PMP event, the detention of
water from ponding in different subareas will result in a longer time of concentration.  Therefore,
the applicant decided to use an average time of concentration of 30 minutes for local site
basins.

The applicant stated that the PMP rainfall intensity corresponding to a time of concentration of
30 minutes is 16.4 inches per hour (in./h), based on a probable maximum half-hour precipitation
of 8.2 inches determined from HMR 33 and USACE EM-1110-2-1411.  SERI estimated the
peak discharges for Basins A and B using flood hydrographs determined from unit hydrographs
developed previously.

The applicant’s estimate of maximum floodwater elevation is 133.25 feet above MSL.

The applicant stated that snowfall at the GGNS site occurs about once a year with an average
depth of 2 inches.  The site is not subject to heavy snow accumulations.  The maximum depth
of winter PMP is smaller than that for the all-season PMP.  Therefore, the applicant concluded
that flooding resulting from winter PMP will not be a design issue for the ESP facility or facilities.

In RAI 2.4.2-1, the staff asked SERI to provide the road height above Culvert 9 on Stream A
and the survey coordinates, including elevation, of Culvert 1 on Stream B.  In response to this
RAI, the applicant stated that SSAR Figure 2.4-21 shows the road height above Culvert 9,
which is 125 feet above MSL.  SSAR Figures 2.4-18, 2.4-20 (Sheet 2), 2.4-23, and 2.4-24 and
SSAR Table 2.4-12 provide details regarding Culvert 1.  The survey coordinates for the center
of Culvert 1 are N548,692.44 meters and E277,342.18 meters.  The inlet elevation of Culvert 1
is 107.50 feet above MSL, and the outlet elevation is 103.17 feet above MSL.  The length of
Culvert 1 is 230 feet, and its diameter is 180 inches.

In RAI 2.4.2-2, the staff asked the applicant to explain its use of a DPF to PMF ratio of 0.5.  The
SSAR estimated the PMF for the Mississippi River based upon the DPF defined by USACE. 
According to a reference cited in the SSAR, the ratio of DPF to PMF ranges from 0.4 to 0.6. 
Use of the former (DPF/PMF = 0.4) will result in a more conservative estimate of the PMF,
given the DPF.  In response to RAI 2.4.2-2, the applicant stated that it included the text in
question in SSAR Section 2.4.3.4.1 from the GGNS Unit 1 UFSAR.  The applicant noted that
the UFSAR stated that the standard project flood (SPF) is generally 40 to 60 percent of the
PMF.  The DPF is approximately equivalent to the SPF but probably higher.  The applicant
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considered it conservative to use a midpoint of 50 percent for the DPF to PMF ratio.  This ratio
results in an estimated Mississippi River PMF of 6.6 million cfs.

According to SERI, SSAR Section 2.4.3.5 indicates that a flood with a peak discharge of
6.6 million cfs in the Mississippi River near the GGNS site will overtop the levee with a
maximum elevation of 103 feet above MSL, which can contain a peak discharge of about
3 million cfs, and inundate the wide alluvial floodplain west of the levee.  The applicant
conservatively estimated a discharge capacity of the floodplain west of the levee at a water
surface elevation slightly in excess of 103 feet above MSL of about 11 million cfs using
Manning’s roughness coefficient of 0.1, floodplain slope of 0.2 ft/mi, and floodplain width of
60 miles.  The applicant stated that, based on the total river and floodplain discharge capacity
of 11 million cfs, which is much larger than the estimated PMF of 6.6 million cfs, use of a DPF
to PMF ratio of 0.4 instead of 0.6 will not change the conclusions of the analysis for the ESP
site.

In RAI 2.4.2-3, the staff asked SERI to explain which parts of the new facility might need flood
protection during local intense precipitation since the plant grade level is above the PMF level. 
In response to this RAI, the applicant noted that the statement referenced by the staff in this
RAI came out of SSAR Section 2.4.2.2.  The applicant stated that this section of the SSAR
addresses flooding in broad terms and includes consideration of both Mississippi River floods
and the impact of PMP on the ESP site.

The applicant stated that, as noted in SSAR Section 2.4.3, the levee elevation of 103 feet
above MSL on the west bank of the Mississippi River controls the maximum water surface
elevation caused by a PMF in the river.  Thus, the maximum PMF water surface elevation is
about 29 feet below the proposed ESP facility grade of approximately 132.5 feet above MSL. 
Since the ESP site is located on the bluffs on the east side of the river, the maximum PMF
water surface elevation in the Mississippi River would not affect any safety-related structures of
the ESP facility or facilities.  The applicant stated that this evaluation is separate from that
conducted with regard to PMP.

SSAR Section 2.4.2.3 discusses the potential flooding of the ESP site from PMP.  According to
the applicant, the estimated maximum floodwater elevation for the ESP site in its existing
configuration does not exceed 133.25 feet above MSL.  The applicant anticipated that the
construction of the ESP facility or facilities in the proposed powerblock locations would
approximately maintain the existing plant grade elevation of 132.5 feet above MSL.  The plant
yard for the ESP facility would be graded such that runoff is directed away from existing and
ESP facility buildings.  Assuming that the final ESP site grade in relation to the location of
safety-related equipment is such that flooding of the safety-related equipment during a PMP
event is precluded, the applicant stated that flooding protection would not be needed.  However,
as noted in SSAR Sections 2.4.2.2 and 2.4.10, once the final ESP plant grade is established at
the COL stage, the need for flood protection of safety-related equipment will be reevaluated.

In RAI 2.4.2-4, the staff asked SERI to provide details to support the estimation of a maximum
flood elevation of 133.25 feet above MSL.  In response to this RAI, the applicant stated that
Section 2.4.3.5, particularly Section 2.4.3.5.3, of the GGNS Unit 1 UFSAR provided a detailed
discussion of flooding caused by the local PMP on the GGNS site.
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2.4.2.2  Regulatory Evaluation

Section 1.4 of the SSAR discusses the applicant’s conformance to NRC regulatory guidance. 
The applicant identified the applicable RGs.  Section 2.4.2 of RS-002 provides the review
guidance that the staff used to evaluate this SSAR section.

The acceptance criteria for this section address 10 CFR Part 52 and 10 CFR Part 100 as they
relate to identifying and evaluating hydrologic features of the site.  The regulations at
10 CFR 52.17(a) and 10 CFR 100.20(c) require that the review take into account the site’s
physical characteristics (including seismology, meteorology, geology, and hydrology) when
determining its acceptability to host a nuclear unit(s).

To satisfy the hydrologic requirements of 10 CFR Part 52 and 10 CFR Part 100, the SSAR
should contain a description of the surface and subsurface hydrologic characteristics of the site
and region and an analysis of the PMF.  This description should be sufficient to assess the
acceptability of the site and the potential for those characteristics to influence the design of
plant SSCs important to safety.  Meeting this guidance provides reasonable assurance that the
hydrologic characteristics of the site and potential hydrologic phenomena will pose no undue
risk to the type of facility proposed for the site.

For those cases in which a reactor design is not specified, the ESP applicant may instead
provide a PPE to characterize a facility or facilities for comparison with the hydrologic
characteristics of the site.  An ESP applicant can develop a PPE for a single type of facility or a
group of candidate facilities by selecting the relevant limiting parameters. 

To judge whether the applicant has met the hydrologic requirements of 10 CFR Part 52 and
10 CFR Part 100, the NRC uses the following criteria:

• For SSAR Section 2.4.2.1, the staff compares the potential flood sources and flood
response characteristics of the region and site identified in its review (as described in
the review procedures) to those identified by the applicant.  If similar, the staff accepts
the applicant’s conclusions.  If, in the staff’s opinion, significant discrepancies exist, the
applicant must provide additional data, reestimate the effects on a nuclear unit(s) of a
specified type (or falling within a PPE) that might be constructed on the proposed site, or
revise the applicable flood design bases, as appropriate.

• For SSAR Section 2.4.2.2, the applicant’s estimate of controlling flood levels is
acceptable if it is no more than 5 percent less conservative than the staff’s
independently determined (or verified) estimate.  If the applicant’s SSAR estimate is
more than 5 percent less conservative, the applicant should fully document and justify
its estimate of the controlling level.  Alternatively, the applicant may accept the staff’s
estimate.

• For SSAR Section 2.4.2.3, the applicant’s estimates of the local PMP and the capacity
of site drainage facilities (including drainage from the roofs of buildings and site
ponding) are acceptable if the estimates are no more than 5 percent less conservative
than the corresponding staff assessment.  Similarly, conclusions relating to the potential
for any adverse effects of blockage of site drainage facilities by debris, ice, or snow
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should be based upon conservative assumptions of the storm and vegetation conditions
likely to exist during storm periods.  If a potential hazard does exist (e.g., the elevation of
ponding exceeds the elevation of plant access openings), the applicant should
document and justify the local PMP basis. 

The staff used the appropriate sections of several documents to determine the acceptability of
the applicant’s data and analyses in meeting the requirements of 10 CFR Part 52 and
10 CFR Part 100.  RG 1.59, Revision 2, “Design Basis Floods for Nuclear Power Plants,”
issued August 1977, provides guidance for estimating the design-basis flooding considering the
worst single phenomenon, as well as combinations of less severe phenomena.  The staff used
the publications of USGS, NOAA, SCS, USACE, applicable State and river basin authorities,
and other similar agencies to verify the applicant’s data relating to the hydrologic characteristics
and extreme events in the region.

2.4.2.3  Technical Evaluation

The staff obtained peak flow data for the Mississippi River from the USGS “Peak Streamflow for
the Nation” Web site for the streamflow gauge located at Vicksburg, Mississippi (USGS Gauge
No. 07289000), and used them to create the plot shown in Figure 2.4-6.  The staff selected the
six highest historical peak flows from the record.  These observations are shown by red circles
on the plot and are also labeled by their corresponding water years.  Table 2.4-1 shows the
streamflow values corresponding to these observations.  Gauge heights corresponding to these
six highest flows were not available.
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Figure 2.4-6  Peak flow in the Mississippi River observed at Vicksburg, Mississippi.  The
six highest peak flows are shown by red circles and are labeled by their corresponding

water years.
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Table 2.4-1  Peak Streamflow during Six Highest Floods at Vicksburg,
Mississippi

Water Year Peak Streamflow in cfs

1927 2278000

1937 2080000

1973 1962000

1945 1922000

1950 1876000

1975 1839000

Based on the peak flow data obtained by the staff, five of the six highest peak flows are
identical to those reported by SERI in SSAR Table 2.4-4.  However, the peak flow reported by
the applicant, that of 1,783,000 cfs in 1913, was exceeded in 1975.  The peak flow in 1975 was
1,839,000 cfs.  The staff accepted the applicant’s statement that no flood in the Mississippi
River has exceeded the magnitude of the 1973 flood since the construction of GGNS.

The staff did not find any historical data for the two local streams, Streams A and B.  The staff
estimated the PMP for the drainages of Streams A and B using HMR 53 and estimated the
PMF for these drainages assuming no precipitation losses and an instantaneous time of
concentration.  These assumptions result in more conservative PMF values.  The staff analyzed
the resulting flood hydrographs assuming that the culverts on Streams A and B are completely
blocked to obtain flood elevations under these conservative PMF events.  Section 2.4.3 of this
SER provides details of this analysis.

Section 2.4.3 of this SER also provides more detail on the staff’s evaluation of floods in the
Mississippi River and their impact on the ESP site.  The staff estimates that the highest water
surface elevation in the Mississippi River as a result of the DPF, wind setup, and wave runup
will not impact the ESP site since the maximum water surface elevation is significantly below
the ESP site grade.

Section 2.4.4 of this SER describes the staff’s evaluation of floods caused by the seismically
induced failure of upstream dams.  The staff concluded that any upstream dam failure and
resulting flood wave would not impact the ESP site.

Section 2.4.7 of this SER describes the staff’s evaluation of ice-jam-induced flooding.  The staff
concluded that ice jams are not likely to form sufficiently close to the GGNS site on the
Mississippi River to adversely impact the operations or safety of the ESP facility or facilities.

According to HMR 52, local intense precipitation at the ESP site is equivalent to a short-
duration, 1-mi2 PMP.  The staff used HMR 52 guidelines to estimate the 1-hour, 1-mi2 PMP
depth for the ESP site.  Column 2 of Table 2.4-2 lists the HMR 52-recommended multiplication
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factors that are applied to the 1-hour, 1-mi2 PMP depth to estimate the PMP depths for other
durations.  Column 3 shows the staff’s estimated PMP depths corresponding to these durations.

Table 2.4-2  Local Intense Precipitation (1 mi2 PMP) at the ESP Site

Duration
Multiplier to 1-Hour
PMP Depth PMP Depth (in.)

5 min 0.331 6.08
15 min 0.522 9.58
30 min 0.748 13.73
1 h 1 18.36
6 h 1.527 28.04

SSAR Table 2.4-7 shows the applicant’s estimate of the local intense precipitation.  SERI
estimated a 1-hour PMP depth at the plant site of 11.6 inches (see SSAR Table 2.4-7) and a
30-minute PMP depth of 8.2 inches using HMR 33.  The applicant’s estimates are 37 and
40 percent less than the corresponding staff estimates, respectively.  Therefore, the staff
determined that the applicant’s assertion that the hourly PMP values contained in the newer
HMR 53 are only 2 percent higher than those recommended by HMR 33 is not valid.  HMR 53
applies to 10-mi2 areas.  However, local intense precipitation should be based on a 1-mi2 area
as recommended in HMR 52.  Therefore, the staff concluded that the applicant must estimate
the local intense precipitation using the guidelines of HMR 52.  This was Open Item 2.4-5.

In response to Open Item 2.4-5, the applicant stated that it estimated the local intense
precipitation using the guidelines of HMR 52.  Table 2.4-2a provides the applicant’s revised
PMP values for the ESP site.

Table 2.4-2a  Applicant’s Revised Local Intense Precipitation (1 mi2 PMP) at the ESP Site

Duration Area
Multiplier to 1-h,
1-mi2 PMP

Source in
HMR 52 PMP Depth (in.) Comments

5 min 1 mi2 0.325 Fig. 36 6.2 multiplier*1 h, 1 mi2
15 min 1 mi2 0.505 Fig. 37 9.7 multiplier*1 h, 1 mi2
30 min 1 mi2 0.735 Fig. 38 14.1 multiplier*1 h, 1 mi2
1 h 1 mi2 1 19.2 HMR 52, Fig. 24
1 h 10 mi2 0.825 Fig. 28 15.8 HMR 52, Fig. 29
6 h 10 mi2 1/0.615 Fig. 23 31.2 multiplier*1 h, 1 mi2

The applicant revised SSAR Section 2.4.2.3 to include the above HMR 52 PMP values and
annotated SSAR Table 2.4-7 to indicate its applicability to the GGNS Unit 1 analysis only.

The staff reviewed the applicant’s response to Open Item 2.4-5 and concluded that it is
sufficient to resolve the open item because the applicant’s revised estimates closely match
those of the staff and conforms to the latest HMR-52 criteria.  The staff also determined that
newly provided PMP values for local intense precipitation at the ESP site will be specified as
site characteristics in this ESP.
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In response to RAI 2.4.2-1, the applicant provided the road heights above Culverts 1 and 9 and
the survey coordinates of Culvert 1.  The staff determined that the applicant provided sufficient
information for it to locate these culverts on the map in relation to the drainage characteristics of
Basins A and B.  Therefore, the applicant’s response is satisfactory.

In response to RAI 2.4.2-2, SERI stated that a flood with a peak discharge of about 3 million cfs
can be carried by the levees on the west bank of the river near the GGNS site.  The peak PMF
discharge of 6.6 million cfs estimated by the applicant will overtop the levees on the west bank. 
However, the applicant estimated a discharge capacity of the floodplain west of the levees of
about 11 million cfs.  If a DPF to PMF ratio equal to 0.4 were used for estimation of the PMF,
the peak PMF discharge would be 8.25 million cfs.  Therefore, the applicant concluded that,
since this more conservative estimate of peak PMF discharge is still less than the discharge
capacity of the floodplain west of the levee, the conclusion of the applicant’s previous analysis
will not change.  The staff determined that the applicant satisfactorily addressed the concern
regarding its use of a less conservative DPF to PMF ratio in the previous analysis presented in
the SSAR.  The staff also agreed that, even with the more conservative estimate of peak PMF
discharge in the Mississippi River, the water surface elevation at peak PMF discharge will not
be appreciably higher than 103 feet above MSL, the top surface elevation of the levee on the
west bank.

In response to RAI 2.4.2-3, SERI stated that it established the maximum water surface
elevation at the ESP site based on local intense precipitation at the site.  The applicant’s
estimate of maximum water surface elevation at the ESP site is 133.25 feet above MSL.  The
applicant proposed to use the existing site grade of 132.5 feet above MSL as the ESP site
grade.  The applicant also suggested that the plant yard for the ESP facility or facilities would
be graded to direct the runoff away from the ESP facility and buildings.  Finally, the applicant
proposed to reevaluate the need for flooding protection requirements once the ESP plant grade
is established at the COL stage.

The NRC will require the COL applicant to demonstrate that the ESP plant grade is safe from
the flooding effects of maximum water surface elevation during local intense precipitation
without relying on any active surface drainage systems that may be blocked during this event. 
Section 2.4.1.3 of this SER stated a similar requirement as DSER Permit Condition 2.4-1: 

The NRC will require the COL applicant to design the ESP plant grade such that
flooding caused by local intense precipitation will be discharged to Streams A
and B without reliance on any active drainage systems that may become blocked
during the local intense precipitation event.  

The staff intended to propose that the Commission include this requirement in the ESP, should
it be granted.  However, based on the applicant’s response to open items, the staff determined
that the ESP site grade will not be designed until the COL stage when a reactor design is
chosen and the locations of safety-related structures are established.  The NRC will review the
ESP site grade design according to existing regulations and regulatory guidance at that time. 
The staff determined, therefore, that specification of DSER Permit Conditions 2.4-1 and 2.4-4 is
not required.  The COL applicant should demonstrate that the ESP plant grade is safe from the
flooding effects of maximum water surface elevation during local intense precipitation without
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relying on any active surface drainage systems that may be blocked during this event.  This is
COL Action Item 2.4-5.

In response to RAI 2.4.2-4, the applicant provided the reference to GGNS Unit 1 UFSAR
Section 2.4.3.5.  This section contained details of the PMF backwater analysis during local
intense precipitation.  The staff reviewed this section of the GGNS Unit 1 UFSAR and is
satisfied that the applicant’s response to RAI 2.4.2-4 is adequate.

2.4.2.4  Conclusions

As set forth above, the applicant has provided sufficient information pertaining to floods. 
Therefore, the staff concludes that the applicant has met the requirements for floods with
respect to 10 CFR 52.17(a) and 10 CFR 100.20(c)(3).

