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2.4.5 Probable Maximum Surge and Seiche Flooding

Replace the contentAdd the following at the end of DCD Subsection 2.4.5 with the 
following.

According to the NRC Regulatory Guide 1.59, “Design Basis Floods for Nuclear 
Power Plants,” probable maximum surge and seiche flooding is considered based 
on a probable maximum hurricane (PMH), probable maximum windstorm 
(PMWS), or moving squall line. (Reference 2.4-229) The region of occurrence for 
a PMH is along U.S. coastline areas. For a PMWS, the region of occurrence is 
along coastline areas and large bodies of water such as the Great Lakes. A 
moving squall is considered for the Great Lakes region. 

According to USACE EM 1110-2-1100 (Reference 2.4-235) guidelines, 
meteorological wind systems generated by thunderstorms and frontal squall lines 
can generate waves up to 16.4 ft high for inland waters. Additionally, mesoscale 
convective complex wind systems affecting inland waters are fetch-limited and 
based on wind speeds of up to about 66 fps or 45 mph.  Similar wind speeds are 
used to determine the coincident wind-generated wave activity discussed in 
Subsection 2.4.3. The coincident wind wave activity, including wave setup, results 
in maximum runup  of 16.9 ft.  The maximum wind setup is estimated to be 
0.070.08 ft.  Therefore, the total water surface elevation increase due to wind 
wave activity is estimated to be 16.9716.98 ft.  The resulting PMF coincident with 
wind wave activity elevation is 807.87810.64 ft msl.

The USACE guideline procedure for geologic hazard evaluations considers 
seiche waves greater than 7 ft to be rare. (Reference 2.4-242) The seiche hazard 
can be screened out for sites located more than 7 ft above the adjacent water 
body.Seismic seiches mainly depend on factors such as frequency and magnitude 
of the excitation, depth and geometry of the water body, and the sediment 
properties surrounding the water body (References 2.4-292 and 2.4-293). The risk 
of the occurrence of seismic seiches greater than about 5 ft in height at the SCR 
site is considered very low because a comprehensive study by Barberopoulou 
(References 2.4-293 and 2.4-294) found that Lake Union, Washington, a site with 
geometry, geology, and seismicity conditions that are much more favorable for 
seismic seiche development, indicated a maximum seismic seiche height of about 
5 ft. Lake Union is therefore considered to be a conservative bounding case for 
SCR, and maximum seismic seiche heights at the SCR location are not expected 
to exceed those for Lake Union. The CPNPP Units 3 and 4 site finish grade 
elevation of 822 ft provides an approximately 28-ft margin over the maximum SCR 
water level during the PMF event, which is significantly larger than the expected 
maximum seismic seiche height of 5 ft.

According to the guidance of ANSI/ANS-2.8-1992 (Reference 2.4-229), the region 
of occurrence for a PMH shall be considered for U.S. coastline areas and areas 
within 100 to 200 miles bordering the Gulf of Mexico. CPNPP Units 3 and 4 are 
located approximately 275 mi inland from the Gulf of Mexico and outside the 
region of occurrence for a PMH. Therefore, a PMH was not considered. CPNPP 
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Units 3 and 4 safety-related facilities are located at the plant grade level elevation 
of 822 ft msl. A surge due to a PMH event would not cause flooding at the site.

According to the guidance of ANSI/ANS-2.8-1992 (Reference 2.4-229), the region 
of occurrence for a PMWS should be considered for locations along the Pacific 
Coast and North Atlantic Coast of the U.S. and large bodies of water such as the 
Great Lakes. Likewise, the region of occurrence for a moving squall line should be 
considered for locations along Lake Michigan and the other Great Lakes. CPNPP 
Units 3 and 4 are located outside of the region of occurrence for a PMWS and a 
moving squall line. Therefore, a PMWS and a moving squall line have not been 
considered.

SCR does not connect directly with any of the water bodies considered for such 
meteorological events associated with surge and seiche flooding.  Because of the 
inland location and elevation characteristics, CPNPP Units 3 and 4 safety-related 
facilities are not at risk from surge and seiche flooding. Resonance wave 
phenomena including oscillations of waves at natural periodicity, lake reflection, 
and harbor resonance are traditionally characteristics of harbors, estuaries, and 
large lakes and not associated with river settings. Any effects on SCR produced 
by similar phenomena would not affect CPNPP Units 3 and 4. 

Seismic-induced waves are not plausible for the SCR. Subsection 2.5.3 indicates 
there are no capable faults, and there is no potential for non-tectonic fault rapture 
within the 25 mi radius of the CPNPP Units 3 and 4. Additionally, there is no 
potential for tectonic or non-tectonic deformation within the 5 mi radius of the 
CPNPP Units 3 and 4. The geologic and seismic characteristics for the CPNPP 
Units 3 and 4 are described in Section 2.5.

Landslide-induced waves are not plausible for the SCR. Slope stability within the 
immediate area of the CPNPP Units 3 and 4 is discussed in Subsection 
2.5.5.Details of the geology and characteristics of the subsurface materials of the 
SCR general area are discussed in Section 2.5. The subsurface materials that are 
relevant to the stability of the SCR shoreline slopes include residual soils and the 
Glen Rose Formation bedrock. Within the depth of interest for stability evaluation, 
the Glen Rose Formation, consists of interbedded limestone and shale. The 
thickness of the residual soils over the Glen Rose Formation bedrock may range 
from a few feet to a few tens of feet.

The available past aerial photographs and images of the site do not show any  
features suggesting the presence of past landslides or slope failures along the 
shoreline slopes of the SCR. The engineering evaluation of the SCR shoreline 
slopes were studied using available USGS topographic data for both pre- and 
post-construction, and 10 critical sections were selected to represent the overall 
condition of the SCR shoreline slopes. SCR topographic data and the locations of 
the 10 selected sections are shown on Figure 2.4.5-201. A summary of the 
geometry of the selected sections is provided in Table 2.4.5-201 and shown on 
Figure 2.4.5-202. The selection of the sample sections along the SCR shoreline 
slopes was based on the slope height, slope gradient, and location. In general, 
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the selected sections have heights ranging between 80 ft and 150 ft, and 
gradients ranging between 30H:1V (~2˚) and 3H:1V (~18˚), indicating fairly flat 
slopes.

