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U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555-0001

SUBJECT: Comanche Peak Nuclear Power Plant (CPNPP) Docket Nos. 50-445 And 50-
446 Submittal of Requested Information Regarding Fukushima Lessons
Learned - Flooding Hazard Reanalysis Report (TAC NOS. MF1099 and
MF1100)

References: 1. NRC Letter, Request for Information Pursuant to Title 10 of the Code of Federal
Regulations 50.54(f) Regarding Recommendations 2.1, 2.3, and 9.3, of the Near-Term
Task Force Review of Insights from the Fukushima Dai-Ichi Accident; dated March 12,
2012, Accession No. ML.12073A348.

2. Luminant Generation Company LLC’s Letter TXX-13053, Response to March 12, 2012,
Request for Information Enclosure 2, Recommendation 2.1, Flooding Hazard
Reevaluation Report, of the Near-Term Task Force Review of Insights from the
Fukushima Dai-Ichi Accident, dated March 12, 2013, Accession No. ML13074A058

3. NRC Letter, Request for Additional Information Regarding Fukushima Lessons Learned
- Flooding Hazard Reanalysis Report, dated March 7, 2014, Accession No.
ML14059A188

Dear Sir or Madam:

On March 12, 2012, the U. S. Nuclear Regulatory Commission (NRC) staff issued Reference 1 requesting
information pursuant to 10 CFR 50.54(f). By Reference 2, Luminant Generation Company LLC (Luminant
Power) submitted Comanche Peak Nuclear Power Plant’s (CPNPP) Flooding Hazard Reevaluation
Report in response to Enclosure 2, Required Response 2 of the 50.54(f) letter (Reference 1).

Reference 3 transmitted an NRC request for additional information regarding the Flooding Hazard
Reevaluation Report (FHRR) in Reference 2.
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Luminant Power’s response to the Reference 3 RAI for Comanche Peak Nuclear Power Plant (CPNPP)
Units 1 & 2 is provided in the Attachment to this letter.

There are three enclosures (data disks) provided by Westinghouse to support the RAI responses

¢ Enclosure 1 - CD labeled “Paul C. RIZZO Associates, Inc. Original Submittal of Calculations F-01
through F-22. Comanche Peak Flood Hazard Reevaluation. Project No. 12-4891.”
(Proprietary)

e Enclosure 2 - CD labeled “Paul C. RIZZO Associates, Inc. Supporting Electronic Files for RAI
Responses. Comanche Peak Flood Hazard Reevaluation. Project No. 12-4891.”
(Proprietary)

e Enclosure 3 - CD labeled “Paul C. RIZZO Associates, Inc. Supporting Calculations for RAI
Responses F-23 through F-25. Comanche Peak Flood Hazard Reevaluation. Project No. 12-4891.”
(Proprietary)

Also Enclosure 4 is the Westinghouse Application for Withholding Proprietary Information from Public
Disclosure CAW-14-3937, accompanying Affidavit, Proprietary Information Notice, and Copyright
Notice. :

The subject document was prepared and classified as Westinghouse Proprietary Class 2. Westinghouse
requests that the document be considered proprietary in its entirety. As such, a non-proprietary version
will not be issued.

As Enclosures 1, 2 and 3 contain information proprietary to Westinghouse Electric Company LLC, it is
supported by an Affidavit signed by Westinghouse, the owner of the information. The Affidavit sets forth
the basis on which the information may be withheld from public disclosure by the Commission and
addresses with specificity the considerations listed in paragraph (b)(4) of Section 2.390 of the
Commission's regulations.

Accordingly, it is respectfully requested that the information which is proprietary to Westinghouse be
withheld from public disclosure in accordance with 10 CFR Section 2.390 of the Commission's
regulations.

Correspondence with respect to the copyright or proprietary aspects of the item listed above or the
supporting Westinghouse Affidavit should reference CAW-14-3937 and should be addressed to James A.
Gresham, Manager, Regulatory Compliance, Westinghouse Electric Company, 1000 Westinghouse Drive,
Building 3 Suite 310, Cranberry Township, Pennsylvania 16066.