2.4.3  Probable Maximum Flood on Streams and Rivers

The ESP site is located at approximately 32E N latitude and 91E3' W longitude.  It is located at
approximately river mile 406 on the east bank of the Mississippi River, about 25 miles south of
Vicksburg, Mississippi.

Two small, steep streams flow around the ESP site, draining a combined area of less than
4 mi2, and into Lake Hamilton, located in the floodplain of the Mississippi River.  The ESP site
itself partially drains to both streams.

The ESP site is subject to flooding from the Mississippi River, because of flooding in the two
small streams that flow around the site, and to local flooding in response to intense
precipitation.

2.4.3.1  Technical Information in the Application

According to SERI, it based the PMF for the Mississippi River on the DPF for the Lower
Mississippi Basin, as estimated by USACE in Annex C, “Project Design Flood Study,
‘Comprehensive Review of the Mississippi River and Tributaries Project,’ ” issued 1969. 
According to the applicant, using the DPF to estimate the PMF for the Mississippi River meets
the requirements of RG 1.59 and is consistent with the GGNS UFSAR position on RG 1.59.

The USACE determined the DPF for the Mississippi River, as described in its comprehensive
review cited above.  Several logical storm combinations within the Mississippi River Basin were
studied to compute floods on tributaries.  These storm combinations were then analyzed in
meteorologically feasible sequences that would result in the peak flows of individual tributaries
coinciding with each other as far as practicable at key discharge locations on the Mississippi
River.  These hypothetical floods were used to select four storm combinations.  These storms
were rearranged to maximize flood flows at key locations.  Based on regulation data, modified
hydrographs were estimated for three groups of reservoirs—(1) existing, (2) existing and near
future, and (3) existing, near future, and distant future.  The modified and unregulated flows
were routed down the Mississippi River to determine daily flows at St. Louis, Missouri; Cairo,
Illinois; Memphis, Tennessee; Helena and Arkansas City, Arkansas; and Vicksburg and
Natchez, Mississippi.
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The applicant developed the DPF hydrograph for the GGNS site from the USACE DPF
hydrograph for Arkansas City, Arkansas, located at approximately river mile 547.  The Arkansas
City DPF hydrograph was lagged by 36 hours, assuming an approximate average flood velocity
of 100 miles per day, and augmented to account for inflow from the Yazoo and Big Black River
tributaries.  Figure 2.4-15 of the ESP application shows the resulting DPF at the GGNS site. 
The applicant stated that peak discharge of the unregulated DPF at the GGNS site is
3.3 million cfs.

According to Chow in ?Open Channel Hydraulics,” issued 1959, the SPF is generally between
40 and 60 percent of the PMF.  According to the applicant, the DPF is approximately equivalent
to the SPF but is probably somewhat greater.  Based on these statements, SERI used a value
of 0.5 for the ratio of DPF to PMF.  The applicant estimated the PMF on the Mississippi River
near the GGNS site by doubling the DPF previously estimated for the GGNS site.  The
applicant estimated a peak discharge in the Mississippi River near the GGNS site during a PMF
event of 6.6 million cfs.

The applicant determined water surface elevations corresponding to the peak discharges during
the PMF in the Mississippi River.  For the Mississippi River near the GGNS site, it developed a
rating curve using the one at Vicksburg.  In developing the rating curve for the GGNS site, the
applicant assumed that the two locations (GGNS site and Vicksburg) have the same discharge,
since no major tributaries exist between Vicksburg and the GGNS site except the Big Black
River.  The Big Black River contributes less than 1 percent to the discharge in the Mississippi
River at its confluence, as compared to the discharge in the Mississippi River at Vicksburg. 
Figure 2.4-6 in the ESP application shows this rating curve.

The applicant stated that the peak flow during the PMF in the Mississippi River will overtop the
west bank levee, which has a maximum elevation of 103 feet.  At a flood elevation of 103 feet,
the discharge in the Mississippi River is about 3 million cfs, resulting in inundation of the
floodplain on the west bank.  The applicant estimated that the discharge capacity of the
floodplain at a water surface elevation slightly above 103 feet, assuming a width of 60 miles, a
Manning’s roughness coefficient of 0.1, and a channel slope of 0.2 ft/mi, is approximately
11 million cfs.  The applicant concluded that the peak discharge of 6.6 million cfs during the
PMF is not expected to raise the water surface elevation much above 103 feet within the
Mississippi River.  This peak water surface elevation is about 29 feet below the plant grade.

The applicant estimated the PMF for Streams A and B using the local PMP.  Section 2.4.2 of
this SER discusses the applicant’s description of the estimation of the PMP for drainages of
local Streams A and B.  The applicant used a unit hydrograph approach to determine peak
discharge on these drainages during the PMP event, as described above in SER
Section 2.4.2.1.  The applicant’s estimates of peak discharges during the PMF event for
Basins A and B are 13,900 cfs and 4,630 cfs, respectively.

SERI estimated the water surface elevation in Stream A at the culvert assuming that the culvert
would be completely blocked and the top of the access road would act as a broad-crested weir
580 feet wide, with a weir bottom surface elevation of 125 feet above MSL.  The applicant
carried out a backwater analysis of Stream A during the PMF event using the HEC-2 program
for water surface profiles.  The resulting maximum water surface elevation is 128.93 feet above
MSL.
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According to the applicant, Stream B was rerouted around the GGNS Unit 1 cooling tower.  This
rerouted channel was lined with concrete and has a bottom width of 6.67 feet.  The sides were
lined with concrete to a height of 5 feet above the bottom, and riprap was provided above the
concrete to the plant grade.  The applicant stated that the channel is hydraulically steep
because of its slope of 0.4 percent in the downstream reach and 1 percent upstream of
Culvert 15.  The culvert is located at the downstream end of this channel, and an access road
passes over it.  The natural drainage area of Basin B to Culvert 1 is about 0.5 mi2.  Because of
site grading, about 0.15 mi2 of this area now drains to Basin A, and the remaining 0.35 mi2
drains to Culvert 1.

The applicant estimated the water surface elevation in Stream B during the PMF event using a
standard step backwater method.  The analysis used a prorated peak discharge of 2775 cfs at
Culvert 1, corresponding to a drainage area of 0.35 mi2.  The applicant conservatively assumed
concurrent peak discharges at all culverts draining into the channel.  The water depth in the
channel exceeded the normal depth, resulting in a hydraulic jump about 1200 feet upstream of
the entrance to Culvert 1.  The applicant stated that the Froude number based on the upstream
and downstream depth of flow is 1.1, classifying the hydraulic jump as a low-energy jump,
dissipating less than 1 percent energy.

According to the applicant, the possibility of substantial blockage of Culvert 1 is highly unlikely
because the channel is lined up to the 100-year flood level and riprap is provided above this
level.  The watershed draining to the channel upstream of Culvert 2, including the plant yard,
contains no source of debris that may cause blockage.  Therefore, the applicant concluded that,
in the event of a 45-percent blockage of the culvert entrance area, part of the PMF discharge
would be passed through the culvert, and the remaining volume could be impounded in the
channel and the yard area around the GGNS Unit 1 cooling tower below an elevation of
132.8 feet above MSL.

In RAI 2.4.3-1, the staff asked SERI to explain how it bounded the wave runup estimation
through the examination of the combined event criteria indicated in ANSI/American Nuclear
Society (ANS)-2.8-1992, “Determining Design Basis Flooding at Power Reactor Sites,” issued
1992.  The staff also asked the applicant to discuss the coincident wave estimation and its
basis for using a 40-miles per hour (mph) wind speed.  In response to this RAI, the applicant
stated that SSAR Section 2.4.3.6 discusses wind-wave estimation in detail.  The applicant
stated that it performed wave height estimation in accordance with the procedures described in
the USACE ?Shore Protection Manual,” issued 1973.  According to the applicant, this estimation
used an overland windspeed of 40 mph and assumed a wind velocity over water that was
1.3 times higher than the overland wind speed.  The resulting over-water wind speed is 52 mph. 
The applicant estimated the resulting water surface elevation caused by wind-wave activity
coincident with the PMF in the Mississippi River to be 108.8 feet above MSL.  Based on this
estimation, the maximum water surface elevation during the PMF event in the Mississippi River
is about 23.7 feet below the proposed ESP plant grade elevation of 132.5 feet above MSL.

According to the applicant, ANSI/ANS-2.8-1992 indicates that the 2-year annual extreme mile
wind speed may be used as a starting point.  According to Figure 1 of the ANSI/ANS standard,
the wind speed for GGNS is between 40 and 50 mph.  The fastest hourly averaged wind
speeds at GGNS and Vicksburg are 31 and 33 mph, respectively, in 1999, based on data from
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1997–2001.  The wind speed value used in the original estimation of coincident wave activity is
more conservative than the measured values at GGNS.

SERI argued that, even if the wind speed were increased to 65 mph, using the most
conservative range from Figure 1 of ANSI/ANS-2.8-1992, the new estimate of wave height
would be 6.9 feet (4.4 feet x (65/52)2 = 6.9 feet).  The difference in elevation between the new
maximum water surface elevation and the proposed ESP site grade would still be 21.2 feet. 
The new estimation will not result in a significant change from the original analysis and will not
pose a safety hazard to the ESP site from flooding in the Mississippi River.

In RAI 2.4.3-2, the staff asked the applicant to provide survey coordinates for points A and B on
SSAR Figure 2.4-10.  In response to this RAI, the applicant stated that points A and B only
represent approximate locations of the discharge locations of drainage Basins A and B,
respectively.  The approximate UTM coordinates in NAD 83 are N3,543,936 meters and
E683,868 meters for point A and N3,543,108 meters and E683,868 meters for point B.

2.4.3.2  Regulatory Evaluation

Section 1.4 of the SSAR discusses the applicant’s conformance to NRC regulatory guidance. 
The staff finds that SERI correctly identified the applicable regulatory guidance.  Section 2.4.3
of RS-002 provides the review guidance used by the staff to evaluate this SSAR section.

The acceptance criteria for this section address 10 CFR Part 52 and 10 CFR Part 100, as they
relate to identifying and evaluating the hydrologic features of the site.  The regulations at
10 CFR Part 52 and 10 CFR Part 100 require that the review take into account a site’s physical
characteristics (including seismology, meteorology, geology, and hydrology) when determining
its acceptability to host a nuclear unit(s).

To satisfy the hydrologic requirements of 10 CFR Part 52 and 10 CFR Part 100, the SSAR
should contain a description of the hydrologic characteristics of the site and region and an
analysis of the PMF.  This description should be sufficient to assess the acceptability of the site
and the potential for those characteristics to influence the design of SSCs important to safety
for a nuclear unit(s) of a specified type (or falling within a PPE) that might be constructed on the
proposed site.  Meeting this guidance provides reasonable assurance that any hydrologic
phenomena of severity up to and including the PMF will pose no undue risk to the type of facility
proposed for the site.

For those cases in which a reactor design is not specified, the ESP applicant may instead
provide a PPE to characterize a facility or facilities for comparison with the hydrologic
characteristics of the site.  An ESP applicant can develop a PPE for a single type of facility or a
group of candidate facilities by selecting the limiting values of relevant parameters.

To judge whether the applicant has met the requirements of the hydrologic aspects of
10 CFR Part 52 and 10 CFR Part 100, the NRC uses specific criteria.

The PMF, as defined in RG 1.59, has been adopted as one of the conditions to be evaluated in
establishing the applicable stream and river flooding design basis referenced in GDC 2.  PMF
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estimates are needed for all adjacent streams or rivers and site drainage (including the
consideration of PMP on the roofs of safety-related structures).  The criteria for accepting the
applicant’s PMF-related design basis depend on one of the following three conditions:

(1) The elevation attained by the PMF (with coincident wind waves) establishes a necessary
protection level to be used in the design of the facility.

(2) The elevation attained by the PMF (with coincident wind waves) is not controlling; the
design-basis flood protection level is established by another flood phenomenon (e.g.,
the probable maximum hurricane (PMH)).

(3) The site is “dry”; that is, the site is well above the elevation attained by a PMF (with
coincident wind waves).

When condition (1) is applicable, the staff will assess the flood level.  The staff may perform this
assessment independently from basic data, by detailed review and checking of the applicant’s
analyses, or by comparison with estimates made by others that have been reviewed in detail. 
The applicant’s estimates of the PMF level and the coincident wave action are acceptable if the
estimates are no more than 5 percent less conservative than the staff estimates.  If the
applicant’s estimates of discharge are more than 5 percent less conservative than the staff’s,
the applicant should fully document and justify its estimates or accept the staff estimates.

When condition (2) or (3) applies, the staff analyses may be less rigorous.  For condition (2),
acceptance is based on the protection level estimated for another flood-producing phenomenon
exceeding the staff estimate of PMF water levels.  For condition (3), the site grade should be
well above the staff assessment of PMF water levels.  The evaluation of the adequacy of the
margin (difference in flood and site elevations) is generally a matter of engineering judgment. 
Such judgment is based on the confidence in the flood-level estimate and the degree of
conservatism in each parameter used in the estimate. 

The staff used the appropriate sections of several documents to determine the acceptability of
the applicant’s data and analyses.  RG 1.59 provides guidance for estimating the PMF design
basis.  Publications by NOAA and USACE may be used to estimate PMF discharge and water
level conditions at the site, as well as coincident wind-generated wave activity.

2.4.3.3  Technical Evaluation

The staff evaluation consisted of an independent analysis to verify the applicant’s PMF analysis.

The current HMR publications from NOAA are applicable for the estimation of the PMP that is
subsequently used to develop the PMF in a given drainage basin.  These reports, accessible
through the NWS Hydrometeorological Design Studies Center Web site, deal with specific
regions within the continental United States (Figure 2.4-7).  Procedures outlined in HMR
publications are recommended for drainage areas up to 20,000 mi2.  The drainage area of the
Mississippi River Basin upstream of the USGS streamflow gauge at Vicksburg is 1,144,500 mi2,
approximately 57 times larger than the largest areas of applicability recommended by the
HMRs.  The extent of the Mississippi River Basin implies that at least four of these regions, with
five different HMRs, may apply in different portions of the Mississippi River Basin (Figure 2.4-7). 
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There are no recommendations on combining estimates from different HMRs for a PMP
estimation over a large basin that straddles multiple HMR regions.

Figure 2.4-7  Regions of applicability of HMRs within the continental United States for
estimation of the PMP.  Figure from the Hydrometeorological Design Studies Center

<http://www.nws.noaa.gov/oh/hdsc/max_precip/pmp.html>

The staff consulted USACE, Vicksburg District, for independent verification of the DPF in the
Mississippi River near the GGNS site.  In a letter to Mr. G. Bagchi of the NRC, dated July 9,
2004, USACE stated that major storms that occurred in the central United States were
examined for their flood-producing potentialities in the Lower Mississippi River.  Selected
storms from this set were transposed or shifted in timing within the season in which they
occurred and arranged in critical sequence on the drainage area to produce maximum flows in
the lower Mississippi River.  The USACE used observed hydrographs and hydrographs
computed from unit graphs to determine flows from major tributaries.  The resulting flows were
routed to key stations along the river as unregulated or regulated by tributary reservoirs.  The
DPF was selected from these routed flows.

According to USACE, it used four combinations of the selected storms for detailed study on the
basis of the large floods produced and the variation in season of occurrence.  It selected the
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combination designated 58A as the DPF for the Lower Mississippi River.  Combination 58A
consists of the storm that occurred January 6–24, 1937, over all areas with rainfall excess
increased by 10 percent, followed in 4 days by the storm of January 3–16, 1950, over all areas
above Cairo, Illinois, and followed in 3 days by the storm of February 4–18, 1938, transposed
90 miles and rotated 20 degrees for all areas below Cairo, Illinois.

The USACE stated that the levee on the west bank of the Mississippi River opposite the current
GGNS plant (approximate levee station 5300+00) varies in elevation from 105 feet above MSL
to 102 feet above MSL.  The levee is proposed to be raised 3 to 4 feet within the next 7 to
10 years at this location.

The USACE also stated that the DPF elevation at river mile 406, the location of the current
GGNS plant, is 102.2 feet above MSL, based on the Refined 1973 Mississippi Rivers and
Tributaries Project Flood Flowline.

In RAI 2.4.3-1, the staff asked SERI to provide additional information on the bounding of its
wave runup calculations through the examination of the combined events criteria indicated in
ANSI/ANS-2.8-1992.  In addition, the staff asked the applicant to discuss the basis for applying
a 40-mph design wind.

In its response to RAI 2.4.3-1, the applicant estimated wave heights using a more conservative
value based upon a 65-mph wind.  With this higher wind speed, the revised wave heights were
6.9 feet, and the margin to the proposed ESP facility grade elevation was more than 20 feet.

The staff examined wave heights generated by winds at 100 mph.  This more conservative
value was thought plausible because the site is located near the Gulf of Mexico, where
hurricanes are known to develop.  The staff estimated wave heights using wave height
nomographs (see USACE EM-1110-2-1100, Revision 1, ?Coastal Engineering Manual,” issued
July 2003).  These nomographs estimate wave height based upon fetch length and wind speed. 
The staff used a fetch length of 22,704 feet; the resulting 1-percent wave height was 10.9 feet. 
When this conservative wave height value was added to the PMF water surface elevation, an
adequate margin existed to determine that the ESP site will not be affected.  Therefore, the
staff determined that the applicant’s response is satisfactory.

In response to RAI 2.4.3-2, SERI provided the coordinates of points A and B shown on SSAR
Figure 2.4-10.  The applicant also clarified that these coordinates are only approximate
locations of the discharge points for Basins A and B, respectively.  The staff determined that the
applicant’s response is satisfactory.

2.4.3.4  Conclusions

As set forth above, the applicant has provided sufficient information pertaining to the PMF on
streams and rivers.  Therefore, staff concludes that the applicant has met the requirements for
the PMF on streams and rivers with respect to 10 CFR 52.17(a) and 10 CFR 100.20(c).

2.4.4  Potential Dam Failures, Seismically Induced
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The ESP site is adjacent to the existing GGNS Unit 1 site, located on the bluffs to the east of
the Mississippi River floodplain.  Runoff resulting from precipitation and snow melt on major
tributaries (i.e., the Ohio, Missouri, Arkansas, and Red Rivers) is primarily responsible for
flooding in the Mississippi River.

2.4.4.1  Technical Information in the Application

SERI analyzed the effect of dam failures on the water surface elevation of the Mississippi River
at the GGNS site, assuming that the Mississippi River would be carrying a flood of DPF
magnitude with the water surface elevation at 96.2 feet above MSL when an upstream dam
breaks.  Since no dams exist on the Mississippi River upstream of the site, the applicant
considered dam failure of the largest upstream dam closest to the ESPs on a tributary to the
Mississippi River.