Because of the uniform geology of the site and relatively flat-lying stratigraphy of 
the Glen Rose Formation, the subsurface materials for the selected sections are 
assumed to be similar to those of the CPNPP Unit 3 and 4 site, as described in 
Subsection 2.5.5. The thickness of the residual soils, within the sections, was 
selected based on an El. 833 ft for the top of the Glen Rose Formation 
engineering Layer A, which is an average value obtained from all the field 
exploration data for the CPNPP Units 3 and 4 site. As a conservative subsurface 
model, all material strength properties were assumed based on lower-bound 
values similar to the CPNPP site as discussed in FSAR Subsection 2.5.5 and 
shown in Table 2.5.5-202. The selected SCR shoreline slopes were analyzed 
using the conventional two dimensional limit-equilibrium for both the static and 
seismic loading conditions. A PGA value of 0.10g was used for both the horizontal 
and vertical components of seismic loading. Both the positive and negative 
directions were utilized for the vertical component, and the lowest resulting factor 
of safety was selected as the controlling condition. The slope stability analyses of 
the SCR shoreline slopes indicate acceptable static long-term and pseudo-static 
factors of safety, with values greater than 1.5 and 1.1, respectively, as 
summarized in Table 2.4.5-202. In order to consider the potential effect of the 
SCR water level fluctuations (from its maximum El. 783 ft at the spillway level to 
the minimum level of El. 770 ft), the sections were conservatively modeled as a 
rapid drawdown condition and stability analyses were performed assuming the 
very conservative condition that the SCR water level is instantaneously lowered 
from its highest level of El. 783 ft to the lowest level of El. 770 ft. Results of the 
slope stability analyses for the conservative condition of rapid drawdown, as 
shown on Table 2.4.5-202, are all acceptable.

In order to investigate the potential for variability of the subsurface material 
layering, an additional extremely conservative, worst case scenario model was 
also considered with the assumption that all subsurface materials consist of soil 
materials with lower-bound drained strength properties (C=200 psf and φ=25˚). 
This model is overly conservative and is not considered to be realistic, but it was 
considered as a parameter study to check the sensitivity of potential variation of 
the subsurface material layering. As shown in Table 2.4.5-203, the results of 
stability analyses using this worst case scenario model also indicate acceptable 
factors of safety.

The stability analyses described above demonstrate acceptable factors of safety 
for the cases of static, seismic, and rapid drawdown conditions for the SCR 
shoreline slopes and that no landslides or instability is expected. Therefore, 
landslide-induced seiches or waves are not considered plausible for the SCR.
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groundwater was encountered during excavation or construction of CPNPP Units 
1 and 2; therefore, there was no dewatering at the site during or after construction 
of the units (Reference 2.4-214).

2.4.12.2.4 On-Site/Vicinity Groundwater Level Fluctuations

In October 2006, a groundwater investigation was initiated as part of the 
subsurface study to evaluate hydrogeologic conditions for the CPNPP Units 3 and 
4. As part of this groundwater investigation, 47 monitoring wells were installed at 
20 locations within the Glen Rose Formation on-site. Figure 2.4.12-208 shows the 
monitor well locations. Details regarding well construction are presented in Table 
2.4.12-208. 

Due to the variable nature of groundwater reported at the CPNPP site, the well 
clusters were installed across CPNPP Units 3 and 4 from west to east of the 
reactor areas to define the groundwater bearing capabilities and properties of the 
zones likely to be affected, and to identify the hydraulic connectivity between the 
zones, if any. Monitoring wells were designated as follows, where XX denotes the 
well or cluster number for the three zones: 

A-zone wells: Regolith or undifferentiated fill monitoring wells (MW-12XXa) were 
installed if greater than 10 ft of soil was encountered above hollow-stem auger 
refusal.

B-zone wells: Shallow bedrock monitoring wells (MW-12XXb) were generally 
completed in the upper 40 to 65 ft of bedrock in an apparent zone of alternating 
stratigraphy; i.e., claystone, mudstone, limestone, and shale sequences. 

C-zone wells: Bedrock monitoring wells (MW-12XXc) were generally completed in 
deeper bedrock zones consisting of alternating stratigraphy and competent 
bedrock.

Following well development, water levels were measured from November 2006 to 
May 2008 (Figure 2.4.12-209) to characterize seasonal trends in groundwater 
levels . The hydrographs for this groundwater data are presented on Figure 
2.4.12-209 and also show precipitation data. The groundwater elevation data is 
presented by well/cluster location and includes approximate screen elevations for 
each well in the cluster.  In addition, the hydrographs depict rainfall totals for the 
period of interest.  Rainfall data presented was collected from the Opossum 
Hollow rain gauge located approximately 3.4-mi southwest of the CPNPP Unit 3 
and 4 site.  Overall, the hydrographs show that water levels in the deeper Glen 
Rose Formation (C-Zone) do not fluctuate and remain at a constant level near the 
base of the well or depict a steadily increasing water level, indicating that this 
water is not actual groundwater. Hydrographsthe wells were dry (no groundwater 
infiltration into the well) or exhibiting slow recharge with the static water level not 
in equilibrium with the groundwater within the formation. With the exception of 
seven monitoring wells (MW-1201b, MW-1205b, MW-1207b, MW-1209b, 
MW-1211b, MW-1212b,and MW-1217b), hydrographs from the shallow bedrock 
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wells (B-Zone) show a slow and steady increase of water levels over time with 
little to no fluctuations, also suggesting water levels are related to infiltration from 
the overlying soils and not actual groundwater.the static water level within the 
wells are not in equilibrium with the groundwater within the formation. Available 
historical information on groundwater and groundwater trends in the Glen Rose 
Formation wasis presented in Subsection 2.4.12.2.3.

Water Levels and Potentiometric Elevations in the Regolith (A – Zone)

Groundwater steadily increased from December 2006 to July 2007. Water levels 
remained constant or decreased slightly from August 2007 to February 20078. 
Hydrographs from the regolith/fill material wells (A-zone) indicate some slight 
fluctuations that may be tied to seasonal rainfall.  In some of the A-zone wells, 
there appears to be a slight increase in water levels that may correspond to the 
spring seasons but there is no significant correlation in the A-zone wells across 
the site in response to rainfall.