During review of the FHRR calculations in support of the RAI responses, an error in the calculations was
discovered which resulted in Squaw Creek Reservoir (SCR) water surface elevation being approximately
one foot higher than previously reported by the FHRR. This issue has been entered into CPNPP’s
corrective action program (Condition Report CR-2014-003467). Luminant Power will submit a
supplement to the Flooding Hazard Reevaluation Report (Reference 2) by July 31, 2014 to address this
calculation error. The attachment to this letter provides additional details regarding calculations
performed to address this calculation error as part of the RAI response, and refinements to be considered
in the updated FHRR supplement to be submitted by July 31, 2014.
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During communications between the NRC (Balwant Singal, et.al.) and Luminant Power (Carl Corbin,
et.al.) on February 24, 2014, Luminant Power agreed to provide files related to site layout and
topography. These files are provided on Enclosure 5 and contain Sensitive Unclassified Non-Safeguards
Information (SUNSI). Luminant Power requests that Enclosure 5 be withheld from public disclosure
according to the provisions of 10 CFR 2.390(d)(1).

This letter contains one new regulatory commitment.

Commitment Number Commitment Description Due Date
4816329 Luminant Power will submit a supplement to the July 31, 2014
Flooding Hazard Reevaluation Report to address a
calculation error.

If there are any questions regarding this plan, please contact Mr. Carl B. Corbin at (254) 897-0121
carl.corbin@luminant.com.

1 state under penalty of perjury that the foregoing is true and correct.
Executed on April 4, 2014.
Sincerely,

Luminant Generation Company LLC

Rafael Flores

By:

Fred W. Madden
Director, External Affairs

Attachment ~ Comanche Peak Nuclear Power Plant (CPNPP) Response to Request for Additional
Information Regarding Flooding Hazard Reevaluation Report (Non-Proprietary)

Enclosure 1 CD labeled “Paul C. RIZZO Associates, Inc. Original Submittal of Calculations F-01
through F-22. Comanche Peak Flood Hazard Reevaluation. Project No. 12-4891.”
(Proprietary - Withhold under 10 CFR 2.390)

Enclosure 2 CD labeled “Paul C. RIZZO Associates, Inc. Supporting Electronic Files for RAI
Responses. Comanche Peak Flood Hazard Reevaluation. Project No. 12-4891.”
(Proprietary- Withhold under 10 CFR 2.390)

Enclosure 3 CD labeled “Paul C. RIZZO Associates, Inc. Supporting Calculations for RAI Responses
F-23 through F-25. Comanche Peak Flood Hazard Reevaluation. Project No. 12-4891.”
(Proprietary- Withhold under 10 CFR 2.390)

Enclosure 4 Westinghouse Application for Withholding Proprietary Information from Public
Disclosure CAW-14-3937, accompanying Affidavit, Proprietary Information Notice, and
Copyright Notice (Non Proprietary)

Enclosure 5 CD labeled “Security Related Information Withhold under 10 CFR 2.390, Comanche Peak
Nuclear Power Plant (CPNPP) site layout and topography”
(SUNSI)
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C- E.J. Leeds, Director, Office of Nuclear Reactor Regulation *
Marc L. Dapas, Region IV *

Jessica A. Kratchman, NRR/JLD/PMB *

Balwant K. Singal, NRR A

Resident Inspectors, Comanche Peak *

* Without Enclosures 1, 2, 3, and 5
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Comanche Peak Nuclear Power Plant (CPNPP) Response to Request
for Additional Information Regarding Flooding Hazard Reevaluation Report

Discussion of calculation error discovered during preparation of responses to RAIs

During review of the Flooding Hazard Reevaluation Report (FHRR) calculations
in support of the Request for Additional Information (RAI) responses, it was
found that the regression equation used to determine the 100-year flow rate for
Squaw Creek, the benchmark by which calibration of the HEC-HMS inputs was
done, was incorrectly read from the source document. The equation in the source
document specifies the drainage area, ‘A’ is to be taken to a power of -0.0467,
however the applicable Probable Maximum Flood (PMF) analysis calculation
used ‘A’ to the power of -0.0407. The observed error was determined to have an
impact on four of the PMF analysis calculations used as the basis for the original
FHRR submittal, (i.e., referred to as F-10, F-12, F-19 and F-22).

To address the error, a new sensitivity calculation, F-24 was developed and is
included on the provided DVD/CDs as RAI response supporting calculations.
Calibration of the HEC-HMS model was performed to the corrected value
resulting in PMF flow rates within Squaw Creek, water surface elevations with
Squaw Creek Reservoir (SCR) and the SSI and revised wind setup and wave
runup. By running the HEC-RAS models as unsteady-state HEC-RAS
simulations, the original results from PMF analysis calculations F-12 and F-19
bounded revised results from new calculation F-24. Water surface elevations for
the SCR determined in original calculation F-22 were approximately one foot
under revised elevations generated in new sensitivity calculation F-24.