The applicant divided the Mississippi River Basin into six major drainage areas (Figure 2.4-27 of
the ESP application): 

(1) Upper Mississippi
(2) Missouri
(3) Tennessee-Ohio
(4) Red-Ouachita
(5) Arkansas-White
(6) Lower Mississippi

The total number of dams in the Mississippi River Basin exceeds 300; 61 of these dams have
storage capacities greater than 1 million acre-feet (acre-ft).  Figure 2.4-28 of the ESP
application shows the seismic risk map of the United States which divides the United States into
four zones of seismic risk.  Zone 0 represents minimum risk, while Zone 3 represents maximum
risk.  The applicant took the information on dams listed in Table 2.4-15 of the SSAR from the
report of the International Commission on Large Dams.  The table was arranged on the basis of
the major drainage areas in which the dams are located.  Table 2.4-15 of the SSAR only lists
dams with reservoir capacities greater than 1 million acre-ft.

According to SERI, the Upper Mississippi Basin has a total estimated storage capacity of
10.0 million acre-ft.  Only three dams within the Upper Mississippi Basin have capacities greater
than 1 million acre-ft.  All dams in the Upper Mississippi Basin are in seismic Zone 1.

The total storage of the dams in the Missouri subbasin is estimated to be 140 million acre-ft. 
This subbasin includes 21 dams with a capacity of 1 million acre-ft or more.  The dams in this
subbasin belong to seismic Zones 1 and 2.

The Tennessee-Ohio subbasin has a total estimated storage capacity of approximately
45 million acre-ft.  This subbasin includes 14 dams with reservoir capacities greater than
1 million acre-ft.  Nine of these are in seismic Zone 2 and the other five are in seismic Zone 3.

The Red River subbasin joins the Mississippi River downstream from the site.  Hence,
consideration of the dams and storage in this subbasin was not required.
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The Arkansas-White subbasin has a total estimated storage capacity of 45 million acre-ft, with
20 dams having capacities greater than 1 million acre-ft.  Two of these dams are in seismic
Zone 3, four in seismic Zone 2, and the rest of the dams are in seismic Zone 1.

The Lower Mississippi Basin has an extensive river-control system consisting of levees,
revetments, cutoffs, and floodways extending from Cairo, Illinois, to the Gulf of Mexico.  Two
dams are in seismic Zone 2.

The largest dam that is nearest to the GGNS site is the Kentucky Dam on the Tennessee River,
located in the Tennessee-Ohio subbasin about 450 river miles upstream, with a storage
capacity of 6.13 million acre-ft.  The Fort Randall Reservoir and Dam on the Missouri River,
located in the Missouri subbasin, exceeds the capacity of the Kentucky Dam by 0.17 million
acre-ft, but this dam is located 1300 river miles from the GGNS site, almost three times as far
as the Kentucky Dam.  Because of the relative proximity of the Kentucky Dam to the GGNS
site, the applicant chose it as the dam to use in its hypothetical seismically induced failure
analysis.

The applicant estimated that the initial discharge from the Kentucky Dam in the event of its
complete failure will be about 3 million cfs.  Conservatively neglecting the attenuation caused by
the travel of the flood wave 450 miles down the river from the Kentucky Dam to the GGNS site,
the applicant estimated a peak flow of about 5.7 million cfs at the GGNS site.

SERI estimated a PMF of 6.6 million cfs, which exceeds the peak flood caused by the effect of
Kentucky Dam failure combined with a DPF at the GGNS site.  Therefore, the applicant
concluded that the failure of the nearest largest dam from seismic causes when the Mississippi
River is carrying a flood of (regulated) DPF magnitude at the GGNS site is not a safety issue.

2.4.4.2  Regulatory Evaluation

Section 1.4 of the SSAR discusses the applicant’s conformance to NRC regulatory guidance
and cites RGs 1.29, “Seismic Design Classification”; 1.59; 1.70; and 1.102, Revision 1, “Flood
Protection for Nuclear Power Plants,” issued September 1976.  The staff finds that SERI
correctly identified the applicable RGs.  The applicable regulations are 10 CFR 52.17(a)(1)(vi),
10 CFR 100.20(c), and 10 CFR 100.23(c).  Section 2.4.4 of RS-002 provides the review
guidance used by the staff to evaluate this SSAR section.

The acceptance criteria for this section are based on meeting the requirements of the following
regulations:

• 10 CFR Part 52 and 10 CFR Part 100, as they relate to evaluating the hydrologic
features of the site

• 10 CFR 100.23, “Geologic and Seismic Siting Criteria,” as it relates to establishing the
design-basis flood resulting from seismic dam failure

The regulations at 10 CFR 52.17(a) and 10 CFR 100.20(c) require that the review take into
account the site’s physical characteristics (including seismology, meteorology, geology, and
hydrology) when determining its acceptability to host a nuclear unit(s).
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The regulations at 10 CFR Part 52 and 10 CFR Part 100 apply to SSAR Section 2.4.4 because
it addresses the site’s physical characteristics, including hydrology, considered by the
Commission when determining its acceptability to host a nuclear unit(s).  To satisfy the
hydrologic requirements of 10 CFR Part 52 and 10 CFR Part 100, the SSAR should contain a
description of the hydrologic characteristics of the region and an analysis of potential dam
failures.  The description should be sufficient to assess the acceptability of the site and the
potential for those characteristics to influence the design of SSCs important to safety.  Meeting
this criterion provides reasonable assurance that the effects of high water levels resulting from
the failure of upstream dams, as well as those of low water levels resulting from the failure of a
downstream dam, will pose no undue risk to the type of facility proposed for the site.

For those cases in which a reactor design is not specified, the ESP applicant may instead
provide a PPE to characterize a facility or facilities for comparison with the hydrologic
characteristics of the site.  An ESP applicant can develop a PPE for a single type of facility or a
group of candidate facilities by selecting the limiting values of relevant parameters.

The regulation at 10 CFR 100.23 requires consideration of geologic and seismic factors in
determining site suitability.  Specifically, 10 CFR 100.23(c) requires an investigation of the
geologic and seismic site characteristics to permit evaluation of seismic effects on the site. 
Such an evaluation must consider seismically induced floods, including failure of an upstream
dam during an earthquake.

The regulation at 10 CFR 100.23 applies to SSAR Section 2.4.4 because it requires
investigation of seismic effects on the site.  Such effects include seismically induced floods or
low water levels, which constitute one element in the Commission’s consideration of the
suitability of proposed sites for nuclear power plants.  RG 1.70 provides more detailed guidance
on the investigation of seismically induced floods, including results for seismically induced dam
failures and antecedent flood flows coincident with the flood peak.  Meeting this guidance
provides reasonable assurance that, given the geologic and seismic characteristics of the
proposed site, a nuclear unit(s) of a specified type (or falling within a PPE) could be constructed
and operated on the proposed site without undue risk to the health and safety of the public, with
respect to those characteristics.

To judge whether the applicant has met the requirements of 10 CFR Part 52, 10 CFR Part 100,
and 10 CFR 100.23 as they relate to dam failures, the NRC uses the following criteria:

• The staff will review the applicant’s analyses and independently assess the coincident
river flows at the site and at the dams being analyzed.  ANSI/ANS-2.8-1992 provides
guidance on acceptable river flow conditions to be assumed coincident with the dam
failure event.  To be acceptable, the applicant’s estimates of the flood discharge
resulting from the coincident events (which may include landslide-induced failures)
should be no more than 5 percent less conservative than the staff estimates.  If the
applicant’s estimates differ by more than 5 percent, the applicant should fully document
and justify its estimates or accept the staff estimates.

• The applicant should identify the location of dams and potentially likely or severe modes
of failure, as well as dams or embankments built to impound water for a nuclear unit(s)
that might be constructed on the proposed site.  The applicant should discuss the
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potential for multiple, seismically induced dam failures and the domino failure of a series
of dams.  Approved USACE and Tennessee Valley Authority models should be used to
predict the downstream water levels resulting from a dam breach.  First-time use of
other models will necessitate complete model description and documentation.  The staff
will review the model theory, available verification, and application to determine the
acceptability of the model and subsequent analyses.  For cases that assume something
other than instantaneous failure, the conservatism of the rate of failure and shape of the
breach should be well documented.  The applicant should present a determination of the
peak flow rate and water level at the site for the worst possible combination of dam
failures, a summary analysis that substantiates the condition as the critical permutation,
and a description of and the bases for all coefficients and methods used.  In addition,
the effects of other concurrent events on plant safety, such as blockage of the river and
waterborne missiles, should be considered.

• The effects of coincident and antecedent flood flows (or low flows for downstream
structures) on initial pool levels should be considered.  Depending upon estimated
failure modes and the elevation difference between plant grade and normal river levels,
it may be acceptable to use conservative, simplified procedures to estimate flood levels
at the site.  For cases in which calculated flood levels employing simplified methods are
at or above plant grade and use assumptions which cannot be demonstrated as
conservative, it will be necessary to use unsteady flow methods to develop flood levels
at the site.  The methods described in RS-002 ?Processing Applications for Early Site
Permits,” (ML040700094), are acceptable to the staff; however, other programs could
be acceptable with proper documentation and justification.  Applications should
summarize the computations, coefficients, and methods used to establish the water
level at the site for the most critical dam failures.  Coincident wind-generated wave
activity should be considered in a manner similar to that discussed in Section 2.4.3 of
RS-002.

RG 1.59 provides guidance for estimating the design basis for flooding, considering the worst
single phenomenon and a combination of less severe phenomena.

2.4.4.3  Technical Evaluation

The staff carried out a simplified bracketing estimation of the discharge needed to raise the
water surface elevation near the GGNS site above the existing GGNS Unit 1 plant grade of
132.5 feet above MSL.  The staff assumed a simplified cross-section for the Mississippi River
near the GGNS site, as shown in Figure 2.4-8.  The staff conservatively assumed that the width
of the floodplain is 60 miles, even at a water surface elevation of 132.5 feet above MSL.  The
cross-sectional area of discharge is estimated as 11.5 million square feet (ft2).  The wetted
perimeter was estimated as 317,065 feet.
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Figure 2.4-8  Simplified cross-section of the Mississippi River near the ESP site (not
drawn to scale)

Based on a staff-assumed Manning’s roughness coefficient of 0.025 for natural channels and a
bed slope of 0.2 feet per mile (ft/mi), the staff estimated the discharge in the Mississippi River
corresponding to a water surface elevation of 132.5 feet above MSL as 46.3 million cfs.  This
estimate is more than four times larger than the discharge capacity of the river at a water
surface elevation of 103 feet above MSL, and about seven times larger than the applicant-
estimated PMF.  Therefore, the staff concluded that the ESP site is safe from flooding caused
by a seismically induced dam failure upstream of the GGNS site.

2.4.4.4  Conclusions

As set forth above, the applicant has provided sufficient information pertaining to dam failures. 
Therefore, the staff concludes that the applicant has met the requirements for dam failures with
respect to 10 CFR 52.17(a) and 10 CFR 100.20(c).  The staff finds that the application is in
partial compliance with GDC 2 with respect to the assumption of upstream dam failure caused
by a seismic event.

2.4.5  Probable Maximum Surge and Seiche Flooding

The ESP site is adjacent to the existing GGNS Unit 1 site, located on the bluffs to the east of
the Mississippi River floodplain at approximately river mile 406.  The existing power plant site
has a grade elevation of 132.5 feet above MSL.
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2.4.5.1  Technical Information in the Application

SERI stated in SSAR Section 2.4.5 that the ESP site is not located in a coastal region or on a
lake.  Therefore, the applicant concluded that consideration of surge and seiche flooding was
not warranted.

2.4.5.2  Regulatory Evaluation

Section 1.4 of the application discusses conformance to NRC regulatory guidance.  The
applicant identified the applicable regulations as 10 CFR 52.17(a) and 10 CFR 100.20.  The
staff finds that the applicant correctly identified the applicable regulatory guidance as RG 1.70. 
Section 2.4.5 of RS-002 provides the review guidance used by the staff to evaluate this SSAR
section. 

The acceptance criteria for this section are based on meeting the requirements of the following
regulations:

• 10 CFR Part 52 and 10 CFR Part 100, as they relate to evaluating the hydrologic
characteristics of the site 

The regulations at 10 CFR 52.17(a) and 10 CFR 100.20(c) require that the review take into
account the site’s physical characteristics (including seismology, meteorology, geology, and
hydrology) when determining its acceptability to host a nuclear unit(s).

To satisfy the hydrologic requirements of 10 CFR Part 52 and 10 CFR Part 100, the applicant’s
safety assessment should contain a description of the surface and subsurface hydrologic
characteristics of the region and an analysis of the potential for flooding caused by surges or
seiches.  This description should be sufficient to assess the acceptability of the site and the
potential for a surge or seiche to influence the design of SSCs important to safety for a nuclear
unit(s) of a specified type that might be constructed on the proposed site.  Meeting this
requirement provides reasonable assurance that the most severe flooding likely to occur as a
result of storm surges or seiches will not pose an undue risk to the type of facility proposed for
the site.

For those cases in which a reactor design is not specified, the ESP applicant may instead
provide a PPE to characterize a facility or facilities for comparison with the hydrologic
characteristics of the site.  An ESP applicant can develop a PPE for a single type of facility or a
group of candidate facilities by selecting the limiting values of relevant parameters.  Important
PPE parameters for SSAR Section 2.4 include, but are not limited to, precipitation (e.g.,
maximum design rainfall rate and snow load) and the allowable site water level (e.g., maximum
allowable flood or tsunami surge level and maximum allowable ground water level). 

If it has been determined that surge and seiche flooding estimates are necessary to identify
flood design bases, the NRC will consider the applicant’s analysis to be complete and
acceptable if it addresses the following areas and if the staff can independently and comparably
evaluate them based on the applicant’s submission:
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• All reasonable combinations of PMH, moving squall line, or other cyclonic windstorm
parameters are investigated, and the most critical combination is selected for use in
estimating a water level.

• Models used in the evaluation are verified or have been previously approved by the
staff.

• Detailed descriptions of bottom profiles are provided (or are readily obtainable) to enable
an independent staff estimate of surge levels.

• Detailed descriptions of shoreline protection and safety-related facilities are provided to
enable an independent staff estimate of wind-generated waves, runup, and potential
erosion and sedimentation.

• Ambient water levels, including tides and sea level anomalies, are estimated using
NOAA and USACE publications, as described below.

• Combinations of surge levels and waves that may be critical to the design of a nuclear
unit(s) of a specified type (or falling within a PPE) that might be constructed on the
proposed site are considered, and adequate information is supplied to allow a
determination that no adverse combinations have been omitted.

• At the COL stage, if the applicant elects RG 1.59, Position 2, the adequacy of the
design basis for flood protection of all safety-related facilities identified in RG 1.29
should be shown in terms of the time necessary for the implementation of any
emergency procedures.  The applicant should also demonstrate that the less severe
design basis selected provides for all potential flood situations that could negate the
time and capability to initiate flood emergency procedures.

This section of the SSAR may also state with justification that surge and seiche flooding
estimates are not necessary to identify the flood design basis (e.g., the site is not near a large
body of water).

Hydrometeorological estimates and criteria for the development of PMHs for East and Gulf
Coast sites, squall lines for the Great Lakes, and severe cyclonic windstorms for all lake sites
by USACE, NOAA, and the staff are used for evaluating the conservatism of the applicant’s
estimates of severe windstorm conditions, as discussed in RG 1.59.  USACE and NOAA criteria
call for variation of the basic meteorological parameters within given limits to determine the
most severe combination that could result.  The applicant’s hydrometeorological analysis should
be based on the most critical combination of these parameters. 
 
Data from publications by NOAA, USACE, and other sources (such as tide tables, tide records,
and historical lake level records) are used to substantiate antecedent water levels.  These
antecedent water levels should be as high as the 10-percent exceedance monthly spring high
tide, plus a sea-level anomaly based on (1) the maximum difference between recorded and
predicted average water levels for durations of 2 weeks or longer for coastal locations or (2) the
100-year recurrence interval high water for the Great Lakes.  In a similar manner, the staff
independently analyzes the storm track, wind fields, effective fetch lengths, direction of
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approach, timing, and frictional surface and bottom effects to ensure that the applicant selected
the most critical values.  Models used to estimate surge hydrographs that the staff has not
previously reviewed and approved are verified by reproducing historical events, with any
discrepancies in the model being on the conservative (i.e., high) side.

The staff uses USACE criteria and methods, as generally summarized in RS-002, as a standard
to evaluate the applicant’s estimate of coincident wind-generated wave action and runup.

The staff uses USACE criteria and methods and other standard techniques to evaluate the
potential for oscillation of waves at natural periodicity.

At the COL stage, the staff uses USACE criteria and methods to evaluate the adequacy of
protection from flooding, including the static and dynamic effects of broken, breaking, and
nonbreaking waves.  RG 1.102 provides further guidance on flood protection, and RG 1.125,
Revision 1, “Physical Models for Design and Operation of Hydraulic Structures and Systems for
Nuclear Power Plants,” issued October 1978, provides guidance for using physical models in
assessing flood protection.

2.4.5.3  Technical Evaluation

The staff conducted its review in accordance with RS-002, Section 2.4.5, and RG 1.59. 

Because the ESP site is located on a flowing river, an increase in water surface elevation on
one bank of the river because of wind blowing across the water’s surface would be minor and
negligible during nonflood conditions.  This conclusion follows because the ESP site is located
at an elevation of 132.5 feet above MSL and the normal surface elevation of the Mississippi
River is between 55 and 75 feet above MSL.  Section 2.4.3 of this report examined wind waves
on the water surface during the DPF, which were found not to impact the ESP facility or
facilities because of the grade elevation of the ESP site.

Storm surge flooding is unlikely to have a measurable impact at the ESP site because of the
distance (406 river miles), elevation change of the water surface (typically between 55 and
75 feet above MSL) between the site and the mouth of the Mississippi River, and the elevation
of the ESP site (132.5 feet above MSL) during nonflood river conditions.  During a large storm
event, a surge in the Gulf of Mexico would hinder flow from exiting the Mississippi River
because the difference of elevation between the two water bodies would be less, causing
backwater effects.  The applicant took backwater effects into account during the estimation of
the DPF, discussed in Section 2.3.4 of this report, which was also the worst-case scenario for
storm surge.

2.4.5.4  Conclusions

As set forth above, the applicant has provided sufficient information pertaining to surge and
seiche.  Therefore, the staff concludes that the applicant has met the requirements for surge
and seiche with respect to 10 CFR 52.17(a) and 10 CFR 100.20(c). 
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2.4.6  Probable Maximum Tsunami Flooding

The ESP site is adjacent to the existing GGNS Unit 1 site, located on the bluffs to the east of
the Mississippi River floodplain at approximately river mile 406.  The existing GGNS Unit 1
power plant site has a grade elevation of 132.5 feet above MSL.