Monitoring well MW-1211a was installed on the northeast portion of CPNPP 
Units 3 and 4 in undifferentiated fill material. Water levels in this monitoring well 
were consistent with the normal pool elevation of SCR (775 ft msl) indicating 
possible hydraulic communication between the former drainage swale and SCR.

Representative potentiometric surface maps for the four quarters (Figure 
2.4.12-210 [Sheets 1 through 4]) show that the general shallow (A-Zone) 
groundwater movement in the vicinity of CPNPP Units 3 and 4 mimics the surface 
topography, with an apparent groundwater divide along the long axis of the site 
peninsula. On the northern portion of the peninsula, a northerly flow toward SCR 
is observed, and a southerly flow toward the Safe Shutdown Impoundment (SSI) 
is observed on the south side of the site peninsula. 

Water Levels and Potentiometric Elevations in the Shallow Bedrock (B – Zone)

Nine of the 16 wells completed in this zone contained no, or negligible, amounts of 
water for up to eight months before exhibiting measurable water (greater than 
1 ft). The majority of these wells exhibited a slow to steady recharge, with no 
indication of reliable equilibrium conditions over the monitoring period. 

Six monitoring wells screened in shallow bedrock exhibited no, or slight, changes 
in water level over the monitoring period. One of these wells (Well MW-1211b) 
was installed on the northeast portion of CPNPP Units 3 and 4east of CPNPP Unit 
3 in the undifferentiated fill material. During installation, an effort was made to 
install this well in bedrock; however, due to the thickness and nature of the 
undifferentiated fill material, the boring was terminated at the bedrock surface 
(approximately 75 ft below ground surface [bgs]). Water level measurements for 
this well were consistent with those of regolith monitoring well MW-1211a and the 
normal pool elevation of SCR over the monitoring period.; therefore, the 
groundwater elevation in monitoring well MW-1211b is not considered to be a 
measurement of groundwater within the shallow bedrock (B-Zone).
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Well MW-1209b was installed northeast of CPNPP Unit 3 in the shallow bedrock 
below the undifferentiated fill material. Water level measurements for this well 
were consistent with those of the normal pool elevation of SCR over the 
monitoring period, showing the shallow bedrock at this location is in 
communication with SCR; therefore, the groundwater elevation in monitoring well 
MW-1209b is not considered to be a measurement of groundwater within the 
shallow bedrock (B-Zone).

Well MW-1212b was installed southeast of CPNPP Unit 3 in the shallow bedrock 
at the apparent southern extent of the undifferentiated fill material. Water level 
measurements for this well were approximately 10 feet above the normal pool 
elevation of SCR over the monitoring period. Due to its location on the southern 
side of the undifferentiated fill material, which isolates the groundwater in this 
portion of the site from that in the location of the nuclear islands, the groundwater 
elevation in monitoring well MW-1212b was not used to determine groundwater 
flow direction within the shallow bedrock (B-Zone).

Only four shallow bedrock (B-Zone) monitoring wells (MW-1201b, MW-1205b, 
MW-1207b, and MW-1217b) exhibited consistent water levels, indicating 
equilibrium conditions. After obtaining static conditions between November 29, 
2006, and January 23, 2007, groundwater elevations in these four wells stayed 
within a 13.76 ft range between 820.08 ft msl (MW-1217b; March 24, 2008) and 
833.84 (MW-1215b; October 16, 2007). Monitoring well MW-1217b, located near 
the center point of CPNPP Unit 3, exhibited the greatest variation following 
attainment of static conditions, showing water level variations within a 6.97 ft 
range from January 2007 to May 2009. Comparison with recorded rainfall data at 
the Opossum Hollow Rain Gage did not show a correlation between water level 
variations and recorded rainfall data during the monitored period.

Groundwater potentiometric surface maps could not be produced based on only 
four wells completed in the shallow bedrock (B-Zone) that exhibited consistent 
equilibrium conditions and evidence that the groundwater within the shallow 
bedrock is recharged from the perched groundwater within the overlying soils. 
However, the groundwater levels within the four wells show a general 
groundwater gradient trend towards SCR and it is expected that the groundwater 
potentiometric surface will follow that of the overlying soils.

One monitoring well screened in the shallow bedrock exhibited variable water 
levels, with no indication of reliable equilibrium conditions when compared to other 
wells with similar screened zones. Monitoring well MW-1217b, located near the 
center point of CPNPP Unit 3 exhibited an approximate 15 ft increase in water 
level from December 2006 to March 2007 followed by a decline of 5 ft through 
May 2007. From May 2007 to November 2007, this well exhibited a water level 
increase of approximately 7 ft, and from January 2008 to May 2009 exhibited a 
water level decrease of approximately 7 ft. 
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Representative potentiometric surface maps (Figure 2.4.12-210 [Sheets 5 through 
8]) show (B-Zone) groundwater movement in the vicinity of CPNPP Units 3 and 4 
flows to the east in the general direction of the dip of the Glen Rose Formation.

Water Levels and Potentiometric Elevations in the Bedrock Monitoring Wells (C - 
Zone) 

Of the 1314 groundwater monitoring wells screened in bedrock, eightsix contained 
no, or negligible, amounts of water over the monitoring period and sixeight 
exhibited a slow to steady recharge, with no indication of reliable equilibrium 
conditions. 

Groundwater potentiometric surface maps could not be produced due to the lack 
of reliable groundwater, or evidence of non-equilibrium conditions within the 
deeper C-Zone monitoring wells.

Based on the above-mentioned observations, groundwater at the CPNPP 3 and 4 
site appears to be limited to a perched interval within the overlying soils on top of 
the weathered upper Glen Rose Formation limestone (upper bedrock).  Based on 
the lack of reliable groundwater within the bedrock beneath the site soils, 
groundwater availability decreases significantly with depth. From site 
observations, it is concluded that the groundwater within the regolith recharges 
the weathered, upper portions of the bedrock, with little infiltration to deeper 
bedrock zones.

Groundwater flow direction within the regolith is toward SCR. Flow direction of 
groundwater within the upper bedrock (groundwater B-Zone) appears to flow 
eastward toward SCR. However, based on the limited groundwater availability 
within the bedrock, depicted by long-term, non-equilibrium water levels within 
most bedrock monitoring wells, groundwater flow within the upper bedrock is 
limited and likely linked to flow within the overlying perched groundwater.