The error in the calibration of the HEC-HMS model to the regression equation
resulted in an increased water surface elevation. There are several parameters
that CPNPP will consider for refinement. Based on the head at the SCR dam
during the flood, the weir coefficient of 2.63 used in the analyses can be refined.
The geometry of the emergency spillway used right-angle side walls of the
spillway and did not consider the as-built shallow sloping of the side walls that
allow traffic to drive over the spillway, which is an added refinement. The
combined effects flood was computed using an antecedent 40% probable
maximum precipitation (PMP) storm prior to the full PMP. This is consistent
with the Units 3&4 FSAR. ANS 2.8 provides the option to use the lesser of the
40% PMP and the 500-year precipitation.

Luminant Power will submit a supplement to the Flooding Hazard Reevaluation
Report to address calculation error by July 31, 2014. The updated FHRR
supplement will also consider the refinements noted above.



Attachment to TXX-14048
Page 2 of 37

The NRC RAIs and Luminant Power’s responses are provided below. The list of
references is provided at the end of this attachment.

RAI 1: Local Intense Precipitation and Associated Site Drainage (Choice of Methods
and Technical Rationale)

The CPNPP, Units 1 & 2 Flood Hazard Reevaluation Report (FHRR) local intense
precipitation section includes discussions on methods used to perform the analysis. In
the discussions, the licensee uses a 5-minute (min) 1-square mile (mi? (2.59-square
kilometer (km?)) probable maximum precipitation (PMP) value of 6.25 inches (15.9
centimeter (cm)) and a 15-min 1-mi? (2.59 km?) PMP value of 9.78 inches (24.8 cm). In
the Final Safety Analysis Report (FSAR) for CPNPP, Units 3 and 4 combined license
application (Luminant, 2012), the 5-min 1-mi? (2.59 km?) PMP is reported as 6.3 inches
(16.0 cm), and the 15-min 1-mi? (2.59 km?) PMP is reported as 9.8 inches (24.9 cm). The
NRC staff has analyzed both sets of PMP values and determined that use of the Units 3
and 4 FSAR (Luminant, 2012) would produce higher peak discharge, according to the
Rational Runoff Transformation Method (RRTM) and when used in U.S. Army Corps of
Engineers (USACE) Hydrologic Engineering Center Hydrologic Modeling System
(HEC-HMS) for simulating Scenario 4. The effects of rounding could also result in
higher water levels when using other runoff estimation methods and when analyzing
other flooding hazards, such as stream and river flooding and dam failure flooding,.

Also, review of the FHRR indicates that for intervals not included in HMR 521, evenly-
split distribution of rainfall was provided (i.e. the 20-min cumulative rainfall total was
estimated as the 15-min total plus one-third of the difference between the 30-min and
15-min totals).

a. With respect to uncertainty in estimating PMP values and proper assessment of
flooding hazards using current methods, the NRC staff requests a justification
and description of the technical rationale for the Units 1 and 2 FHRR that
resulting in a lower flood hazard compared to the values presented in the
Combined Operating License Application (COLA) for Units 3 and 4 of the same
site.

b. In order to determine the appropriate method to be used for the analysis related
to the rainfall distribution, the NRC staff requests justification for the
interpolation method used to determine PMP values at 5-mine intervals for
durations not reported in HMR 52 (i.e. 10-min, 20-min, 25-min, etc.). More
specifically, staff requests justification for not using other interpolation methods,
such as non-linear interpolation, which could potentially have provided higher
magnitudes of precipitation.
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Response to RAI 1, Part a:

Revision 3 of the Units 3&4 Final Safety Analysis Report (FSAR) (Reference 1) indicates
that the peak rainfall intensity for the local intense precipitation (LIP) is 6.2 inches/5-
minutes. Luminant issued a letter on May 13, 2013 to the NRC (Reference 2) that
provided supplemental information to address RAIs for the Combined Operating
License Application (COLA) for Comanche Peak Nuclear Power Plant (CPNPP) Units
3&4. As stated in this letter:

NRC Concern #3: NRC staff identified 6.25 in. for 5 min intensity (75 in/hr). However, HEC-RAS input
for PMP was 6.2 in. for 5 min intensity. Wiy wasn't the more conservative 6.25 in. for 5 min value used?
Clarification of source and design input is needed.