2.4.6.1  Technical Information in the Application

The applicant stated that the ESP site is located near river mile 406 above Head of Passes and
is not in a coastal region.  Therefore, SERI did not expect any effects on water level in the
Mississippi River resulting from geoseismic activity to occur at the ESP site.

In RAI 2.4.6-1, the staff asked the applicant to document any seismically induced tsunami-like
waves near the ESP site.  The staff also requested that the applicant include in its review the
ability of a tsunami-like wave to impact the ESP site.  In response to this RAI, SERI stated that
no historical indication exists of landslides in the GGNS area caused by seismic activity,
according to the Center for Earthquake Research and Information in Memphis, Tennessee. 
The applicant also stated that USACE did not have any records of bluff failures or collapses in
the GGNS site area.

SERI noted that according to USACE, the Mississippi coast is located in Tsunami Zone 1, with
a predicted wave height of 5 feet.  Conservatively assuming a coastal tsunami wave reached
the GGNS site without attenuation and was coincident with the DPF on the Mississippi River,
the maximum combined wave height would be 107.1 feet above MSL (102.1 feet from DPF +
5 feet from tsunami).  The applicant concluded that the tsunami wave would not affect the ESP
facility or facilities located at an elevation of 132.5 feet above MSL.

2.4.6.2  Regulatory Evaluation

Section 1.4 of the application discusses the applicant’s conformance to NRC regulatory
guidance.  The staff finds that the applicant correctly identified the applicable regulations and
guidance as 10 CFR 52.17(a), 10 CFR 100.20(c), and RG 1.70. 

Section 2.4.6 of RS-002 provides the following review guidance used by the staff to evaluate
this SSAR section.  The acceptance criteria for this section are based on meeting the
requirements of the following regulations:

• 10 CFR Part 52 and 10 CFR Part 100, as they relate to identifying and evaluating
hydrologic features of the site

• 10 CFR 100.23, as it relates to investigating the tsunami potential at the site

The regulations at 10 CFR 52.17(a) and 10 CFR 100.20(c) require that the NRC take into
account the site’s physical characteristics (including seismology, meteorology, geology, and
hydrology) when determining its acceptability to host a nuclear unit(s).  The regulations at
10 CFR Part 52 and 10 CFR Part 100 apply to RS-002, Section 2.4.6, because they address
the physical characteristics, including hydrology, considered by the Commission when
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determining the acceptability of the proposed site.  To satisfy the hydrologic requirements of
10 CFR Part 52 and 10 CFR Part 100, the SSAR should contain a description of the hydrologic
characteristics of the coastal region in which the proposed site is located and an analysis of
severe seismically induced waves.  The applicant’s description should be sufficient to assess
the site’s acceptability and the potential for a tsunami to influence the design of SSCs important
to safety for a nuclear unit(s) of specified type that might be constructed on the proposed site. 
Meeting this requirement provides reasonable assurance that the most severe flooding likely to
occur as a result of a tsunami will pose no undue risk to the type of facility proposed for the site.

For those cases in which a reactor design is not specified, the ESP applicant may instead
provide a PPE to characterize a facility or facilities for comparison with the hydrologic
characteristics of the site.  An ESP applicant can develop a PPE for a single type of facility or a
group of candidate facilities by selecting the limiting values of parameters.  Important PPE
parameters for SSAR Section 2.4 include, but are not limited to, precipitation (e.g., maximum
design rainfall rate and snow load) and the allowable site water level (e.g., maximum allowable
flood or tsunami surge level and maximum allowable ground water level). 

The regulation at 10 CFR 100.23(c) requires that the NRC consider the geologic and seismic
factors when determining suitability of the site.  Pursuant to 10 CFR 100.23(c), an investigation
must be completed to obtain geologic and seismic data necessary for evaluating seismically
induced floods and water waves.  This regulation also applies to RS-002, Section 2.4.6,
because it requires the investigation of distantly and locally generated waves or tsunamis that
have affected or could affect a proposed site, including available evidence regarding the runup
or drawdown associated with an historic tsunami in the same coastal region and local features
of coastal topography that might modify runup or drawdown.  RG 1.70 provides more detailed
guidance on the investigation of seismically induced flooding.

Though not required at the ESP stage, the applicant for a COL must demonstrate compliance
with GDC 2 as it relates to designing SSCs important to safety to withstand the effects of a
tsunami. 

To judge whether the applicant has met the requirements of 10 CFR Part 52, 10 CFR Part 100,
and 10 CFR 100.23 with respect to tsunamis and the analysis thereof, the NRC uses the
following criteria:

• If it has been determined that tsunami estimates are necessary to identify flood or low-
water design bases, the NRC will consider the applicant’s analysis to be complete if it
addresses the following areas and if the staff can independently and comparably
evaluate them based on the applicant’s submission:

— All potential distant and local tsunami generators, including volcanoes and areas
of potential landslides, are investigated, and the most critical ones are selected.

— Conservative values of seismic characteristics (source dimensions, fault
orientation, and vertical displacement) for the tsunami generators selected are
used in the analysis.
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— The staff previously approved or verified all models used in the analysis. 
RG 1.125 provides guidance in the use of physical models of wave protection
structures.

— Bathymetric data are provided (or are readily obtainable).

— Detailed descriptions of shoreline protection and safety-related facilities are
provided for wave runup and drawdown estimates.  RG 1.102 provides guidance
on flood protection for nuclear power plants.

— Ambient water levels, including tides, sea level anomalies, and wind waves, are
estimated using NOAA and USACE publications, as described below.

— If the applicant adopts RG 1.59, Position 2, the design basis for tsunami
protection of all safety-related facilities identified in RG 1.29 should be shown at
the COL stage to be adequate in terms of the time necessary for implementation
of any emergency procedures.

• The applicant’s estimates of tsunami runup and drawdown levels are acceptable if the
estimates are no more than 5 percent less conservative than the staff’s estimates.  If the
applicant’s estimates are more than 5 percent less conservative (based on the
difference between normal water levels and the maximum runup or drawdown levels)
than the staff’s, the applicant should fully document and justify its estimates or accept
the staff’s estimates.

• This section of the SSAR will also be acceptable if it states that the criteria used to
determine that tsunami flooding estimates are not necessary to identify the flood design
basis (e.g., the site is not near a large body of water).

2.4.6.3  Technical Evaluation

The staff investigated two potential failure mechanisms that have the potential to cause flooding
and that other sections do not cover, including hill slope failure and an inland tsunami
generated by an earthquake.

The area surrounding the ESP site is relatively flat, except for the bluffs upon which the ESP
facility or facilities would be constructed.  Hill slopes on the bank opposite the ESP site do not
have the potential to fail in such a manner that a wave could be produced of sufficient height to
flood the ESP site.  In addition, the integrity of the bank in the vicinity of the plant was evaluated
for the construction of GGNS Unit 1.  As SERI stated in SSAR Section 2.4.3.6, the new facility
would be closer to the bluffs than the existing reactor containment, and the potential impact of a
new facility to bank stability will be evaluated before the final design construction.

Earthquakes have the potential to create tsunami-like waves and have occurred on the
Mississippi.  According to Lockridge, et al. (2002), three earthquakes near New Madrid,
Missouri, occurred during the winter of 1811–1812 (December 6, January 16, and February 7)
that generated large tsunami-like waves.  Observers of the New Madrid earthquake reported
walls of water that were 15 to 20 feet high.  Because these events are rare, one is unlikely to
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occur during the time of the PMF.  Therefore, assuming a normal mean annual flood elevation
of approximately 75 feet above MSL, a tsunami-like wave would have to reach a height greater
than 50 feet to inundate the ESP site, which is not credible.

According to NOAA, since 1990, the 10 most destructive tsunamis in the Pacific produced
maximum wave heights of 9.8 to 49.2 feet.  Effects of even the largest ocean tsunamis
occurring during an annual flood event (water surface elevation 75 feet above MSL) would not
be of sufficient height to exceed the elevation of the ESP site (grade elevation 132.5 feet above
MSL).

The staff also examined the possibility of a severe landslide, concluding that bank slopes on the
opposite side of the river from the site are not of sufficient height to generate a wave that could
flood the ESP site.

2.4.6.4  Conclusions

As set forth above, the applicant has provided sufficient information pertaining to probable
maximum tsunami flooding.  Therefore, the staff concludes that the applicant has met the
requirements for probable maximum tsunami flooding with respect to 10 CFR 52.17(a) and
10 CFR 100.20(c)(3).  The staff concludes that the ESP site is safe from tsunami flooding, and
this application is in partial conformance with GDC 2.

2.4.7  Ice Effects

The ESP site, with coordinates of approximately 32E N latitude and 91E3' W longitude, is
adjacent to the existing GGNS Unit 1 site, located on the bluffs to the east of the Mississippi
River floodplain at approximately river mile 406.  The existing GGNS Unit 1 power plant site has
a grade elevation of 132.5 feet above MSL.  Runoff resulting from precipitation and snow melt
on major tributaries, including the Ohio, Missouri, Arkansas, and Red Rivers, is primarily
responsible for flooding in the Mississippi River.

2.4.7.1  Technical Information in the Application

In SSAR Table 2.4-16, the applicant summarized water temperatures at the USGS gauging
station on the Mississippi River at Vicksburg for the period 1973–1999.  The applicant reported
that the lowest temperature recorded at the USGS gauging station was 34.7 EF.  In SSAR
Table 2.4-16a, SERI also summarized water temperatures recorded by USACE in the
Mississippi River at Vicksburg for the period 1962–1979.  As shown in Table 2.4-16a, USACE
reported the lowest water temperature as ranging from 30 to 40 EF in January 1970.  From
these two data sources, the applicant concluded that water temperatures in the Mississippi
River near the GGNS site are expected to be above the freezing point most of the time.

SERI searched the USACE historical database of ice jams on the Mississippi River in
September 2002.  The applicant noted that this database did not list any ice jams on the
Mississippi River in Mississippi or Louisiana.  One ice jam was reported for the Mississippi River
in Arkansas on February 1, 1940.  SERI concluded that the possibility of a flood resulting from
an ice jam occurring downstream of the site was remote, especially because of the continued



2-111

development of river control works for navigation, irrigation, and flood control on the Mississippi
River and its principal tributaries.

The applicant argued that, in the event of ice-jam-induced high flows, a rise in water level above
103 feet above MSL at the site would result in the overtopping of the levees and the diversion of
water into the floodplain on the west bank of the Mississippi River.  SERI stated that, since the
proposed site for a new facility is located on the property’s upland area and is significantly
above 103 feet above MSL, ice-jam-induced high flows in the Mississippi River would not affect
it.

According to the applicant, in Section 2.4.8 of the NRC SER for GGNS Unit 1 (NUREG-0831),
the NRC reported the occurrence of an ice jam at Vicksburg, Mississippi, on February 3, 1940. 
However, the NRC concluded that the occurrence of a major ice jam on the Mississippi River
was very unlikely.  SERI stated that the NRC concurred that ice flooding was not a design-basis
consideration for the GGNS Unit 1 site.

2.4.7.2  Regulatory Evaluation

Section 1.4 of the SSAR discusses the applicant’s conformance to NRC regulatory guidance. 
The staff finds that the applicant correctly identified the applicable regulatory guidance.

Section 2.4.7 of RS-002 provides the review guidance used by the staff to evaluate this SSAR
section.  The acceptance criteria for this section are based on meeting the requirements of
10 CFR Part 52 and 10 CFR Part 100, as they relate to identifying and evaluating the
hydrologic features of the site.

The regulations at 10 CFR 52.17(a) and 10 CFR 100.20(c) require that the NRC take into
account the site’s physical characteristics (including seismology, meteorology, geology, and
hydrology) when determining its acceptability for hosting a nuclear power reactor(s).  To satisfy
the hydrologic requirements of 10 CFR Part 52 and 10 CFR Part 100, the SSAR should contain
a description of any icing phenomena with the potential to result in adverse effects to the intake
structure or other safety-related facilities for a nuclear unit(s) of a specified type (or falling within
a PPE) that might be constructed on the proposed site.  Applicants should describe ice-related
characteristics historically associated with the site and region, and they should perform an
analysis to determine the potential for flooding, low water, or ice damage to safety-related
SSCs.  The analysis should be sufficient to evaluate the site’s acceptability and to assess the
potential for those characteristics to influence the design of SSCs important to safety for a
nuclear unit(s) of a specified type (or falling within a PPE) that might be constructed on the
proposed site.  Meeting this guidance provides reasonable assurance that the effects of
potentially severe icing conditions will pose no undue risk to the type of facility proposed for the
site.

For those cases in which a reactor design is not specified, the ESP applicant may instead
provide a PPE to characterize a facility or facilities for comparison with the hydrologic
characteristics of the site.  An ESP applicant can develop a PPE for a single type of facility or a
group of candidate facilities by selecting the limiting values of relevant parameters. 

RG 1.59 provides guidance for developing the hydrometeorologic design basis. 
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To judge whether the applicant has met the requirements of 10 CFR Part 52 and
10 CFR Part 100 as they relate to ice effects, the NRC uses the following criteria:

• Publications by NOAA, USGS, USACE, and other sources are used to identify the
history and potential for ice formation in the region.  The historical maximum depths of
icing should be noted, as well as mass and velocity of any large, floating ice bodies. 
The phrase, “historical low water ice affected,” or similar phrases in streamflow records
(USGS and State publications) will alert the reviewer to the potential for ice effects.  The
following items should be considered and evaluated, if necessary:

— The regional ice and ice jam formation history should be described to enable an
independent determination of the need for including ice effects in the design
basis.

— If the potential for icing is severe, based on regional icing history, it should be
shown that water supplies capable of meeting safety-related needs are available
from under the ice formations postulated and that safety-related equipment could
be protected from icing.  If this cannot be shown, it should be demonstrated that
alternate sources of water are available that could be protected from freezing
and that the alternate source would be capable of meeting safety-related
requirements in such situations. 

— If floating ice is prevalent, based on regional icing history, potential impact forces
on safety-related intakes should be considered.  The structural design basis
should include dynamic loading caused by floating ice.  (This item will be
addressed at the COL or CP stage.)

— If ice blockage of the river or estuary is possible, it should be demonstrated that
the resulting water level in the vicinity of the site has been considered.  If this
water level would adversely affect the intake structure or other safety-related
facilities of a nuclear unit(s) of a specified type (or falling within a PPE) that might
be constructed on the proposed site, it should be demonstrated that it would not
also adversely affect an alternate safety-related water supply.

• The applicant’s estimates of potential ice flooding or low flows are acceptable if the
estimates are no more than 5 percent less conservative than the staff estimates.  If the
applicant’s estimates are more than 5 percent less conservative than the staff’s, the
applicant should fully document and justify its estimates or accept the staff estimates. 

2.4.7.3  Technical Evaluation

The staff verified the water temperatures at the USGS gauging station on the Mississippi River
at Vicksburg for the period 1973–1999 on June 23, 2004.  The staff downloaded daily water
quality data, including water temperature, from USGS.  The staff found that the lowest water
temperature recorded at this USGS station was 34.7 EF, which occurred on January 4, 1977;
February 8, 1977; and February 3, 1978.  The staff also obtained water temperature data from
the USACE Mississippi River Office in Vicksburg for the period 1991–2003.  The USACE
measured these temperatures near the water surface.  The USACE reported the lowest water
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temperature as 33 EF, which occurred on January 5, 2001.  From these data, the staff
concluded that water temperatures are expected to be above the freezing point most of the time
in the Mississippi River near the GGNS site.

The staff reviewed air temperature records from the National Climate Data Center spanning
January 1930 through December 2001 for the Port Gibson weather station.  The average
minimum daily temperature was 34.4 EF for the month of January and 37.5 EF for the month of
February.  The average minimum daily temperature ranged from 33 to 39 EF in December, 32
to 37 EF in January, and 34 to 41 EF in February.  The lowest daily minimum air temperature at
this station was !5 EF, which occurred on January 27, 1940.

The staff reviewed concurrently available data to look at the differences between water and air
temperatures during the winter months (December through March) at Vicksburg.  The staff
found that the water temperatures in the Mississippi River were consistently higher than the air
temperatures during these months.  Therefore, the staff concluded that it is highly unlikely that,
even when air temperatures fall near historical lows, the water in the Mississippi River will not
freeze.

On December 28, 2004, the staff searched the USACE historical database of ice jams on the
Mississippi River.  This database does not list any ice jams on the Mississippi River in
Mississippi or Louisiana.  Figure 2.4-9 shows several ice jams reported on the Mississippi River. 
One ice jam was reported on the Mississippi River at Helena, Arkansas, located at
approximately river mile 663, on February 1, 1940.  This ice jam was the closest to the GGNS
site and persisted for 3 days.  The database does not list any ice jams downstream of Helena,
Arkansas, on the Mississippi River.
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Figure 2.4-9  Locations of reported ice jams on the Mississippi River
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The closest location of sustained ice jam on the Mississippi River is more than 250 river miles
upstream of the GGNS site.  Based on the staff review of the ice jam database, the likelihood of
flooding resulting from an ice jam downstream of the GGNS site is considered remote.  In
addition, continued development of river control works for navigation, irrigation, and flood
control on the Mississippi River and its principal tributaries would reduce the possibility of a
sustained ice jam.

If an ice jam were to occur, and if ice-jam-induced high flows raise the water level to 103 feet
above MSL at the GGNS site, it would result in the overtopping of the levees and diversion of
water into the floodplain on the west bank of the Mississippi River.  The staff determined that
the ESP site, located on the upland area of the GGNS property at a plant grade of 132.5 feet
above MSL, will be safe from any potential flooding resulting from ice jams.

In the event of low flow from ice blockage, safety-related facilities would not be adversely
affected, as the UHS would provide a source of cooling and service water to maintain the plant
in a safe mode.

Ice can produce forces on, or can create blockage of, safety-related equipment.  Frazil and
anchor ice can also form on components.  In ER Section 3.4.1.3, SERI stated that the UHS for
the ESP facility or facilities would include a dedicated water storage basin.  Since the UHS for
the ESP facility or facilities would have a dedicated water storage basin(s), the staff considered
the effect of sustained low temperatures at the ESP site to evaluate the potential for freezing of
the UHS water storage basin(s).  DSER Permit Condition 2.4-5 is eliminated in Section 2.4.8.3
of this SER, which would have required that the COL applicant demonstrate that sufficient water
will be available for a 30-day UHS supply, accounting for any losses resulting from ice formation
in the dedicated water storage basin.  However, based on the applicant’s response to open
items, the staff determined that the detailed design of the ESP facility, including its UHS and
dedicated water storage basin(s), will not be available until the COL stage.  At that time, the
NRC will review the complete design of the ESP facility UHS using existing regulations and
regulatory guidance.  The staff determined, therefore, that specification of DSER Permit
Condition 2.4-5 is not necessary.  The COL applicant should show that sufficient liquid water
will be available for a 30-day ESP facility UHS supply, accounting for any losses resulting from
ice formation in the dedicated water storage basin.  This is COL Action Item 2.4-6 stated in
Section 2.4.8.3 of this SER.  In Section 2.3.1.1 of this SER, the staff discusses the resolution of
the cooling parameter at the ESP site.  The staff has identified a characteristic value of 98 EF
degree days (i.e., 98 accumulated freezing degree days), based on daily minimum and
maximum temperatures recorded at Port Gibson for the period 1930–2001. 