Representative potentiometric surface maps for the four quarters (Figure 
2.4.12-210 [Sheets 9 through 12]) show that the (C-Zone) groundwater movement 
in the vicinity of CPNPP Units 3 and 4 flows to the east in the general direction of 
the dip of the Glen Rose Formation. . The water levels in the regolith/fill material 
and the upper zone of the Glen Rose Formation (A-zone and B-zone, 
respectively) were attributed to surface run-off and were not a true measure of 
permanent groundwater in the formation.  Negligible groundwater has been 
gauged in the C-zone wells representing essentially dry conditions.  
Consequently, this zone is not considered a groundwater bearing unit.

2.4.12.2.5 Aquifer Characteristics

Groundwater has been identified within the undifferentiated fill, regolith and 
bedrock beneath the CPNPP Units 3 and 4 sites; therefore, this subsection 
provides characteristics of these zones. During construction, the undifferentiated 
fill material and regolith are expected to be removed in the power block area. The 
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Bedrock Zones

The bedrock is comprised of limestone from the Glen Rose Formation. The results 
of the geotechnical analysis performed at the CPNPP Units 3 and 4 site indicated 
that an average total porosity of the shallow bedrock (limestone and shale) is 25.6 
percent and the average total porosity of limestone is 11.9 percent. The Argonne 
National Laboratory publication, Data Collection Handbook to Support Modeling 
Impacts of Radioactive Material in Soil, dated April 1993 (Reference 2.4-261) 
references an arithmetic mean of the effective porosity for limestone of 14 
percent. Consequently, the most conservative approach when determining 
velocity and travel time is to use the measured 11.9 percent porosity value which 
provides a higher calculated velocity through the shallow bedrock.

2.4.12.2.5.2 Permeability

The permeability of a material is a measure of the ability to transmit water. To 
assist in determining permeability of the Glen Rose Formation, forty 
packer-pressure tests were performed in five test borings at 5-foot intervals of 
varying depth at CPNPP Units 3 and 4 in 2007. The results of these packer tests 
indicated little to no water take into the Glen Rose Formation; therefore, the 
formation is essentially impermeable. Detailed examination of cores from test 
borings revealed minor solutioning features and minimal fractures. Drill water 
occasionally was lost while drilling through the upper weathered zone and is 
believed to have occurred at the soil/bedrock interface. 

2.4.12.3 Subsurface Pathways

Subsurface pathways include the unsaturated zones and saturated zones 
beneath the CPNPP Units 3 and 4. Groundwater is the primary transport 
mechanism for possible liquid effluent release. Groundwater movement and 
velocity will vary depending on the matrix through which it flows. The rate of flow 
(i.e. the velocity) of groundwater depends on (1) the hydraulic conductivity and 
porosity of the medium through which it is moving and (2) the hydraulic gradient. 
Higher groundwater velocities occur with greater hydraulic conductivity and 
hydraulic gradient.

It is assumed that a release from either unit would first encounter the engineered 
fill surrounding the A/B and R/B. This engineered fill material is connected to the 
fill surrounding various site systems, but in particular to the ESW piping tunnels 
and UHS basins, since these are embedded at an equal depth as the A/B and R/B 
(Figure 2.4.12-212, Sheets 2 through 5). Portions of the engineered fill 
surrounding these systems are in contact with the existing fill to the east of Unit 3 
and to the north of Unit 4; therefore, a release from the unit will flow within the 
engineered fill until it comes in contact with the existing fill. As stated in 
Subsection 2.4.12.2.4, the existing fill is in communication with SCR and has a 
higher hydraulic conductivity; therefore, groundwater within the engineered fill 
surrounding the A/B and R/B will be drained through the contact with the existing 
fill into SCR. As the hydrogeologic properties of the engineered fill are unknown at 
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this time, the groundwater transport time through the engineered fill will be 
considered negligible and any release will be conservatively assumed to begin at 
the engineered fill/existing fill boundary closest to SCR.

Hydraulic conductivity is greatest in the regolith material; therefore, the regolith 
material typically has a higher rate of flow than the undifferentiated fill and 
bedrock. Based on information from the field investigation, the bedrock formation 
in the area of the CPNPP site is poorly developed in that groundwater flow within 
the bedrock is dominated by isolated layers of claystone, mudstone, limestone, 
and shale. Movement of water in a granular aquifer can be characterized by use 
of Darcy's Law; therefore, application of Darcy's Law calculations is appropriate 
for the regolith, undifferentiated /regolith, and shallow bedrock systems found at 
CPNPP Units 3 and 4. Average interstitial groundwater flow velocity for the 
regolith, undifferentiated/regolith, and shallow bedrock systems units was 
determined using a form of the Darcy equation as follows:

V = (Kh x (EH – EL)/L)/(Reference 2.4-262)

Where: V = groundwater flow velocity, ft/day

Kh = hydraulic conductivity, ft/day

EH = highest groundwater elevation, ft msl

EL = lowest groundwater elevation, ft msl

L = pathway length, ft

 = formation porosity, unitless

Travel time to the nearest water body is calculated using the following equation:
t = L/V

Where: t = groundwater travel time, days

V = groundwater flow velocity, ft/day

L = pathway length, ft

Due to very slow groundwater recharge, single well slug tests were performed on 
six monitoring wells using the Bouwer & Rice method in April of 2007 at CPNPP 
Units 3 and 4. Of the six wells tested, two were screened in the regolith, one was 
screened in an undifferentiated fill/regolith zone, and three were screened in the 
shallow bedrock zone. Hydraulic conductivity for the wells screened in the regolith 

or undifferentiated fill/regolith zone ranged from 2.93 x 10-5 cm/s to 5.00 x 10-4 
cm/s. Hydraulic conductivity for the wells screened in the shallow bedrock ranged 

from 6.29 x 10-6 cm/s to 1.037 x 10-5 cm/s.
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A step test and 72-hr pumping test were performed on aquifer pump test well 
RW-1 in April of 2007. To investigate groundwater communication with SCR, 
pump test well RW-1 was installed in an area of undifferentiated fill within a former 
drainage swale on the northeast portion of CPNPP Units 3 and 4. The step test 
was performed to determine the pumping rate for the 72-hr pumping test. Data for 
the step test and 72-hr pumping test were analyzed using the Cooper-Jacob Step 
Test and Theis Recovery Test methods. The results of the 72-hr pump test 

estimated hydraulic conductivity at 1.70 x 10-3 cm/s during pumping and 

3.5 x 10-3 cm/s during recovery. 