Resolution- The PMP value of 6.2 in. was derived in Calculation TXUT-001-FSAR-2.4.2-CALC-019
(CALC-019), Revision 0 using Hydrometerological Report 51 (HMR-51) and HMR-52. This appears to be
a rounding issue and CALC-019 has been revised to utilize the conservatively rounded value of 6.3 inches
for 5 min intensity. The revised PMP values are documented in CALC-019, Revision 2. The PMP value of
6.3 in. is used in CALC-036 Revision 3 and CALC-037 Revision 3.

The analyses associated with the development of Units 1&2 FHRR reported a peak
rainfall intensity of 6.25 inches for 5-minutes, which is consistent with the value
identified by the NRC in the correspondence referenced above.

Response to RAI 1, Part b:

The probable maximum precipitation (PMP) hyetograph for the LIP analysis was
developed from the 5-, 15-, 30-, 60-, and 360-minute duration PMP rainfall depths
obtained from the appropriate short duration precipitation figures in
Hydrometeorological Report (HMR) 52 (Reference 3). HMR-52 does not indicate how to
interpolate between estimated PMP depths for specified storm durations.

For the FHRR, rainfall depths for the 5-minute intervals between specified storm
durations (i.e., between 5 minutes and 15 minutes, or 15 minutes and 30 minutes, etc.)
were estimated by dividing the additional rainfall depth between the included
intervals. This preserved the total depth of the PMP per HMR-52 methodology. This is
consistent with the method used to determine the LIP rainfall distribution provided in
Appendix B of NRC NUREG/CR-7046 (Reference 4, Figure B-5).
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RAI 2: Local Intense Precipitation and Associated Site Drainage (Model
Documentation and Input/Output Files)

Staff requests electronic input/output files and other relevant digital data files for the
following:

1) HEC-HMS model for surface flow modeling of the Local Intense Precipitation
(LIP) probable maximum flood (PMF)
2) Hydrologic Engineering Center River Analysis System (HEC-RAS) and HEC-
' Geo-RAS model for LIP PMF routing and peak water elevations
3) Digital Elevation Model (DEM) or other x-y-z data files used for surface
modeling

Response to RAI 2:

The requested model files are provided on Enclosure 2 (data disk) in the directory
Requested_Files\RAI_2_LIP. The file, FileList.docx, lists the files within the dlrectory
RAI 2 _LIP. The files are also listed below:

A. Directory georas Geo-RAS shapefiles and DEM
B. Directory HMS HEC-HMS model files

C. SC1_HECRAS_rational Scenario T HEC-RAS model files
D. SC2_HECRAS_SCS6 Scenario 2 HEC-RAS model files
E. SC3_HCRAS_SCS6_oVBS _ Scenario 3 HEC-RAS model files
F. SC4_HECRAS_SCS6_oVBS_trans-culvl Scenario 4 HEC-RAS model files

RAI 3: Local Intense Precipitation and Associated Site Drainage (Choice of Methods
and Technical Rationale)

The NRC staff analyzed different temporal rainfall distributions and determined that a
centered distribution produces higher peak discharge values compared to a descending
distribution for a 6-hour (hr) LIP event. Compared to a descending distribution, the
staff’s analysis determined that a centered rainfall distribution using the Soil
Conservation Service (SCS) Unit Hydrograph (UH) Method without rainfall losses
results in 6.2 percent to 6.8 percent higher peak discharge values. An illustration of
temporal PMP and discharge values for both distributions is shown on Figure 1 for
Storage Area 21677. According to the staff's analysis, for the SCS UH Method including
rainfall losses, peak discharge values using a centered distribution, range from 9.3
percent to 23.4 percent, higher than those from a descending distribution. An
illustration of temporal PMP and discharge values for both distributions is shown on
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Figure 2 for Storage Area 21677. While a centered distribution appears to bound a
descending distribution, other arrangements (such as a two-thirds distribution) may
produce even higher water levels. Based on the review, the NRC staff requests for the
following information:

A. Technical rationale for assuming a descending distribution for LIP analysis.

B. Documentation of any sensitivity analysis performed in analyzing the PMP,
drainage discharge, and water levels associated with local intense precipitation
flooding.