2.4.7.4  Conclusions

As set forth above, the applicant has provided sufficient information pertaining to ice effects. 
Therefore, the staff concludes that the applicant has met the requirements for ice effects with
respect to 10 CFR 52.17(a) and 10 CFR 100.20(c), and the application is in partial conformance
with GDC 2 and 44, “Cooling Water.”
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2.4.8  Cooling Water Canals and Reservoirs

The ESP site is located on the east bank of the Mississippi River near river mile 406.  The
applicant proposed the use of a mechanical draft cooling tower and a dedicated makeup water
storage basin for the UHS for the ESP facility or facilities.

2.4.8.1  Technical Information in the Application

On page 2.4-18 of the SSAR, the applicant stated, “there are no current or proposed cooling
water canals or reservoirs at the Grand Gulf Nuclear Station site.”  This quotation is the
applicant’s complete submission on this topic in SSAR Section 2.4.8.  The staff gleaned the
following additional information from the ER.

In ER Section 3.3, SERI stated, “the majority of raw water would be withdrawn from the
Mississippi River via an intake structure on the river shoreline and other wells would be used.” 
In the same section, the applicant also stated that raw water might be used for makeup water
for a UHS cooling system.

In Section 3.3.1.3, SERI noted that it anticipated the UHS to be a closed-loop system with a
water reservoir and mechanical draft cooling tower(s), and makeup water should replenish
water losses because of evaporation, drift, and blowdown.

In ER Section 3.4.1.3, the applicant indicated that the UHS could be used for nonemergency
operations.  In this section, SERI also stated, “A closed-loop UHS for the new facility would be
comprised of pumps, heat exchangers, a dedicated water basin, and cooling tower(s).”

2.4.8.2  Regulatory Evaluation

Section 1.4 of the SSAR discusses the applicant’s conformance to NRC regulatory guidance. 
The staff finds that the applicant correctly identified the applicable regulatory guidance.

The acceptance criteria for this section are based on meeting the requirements of
10 CFR Part 52 and 10 CFR Part 100 as they relate to identifying and evaluating the hydrologic
features of the site.

Compliance with 10 CFR 52.17(a) and 10 CFR 100.20(c) requires that the NRC take into
account the site’s physical characteristics (including seismology, meteorology, geology, and
hydrology) when determining its acceptability to host a nuclear power reactor(s).  To satisfy the
hydrologic requirements of 10 CFR Part 52 and 10 CFR Part 100, the applicant’s SSAR should
describe the cooling water canals and reservoirs for a nuclear power plant(s) of specified type
(or falling within a PPE) that might be constructed on the proposed site.  The analysis related to
cooling water canals and reservoirs should be sufficient to evaluate the site’s acceptability and
to assess the potential for those characteristics to influence the design of SSCs important to
safety for a nuclear power plant(s) of specified type (or falling within a PPE) that might be
constructed on the proposed site.  Meeting this requirement provides reasonable assurance
that the capacities of cooling water canals and reservoirs are adequate.
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For those cases in which a reactor design is not specified, the ESP applicant may instead
provide a PPE to characterize a facility or facilities for comparison with the hydrologic
characteristics of the site.  An ESP applicant can develop a PPE for a single type of facility or a
group of candidate facilities by selecting the limiting values of parameters.  Important PPE
parameters for SSAR Section 2.4 include, but are not limited to, cooling needs (e.g., adverse
local meteorological conditions, high ambient temperature).

Though not required at the ESP stage, the applicant for a COL must demonstrate compliance
with GDC 2 as it relates to designing SSCs important to safety to withstand the effects of
natural phenomena.

2.4.8.3  Technical Evaluation

The staff visually inspected the ESP site during the site safety analysis visit on June 29–30,
2004.  No cooling water canals exist or are planned at the ESP site.

SERI proposed that the UHS for the ESP facility or facilities consist of a mechanical draft
cooling tower(s) supplied by a dedicated water storage basin(s).

RG 1.27 specifies a UHS capable of providing sufficient cooling for 30 days to permit
simultaneous safe shutdown and cooldown of all nuclear reactor units that it serves and to
maintain them in a safe-shutdown condition.  In addition, procedures for ensuring continued
capability after 30 days should be available.  In ER Section 3.4.1.3, the applicant stated that the
UHS may be used for nonemergency operations, but it did not specify the frequency of such
nonemergency UHS usage.  The UHS storage basin could lose water because of leakage,
evaporation, or ice formation.

The COL applicant must demonstrate the availability of a 30-day cooling water supply for the
UHS, accounting for any losses including, but not limited to, those resulting from evaporation,
seepage, icing, and a margin of safety.  The staff intended to propose that the Commission
include this requirement in the ESP, should it be granted.  However, based on the applicant’s
response to open items, the staff determined that the detailed design of the ESP facility,
including its UHS and dedicated water storage basin(s), will not be available until the COL
stage.  At that time, the NRC will review the complete design of the ESP facility UHS using
existing regulations and regulatory guidance.  The staff determined, therefore, that specification
of DSER Permit Condition 2.4-5 is not necessary.  The COL applicant should demonstrate that
a 30-day cooling water supply for the ESP facility UHS will be available as liquid water in any
dedicated water storage basin(s), accounting for any losses including, but not limited to, those
resulting from evaporation, seepage, icing, and a margin of safety.  This is COL Action
Item 2.4-6.

The COL applicant must demonstrate that the UHS is not used frequently for nonemergency
use.  The staff intended to specify this requirement as DSER Permit Condition 2.4-6.  However,
based on the applicant’s response to open items, the staff determined that the detailed design
of the ESP facility, including its UHS and dedicated water storage basin(s), will not be available
until the COL stage.  At that time, the NRC will review the complete design of the ESP facility
UHS and its performance, including the frequency of reliance of the ESP facility on its UHS,
according to existing regulations and regulatory guidance.  The staff determined, therefore, that
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specification of DSER Permit Condition 2.4-6 is not necessary.  The COL applicant should
demonstrate that the ESP facility UHS will not be used frequently for nonemergency operation
of the ESP facility.  This is COL Action Item 2.4-7.

2.4.8.4  Conclusions

As set forth above, the applicant has provided sufficient information pertaining to cooling water
canals and reservoirs.  Therefore, the staff concludes that the applicant has met the
requirements for cooling water canals and reservoirs with respect to Appendix A to
10 CFR Part 50, 10 CFR 52.17(a), and 10 CFR 100.20(c)(3).

2.4.9  Channel Diversions

The ESP site is located on the east bank of the Mississippi River near river mile 406,
approximately 25 miles south of Vicksburg, Mississippi, and 6 miles northwest of Port Gibson,
Mississippi.  The ESP site is bounded on the east by loessial bluffs and on the west by the
Mississippi River.  The floodplain of the Mississippi River near the ESP site ranges in elevation
from 55 to 75 feet above MSL.  The existing GGNS Unit 1 power plant site has a grade
elevation of 132.5 feet above MSL.

2.4.9.1  Technical Information in the Application

In SSAR Section 2.4.9, the applicant stated that USACE protects the banks of the Mississippi
River in the Lower Mississippi region.  Protection and stabilization methods include placing
revetments composed of articulated concrete under water and stone riprap above the waterline. 
SERI stated that a revetment mattress is composed of 20 individual concrete blocks, each
4 feet long, 14 inches wide, and 3 inches thick, that are assembled into blocks 4 feet wide and
25 feet long.  These blocks are fastened together to form mattresses 140 feet wide that are laid
on the river bank in a pattern that resembles shingles on a roof.  Usually, an entire bend is
revetted from the upstream point of river current attack to the point where the channel crosses
to the opposite bank.

The applicant stated that the Mississippi River has in the past experienced, and is currently
undergoing, lateral shifting near the GGNS site, as indicated by the presence of oxbow lakes,
sand bars, and low-lying swamps.  The river divides into two branches around Middle Ground
Island that rejoin at approximately river mile 408.  SERI noted that USACE performed extensive
work to stabilize the river, including construction of submerged dikes across the western
channel to help divert flow through the eastern channel and construction of Grand Gulf
revetments on the east bank from approximately river mile 400.5 to 407.9 and from river mile
408.2 to 410.0.  During the 1960s and 1970s, USACE completed Grand Gulf revetments from
river mile 400.5 to 405.0 and from river mile 408.5 to 409.6.  The USACE left the rest of the
bank between river miles 400.5 and 410.0 unprotected to undergo erosion until it attained
acceptable alignment.  The USACE then completed the revetment on the east bank down to
river mile 410.0 during the mid-1970s and early 1980s, with a small gap at the existing GGNS
barge slip.

The applicant stated that USACE does not have any plans to carry out additional revetment
work near the GGNS site, except for occasional maintenance of existing structures.  The
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USACE also evaluates the need for additional shoreline work, and SERI expects it to make
improvements where appropriate.

In RAI 2.4.9-1, the NRC staff requested that the applicant provide copies of references related
to geologic features or other characteristics that might preclude any likelihood of channel
diversion upstream of the site.  In response to RAI 2.4.9-1, SERI listed several references from
the GGNS UFSAR and the GGNS ESP application.

2.4.9.2  Regulatory Evaluation

Section 1.4 of the SSAR discusses the applicant’s conformance to NRC regulatory guidance. 
The staff finds that the applicant correctly identified the applicable regulatory guidance. 

The staff used the review guidance provided in RS-002, Section 2.4.9, to evaluate this SSAR
section.  The acceptance criteria for this section relate to 10 CFR Part 52 and 10 CFR Part 100,
insofar as they require that the site evaluation consider hydrologic characteristics.  The
regulations at 10 CFR 52.17(a), 10 CFR 100.20(c), and 10 CFR 100.21(d) require that the NRC
take into account the physical characteristics of the site (including seismology, meteorology,
geology, and hydrology) when determining its acceptability to host a nuclear unit(s).

Channel diversion or realignment poses the potential for flooding or for an adverse effect on the
supply of cooling water for a nuclear unit(s) of a specified type (or falling within a PPE) that
might be constructed on the proposed site.  Therefore, it is one physical characteristic that must
be evaluated pursuant to 10 CFR 100.21(d).  The consideration of the 10 CFR 100.21(d)
criteria in this evaluation provides reasonable assurance that the effects of flooding caused by
channel diversion resulting from severe natural phenomena will pose no undue risk to the type
of facility proposed for the site.

For those cases in which a reactor design is not specified, the ESP applicant may instead
provide a PPE to characterize a facility or facilities for comparison with the hydrologic
characteristics of the site.  An ESP applicant can develop a PPE for a single type of facility or a
group of candidate facilities by selecting the limiting values of relevant parameters. 

To judge whether the applicant has met the requirements of 10 CFR Part 52 and
10 CFR Part 100 as they relate to channel diversion, the NRC uses the following criteria:

• A description of the applicability (potential adverse effects) of stream channel diversions
is necessary.

• Historical diversions and realignments should be discussed.

• The topography and geology of the basin and its applicability to natural stream channel
diversions should be addressed.

• If applicable, the safety consequences of diversion and the potential for high or low
water levels caused by upstream or downstream diversion to adversely affect safety-
related facilities, water supply, or the UHS should be addressed.  RG 1.27 provides
guidance on acceptable UHS criteria.
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2.4.9.3  Technical Evaluation

During its independent review, the staff found on the Web site of the USACE, Vicksburg
District, River Operations Branch (ROB) that it—

…is responsible for channel improvement, dredging, and navigation activities on
the lower Mississippi, Red, Ouachita/Black, and Pearl rivers.  This work is
accomplished by utilizing specialized floating plant, dustpan and cutterhead
dredges, towboats, survey boats, and various other river-related equipment.  The
scope of work encompasses four Corps of Engineers districts, seven states,
multiple watersheds, and utilizes the latest technology in river engineering and
operations. 

The ROB defines a revetment as a “facing (such as of stone or concrete) to sustain an
embankment.”  Every autumn, the ROB mat sinking unit, which comprises some
400 employees, begins several months of work on the river for establishing locations that need
bank stabilization.  Traditionally, the unit carries out this work during the low-water months of
August through November.

The staff found that USACE, Vicksburg District, provided the location of the dikes constructed
on the Mississippi River, along with their elevations, in Navigation Bulletin No. 1, “Special
Notice:  Mississippi River,” issued 2004.  The USACE constructs these pile and stone dikes in
reaches where it is difficult to maintain a navigable channel.  The USACE expects that the dikes
will reduce flow in secondary channels, thus restricting the width of reaches and helping to
maintain good navigation conditions.

The staff found that USACE constructed the dikes at frequent intervals on the Mississippi River
channel along the Grand Gulf revetment from approximately river mile 410 to river mile 399
(sheets 26 and 27 in Navigation Bulletin No. 1).  Three groups of dikes, named Yukatan, Coffee
Point, and Below Grand Gulf Dike Fields, extend from river mile 410.4 to 407.4, river mile 405.0
to 401.8, and river mile 400.3 to 399.0, respectively.  The Yucatan and Coffee Point dike
groups are on the western part of the channel as the river bends right, flowing past the Grand
Gulf Revetment on the east bank.  The Below Grand Gulf dikes group is located on the eastern
part of the channel as the river bends left, flowing past the Hardscrabble Revetment on the
west bank.

Based on its independent review, the staff found that SERI adequately described the issues
relating to channel diversions near the ESP site.  The Lower Mississippi River is heavily
navigated, and USACE, Vicksburg District, is responsible for maintaining navigable conditions. 
As part of this responsibility, USACE actively maintains revetments and dikes that are
constructed to minimize risk of channel diversions, bank erosion, and instability.

2.4.9.4  Conclusions
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As set forth above, the applicant has provided sufficient information pertaining to channel
diversions.  Therefore, the staff concludes that the applicant has met the requirements for
channel diversions with respect to Appendix A to 10 CFR Part 50, 10 CFR 52.17(a), and
10 CFR 100.20(c)(3).

2.4.10  Flooding Protection Requirements

The ESP site is located at approximately 32E N latitude and 91E3' W longitude.  The ESP site is
located at approximately river mile 406 on the east bank of Mississippi River, about 25 miles
south of Vicksburg, Mississippi.  GGNS Unit 1 is located at a grade elevation of 132.5 feet
above MSL.

Two small, steep streams flow around the ESP site, draining a combined area of less than
4 mi2, and into Lake Hamilton, located in the floodplain of the Mississippi River.  The ESP site
drains partially to both streams.

The ESP site is subject to flooding in the Mississippi River, flooding in the two small streams
that flow around the ESP site, and local flooding in response to intense precipitation.

2.4.10.1  Technical Information in the Application

In Table 2.4-14 of the SSAR, SERI estimated the design-basis flood elevation in the Mississippi
River near the GGNS site as 108.8 feet above MSL.  This flood elevation includes flooding
caused by the PMF, wind setup, and wave runup.  In SSAR Section 2.4.10, the applicant stated
that, since it has not selected a specific design for the ESP plant, no final plant grade has been
determined.  In this section, SERI also stated that all safety-related SSCs of the ESP facility or
facilities will be located at or above the site grade elevation of 133 feet above MSL or protected
from flooding such that the site would meet the requirements of GDC 2 and 10 CFR Part 100.

2.4.10.2  Regulatory Evaluation

Section 1.4 of the SSAR discusses the applicant’s conformance to NRC regulatory guidance. 
The staff finds that the applicant correctly identified the applicable regulatory guidance. 
Acceptance criteria for this section relate to 10 CFR Part 52 and 10 CFR Part 100, insofar as
they require that the site evaluation consider hydrologic characteristics.  Specifically, the
regulations at 10 CFR 52.17(a) and 10 CFR 100.20(c) require that the NRC take into account
the physical characteristics of the site (including seismology, meteorology, geology, and
hydrology) when determining its acceptability to host a nuclear unit(s).

The regulation at 10 CFR 100.20(c) requires estimation of the PMF using historical data. 
Meeting this requirement provides reasonable assurance that the effects of flooding or a loss of
flooding protection resulting from severe natural phenomena will pose no undue risk to the type
of facility proposed for the site.

For those cases in which a reactor design is not specified, the ESP applicant may instead
provide a PPE to characterize a facility or facilities for comparison with the hydrologic
characteristics of the site.  An ESP applicant can develop a PPE for a single type of facility or a
group of candidate facilities by selecting the limiting values of relevant parameters.
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To judge whether the applicant has met the requirements of 10 CFR Part 52 and
10 CFR Part 100 as they relate to flooding protection, the NRC uses the following criteria:

• The applicability (potential adverse effects) of a loss of flooding protection should be
described.

• Historical incidents of shore erosion and flooding damage should be discussed.

• The topography and geology of the basin and its applicability to damage as a result of
flooding should be addressed.

• If applicable, the safety consequences of a loss of flooding protection and the potential
to adversely affect safety-related facilities, water supply, or the UHS should be
addressed.  RG 1.27 provides guidance on acceptable UHS criteria.

2.4.10.3  Technical Evaluation

The staff determined that the ESP site is subject to flooding in the Mississippi River as a result
of PMP on the river’s contributing area and coincident wind activity, flooding in the Mississippi
River resulting from seismically induced upstream dam failures, flooding in the Mississippi River
resulting from ice-jam-induced high flows, flooding in the local Streams A and B as a result of
PMP on their respective contributing areas, and flooding on the ESP site caused by local
intense precipitation.

In DSER Section 2.4.3.3, the staff determined that flooding in the Mississippi River because of
a PMF and coincident wind activity will not result in inundation of the ESP site.  The staff also
noted in DSER Section 2.4.4.3 that seismically induced dam failures will not result in flooding of
the ESP site.  In DSER Section 2.4.7.3, the staff stated that ice jams on the Mississippi River
are not likely to form sufficiently close to the GGNS site and that any high flows resulting from
the breaking of such ice jams will not impact the safety of the ESP site.

The staff determined that local intense precipitation controls flooding in Streams A and B and
on the ESP site.  The applicant used HMR 33 and USACE EM-1110-2-1411 to estimate local
intense precipitation at the ESP site.  The applicant claimed that hourly rainfall rates derived
from the more recent HMR 53 show only a 2-percent increase over the values determined using
HMR 33.  The staff stated that local intense precipitation obtained using the guidelines of
HMR 52 shows a 37- and a 40-percent increase to 1-hour and 30-minute precipitation depths,
respectively, compared to those reported by the applicant.  This was Open Item 2.4-5, stated in
Section 2.4.2.3 of this SER.  Subsequent response from the applicant resolved Open
Item 2.4-5, as documented in Section 2.4.2.3 of this SER.