Due to site grading activities during plant construction, maximum groundwater 
elevations within the plant site will be limited to the invert elevation of the southern 
and western drainage trench, which has a maximum elevation of 820 ft msl. 
Recharge to the upper bedrock zone in the plant site will be restricted by drainage 
into this trench; therefore limiting the maximum conservative groundwater 
elevation in the plant site to 820 ft. msl.

Groundwater elevations used in the groundwater velocity calculations for the 
subsurface materials (undifferentiated fill, regolith and bedrock or a combination 
thereof) were chosen based on proximity to the CPNPP Units 3 and 4 installation 
centerlines and distances to SCR. Monthly groundwater gradients, velocities, and 
travel times are presented in Table 2.4.12-211. 

Soil distribution characteristics for radiological isotopes (i.e., Co60, Cs137, Fe55, 
I129, Ni63, Pu239, Tc99, U235) were determined from soil and water samples 
collected along the preferred groundwater flow path. This data is discussed in 
detail in Subsection 2.4.13 to assist in the development of transport calculations 
for fate and transport analyses in the event of accidental releases of effluents to 
groundwater.

2.4.12.3.1 Groundwater Pathways

Although the discussions of groundwater movement is a reasonable scenario for 
groundwater flow, it is assumed that the actual groundwater is subject to 
three-dimensional control structures (horizontal, vertical, and any secondary 
porosity that may be present) and does not have uniform flow across the site.

Groundwater pathways are considered from the Unit 3 and 4 Auxiliary Buildings 
where the boric acid tank (BAT) is located, to SCR, which is the nearest potential 
receptor.

Placement of engineered fill surrounding the A/B, R/B, ESW piping, UHS basins, 
and circulating water piping will affect the direction and flow rate of groundwater 
infiltrating from the remaining bedrock. Portions of the engineering fill surrounding 
these subsurface structures are in communication with the existing fill on the site 
(Figure 2.4.12-212). The existing fill is in communication with SCR, and due to the 
low hydraulic conductivity of the bedrock, it is expected that groundwater 
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infiltrating into the engineered fill will migrate through the engineered fill into the 
existing fill and then enter SCR, with little to no groundwater transport through the 
upper bedrock. Since the geohydrologic properties of the engineered fill are 
unknown at this time, groundwater transport time through the engineered fill is 
conservatively assumed to be negligible.

Two postulated groundwater pathway scenarios, Unit 3 to SCR through the 
existing fill east of Unit 3, and Unit 4 to SCR through the existing fill north of unit 4, 
represent the most conservative pathways from a two-reactor site where 
groundwater flow is possibly in different directions from each unit (Figure 
2.4.12-212). Both flow paths utilize a conservative, straight-line flow path 
approach from the point of release and the shortest distance and highest 
measured hydraulic conductivity. A straight-line flow path is considered the most 
conservative as the actual groundwater pathways are expected to be tortuous, 
resulting in longer transport times and hydraulic conductivities (Kh) that are 
expected to be lower than the highest measured.

To estimate groundwater travel time through the existing fill, the effective porosity 
of the site soil (2.0 from Subsection 2.4.12.2.5.1) is used as a conservative 
estimate. As post-construction groundwater levels within the existing fill are 
unknown, groundwater elevation within the existing fill is conservatively assumed 
to be at the maximum expected groundwater level of 820 ft msl. The normal 
operating pool elevation for SCR is 775 ft. msl; however, the minimum operating 
SCR pool elevation of 770 ft msl is used to produce the highest conservative 
hydraulic gradient.

For groundwater pathway 1 (Figure 2.4.12-213), it is assumed that an 
instantaneous release from the BAT would travel out of the Unit 3 A/B into the 
engineered fill surrounding the A/B and R/B.  It would then travel to the closest 
engineered/existing fill interface, located to the east of the Unit 3 turbine building.  
For conservatism, it is assumed that the transport time to the fill interface will be 
negligible.  It will then travel 600 ft through the existing fill to the closest release 
location in SCR. The travel time from the release point to SCR via the existing fill 
east of Unit 3 is conservatively estimated at 145 days.

For groundwater pathway 2 (Figure 2.4.12-214), it is assumed that an 
instantaneous release from the BAT would travel out of the Unit 4 A/B into the 
engineered fill surrounding the A/B and R/B.  It would then travel to the closest 
engineered/existing fill interface, located to the north of the Unit 4 UHS basin.  For 
conservatism, it is assumed the transport time to the fill interface will be negligible.  
It will then travel 350 ft through the existing fill to the closest release location in 
SCR. The travel time from the release point to SCR via the existing fill north of 
Unit 4 is conservatively estimated at 346 days.

Groundwater gradients, velocities, and travel times, for both normal and minimum 
operating SCR pool elevations, are summarized in Table 2.4.12-211.
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Postulated groundwater pathway scenarios include; Unit 3 Auxiliary Building (A/B) 
to SCR through the regolith and the undifferentiated fill; Unit 3 A/B to SCR through 
the Glen Rose Limestone; Unit 4 A/B to SCR through the undifferentiated fill and 
regolith; and Unit 4 A/B to SCR through the Glen Rose Limestone. Due to the 
planned removal of all overburden material down to the plant grade elevation of 
822-ft, and the sub-grade elevation of the boric acid tank of 793 ft, the pathway 
scenarios through the undifferentiated fill and regolith are considered not plausible 
and are not discussed further. For the post-construction groundwater pathways 
the two remaining pathway scenarios, Unit 3 A/B to SCR through the Glen Rose 
Limestone and Unit 4 A/B to SCR through the Glen Rose Limestone, are 
considered to represent the most conservative pathways from a two reactor site 
where groundwater flow is possible in different directions from each unit. Using 
the most conservative straigh-line approach, two flow paths are considered from 
Unit 3 A/B to SCR and two flow paths are considered from Unit 4 A/B to SCR 
(Figure 2.4.12-212). These flow paths consider the most plausible straight-line 
groundwater flow direction from the release points to SCR and the highest 
measured hydraulic conductivity. A straight-line flow path would be considered the 
most conservative as the actual groundwater pathways are expected to be 
tortuous, resulting in longer transport times, and hydraulic conductivities (Kh) of 
the fractures/joints would be (or are) expected to be lower than the highest 
measured on-site.