Comparison of Discharge and Rainfall Distribution for SCS UH
Method (without rainfall losses)
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Note: the discharge associated with the licensee's approach are displayed based on staff's reconstruction (values vary only slightly).

Figure 1: Comparison of temporal rainfall distributions and discharge using the SCS
UH Method, without rainfall losses (see note at bottom of Figure 1)
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Comparison of Discharge and Rainfall Distribution for SCS UH
Method (with rainfall losses)
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Note: the discharge associated with the licensee's approach are displayed based on staff's reconstruction (values vary only slightly).

Figure 2: Comparison of temporal rainfall distributions and discharge using the SCS
UH Method, including rainfall losses (see note at bottom of Figure 2)

Response to RAI 3, Part a

A descending rainfall distribution, with the highest rainfall intensities early in the
event, was used in Calculation F-03 (Reference 5) in support of the FHRR in accordance
with the method used in Appendix B of NRC NUREG/CR-7046 (Reference 4, Figure B-
5).

Response to RAI 3, Part b
Sensitivity analyses (beyond the implementation of the Hierarchical Hazard

Assessment [HHA] methodology) were not conducted using different rainfall
distributions for the LIP analysis.
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RAI 4: Local Intense Precipitation and Associated Site Drainage (Choice of Methods
and Technical Rationale)

For Scenario 4 presented in the FHRR, the associated calculation package F-03 (Rizzo,
2013c?) mentions that culverts on the northwest and southwest sides of the vehicle
barrier system (VBS) were assumed not to be blocked. This important modeling
assumption is not mentioned in the FHRR. In order to determine the correct application
of methods, the NRC staff requests that the licensee provide the technical rationale and
assumptions implemented in the modeling of these culverts in a consistent manner.

Response to RAI 4

The HEC-RAS LIP model was initially developed for the F-03 calculation under the
assumption that all culverts on site were blocked. All water levels in the F-03 calculation
were referenced to the North American Vertical Datum of 1988 (NAVDS88). The
National Geodic Vertical Datum of 1929 (NGVD29) is considered to be 0.12 feet below
the NAVDS88 (See response to RAI 5). Select elevations were converted to NGVD29 in
the calculation for comparison to the current licensing basis. RAI responses are
presented in both datums herein.

This resulted in maximum LIP flood stages for Scenario 3 of 811.00 feet (ft) NGVD29
(811.12 ft NAVDS88) and 810.12 ft NGVD?29 (810.24 ft NAVD88) in Subbasins 21685 and
21728, respectively, resulting in a flood stage at Subbasin 21692 in the powerblock of
810.74 ft NGVD29 (810.86 ft NAVD88), which is in excess of the entryway elevation into
safety related buildings of 810.50 ft NGVD29 (See the results of Scenario 3 in Table 7-1
in the F-03 calculation).

Following HHA methodology, a more refined model was developed to determine the
peak LIP flood stage that would be obtained if the following two culverts remained in
service during the LIP event:

e A 48-inch culvert within Subbasin 21685 at the northwest corner of the
vehicle barrier system (VBS) perimeter.

e A 54-inch culvert within Subbasin 21728 at the southwest corner of the
VBS perimeter.

Considering the large diameter of the culverts and the fact that the site area
immediately surrounding the power block does not support the production of large
debris that can fully block these culverts, this was considered to be a realistic condition
and consistent with NRC guidelines documented in Reference 4.

The more refined model resulted in maximum LIP flood stages of 802.29 ft NGVD29
and 809.30 ft NGVD29 in Subbasins 21685 and 21728, respectively, resulting in a peak
LIP flood stage in the power block of 810.34 ft NGVD29 for Storage Area 21699, which is
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lower than the entry elevation into safety related buildings of 810.50 ft NGVD29 (See
results of Scenario 4 in Table 7-1 in the F-03 calculation).

RAI 5: Local Intense Precipitation and Associated Site Drainage (Choice of Methods
and Technical Rationale)

The FHRR for CPNPP, Units 1 and 2 does not have a documented reference for datums
in the FHRR; instead, the licensee cross-references the FSAR for CPNPP, Units 1 and 2
(referred to as Reference 2 throughout the FHRR) for various elevations. During the
review, the NRC staff also noted some inconsistencies in the use of datums within some
of the calculation packages thus raising with regard to the accuracy and quality control
used in ensuring that the data and predicted water levels were properly maintained.
As an example, Table 7-1 of calculation package F-03 (Rizzo, 2013c) appears to report
peak water elevations in NAVDS88, whereas the majority of the calculation package and
FHRR describe elevations using NGVD29. With respect to the data presented in the
FHRR and to address errors associated with reporting of elevation data, the NRC staff
requests a clear verification of the data used in the FHRR for elevations. The NRC staff
also requests a description of the method used for extracting elevation data from
topography maps, entering values into hydrologic models, and reporting peak water
levels and plant grades in the FHRR in a consistent manner.