As stated in Section 2.4.2.3 of this SER, the COL applicant must demonstrate that the ESP
plant grade is safe from the flooding effects of maximum water surface elevation during local
intense precipitation without relying on any active surface drainage systems that may be
blocked during this event.  This is COL Action Item 2.4-5, as stated in Section 2.4.2.3 of this
SER.

2.4.10.4  Conclusions
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As set forth above, the applicant has provided sufficient information pertaining to flood
protection requirements.  Therefore, the staff concludes that the applicant has met the
requirements for flood protection with respect to 10 CFR 52.17(a) and 10 CFR 100.20(c)(3),
subject to the open items.  The staff finds that the application is in partial conformance with
GDC 2 for flood protection.

2.4.11  Low-Water Considerations

The ESP site is adjacent to the Mississippi River floodplain, from which ground water is
withdrawn for cooling the existing GGNS Unit 1, and is located approximately at river mile 406. 
Water withdrawn directly from the river will supply the proposed ESP facility or facilities for
normal heat sink cooling.  Events such as low-river stage and intake blockages from sediment
or ice may potentially reduce or limit the availability of cooling water at the site.  Makeup water
from a dedicated basin will supply the proposed ESP facility or facilities for UHS cooling.

2.4.11.1  Technical Information in the Application

In SSAR Section 2.4.2 and SSAR Figure 2.4-4, the applicant stated that the Lower Mississippi
derives its water from six major subbasins, including Upper Mississippi, Missouri, Ohio,
Arkansas, White, and Red-Ouachita.  SERI concluded that low-flow conditions in the
Mississippi River are a function of the nature of flow in the individual subbasins.  Table 2.4-1 of
the SSAR shows the percentage contribution to mean streamflow in the Lower Mississippi from
these individual subbasins.  The applicant stated that hydrometeorologic conditions in the basin
vary greatly, and although it is difficult to predict low streamflow values in the Lower Mississippi,
an analysis may be made on the basis of statistical considerations.  SERI noted that no dams
on the Mississippi River downstream of the site could affect the low streamflow condition near
the GGNS site.

The applicant studied low-water conditions near the GGNS site on the basis of streamflow
records at the Vicksburg Gauging Station.  Table 2.4-17 of the SSAR presents the annual
minimum daily streamflow observed at Vicksburg, Mississippi, for water years 1932–1979; this
table also includes corresponding river stages.  The minimum streamflow observed during the
period of record was 99,400 cfs on November 1, 1940.  SERI concluded that the corresponding
historical low-flow elevation at the site was approximately 28 feet above MSL, and the mean
30-day low flow was 108,000 cfs, also measured in 1940.

The applicant also referred to a USACE data source for low streamflow in the Mississippi River
at Vicksburg.  SERI stated that, according to this data source, the lowest daily streamflow for
the period 1930–2000 was 93,800 cfs, recorded on August 31, 1936.

Table 2.4-19 of the SSAR provides the 1-, 7-, and 30-day low streamflow for different
recurrence intervals, based on the historic streamflow data for the period 1933–1979 at the
Vicksburg Gauging Station obtained from USGS.  Figure 2.4-32 of the SSAR plots the
recurrence interval for low flows of the Mississippi River at Vicksburg.

The applicant cited information provided by USACE to establish the low-water reference plane
for river mile 406 at 37.5 feet above MSL.  SERI stated that the low-water reference plane was
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based on the average stage from 1982–1991, representing the discharge equaled or exceeded
97 percent of the time.

The applicant proposed that an intake located on the east bank of the Mississippi River, on the
north side of the existing barge slip, supply the makeup and service water for the ESP facility or
facilities.  The ESP facility or facilities would require a maximum makeup flow rate of
approximately 85,000 gpm of water, equivalent to about 190 cfs.  SERI estimated that the
maximum expected withdrawal for the ESP facility or facilities would be approximately
0.2 percent of the minimum historical streamflow in the Mississippi River near the GGNS site. 
The applicant noted that design details of the intake would consider the minimum water surface
elevation in the river to determine the location of inlet screens.

SERI stated that continued development of upstream reservoirs for such purposes as flood
control, navigation, irrigation, low-flow augmentation, and hydroelectric power will alter
streamflow characteristics of the Lower Mississippi River, resulting in an increase of low
streamflow and a decrease in the periods of high streamflow.

The applicant noted that, in the event of an emergency shutdown of the reactor or reactors of
the ESP facility, while the makeup water system was not in service, dedicated basins would
provide the emergency service water for the UHS for the ESP facility or facilities.  SERI
indicated that the UHS dedicated basins for the ESP facility or facilities would not rely on river
intake for makeup water during emergency operations.  Therefore, the applicant concluded that
low-water conditions would not affect the UHS for the ESP facility or facilities.

In RAI 2.4.11-1, the staff requested that the applicant describe the potential effect of ice jams
upstream from the site on low-water conditions at the site.  In SSAR Section 2.4.11, SERI
stated that a minimum stage of 39.2 feet above MSL occurred on February 3, 1940, when ice
jams reduced the river discharge.  The staff asked the applicant to provide its source of the
river stage data.  In response to this RAI, SERI stated that ice jams upstream of the GGNS site
could result in low-water conditions.  The applicant noted that reduction in discharge in the
Mississippi River near the GGNS site because of upstream ice jams is expected to be an
infrequent occurrence.  The low-water plane for the river near the GGNS site is 37.5 feet above
MSL, based on the average water surface elevation in the river from 1982–1991, and
represents a discharge equaled or exceeded 97 percent of the time.  The applicant concluded
that the proposed intake structure would not be affected by low-water conditions.

2.4.11.2  Regulatory Evaluation

Section 1.4 of the SSAR discusses the applicant’s conformance to NRC regulatory guidance. 
The staff finds that the applicant correctly identified the applicable regulatory guidance.  

The acceptance criteria for this section relate to the following regulations:

• 10 CFR Part 52 and 10 CFR Part 100 require that hydrologic characteristics be
considered in the site evaluation.

• 10 CFR 100.23 requires that siting factors to be evaluated must include the cooling
water supply.
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The regulations at 10 CFR Part 52 and 10 CFR Part 100 require that the evaluation of a nuclear
power plant site consider the hydrologic characteristics.  To satisfy the requirements of 10 CFR
Part 52 and 10 CFR Part 100, the applicant’s SSAR should describe the surface and
subsurface hydrologic characteristics of the site and region.  In particular, the UHS for the
cooling water system may consist of water sources that could be affected by the site’s
hydrologic characteristics that may reduce or limit the available supply of cooling water for
safety-related SSCs, such as those resulting from river blockage or diversion, tsunami runup
and drawdown, and dam failure. 

Meeting the requirements of 10 CFR Part 52 and 10 CFR Part 100 provides reasonable
assurance that severe hydrologic phenomena, including low-water conditions, will pose no
undue risk to the type of facility proposed for the site.

For those cases in which a reactor design is not specified, the ESP applicant may instead
provide a PPE to characterize a facility or facilities for comparison with the hydrologic
characteristics of the site.  An ESP applicant can develop a PPE for a single type of facility or a
group of candidate facilities by selecting the limiting values of relevant parameters. 

As required by 10 CFR 100.23, siting factors, including cooling water supply, must be evaluated
for a nuclear unit.  The evaluation of the emergency cooling water supply for a nuclear power
plant(s) of a specified type (or falling within a PPE) that might be constructed on the proposed
site should consider river blockages, diversions, or other failures that may inhibit the flow of
cooling water, tsunami runup and drawdown, and dam failures. 

The regulation at 10 CFR 100.23 applies to this section because the UHS for the cooling water
system consists of water sources that are subject to natural events that may reduce or limit the
available supply of cooling water (i.e., the heat sink).  Natural events such as river blockages,
diversions, or other failures that may inhibit the flow of cooling water, tsunami runup and
drawdown, and dam failures should be conservatively estimated to assess the potential for
these characteristics to influence the design of those SSCs important to safety for a nuclear
unit(s) of a type specified by the applicant (or falling within a PPE) that might be constructed on
the proposed site.  The available water supply should be sufficient to meet the needs of the
unit(s) to be located at the site; those needs may fall within a PPE (e.g., the stored water
volume of the cooling water ponds), if an applicant uses that approach.  Specifically, those
needs include the maximum design essential cooling water flow, as well as the maximum
design flow for normal plant needs at power and at shutdown.

The specific criteria discussed in the paragraphs below assess the applicant’s ability to meet
the requirements of the hydrologic aspects of the above regulations.  Acceptance is based
primarily on the adequacy of the UHS to supply cooling water for normal operation, anticipated
operational occurrences, safe shutdown, cooldown (first 30 days), and long-term cooling
(periods in excess of 30 days) during adverse natural conditions. 

Low Flow in Rivers and Streams

For essential water supplies, the low-flow/low-level design for the primary water supply source
is based on the probable minimum low flow and low level resulting from the most severe
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drought that can reasonably be considered for the region.  The low-flow/low-level site
parameters for operation should not allow shutdowns caused by inadequate water supply to
trigger the frequent use of emergency systems. 

Low Water Resulting from Surges, Seiches, or Tsunami

For coastal sites, the applicant should postulate the appropriate PMH wind fields at the ESP
stage to estimate the maximum winds blowing offshore, thus creating a probable minimum
surge level.  Low-water levels on inland ponds, lakes, and rivers caused by surges should be
estimated based on the probable maximum winds oriented away from the plant site.  The same
general analysis methods discussed in Sections 2.4.3, 2.4.5, and 2.4.6 of RS-002 apply to low-
water estimates resulting from the various phenomena discussed.  If the site is susceptible to
such phenomena, minimum water levels resulting from setdown (sometimes called runout or
rundown) from hurricane surges, seiches, and tsunamis should be verified at the COL or CP
stage to be higher than the intake design basis for essential water supplies.

Historical Low Water

If historical flows and levels are used to estimate design values by inference from frequency
distribution plots, the data used should be presented to allow for an independent determination. 
The data and methods of NOAA, USGS, SCS, USBR, and USACE are acceptable.

Future Controls

This section is acceptable if water use and discharge limitations (both physical and legal), which
are already in effect or under discussion by the responsible Federal, State, regional, or local
authorities and which may affect the water supply for a nuclear unit(s) of a type specified by the
applicant (or falling within a PPE) that might be constructed on the proposed site, have been
considered and are substantiated by reference to reports of the appropriate agencies.  The
design basis should identify and take into account the most adverse possible effects of these
controls to ensure that essential water supplies are not likely to be negatively affected in the
future.

2.4.11.3  Technical Evaluation

During its independent review, the staff found that six major subbasins contribute water to the
Lower Mississippi, including the Upper Mississippi, Missouri, Ohio, Arkansas, White, and Red-
Ouachita.  On January 4, 2005, the staff verified drainage areas of these subbasins using the
USGS Web site, “National Stream Water Quality Accounting Network.”  Low flow conditions in
the Lower Mississippi depend on streamflow conditions in these individual subbasins.  On
January 4, 2005, the staff used the USACE ?National Inventory of Dams” database to
determine that no dams exist on the Mississippi River downstream of the GGNS site, the failure
of which may lead to low-flow conditions at the GGNS site.

The Vicksburg Gauging Station, located at river mile 435.7, is the closest upstream station from
the GGNS site.  The staff determined that no major tributaries exist (except the relatively small
Bayou Pierre and Big Black River) that join with the Mississippi, and no major river withdrawals
exist between Vicksburg and the GGNS site.  The staff also reviewed streamflow at Natchez,
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located at river mile 363.3, the next streamflow station downstream from the GGNS site,
confirming that the river flow at Natchez closely correlates to that at Vicksburg.  Since the
GGNS site is located between these two gauging stations, the staff concluded that the
discharge at the GGNS site closely correlates to that at Vicksburg.

Using the USGS ?National Water Information System,” the staff reviewed low-water conditions
based on daily streamflow records at the Vicksburg Gauging Station.  Figure 2.4-10 shows the
minimum daily streamflow observed at Vicksburg, Mississippi, during water years 1932–1998
as 100,000 cfs on November 1, 1939.  Apparently, the applicant mistyped the date for this
same streamflow as November 1, 1940, in the ESP application.  According to the USACE
report, “Stages and Discharges of the Mississippi River and Tributaries in the Vicksburg District,
Annual Report of the District Engineers,” issued 1990, a streamflow of 93,800 cfs was observed
on August 31, 1936.

Figure 2.4-10  Minimum daily average streamflow in the USGS record for all water years
1932–1998 at Vicksburg, Mississippi.  Red circles with years show six lowest historical

values.

The staff obtained a copy of an email communication from SERI, in which USACE stated that
the low-water reference plane for river mile 406 is 37.5 feet above MSL.
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In SSAR Section 2.4.11.2, SERI stated that the historical low-flow elevation near the GGNS site
is approximately 28 feet above MSL, but it did not explain how it estimated the elevation.  Using
the 1990 USACE report, the staff found that the historical minimum water surface elevation
measured at the Vicksburg Gauging Station is 39.23 feet above MSL.  The staff estimated the
water surface elevation near the GGNS site using measured water surface elevations at
Vicksburg and Natchez, which are the closest upstream and downstream gauges from the
GGNS site, respectively.  The staff used the river stage data provided by USACE to find a
period in this record when the water surface elevations at the two gauging stations were fairly
steady.  The staff assumed that the water surface elevation from Vicksburg to Natchez
decreases linearly and estimated the water surface elevation near the GGNS site.  The staff-
estimated water surface elevation near the GGNS site is 28.4 feet above MSL, corresponding
to the historical low-water surface elevation observed at Vicksburg.

In ER Figure 5.3-2, SERI indicated that the ESP intake screens are expected to be located at
an elevation of 23.5 feet above MSL, which is 4.9 feet below the staff-estimated minimum water
surface elevation near the GGNS site and 14 feet below the USACE low-water reference plane.

Section 2.4.7 of this SER reviewed the USACE historical database of ice jams on the
Mississippi River.  In the event that ice jams would result in low water elevations in the
Mississippi River near the GGNS site, the dedicated ESP UHS basins, which do not rely on the
river intake for makeup cooling water, would supply makeup cooling water for emergency
shutdown of the ESP reactor(s).  The staff concluded that low water elevations resulting from
ice jams or other causes would not adversely affect safety of the ESP facility or facilities.

In ER Section 3.4.1.3, SERI noted that the UHS for the ESP facility or facilities would include a
dedicated water storage basin.  As stated by COL Action Item 2.4-6 in Section 2.4.8.3 of this
SER, the COL applicant must demonstrate that sufficient water will be available for a 30-day
UHS supply accounting for any losses from the dedicated water storage basin.

2.4.11.4  Conclusions

As set forth above, the applicant has provided sufficient information pertaining to low-water
considerations.  Therefore, the staff concludes that the applicant has met the requirements for
low-water considerations with respect to 10 CFR 52.17(a), 10 CFR 100.20(c), GDC 2, and
GDC 44.

2.4.12  Ground Water

The ESP site is located within the Mississippi Alluvial Plain Section of the Coastal Plain
Physiographic Province.  Aquifers at the site include the (1) Holocene alluvium in lowlands near
the Mississippi River, (2) Pleistocene Upland Complex deposits beneath loess surface strata in
the uplands, and (3) Miocene Catahoula Formation that underlies both the upland and lowland
aquifers.

2.4.12.1  Technical Information in the Application

In SSAR Section 2.4.12, the applicant described regional and site hydrogeology and ground
water conditions.  SERI generally used the GGNS UFSAR to derive the information presented
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in the SSAR, including the subsurface site characterization performed for the two previously
proposed GGNS units, as well as the ongoing monitoring for the constructed GGNS Unit 1. 
The applicant obtained an additional three borings as part of its pre-ESP application activities;
these borings further confirmed the site hydrogeologic conceptual model presented in the
UFSAR.

The following summarizes the applicant’s description of the principal sources of ground water
for both the region and the ESP site, composed of the Holocene Mississippi River alluvium,
Pleistocene terrace deposits, and Miocene series, primarily the Catahoula Formation:

• The Mississippi River alluvium occurs in the lowland section of the ESP site to the east
of the bluffs and consists of a surficial layer of clay and silt overlying lenses of sand,
gravel, silt, and clay.  Alluvium thickness at the ESP site ranges from 95 to 182 feet. 
Recharge to the alluvium occurs from infiltrating precipitation and westward ground
water flow from the terrace deposits.  Published values of hydraulic conductivity in the
alluvium range from 200 to 400 feet/day.

• At the ESP site, the terrace deposits, which occur east of the bluffs, are overlain with 22
to 82 feet of loess.  The terrace deposits, which overlay the Catahoula formation, are up
to 150 feet thick.  The lithology of the terrace deposits is similar to the Holocene
alluvium.  Recharge to the terrace deposits occurs via percolation through the overlying
loess.  Hydraulic conductivities for the terrace deposits range from 0.7 to 800 feet/day.

• The Miocene Catahoula Formation is continuous across the entire ESP site and consists
of lenticular deposits of sand, clayey silt, and sandy-silty clay.  Sand layers are
predominately fine grained and range in thickness from a few inches to more than
100 feet.  Recharge to the Catahoula Formation occurs from overlying alluvium and
terrace deposits.  Permeable zones within the Catahoula Formation are the sources of
water for the majority of public and private wells in Claiborne County.  Published values
for five test locations in Claiborne County report hydraulic conductivity values ranging
from 13 to 120 feet/day.

The applicant reported that the two routinely used wells operate near full capacity during
refueling outages, and additional ground water supply wells would be required for both
construction and operational needs of the ESP facility or facilities.  The applicant estimated that
the maximum consumption of ground water for potable, sanitary, fire protection, demineralized
water, and landscape maintenance use would not exceed 3570 gpm.  This operational water
requirement exceeded the applicant’s estimate of water demands during construction.

The GGNS facility obtains makeup and service water from a series of Ranney wells located
adjacent to the Mississippi River with laterals extending out under the Mississippi River.  While
these wells extract a very large volume of ground water, mostly Mississippi River water is
induced to flow downward through the riverbed, and therefore the wells have a relatively
localized impact on ground water elevation.

Based on population projections, the applicant estimated that the ground water withdrawal
within a 2-mile radius of the plant by the year 2070 will be only 2610 gallons per day (gpd). 
Therefore, the ground water demand for the GGNS and the ESP facility or facilities is projected
to dominate the water use in the immediate vicinity of the ESP site for many years.
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Ground water at the ESP site generally moves from east to west towards the Mississippi River. 
Perched aquifers have been identified in the area of the proposed ESP power block.  SERI
provided data from peizometer measurements.