To estimate groundwater travel time through the Glen Rose Formation, the 
average porosity of limestone of 0.119, the highest hydraulic conductivity 

measured at the site (1.37 X 10-5 cm/s), and the steepest hydraulic gradient 
measured from the monthly gauging events of the nearest groundwater 
monitoring wells to the Unit 3 and 4 Reactor Buildings (Table 2.4.12-211) were 
used for the pathway analysis. 

For groundwater pathway 3a, it is assumed that an instantaneous release from 
the BAT would travel out of the Unit 3 A/B northeast towards SCR where it would 
encounter a minimum of 100 lateral feet of Glen Rose Formation followed by the 
fill material of the Unit 3 Ultimate Heat Sink (UHS) and then by post-construction 
engineered fill material before reaching SCR. Since the physical properties of the 
engineered fill material may change as the design is finalized and the potential 
exists for groundwater flow through the fill material of the Unit 3 UHS, it is 
conservatively estimated that an instantaneous release to SCR will occur once the 
Unit 3 UHS is encountered. The travel time from the Unit 3 A/B through a 
minimum of 100 feet of Glen Rose Formation to the Unit 3 UHS is 3146 days. 
Therefore, a conservative estimate of the time it would take a release to travel 
from the Unit 3 A/B to SCR along pathway 3a is 3146 days.

For groundwater pathway 3b, it is assumed that an instantaneous release from 
the BAT would travel out of the Unit 3 A/B through the fill material of the Unit 3 
Reactor Building (R/B) due east towards SCR where it would encounter a 
minimum of 80 lateral feet of Glen Rose Formation followed by the fill material of 
the Unit 3 Essential Service Water (ESW) Pipe Tunnel and an undetermined 
lateral distance of Glen Rose Formation followed by post-construction engineered 
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fill and undifferentiated fill material before reaching SCR. Since the physical 
properties of the engineered fill material are unknown at this time and the physical 
properties of the undifferentiated fill material are estimated, and the potential 
exists for groundwater flow through the fill material of the Unit 3 ESW Pipe Tunnel, 
it is conservatively estimated that an instantaneous release to SCR will occur 
once the ESW Pipe Tunnel is encountered. The travel time from the Unit 3 A/B 
and R/B through a minimum of 80 feet of Glen Rose Formation to the Unit 3 ESW 
Pipe Tunnel is 2516 days. Therefore, a conservative estimate of the time it would 
take a release to travel from the Unit 3 A/B to SCR along pathway 3b is 2516 
days.

Cross sections depicting the post-construction groundwater flow pathways from 
Unit 3 to SCR are presented in Figure 2.4.12-213.

For groundwater pathway 4a, it is assumed that an instantaneous release from 
the BAT would travel out of the Unit 4 A/B north-northwest towards SCR where it 
would encounter a minimum of 60 lateral feet of Glen Rose Formation followed by 
the fill material of the Unit 4 Ultimate Heat Sink (UHS) and then by 
post-construction engineered fill material before reaching SCR. Since the physical 
properties of the engineered fill material are unknown at this time and the potential 
exists for groundwater flow through the fill material of the Unit 4 UHS, it is 
conservatively estimated that an instantaneous release to SCR will occur once the 
Unit 4 UHS is encountered. The travel time from the Unit 4 A/B through a 
minimum of 60 feet of Glen Rose Formation to the Unit 4 UHS is 1916 days. 
Therefore, a conservative estimate of the time it would take a release to travel 
from the Unit 4 A/B to SCR along pathway 4a is 1916 days.

For groundwater pathway 4b, it is assumed that an instantaneous release from 
the BAT would travel out of the Unit 4 A/B northeast towards SCR where it would 
encounter a minimum of 120 lateral feet of Glen Rose Formation followed by the 
fill material of the Unit 4 Ultimate Heat Sink (UHS) and undocumented fill and 
engineered fill before reaching SCR. Since the physical properties of the 
undocumented fill are estimated and the physical properties of the engineered fill 
material are unknown at this time, and the potential exists for groundwater flow 
through the fill material of the Unit 4 UHS and through the undocumented fill, it is 
conservatively estimated that an instantaneous release to SCR will occur once the 
Unit 4 UHS is encountered. The travel time from the Unit 4 A/B through a 
minimum of 100 feet of Glen Rose Formation to the Unit 4 UHS is 3834 days. 
Therefore, a conservative estimate of the time it would take a release to travel 
from the Unit 4 A/B to SCR along pathway 4b is 3834 days. 

Cross-sections depicting the post-construction groundwater flow pathways from 
Unit 4 to SCR are presented in Figure 2.4.12-214.

The current soil and rock material comprising the hydrologic A-zone 
(undifferentiated fill and regolith) and B-zones (shallow bedrock) discussed in 
Subsection 2.4.12.2.4 will be removed for construction of plant foundations, 
resulting in the removal of the perched groundwater from the power block area. 
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The Glen Rose Formation is an impermeable limestone that confines the 
groundwater in the underlying Twin Mountains Formation aquifer. Not all of the 
wells completed in the Glen Rose Formation were sampled; however, the wells 
that were sampled and purged, purged dry and water did not return for several 
days to weeks. All deep Glen Rose wells have been reported as “dry” or reported 
with less than 1-foot of water. This indicates the water gauged in the wells is a 
result of moisture from the rock and is not considered actual groundwater. The 
Twin Mountains Formation is at least 230 ft below the Glen Rose Formation; 
therefore, the installation and operation of a permanent dewatering system is not 
planned. A dewatering system will not be required during construction. Normal 
construction practices will be employed to remove water from seepage and 
rainfall. As discussed in Subsection 2.5.4, groundwater at the plant area is 
anticipated to be below the elevation of 760 ft. andBased on the removal of the 
soil overlying the bedrock surrounding the site foundations, and the maximum 
groundwater elevation within the engineered fill constrained by the southern and 
western trench drain to less than 820 ft. msl, the design maximum groundwater 
elevation is expected to be satisfied.
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Note:

The cross sections are depicted on Figure 2.4.5-201.