Respomnse to RAI 5

There are no errors associated with the reporting of the elevation data in Calculation F-
03 or the FHRR. Elevations are reported in both the National Geodetic Vertical Datum
of 1929 (NGVD29) and the North American Vertical Datum of 1988 (NAVD88) as
appropriate.

A Digital Elevation Model (DEM) was developed for modeling site topography for the
F-03 calculation (Reference 5) using site-specific topographic data provided in
NAVDS88. The DEM was then used to delineate subbasins for modeling runoff in HEC-
HMS and for digitally extracting the profiles of the broad-crested weirs used to model

- flow between Storage Areas (SA) in the HEC-RAS model. The maximum LIP water
surface elevations determined in HEC-RAS in NAVDS88 were referred back to NGVD29
for comparison with site grade elevations provided in the Units 1&2 FSAR, utilizing the
appropriate datum conversion.

Footnote 1 on page 3 of Calculation F-03 notes the datum elevation conversion for
NGVD29 to NAVDS88 is 0.12 ft at the plant site using the National Geodetic Survey
VERTCON tool. Table 7-1 of Calculation F-03 lists simulated elevations within model
catchments using a vertical datum of feet NAVD88 and indicates the conversion from
NAVDS88 to NGVD29 at select locations in note 5 of the table. Table 7-2 of Calculation
F-03 reports flood elevations at specific buildings within the powerblock in both
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NAVDS88 and NGVD29. Table 3-2 of the FHRR lists peak pond water elevations in
MSL, which is equivalent to NGVD29 elevations in Calculation F-03 Table 7-2.

RALI 6: Local Intense Precipitation and Associated Site Drainage (Choice of Methods
and Technical Rationale)

The licensee has selected Scenario 4, which is the least conservative of the scenarios
considered in the FHRR. The NRC staff also noted that the site characteristics, more
specifically the weir coefficients used in the analysis, require further explanation. In
order to address questions related to estimation of water levels using appropriate and
current methods, the NRC staff requests the technical rationale for selection of:

a) Water levels resulting from Scenario 4 and the assumptions included in the HEC-
RAS model for Scenario 4, the least conservative of the scenarios presented in the
FHRR.

b) Site characteristics which justify the use of weir coefficients of 3.0, which

calculation package F-03 (Rizzo, 2013c) states is a high value for the conditions
simulated, in modeling storage area connections for Scenario 4.

Response RAI 6, Part a

The selection of Scenario 4 in Calculation F-03 (Reference 5) as the representative
simulation for the FHRR is based on the implementation of the Hierarchical Hazard
Assessment (HHA) approach, which entails the progressive refinement of scenarios, as
discussed in NRC NUREG/CR-7046. Table 2-1 of the calculation summarizes how the
runoff inputs to the HEC-RAS model for each scenario were refined from the previous
scenario.

Scenario 1 used the Rational Method to estimate peak flow. Scenarios 2 and 3 used
constant inflows for each subbasin set equal to the peak discharges, determined in HEC-
HMS utilizing the Soil Conservation Service (SCS) Unit Hydrographs (UH) without
rainfall losses, which leads to conservative estimates of peak discharge. Increasing
refinement per the HHA methodology, the time varying runoff hydrograph (now
accounting for rainfall losses using the SCS Curve Number) was used as input to each
subbasin for Scenario 4, providing a more realistic simulation of the LIP event.

Scenario 4 also added a refinement to account for flow through the two large diameter
culverts. The justification for this refinement is given in the response to RAI 4.

Response RAI 6, Part b
The last refinement in Scenario 4 was an increase in the discharge coefficient for the

weirs used to simulate the hydraulic connection between SA in the HEC-RAS model
from 2.63 to 3.0. This results in a reduction in the head required for a given discharge,
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as can be seen by solving the standard weir equation (Reference 6, Eq. 6-14) for the
head:

2/3
H= ( CSL) Equation 6-1
where,
Q is the discharge, in cfs,

C is the discharge coefficient,
L is the length of the weir in feet, and
H is the head on the weir, in feet.