The SSAR did not provide specific coordinates (including elevation) for the bounding areas of
all safety-related structures and aquifers, including perched aquifers.  In RAI 2.4.1-1, the staff
asked the applicant to provide these locations and elevations.  The SSAR did not contain
sufficient specific information of the local subsurface environment in the vicinity of the proposed
ESP facility or facilities to help the staff understand all the ground water pathways.  In
RAI 2.4.12-1, the staff requested SERI to further describe the local subsurface environment. 
The applicant’s response to this RAI will help the staff in its independent estimation of ground
water flowpaths and water table elevations.

2.4.12.2  Regulatory Evaluation

Section 1.4 of the SSAR discusses the applicant’s conformance to NRC regulatory guidance. 
The staff finds that the applicant correctly identified the applicable regulatory guidance.  The
acceptance criteria for this section relate to the following regulations:

• 10 CFR Part 52 and 10 CFR Part 100 require that hydrologic characteristics be
considered in the site evaluation.

• 10 CFR 100.23 sets forth the criteria to determine the suitability of design bases for a
nuclear unit(s) of specified type (or falling within a PPE) that might be constructed on
the proposed site with respect to its seismic characteristics.  This section also requires
applicants to ensure the adequacy of the cooling water supply for emergency and long-
term shutdown decay heat removal, taking into account information concerning the
physical, including hydrological, properties of the materials underlying the site.

As specified in 10 CFR 100.20(c), the NRC must consider the site’s physical characteristics
(including seismology, meteorology, geology, and hydrology) when determining its acceptability
to host a nuclear unit(s).

The regulation at 10 CFR 100.20(c)(3) requires that the NRC address factors important to
hydrologic radionuclide transport using onsite characteristics.  To satisfy the hydrologic
requirements of 10 CFR Part 100, the NRC review of the applicant’s SSAR should verify the
description of ground water conditions at the proposed site and of the effect on those conditions
of the construction and operation of a nuclear unit(s) of specified type that might be constructed
on the site.  Meeting this requirement provides reasonable assurance that the release of
radioactive effluents from a unit(s) of specified type that might be constructed on the proposed
site will not significantly affect the ground water at or near the site. 

The regulation at 10 CFR 100.23 requires that the evaluation consider geologic and seismic
factors when determining the suitability of the site and the acceptability of the design for each
nuclear power plant.  In particular, 10 CFR 100.23(d)(4) requires consideration of the physical
properties of materials underlying the site when designing a system to supply cooling water for
emergency and long-term shutdown decay heat removal.  The regulation at 10 CFR 100.23
applies to RS-002, Section 2.4.12, because it addresses requirements for investigating
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vibratory ground motion, including the hydrologic conditions at and near the site.  Static and
dynamic engineering properties of the materials underlying the site should be determined,
including the properties (e.g., density, water content, porosity, and strength) needed to
determine the behavior of those materials in transmitting earthquake-induced motions to the
foundations of a unit(s) of specified type (or falling within a PPE) that might be constructed on
the site. 

Meeting this requirement provides reasonable assurance that the effects of a safe-shutdown
earthquake (SSE) will pose no undue risk to the type of facility proposed for the site.

For those cases in which a reactor design is not specified, the ESP applicant may instead
provide a PPE to characterize a facility or facilities for comparison with the hydrologic
characteristics of the site.  An ESP applicant can develop a PPE for a single type of facility or a
group of candidate facilities by selecting the limiting values of relevant parameters.  Important
PPE parameters for SSAR Section 2.4 include, but are not limited to, precipitation
(e.g., maximum design rainfall rate and snow load) and the allowable site water level (e.g.,
maximum allowable flood or tsunami surge level and maximum allowable ground water level).

Though not required at the ESP stage, the applicant for a COL must demonstrate compliance
with GDC 2 as it relates to designing SSCs important to safety to withstand the effects of
natural phenomena.

To judge whether the applicant has met the requirements of the hydrologic aspects of
10 CFR Part 52 and 10 CFR Part 100, the NRC uses the following criteria:

• Section 2.4.12.1 of the SSAR must provide a full, documented description of regional
and local ground water aquifers, sources, and sinks.  In addition, the type of ground
water use, wells, pump, storage facilities, and the flow needed for a nuclear unit(s) of
specified type (or falling within a PPE) that might be constructed on the site should be
described.  If ground water is to be used as an essential source of water for safety-
related equipment, the design basis for protection from natural and accident phenomena
should compare with RG 1.27 guidelines.  Bases and sources of data should be
adequately described and referenced. 

• Section 2.4.12.2 of the SSAR should provide a description of present and projected
local and regional ground water use.  Existing uses, including amounts, water levels,
location, drawdown, and source aquifers, should be discussed and tabulated.  Flow
directions, gradients, velocities, water levels, and effects of potential future use on these
parameters, including any possibility for reversing the direction of ground water flow,
should be indicated.  Any potential ground water recharge area within the influence of a
nuclear unit(s) of specified type (or falling within a PPE) that might be constructed on
the site, as well as the effects of construction, including dewatering, should be identified. 
The influence of existing and potential future wells with respect to ground water beneath
the site should also be discussed.  Bases and sources of data should be described and
referenced.  RS-002 discusses certain studies concerning ground water flow problems.
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• Section 2.4.12.3 of the SSAR must discuss the need for and extent of procedures and
measures, including monitoring programs, to protect present and projected ground
water users.  These items are site specific and will vary with each application.

To judge whether the applicant has met the requirements of 10 CFR Part 50; 10 CFR 50.55,
“Conditions of Construction Permits”; 10 CFR 50.55a; GDC 2; GDC 4, “Environmental and
Dynamic Effects Design Bases”; GDC 5, “Sharing of Structures, Systems, and Components”;
and 10 CFR Part 100 as they relate to the COL stage, the NRC uses the following criteria:

• SSAR Section 2.4.12.4 should describe the design bases (and development thereof) for
ground water-induced loadings on subsurface portions of safety-related SSCs at the
COL stage.  If a permanent dewatering system is employed to lower design-basis
ground water levels, the bases for the design of the system and determination of the
design basis for ground water levels should be provided.  Information should be
provided regarding the following: 

— all structures, components, and features of the system

— the reliability of the system as related to available performance data for similar
systems used at other locations

— the various soil parameters (such as permeability, porosity, and specific yield)
used in the design of the system

— the bases for determination of ground water flow rates and areas of influence to
be expected

— the bases for determination of time available to mitigate the consequences of
system failure where system failure could cause design bases to be exceeded

— the effects of malfunctions or failures (such as a single failure of a critical active
component or failure of circulating water system piping) on system capacity and
subsequent ground water levels

— a description of the proposed ground water level monitoring program and outlet
flow monitoring program

In addition, if wells are proposed for safety-related purposes, the hydrodynamic design
bases (and development thereof) for protection against seismically induced pressure
waves should be described and should be consistent with site characteristics.

2.4.12.3  Technical Evaluation

Based on a review of the USGS ?Ground Water Atlas of the United States,” the staff
determined that the applicant’s description of regional hydrogeologic conditions is adequate. 
The following summarizes the staff’s independent findings:
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• The GGNS and ESP sites are both located within the Mississippi Alluvial Plain Section
of the Coastal Plain Physiographic Province.  Several important aquifer systems are in
the vicinity of the proposed site, including the Mississippi River Valley Alluvial Aquifer
system, Coastal Lowlands Aquifer system, and the Mississippi Embayment Aquifer
system.  The proposed ESP site is south of the southern extent of the Mississippi River
Valley Alluvial Aquifer system.  However, the site is within the very northern extent of the
Coastal Lowlands Aquifer system and is located near the center of the Mississippi
Embayment Aquifer system.

• The Coastal Lowlands Aquifer System consists of a gulfward-thickening,
heterogeneous, unconsolidated to poorly consolidated wedge of discontinuous beds of
sand, silt, and clay that range in age from Oligocene to Holocene.  The Mississippi
Embayment Aquifer system is located beneath the Coastal Lowlands Aquifer system. 
At the ESP site, the Mississippi Embayment Aquifer system consists of several aquifers
ranging in age from Late Cretaceous to Middle Eocene with a combined thickness of
over 5000 feet.

• The bluffs at the ESP site delineate a change in the upper stratigraphy.  The upland
plain, located to the east of the bluffs, is a Pleistocene terrace rising to an elevation of
about 150 feet above MSL.  The surface layer of the upper plain consists of
approximately 75-foot-thick loess overlaying about 40-foot-thick coarse-grained alluvial
sand and gravel deposits of the Upland Complex.  The lowland, located to the west of
the bluffs at an elevation of about 70 feet above MSL, consists of a layer of Holocene
alluvium over 100 feet in thickness, including backswamp areas and meander belts of
the Mississippi River.  The Catahoula Formation underlies both the terrace deposits in
the uplands and the alluvium in the lowlands.  The proposed ESP plant would be located
in the uplands portion of the ESP site.

The staff determined that the SSAR adequately describes onsite and offsite ground water use. 
The applicant proposed that ground water use will be less than 3570 gpm.  The staff
determined that, for a ground water well system, the applicant-stated maximum withdrawal
capacity of 3570 gpm is large and may require installation of a network of several wells at the
ESP site.  The COL applicant must demonstrate that an adequately designed well system
capable of withdrawing 3570 gpm is provided for the ESP facility or facilities.  The staff intended
to propose that the Commission include this requirement in the ESP, should it be granted. 
However, based on the applicant’s response to open items, the staff determined that the
detailed design of the ESP facility, including the design of a well system to provide ground
water for potable, sanitary, fire protection, demineralized water, and landscape maintenance,
will not be available until the COL stage.  At that time the NRC will review the complete ESP
facility design, including the ground water well system, according to existing regulations and
regulatory guidance.  The staff determined, therefore, that it is not necessary to specify DSER
Permit Condition 2.4-7.  The COL applicant should demonstrate that an adequately designed
ground water well system capable of withdrawing a maximum of 3570 gpm is provided for the
ESP facility.  This is COL Action Item 2.4-8.

Prior construction for the GGNS facility has changed, and future construction for the ESP
facility or facilities will further alter, the subsurface environment.  The current subsurface
environment will be altered with the replacement of existing soils with fill and cement.  These
changes and any dewatering systems will alter the local ground water flow patterns and water
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table elevations.  The staff requested in RAI 2.4.1-1 that SERI define the extent of the region
(including elevation) of the ESP facility or facilities and the location of any aquifers, including
perched aquifers.  While the applicant submitted the coordinates of the areal extent of the
facility, it did not provide any information regarding the depth of the facility, associated
disturbance, or perched aquifers.  This was Open Item 2.4-2, as discussed in Section 2.4.1.3 of
this report.  Subsequent response from the applicant resolved Open Item 2.4-2, as documented
in Section 2.4.1.3 of this SER.

To understand the ground water flow paths, adequate characterization of the local subsurface
environment is necessary.  In RAI 2.4.12-1, the staff requested more information regarding the
local subsurface environment.  In response to this RAI, SERI stated that it will conduct an
additional detailed assessment to define the location and extent of perched aquifers at the COL
stage when the plant design and location are finalized.  The COL applicant must provide the
location and extent of perched aquifers, including their areal and vertical extent.  The staff
intended to propose that the Commission include this requirement in the ESP, should it be
granted.  However, based on the applicant’s response to Open Item 2.4-3, the staff determined
that additional ground water characterization will be carried out by the applicant at the COL
stage as part of the design of the dewatering well system.  This characterization is expected to
provide detailed information on ground water elevation and locations of perched water zones. 
At that time, in accordance with existing regulations and regulatory guidance, the NRC will
review the detailed ESP facility design, including design of dewatering well system, and any
potential impact perched water zones may have on construction and operation of the ESP
facility.  The staff determined, therefore, that specification of DSER Permit Condition 2.4-8 is
not necessary.  The COL applicant should provide detailed ground water information, including
the location and depth of perched aquifers.  This is COL Action Item 2.4-9.

2.4.12.4  Conclusions

As set forth above, the applicant has provided sufficient information pertaining to ground water. 
Therefore, staff concludes that the applicant has met the requirements for ground water with
respect to 10 CFR 52.17(a) and 10 CFR 100.20(c)(3).

2.4.13  Accidental Releases of Liquid Effluents to Ground and Surface Waters

The ESP site is located within the Mississippi Alluvial Plain Section of the Coastal Plain
Physiographic Province.  Aquifers at the site include the (1) Holocene alluvium in lowlands near
the Mississippi River, (2) Pleistocene Upland Complex deposits beneath loess surface strata in
the uplands, and (3) Miocene Catahoula Formation that underlies both the upland and lowland
aquifers.

2.4.13.1  Technical Information in the Application

In SSAR Section 2.4.13, SERI restated the GGNS UFSAR analysis for accidental releases of
liquid effluents from GGNS to ground water and surface water.  The applicant argued that,
since the hydrogeologic characteristics of the site have not changed since the GGNS analysis,
the findings from the evaluation of GGNS should extend to the ESP facility even though it is
1200 feet closer to the Mississippi River than GGNS Unit 1.
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The applicant identified no surface water intakes within 100 miles downstream of the ESP site
that use Mississippi River water as a potable water supply.

The SSAR did not provide specific coordinates (including elevation) for the bounding areas of
all safety-related structures and aquifers, including perched aquifers.  In RAI 2.4.1-1, the staff
requested SERI to provide these locations and elevations.  The applicant’s response to this RAI
will help the staff in its independent estimation of ground water flowpaths and water table
elevations.

The SSAR did not contain sufficient specific information of the local subsurface environment in
the vicinity of the proposed ESP facility or facilities for the staff to understand all the ground
water pathways.  In RAI 2.4.12-1, the staff requested SERI to further describe the local
subsurface environment.  The applicant’s response to this RAI will help the staff in its
independent estimation of ground water flowpaths and water table elevations.

The SSAR did not provide sufficient rationale as to the selection of strontium- (Sr-) 90 and
cesium- (Cs-) 137 as radionuclides to be considered in the analysis.  While these are important
radionuclides in terms of human health risk, their large distribution coefficients (Kd) significantly
retard their migration in the subsurface environment.  In RAI 2.4.13-1, the staff requested SERI
to further describe the rationale for considering Sr-90 and Cs-137 in its analysis.

2.4.13.2  Regulatory Evaluation

Section 1.4 of the SSAR discusses the applicant’s conformance to NRC regulatory guidance. 
The staff finds that the applicant correctly identified the applicable regulatory guidance.  The
acceptance criteria for this section relate to the following regulations:

• 10 CFR Part 52 and 10 CFR Part 100, as they require that hydrologic characteristics of
the site be evaluated with respect to the consequences of the escape of radioactive
material from the facility

Compliance with 10 CFR Part 52 and 10 CFR Part 100 requires that the NRC consider the local
geologic and hydrologic characteristics when determining the acceptability of a site to host a
nuclear unit(s).  The geologic and hydrologic characteristics of the site may have a bearing on
the potential consequences of radioactive materials escaping from a nuclear unit(s) of specified
type (or falling within a PPE) that might be constructed on the proposed site.  Special
precautions should be planned if a reactor(s) will be located at a site where a significant
quantity of radioactive effluent could accidentally flow into nearby streams or rivers or find ready
access to underground water tables.

These criteria apply to RS-002, Section 2.4.13, because the reviewer evaluates site hydrologic
characteristics with respect to the potential consequences of radioactive materials escaping
from a nuclear unit(s) of specified type (or falling within a PPE) that might be constructed on the
proposed site.  The review considers the radionuclide transport characteristics of ground water
and surface water environments with respect to accidental releases to ensure that current and
future users of ground water and surface water are not adversely affected by an accidental
release from a nuclear unit(s) of specified type (or falling within a PPE) that might be
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constructed on the proposed site.  RG 1.113, Revision 1, “Estimating Aquatic Dispersions of
Effluents from Accidental and Routine Reactor Releases for the Purpose of Implementing
Appendix I,” issued April 1977, and RG 4.4, “Reporting Procedure for Mathematical Models
Selected to Predict Heated Effluent Dispersion in Natural Water Bodies,” issued May 1974,
provide guidance in the selection and use of surface water models for analyzing the flow field
and dispersion of contaminants in surface waters.

Meeting the requirements of 10 CFR Part 52 and 10 CFR Part 100 provides reasonable
assurance that accidental releases of liquid effluents to ground water and surface water, and
their adverse impact on public health and safety, will be minimized.

For those cases in which a reactor design is not specified, the ESP applicant may instead
provide a PPE to characterize a facility or facilities for comparison with the hydrologic
characteristics of the site.  An ESP applicant can develop a PPE for a single type of facility or a
group of candidate facilities by selecting the limiting values of relevant parameters.  Important
PPE parameters for SSAR Section 2.4 include, but are not limited to, precipitation (e.g.,
maximum design rainfall rate and snow load) and the allowable site water level (e.g., maximum
allowable flood or tsunami surge level and maximum allowable ground water level). 

To judge whether the applicant has met the requirements of 10 CFR Part 52 and
10 CFR Part 100 with respect to accidental releases of liquid effluents, the NRC uses the
following criteria:

• Radionuclide transport characteristics of the ground water environment with respect to
existing and future users should be described.  Estimates and bases for coefficients of
dispersion, adsorption, ground water velocities, travel times, gradients, permeabilities,
porosities, and ground water or piezometric levels between the site and existing or
known future surface water and ground water users should be described and be
consistent with site characteristics.  Potential pathways of contamination to ground water
users should also be identified.  Sources of data should be described and referenced.

• Transport characteristics of the surface water environment with respect to existing and
known future users should be described for conditions which reflect worst-case release
mechanisms and source terms to postulate the most pessimistic contamination from
accidentally released liquid effluents.  Estimates of physical parameters necessary to
calculate the transport of liquid effluent from the points of release to the site of existing
or known future users should be described.  Potential pathways of contamination to
surface water users should be identified.  Sources of information and data should be
described and referenced.  The staff will base its acceptance on its evaluation of the
applicant’s computational methods and the apparent completeness of the set of
parameters necessary to perform the analysis.

• Mathematical models are acceptable to analyze the flow field and dispersion of
contaminants in ground water and surface water, providing that the models have been
verified by field data and that conservative site-specific hydrologic parameters are used.
Furthermore, conservatism should guide the selection of the proper model to represent
a specific physical situation.  Radioactive decay and sediment adsorption may be
considered, if applicable, providing that the adsorption factors are conservative and site
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specific.  RG 1.113 guides in the selection and use of surface water models.  RS-002
discusses the transport of fluids through porous media.