Table 2.4.5-201
Summary of SCR Shoreline Slopes Geometry

Cross Section Slope Height (ft)
Slope Gradient Range 

(H:V)

1 137 28:1 to 4.8:1

2 139 33:1 to 15:1

3 77 13:1 to 8.5:1

4 137 14:1 to 4.5:1

5 138 19:1 to 7.6:1

6 142 15:1 to 5.2:1

7 135 24:1 to 8.4:1

8 145 30:1 to 3.7:1

9 120 13:1 to 5:1

10 135 10:1 to 3.2:1
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Table 2.4.5-202 (Sheet 1 of 2)
Summary of SCR Shoreline Stability Analyses

Cases Cross Section2 Slope Stability Factor 
of Safety

Permanent, Static 1 13.1

Permanent, Static 2 34.2

Permanent, Static 3 27.6

Permanent, Static 4 9.3

Permanent, Static 5 11.6

Permanent, Static 6 5.8

Permanent, Static 7 7.3

Permanent, Static 8 2.9

Permanent, Static 9 8.1

Permanent, Static 10 5.8

Permanent, Pseudo-Static 1 3.71

Permanent, Pseudo-Static 2 9.12

Permanent, Pseudo-Static 3 8.85

Permanent, Pseudo-Static 4 3.92

Permanent, Pseudo-Static 5 3.88

Permanent, Pseudo-Static 6 3.88

Permanent, Pseudo-Static 7 3.67

Permanent, Pseudo-Static 8 2.05

Permanent, Pseudo-Static 9 3.25

Permanent, Pseudo-Static 10 2.66

Rapid Drawdown1 1 13.1

Rapid Drawdown1 2 31.9

Rapid Drawdown1 3 25.9

Rapid Drawdown1 4 9.3
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Notes:

1. The rapid drawdown represents the case where the SCR water level is 
instantaneously lowered from the maximum (El. 783 ft) to the minimum 
(El. 770 ft).

2. The cross sections are depicted on Figure 2.4.5-201.

Rapid Drawdown1 5 11.6

Rapid Drawdown1 6 5.8

Rapid Drawdown1 7 7.3

Rapid Drawdown1 8 2.9

Rapid Drawdown1 9 8.1

Rapid Drawdown1 10 5.8

Table 2.4.5-202 (Sheet 2 of 2)
Summary of SCR Shoreline Stability Analyses

Cases Cross Section2 Slope Stability Factor 
of Safety
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Table 2.4.5-203 (Sheet 1 of 2)
Summary of SCR Shoreline Stability Analyses

(Extreme Worst Case Scenario of “All Soil” Model)

Cases Cross Section2 Slope Stability Factor 
of Safety

Permanent, Static 1 3.2

Permanent, Static 2 6.0

Permanent, Static 3 5.7

Permanent, Static 4 2.8

Permanent, Static 5 4.7

Permanent, Static 6 2.4

Permanent, Static 7 3.4

Permanent, Static 8 1.8

Permanent, Static 9 2.3

Permanent, Static 10 1.7

Permanent, Pseudo-Static 1 1.29

Permanent, Pseudo-Static 2 1.52

Permanent, Pseudo-Static 3 1.48

Permanent, Pseudo-Static 4 1.22

Permanent, Pseudo-Static 5 1.43

Permanent, Pseudo-Static 6 1.26

Permanent, Pseudo-Static 7 1.43

Permanent, Pseudo-Static 8 1.15

Permanent, Pseudo-Static 9 1.27

Permanent, Pseudo-Static 10 1.12

Rapid Drawdown1 1 3.0

Rapid Drawdown1 2 4.9

Rapid Drawdown1 3 4.4
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Notes:

1. The rapid drawdown represents the case where the SCR water level is 
instantaneously lowered from the maximum (El. 783 ft) to the minimum 
(El. 770 ft).

2. The cross sections are depicted on Figure 2.4.5-201.

Rapid Drawdown1 4 2.6

Rapid Drawdown1 5 4.3

Rapid Drawdown1 6 2.1

Rapid Drawdown1 7 3.2

Rapid Drawdown1 8 1.6

Rapid Drawdown1 9 2.1

Rapid Drawdown1 10 1.5

Table 2.4.5-203 (Sheet 2 of 2)
Summary of SCR Shoreline Stability Analyses

(Extreme Worst Case Scenario of “All Soil” Model)

Cases Cross Section2 Slope Stability Factor 
of Safety
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Table 2.4.12-211 (Sheet 1 of 4)
Groundwater Velocity and Travel Times

Scenario 1, Pathway 3a (Unit 3/MW-1217a to SCR)

Date 12/27 1/23 2/20 3/19 4/10 5/16 6/13 7/16 8/13 9/13 10/16 11/15

MW-1217a (ft amsl) 810.94 820.76 824.72 825.06 823.82 820.08 820.38 821.13 822.28 823.83 825.64 827.00

SCR (ft amsl) 775.23 775.42 775.19 775.00 (a) 775.36 775.39 775.31 775.33 775.40 775.46 775.48 775.38

Hydraulic Gradient 0.0674 0.0855 0.0935 0.0945 0.0914 0.0843 0.0850 0.0864 0.0885 0.0913 0.0946 0.0974

Velocity (V) (ft/day) 0.0220 0.0279 0.0305 0.0308 0.0298 0.0275 0.0277 0.0282 0.0289 0.0298 0.0308 0.0318

Travel Time (T) 
(days)

4,550 3,587 3,280 3,246 3,356 3,638 3,608 3,550 3,466 3,359 3,242 3,149

Scenario 1, Pathway 3b (Unit 3/MW-1217b to SCR)

Date 12/27 1/23 2/20 3/19 4/10 5/16 6/13 7/16 8/13 9/13 10/16 11/15

MW-1217b (ft amsl) 810.94 820.76 824.72 825.06 823.82 820.08 820.38 821.13 822.28 823.83 825.64 827.00

SCR (ft amsl) 775.23 775.42 775.19 775.00 (a) 775.36 775.39 775.31 775.33 775.40 775.46 775.48 775.38

Hydraulic Gradient 0.0674 0.0855 0.0935 0.0945 0.0914 0.0843 0.0850 0.0864 0.0885 0.0913 0.0946 0.0974

Velocity (V) (ft/day) 0.0220 0.0279 0.0305 0.0308 0.0298 0.0275 0.0277 0.0282 0.0289 0.0298 0.0308 0.0318