The weirs used for simulating the hydraulic connection between SAs fall within two
general categories: well-defined, broad-crested weirs, which are raised above grade
level, such as along roads, sidewalks, and vehicle barrier structures; and at-grade
controls, which are defined by boundaries between paved areas and are graded to
direct sheet flow towards outfall structures. Reasonable ranges for both types of weirs
represented in the HEC-RAS model are discussed below.

Well-defined, broad-crested weirs:

For well-defined, broad-crested weirs, the value of C in Eq. 6-1 is a function of
geometric properties of the weir and the head over the crest. Depending on the weir
configuration, the HEC-RAS Hydraulic Reference Manual (Reference 6, Table 8-1)
reports values of the coefficient between 2.6 and 3.1 for broad-crested weirs.

The weir coefficient increases as head increases, reported to vary from 2.48 to 3.32 for
heads varying from 0.2 to 5.5 ft, depending on the breadth of the crest. For instance, for
a head of 1.0 ft over the weir crest, the coefficient ranges from 3.32 for a six-inch
breadth, e.g., the top of a Jersey barrier, to 2.63 for a weir with a 10-foot breadth, e.g.,
the top of a VBS, (Reference 7, Table 5-3).

For a given head, the weir coefficient increases with the inclination of the surfaces
approaching the crest on the upward and downward slopes (Reference 7, Tables 5-5
and 5-6, respectively). The higher values associated with sloped approaches are
appropriate for roads and sidewalks characterized by mild slopes in the direction of
flow. '

Since HEC-RAS requires the input of a single coefficient for the weirs, a representative
head is used to select the weir coefficient. For the modeling application under
consideration, heads on the weirs vary from an average value of about 0.65 ft to a
maximum value of over 2.0 ft during the simulation. Considering that most flow
between SAs will occur during the higher head conditions, it is appropriate to use a
time-averaged value of the head within 10 to 20 percent of the maximum head because
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the majority of the flow between SAs will be during the period for which these higher
heads are acting.

At-grade control Weirs:

For long broad-crested weirs with no appreciable end contractions and with slopes
greater than or equal to the head loss due to friction, as occurs at the at-grade drainage
divides of large paved areas graded to direct flow towards outfall structures, flow
within the weir is at critical depth, with discharge given as (Reference 7, Eq. 5-53):

Q =3.087*L*H?/2 Equation 6-2

For the simulation of runoff on site, most of the weir sections used to model the
hydraulic connection between SAs are at-grade weirs with mild slopes, for which
Equation 6-2 is applicable and; therefore, a value of C = 3.0 in Equation 6-1 is
appropriate and slightly conservative. A lower value of the weir coefficient may be
appropriate for the 10-foot wide VBS units, but at the downstream (south) end of the
site, the VBS weirs were not overtopped.

Considering the head range modeled, and the geometry of the hydraulic connections
between the SAs used to characterize site topography, the use of a weir coefficient of 3.0
in the HEC-RAS model provided reasonable estimates of flow and stage for LIP
flooding.

RAI 7: Local Intense Precipitation and Associated Site Drainage (Choice of Methods
and Technical Rationale)

In calculation package F-01 (Rizzo, 2013a), the licensee states “the HMR52 program was
used to obtain the 72-hour PMP storm analysis for comparison purpose only.” The
NRC staff requests documentation of the analysis used in the estimation of the 72-hour
(hr) PMP for LIP and clarification on how HMR 52 program results for the 72-hr LIP
storm were used and what comparisons were made.

Response to RAI 7:

The 72-hour, 10-square mile PMP is provided for comparison with the 6-hour, 10-square
mile PMP in Calculation F-01 (Reference 8). The 6-hour, 10-square mile event resulted in
a higher 5-minute intensity for 1-square mile (6.25 inches in 5-minutes) and total 6-
hour/10-square mile depth (30.03 inches) compared to the output from the HMR-52
program (1.81 inches in 5 minutes for 10 square miles and 29.73 inches in 6 hours for 10
square miles). No comparison was made with any other calculation. The 72-hour PMP
listed in the HMR-52 program output is for a 10-square mile area and does not contain a
5-minute interval with rainfall intensity for a 1-square mile PMP. Higher peak stages
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are expected using the LIP with rainfall intensities for the 1-square mile PMP (see
response to RAI 9).

Calculation F-01 provides documentatio