2.4.13.3  Technical Evaluation

Prior construction for the GGNS facility has changed, and future construction for the ESP
facility or facilities will further alter, the subsurface environment.  The current subsurface
environment will be altered with the replacement of existing soils with fill and cement.  These
changes and any dewatering systems will alter the local ground water flow patterns and water
table elevations.  In RAI 2.4.1-1, the staff requested SERI to define the extent of the region
(including elevation) of the ESP facility or facilities and the location of any aquifers, including
perched aquifers.  Although the applicant submitted the coordinates of the areal extent of the
facility, it did not provide any information regarding the depth of the facility, associated
disturbance, or perched aquifers.  This was Open Item 2.4-2, as discussed in Section 2.4.1.3 of
this report.  Subsequent response from the applicant resolved Open Item 2.4-2, as documented
in Section 2.4.1.3 of this SER.

The SSAR did not provide sufficient rationale regarding the selection of Sr-90 and Cs-137 as
radionuclides to be considered in the analysis.  While these are important radionuclides in
terms of human health risk, their large distribution coefficients (Kd) significantly retard their
migration in the subsurface environment, thereby increasing their travel time to the receiving
waters and making the analysis less conservative.  The staff requested SERI to further describe
its rationale for considering Sr-90 and Cs-137 in its analysis.  In response to RAI 2.4.13-1, the
applicant stated that it would need to gather further information, and such issues will be
reevaluated at the COL stage.  The staff requires this information for its site suitability
determination at the ESP stage.  Therefore, the applicant must provide the rationale for
considering Sr-90 and Cs-137 in the analysis.  This was Open Item 2.4-6.

In response to Open Item 2.4-6, the applicant stated that the SSAR assessment was based on
the GGNS Unit 1 UFSAR analysis in which Sr-90 and Cs-137 were the primary nuclides of
interest and were identified based on transport time while considering retention and retardation
from the GGNS Unit 1 site to the Mississippi River.  The applicant stated that it has carried out
an additional assessment to address Open Item 2.4-6.  The applicant’s new assessment
primarily consisted of a screening analysis to identify nuclides of interest that should be
considered in a more detailed accidental release analysis at the COL stage.

The applicant stated that the screening analysis proposed a hypothetical accidental release
from the ESP facility’s radwaste system.  The applicant assumed that the ESP facility’s
radwaste system is located at the western edge of the proposed ESP facility footprint to
minimize the distance to the river and thus making the analysis conservative.  The applicant
ignored all retention and retardation effects in the subsurface during the transport of an
accidental release plume to the river but considered radioactive decay during the transport. 
The applicant identified all nuclides as nuclides of interest that could be expected to exceed
10 CFR Part 20, “Standards for Protection Against Radiation,” concentration limits.

The applicant stated that the GGNS Unit 1 UFSAR analysis for accidental release had
conservatively assumed that effluent would move along fracture paths in the low-permeability
silt and clay Catahoula formation at the same flow rate as in the adjacent terrace deposits.  The
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applicant stated that this assumption was conservative because travel time through the
fractures would be faster than that through the surrounding Catahoula formation.  The applicant
also stated that the hydraulic conductivity of sand and gravel lenses in lower terrace deposits
based on site-specific well test data adjacent to the proposed ESP facility footprint is
approximately 3x105 feet per year (ft/yr).  The applicant stated that the alluvium adjacent to the
terrace deposits consists primarily of silt and clay deposits underlain by basal sand and that the
hydraulic conductivity of the of the terrace deposits is conservatively assumed to be
approximately 5x103 ft/yr, and that of the alluvium between Hamilton Lake and the Mississippi
River, as determined from aquifer tests, is approximately 1.3x105 ft/yr.  The applicant stated
that site-specific data provided in the GGNS Unit 1 UFSAR were used to determine average
interstitial ground water velocity, hydraulic conductivity, hydraulic gradient, and effective
porosity.

The applicant stated that accidental release at the ESP site would in general follow the same
path as that used in the GGNS Unit 1 UFSAR analysis.  The presence of the ESP facility may
create localized perturbations in ground water flowpaths, but the overall ground water flow to
the Mississippi River from the ESP site is expected to remain unchanged.  The applicant stated
that the exact location of the ESP radwaste facility will not be known until the COL stage, but
conservatively assuming it to be located at the western edge of the proposed ESP footprint
resulted in a distance approximately 1830 feet closer to the Mississippi River compared to the
GGNS Unit 1 release flowpath, which was the only data that were different in applicant’s new
analysis for an ESP facility accidental release.  The applicant estimated a travel time to the
Mississippi River from the ESP radwaste facility of approximately 12.43 years, which is slightly
less than that for the GGNS Unit 1 analysis, 12.5 years.

The applicant compiled an expanded list of possible radionuclides for initial screening from two
sources, the AP1000 Design Control Document, Tier 2, Table 12.1-9 (Sheet 4), for the effluent
holdup tank, liquid phase, and the waste holdup tank, and from the Advanced Boiling Water
Reactor Standard Safety Analysis Report, Table 12.1-13a, for the low-conductivity waste
collection tank.  The applicant used the higher activity level from these two documents for each
radionuclide to compile the composite inventory list.  The applicant screened radionuclides on
the composite inventory list to identify those that had residual activities in excess of their
corresponding values in Column 2 of Table 2 in Appendix B, “Annual Limits on Intake (ALIs)
and Derived Air Concentrations (DACs) of Radionuclides for Occupational Exposure; Effluent
Concentrations; Concentrations for Release to Sewerage,” to 10 CFR Part 20 after transport to
the Mississippi River, during which retention and retardation was ignored, but radioactive decay
was considered.  The applicant identified Cs-134, Cs-137, Sr-90, cobalt- (Co-) 60, iron- (Fe-)
55, and nickel- (Ni-) 63 as the radionuclides of interest.

The staff reviewed the applicant’s response to Open Item 2.4-6 and concluded that the
applicant provided more details on its approach for determining radionuclides of interest. 
Based on the description of the applicant’s screening analysis to identify nuclides of interest,
the staff determined that the applicant’s screening analysis may be inappropriate.  Section
2.4.13 of RS-002 outlines the review of accidental radioactive liquid effluent releases as they
may affect existing and known future uses of ground water and surface water resources.  The
guidance calls for the evaluation of transport capabilities and potential subsurface
contamination pathways under accidental conditions to determine most adverse scenarios for
contamination of ground water or of surface waters via subsurface pathways.  RS-002 states
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that concentrations of radionuclides in the body of water under consideration should be
estimated based on dispersion computations with initial concentrations determined for the most
critical event.  Acceptability of final estimated concentrations in the radioactive effluent at the
points of interest must be within acceptable limits as prescribed by Column 2 of Table 2 in
Appendix B to         10 CFR Part 20.

According to 10 CFR Part 20, which prescribes standards for protection against radiation, the
total ionizing radiation dose to an individual, including doses resulting from licensed and
unlicensed radioactive material and from radiation sources other than background radiation,
must not exceed the standards for protection.  The effluent concentration values given in
Column 2 of Table 2 of Appendix B to 10 CFR Part 20 are equivalent to the radionuclide
concentrations which, if ingested continuously for a year, would produce a total effective dose
equivalent of 0.05 rem (50 millirem or 50 millisieverts).  The staff concluded that because of the
presence of several radionuclides in the potential accidental release, an individual near a
contaminated point of interest will receive a cumulative ionizing radiation dose from each
radionuclide that constitutes the effluent.  The staff determined that the applicant’s screening
procedure for selecting the radionuclides of importance to subsurface hydrological transport
has been explained clearly.  On the basis of this determination and the staff’s proposed Permit
Condition 2 which requires an applicant referencing such an ESP design any new unit’s
radwaste systems with features to preclude any and all accidental releases of radionuclides into
any potential liquid pathway, the staff considers Open Item 2.4.6 resolved. 

The regulation at 10 CFR 100.20(c)(3) contains the primary requirement for site suitability
determination factors related to accidental releases to the liquid pathway.  This regulation 
outlines factors, such as soil, sediment, and rock characteristics, adsorption and retention
coefficients, ground water velocity, and distances to the nearest body of surface water,
important to hydrologic radionuclide transport that must be obtained from onsite measurements. 
Section 2.4.13 of the SSAR does not provide these required onsite measured values.  This was
Open Item 2.4-7.

In response to Open Item 2.4-7, the applicant stated that four new borings were drilled at the
proposed ESP site to depths between 141.5 and 238 feet to characterize subsurface geological
conditions.  The applicant stated SSAR Figure 2.5-69 shows the locations of these boreholes,
and SSAR Tables 2.5-20 and 2.5-21 summarize the characteristics of these borings.

The applicant stated that extensive geological and geotechnical data are available from
investigations completed for the existing GGNS Unit 1.  The applicant stated that 275 borings
were drilled within the site area to a maximum depth of 447 feet, 10 of which were located
within the proposed ESP facility footprint, and some additional borings were drilled in the
floodplain of the Mississippi River between the ESP site and the river.  In addition to the GGNS
database, three new soil borings, four new cone penetrometer tests (CPTs), two downhole
geophysical surveys, and geological field observations were completed for the ESP application
to evaluate subsurface conditions and to estimate input parameters to assess the dynamic
response of subsurface material at the proposed ESP site.  Apart from a stratum naming
difference, the stratigraphy at the proposed ESP site generally agrees with that shown on the
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GGNS UFSAR boring logs, and material descriptions and contacts are generally consistent
between the two data sets.

The applicant also stated that 60 samples of loess, Upland Complex alluvium, and Catahoula
Formation bedrock from site borings were tested for basic geotechnical properties, as
summarized by SSAR Tables 2.5-24 and 2.5-25, and SSAR Figures 2.5-82 and 2.5-83
summarize the results from moisture content and grain size tests, respectively.

The applicant stated that the elevation of the ground water table could not be measured directly
in the borings because water was continuously injected during drilling.  The applicant noted that
the ground water elevation was indirectly estimated using borehole seismic velocity
compression and shear (P-S) wave surveys as the elevations where there was a significant
increase in compression wave velocity but no corresponding increase in shear wave velocity. 
The applicant estimated the ground water table elevation to range from 70 to 100 feet deep
from the ground surface.  The applicant stated that the regional ground water flow near the
ESP site is toward the southwest direction to the Mississippi River floodplain, with a hydraulic
gradient of approximately 1 foot per 100 to 125 feet of distance.  The applicant also noted that it
is possible for shallow perched water to form in parts of the loess during high-intensity rainfall
events, but the applicant expected that these perched zones would dissipate rapidly after the
rainfall ceased.

The applicant stated that SSAR Tables 2.4-34, 2.4-35, and 2.4-37 provide values for hydraulic
conductivity, transmissivity, hydraulic gradient, porosity, ground water velocity, and distribution
coefficients for Sr and Cs.  Six of the borings and well locations listed on the above-mentioned
SSAR tables, TW-1, OW29A, OW29B, OW73, P34B, and P34C, were installed within or
adjacent to the proposed ESP facility footprint.  The applicant argued that since the
stratigraphy, as determined from ESP site assessment, generally agrees with the stratigraphy
shown on the GGNS Unit 1 UFSAR boring logs and the data in the above-mentioned SSAR
tables include information from wells located within the proposed ESP powerblock area, the
aquifer characteristics in the above-mentioned SSAR tables are valid and applicable for the
ESP site and should be considered as site characteristics for the ESP site.

The applicant included a table, shown below, of Kd values for Cs-137 and Sr-90 that were
established for site-specific calculations in the GGNS Unit 1 UFSAR.

Calculated Kd Values (ml/mg)

Cs-137 Sr-90

Terrace Formation 314.85 8.79

Clay-Silt Alluvium 259.29 7.24

Alluvium Aquifer 259.29 7.24

The applicant stated that in the event of accidental liquid release, the contaminants would be
expected to follow the same general flowpaths as those described in the GGNS Unit 1 UFSAR. 
The primary difference between the GGNS Unit 1 location and the proposed ESP site is that the
ESP site is closer to the Mississippi River.  The west edge of the proposed ESP powerblock
area is approximately 5400 feet from the Mississippi River.  Based on the above summary, the
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applicant stated that the above-mentioned Kd values for Cs-137 and Sr-90 are directly
applicable to the ESP site.  As described in response to Open Item 2.4-6 above, the applicant’s
screening analysis selected Cs-134, Co-60, Fe-55, and Ni-63 in addition to Cs-137 and Sr-90
as nuclides of interest.  The applicant also argued that since Kd is a chemical property, this site
characteristic for Cs-137 and Cs-134 would be the same.

The applicant provided a table of Kd values for Cs and Sr corresponding to different soil types
from those published in Table E.3 in Appendix E to RESRAD Version 6, as shown below.

RESRAD Version 6, Appendix E, Table E.3 Kd Values (ml/gm)

Sand Loam Clay Organic

Cs 280 4600 1900 270

Sr 15 20 110 150

The applicant concluded that Kd values corresponding to sand were most representative and
appropriate for soil media at the ESP site by comparing RESRAD data with Sr-90 and Cs-137
Kd values used in the GGNS Unit 1 UFSAR analysis.  The applicant then obtained Kd values for
other nuclides of interest from the user’s manual for RESRAD Revision 6, as listed below.

Kd Value
(ml/gm)

Co-60 60

Fe-55 220

Ni-63 400

The applicant considers these Kd values site characteristics for the additional nuclides of
interest.  The applicant revised SSAR Table 2.4-37 to include the above-stated Kd values as
site characteristics for the proposed ESP site.

The staff reviewed the applicant’s response to Open Item 2.4-7 and concluded that the
applicant provided more details regarding its method for estimating site characteristics
important to radionuclide migration in the subsurface at the ESP site.  However, the staff
determined that several subsurface hydrological properties influence the migration of the
radionuclide plume in the ground water.  Some of these properties include hydraulic
conductivity, hydraulic gradient, and distance to the nearest surface water body that are
common to all radionuclides that may constitute the radwaste inventory.  Some other properties
such as adsorption and retention coefficients may be unique to each radionuclide.  In addition,
subsurface chemical properties, such as pH, may affect different radionuclides differently (EPA
1999a, 1999b; EPA 2004).  Appendix E to the RESRAD Version 6 user manual also states the
following:
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Distribution coefficients depend strongly on soil type, the pH and Eh of the soil,
and the presence of other ions (see Tables E.3 through E.7).  Thus,
considerable uncertainty can be introduced by using default values for the
distribution coefficients.  This uncertainty is a critical matter, particularly in cases
in which the water-dependent pathways are the dominant contributors to the total
dose/source concentration ratios.  Default values for the distribution coefficients
are provided only for the purpose of obtaining preliminary estimates; site-specific
values should be used for deriving soil guidelines whenever possible.  

The radwaste itself may contain certain complexing agents that are frequently used in
decontamination processes to remove buildup of radionuclides from cooling systems, such as
one or more chelating agents including ethylenedinitrilo tetraacetic acid, picolinic acid, oxalic
acid, and citric acid.  The presence of these complexing agents can enhance the mobility of
some radionuclides, especially transition metals (Davis et al., 2000; Serne et al., 2002).  For
this reason, EPA (1999b) cautions that its lookup tables do not apply to environments
containing organic chelates.

The staff concluded that because of incomplete knowledge of subsurface hydrological and
chemical properties and the likely composition of the radwaste effluent itself, significant
uncertainty exists in the characterization of radionuclide migration in the subsurface at the ESP
site at the time of ESP review.  The staff determined that after the reactor design is selected
and additional details related to radwaste tank design and its location within the proposed site
are known, appropriate subsurface hydrological characterization can be completed.  Therefore,
at the time of a COL or CP application, more reliable estimation of radionuclide migration to
surface waters via subsurface pathways can be made.  The staff determined that the COL
applicant should be required to perform an updated conservative screening of radionuclides
from the radwaste inventory of the chosen reactor design accounting for ESP site soil
chemistry, presence of any chelating agents, and any other factor that may affect radionuclide
mobility in the subsurface.  Based on the above review, and proposed permit condition 2. as
discussed below, the staff considers Open Item 2.4-7 resolved.

As reflected, in its ESP application, the applicant has not made a decision as to what specific
reactor design might ultimately be built at the ESP site.  Therefore, important details are not
available for the staff to fully consider the effect of an accidental release of liquid effluents in
ground and surface waters, including the exact location of radwaste storage facilities, the
location and elevation of likely points of release, and detailed characterization of liquid
pathways above and below ground from the point of release to the accessible environment. 
Although the staff conceptually used siting factors such as soil, sediment, and rock
characteristics, adsorption and retention coefficients, ground water velocity, and distances to
the nearest surface body of water in its site suitability determination, it determined that this
issue could be resolved if there were no releases of radionuclides to the ground water. 
Accordingly, the staff proposes to include a condition in any ESP that might be issued for the
Grand Gulf site requiring that an applicant referencing such an ESP design include features in
any new unit’s radwaste systems to preclude any and all accidental releases of radionuclides
into any potential liquid pathway.  This is Permit Condition 2.
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2.4.13.4  Conclusions

As set forth above, the applicant has provided sufficient information pertaining to liquid
pathways.  Therefore, the staff concludes that the applicant has met the requirements for liquid
pathways with respect to 10 CFR 52.17(a) and 10 CFR 100.20(c)(3).

2.4.14  Site Characteristics Related to Hydrology

Based on its review of SSAR Section 2.4, the staff has determined that the following site
characteristics should be included in any ESP that might be issued for the proposed site.
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Table 2.4.14-1  Staff’s Proposed Site Characteristics Related to Hydrology

SITE CHARACTERISTIC VALUE

Proposed Facility Boundaries SSAR Figure 2.1-1 shows the areal extent of proposed
facility boundaries.  This figure is reproduced below as
Figure 2.4.14-1.  The bounding coordinates of the ESP
site are a site characteristic.  During construction, the
ESP site could be disturbed up to a depth ranging from
35 to 140 feet plus some additional excavation.

Site Grade 132.5 feet above MSL

Highest Ground Water Elevation 70 feet below grade; 62.5 feet above MSL; perched
water may be present between the site grade at 132.5
feet above MSL and the water table at 62.5 feet above
MSL.

Flood Elevation Flood water elevation at the ESP site caused by local
intense precipitation will be established by the COL
applicant using local intense precipitation values
established in Section 2.4.2.3 of this SER.  Local
intense precipitation itself is a site characteristic, listed
below.

Local Intense Precipitation 19.2 in./h, of which 6.2 in. falls during the first
5 minutes.

Frazil and Anchor Ice The ESP site does not have the potential for the
formation of frazil and anchor ice.

Maximum Cumulative Degree Days Below
Freezing

98 EF

Distance to the Closest Surface Water Stream B is the closest surface water feature,
approximately 1017 feet away from center of the
powerblock.

Location of Aquifers Used by Large Population
for Domestic, Municipal, Industrial, or Irrigation
Water Supplies

The nearest public water supply wells are located 2760
feet from the ESP powerblock.
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Figure 2.4.14-1  Areal extent of proposed facility boundaries