Travel Time (T) 
(days)

3,640 2,870 2,624 2,596 2,684 2,911 2,887 2,840 2,772 2,687 2,594 2,519
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Scenario 2, Pathway 4a (Unit 4/MW-1215a to SCR)

Date 12/27 1/23 2/20 3/19 4/10 5/16 6/13 7/16 8/13 9/13 10/16 11/15

MW-1215a (ft amsl) 831.35 831.27 831.64 831.60 832.10 831.80 832.91 833.74 833.55 833.54 833.84 833.12

SCR (ft amsl) 775.23 775.42 775.19 775.00 (a) 775.36 775.39 775.31 775.33 775.40 775.46 775.48 775.38

Hydraulic Gradient 0.0925 0.0920 0.0930 0.0932 0.0935 0.0929 0.0949 0.0962 0.0958 0.0957 0.0961 0.0961

Velocity (V) (ft/day) 0.0302 0.0300 0.0303 0.0304 0.0305 0.0303 0.0309 0.0314 0.0312 0.0312 0.0313 0.0313

Travel Time (T) 
(days)

1,989 2,000 1,979 1,974 1,968 1,981 1,939 1,913 1,921 1,923 1,915 1,915

Scenario 2, Pathway 4b (Unit 4/MW-1215b to SCR)

Date 12/27 1/23 2/20 3/19 4/10 5/16 6/13 7/16 8/13 9/13 10/16 11/15

MW-1215b (ft amsl) 831.35 831.27 831.64 831.60 832.10 831.80 832.91 833.74 833.55 833.54 833.84 833.12

SCR (ft amsl) 775.23 775.42 775.19 775.00 (a) 775.36 775.39 775.31 775.33 775.40 775.46 775.48 775.38

Hydraulic Gradient 0.0925 0.0920 0.0930 0.0932 0.0935 0.0929 0.0949 0.0962 0.0958 0.0957 0.0961 0.0961

Velocity (V) (ft/day) 0.0302 0.0300 0.0303 0.0304 0.0305 0.0303 0.0309 0.0314 0.0312 0.0312 0.0313 0.0313

Travel Time (T) 
(days)

3,979 4,000 3,957 3,949 3,936 3,962 3,878 3,826 3,842 3,846 3,830 3,830

Table 2.4.12-211 (Sheet 2 of 4)
Groundwater Velocity and Travel Times
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Assumptions:

Scenario 1, Pathway 3a

The hydraulic gradient between MW-1217b and SCR is the nearest known hydraulic gradient to the Unit 3 A/B.  The highest hydraulic gradient between 
MW-1217B and SCR was used for this pathway.

Pathway Distance (L) = 100 lateral feet of Glen Rose Formation

Hydraulic Conductivity (K) = 1.37 x 10-5 cm/s = 0.0388 ft/day

porosity () = 0.119

Scenario 1, Pathway 3b

The hydraulic gradient between MW-1217b and SCR is the nearest known hydraulic gradient to the Unit 3 A/B.  The highest hydraulic gradient between 
MW-1217B and SCR was used for this pathway.

Pathway Distance (L) = 80 lateral feet of Glen Rose Formation

Hydraulic Conductivity (K) = 1.37 x 10-5 cm/s = 0.0388 ft/day

porosity () = 0.119

Scenario 2, Pathway 4a

The hydraulic gradient between MW-1215b and SCR is the nearest known hydraulic gradient to the Unit 4 A/B.  The highest hydraulic gradient between 
MW-1215B and SCR was used for this pathway

Pathway Distance (L) = 60 lateral feet of Glen Rose Formation

Hydraulic Conductivity (K) = 1.37 x 10-5 cm/s = 0.0388 ft/day

Table 2.4.12-211 (Sheet 3 of 4)
Groundwater Velocity and Travel Times

RCOL2_02.
4.12-9,13,
14 and 15



Comanche Peak Nuclear Power Plant, Units 3 & 4
COL Application

Part 2, FSAR

Revision 12.4-219

________________________

(a) - 775.00 ft was used as surface water elevation for SCR on 3/19 as USGS elevation data was unavailable

Conversions: 1day = 86,400 seconds; 1 foot = 30.48 centimeters

porosity () = 0.119

Scenario 2, Pathway 4b

The hydraulic gradient between MW-1215b and SCR is the nearest known hydraulic gradient to the Unit 4 A/B.  The highest hydraulic gradient between 
MW-1215B and SCR was used for this pathway

Pathway Distance (L) = 120 lateral feet of Glen Rose Formation

Hydraulic Conductivity (K) = 1.37 x 10-5 cm/s = 0.0388 ft/day

porosity () = 0.119

Table 2.4.12-211 (Sheet 4 of 4)
Groundwater Velocity and Travel Times
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Path 1 is from Unit 3 east to SCR; Path 2 is from Unit 4 north to SCR

Equation for Velocity: v = (Kh (Eh-El)/L)/

Equation for Travel Time: T = L/V

Assumptions:

1. Engineered fill is conservatively assumed as having negligible transport time.

2. Engineered fill is assumed to be fully saturated to level of the perimeter trench drains.

3. Release elevation is assumed to be the elevation of trench drain transposed to the edge of the existing fill at the pathway release point (Eh at 820 ft msl).

4. Discharge elevation is assumed to be the elevation of the SCR minimum operating pool (El at 770 ft msl).

5. Pathway distance is assumed to be the shortest distance from the pathway release point to the shoreline of SCR.

6. Existing fill (large rubble, sand, and gravel) is assumed to have 20% effective porosity (=0.20).

Table 2.4.12-211
Groundwater Velocities and Travel Times

Path 1 Path 2

Release Elevation (Eh)(ft msl) 820.00 820.00

Discharge Elevation (El)(ft msl) 770.00 770.00

Distance to SCR (L)(ft) 600 350

Hydraulic Gradient (Eh-El)/L 0.0833 0.1429

Velocity (V) (ft/day) 4.13 1.01

Travel Time (T) (days) 145 346
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Figure 2.4.5-201 SCR Cross Section Locations
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Figure 2.4.5-202 SCR Cross Sections Geometry
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Figure 2.4.12-210 Potentiometric Surface Maps (Sheet 1 of 124)
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