
Nuclear Operating Company

South Texas Pro/ect Electric Generating Station PO Box 289 Wad_ vorth. Texas 77483 %AAA--

March 25, 2009
U7-C-STP-NRC-090022'

U. S. Nuclear Regulatory Commission
Attention: Document Control Desk
One White Flint North
11555 Rockville Pike
Rockville, MD 20852-2738

South Texas Project
Units 3 and 4

Docket Nos. 52-012 and 52-013
Revised Responses to Requests for Additional Information

Reference: 1. Letter, M. A. McBurnett to Document Control Desk, "Response to Requests
for Additional Information," dated January 28, 2009 (U7-C-STP-NRC-090001,
ML090300648)

2. Letter, S. Head to Document Control Desk, "Supplemental Responses to
Requests for Additional Information," dated February 23, 2009 (U7-C-STP-
NRC-0900012, ML090710301)

This letter provides revised responses to the following previously submitted RAI responses:

02.04.02-3 02.04.04-1 02.04.10-1 02.04.13-10 03.04.01-5
02.04.04-2
02.04.04-3
02.04.04-4
02.04.04-5
02.04.04-6
02.04.04-7
02.04.04-8

The responses to these RAI questions have been revised to incorporate the results of the revised
embankment breach analysis for the Main Cooling Reservoir (MCR). The revised MCR
embankment breach analysis was described in the responses to RAI questions 02.04.04-9 and
RAI 02.04.04-10 (Reference 1) and the associated proposed changes to COLA, Part 2, Tier 2,
were subsequently provided as supplemental information (Reference 2). The list of RAIs
provided above differs from the list provided in Reference 2 to reflect a more thorough
evaluation of the RAIs affected by the revised MCR embankment breach analysis.

There are no commitments in this letter.

STI 32446923
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If you have any questions regarding these responses or commitments, please contact me at
(361) 972-7136, or Bill Mookhoek at (361) 972-7274.

I declare under penalty of perjury that the foregoing is true and correct.

Executed on 3 /zL S"zo0

Scott Head
Manager, Regulatory Affairs
South Texas Project Units 3 & 4

rhb

Attachments:
1. (

2. (
3. (
4. C
5. C
6. C
7.
8. C
9. C
10. C
11. C

•uestion 02.04.02-3, Response Revision I
•uestion
•uestion
•uestion
•uestion
•uestion
•uestion
•uestion
•uestion
•uestion
•uestion

02.04.04-1, Response Revision 1
02.04.04-2, Response Revision 1
02.04.04-3, Response Revision I
02.04.04-4, Response Revision I
02.04.04-5, Response Revision 1
02.04.04-6, Response Revision 1
02.04.04-7, Response Revision 1
02.04.04-8, Response Revision 1
02.04.10-1, Response Revision 1
02.04.13-10, Response Reyision 1

12. Question 03.04.01-5, Response Revision I

Enclosure: DVD: STP 3& 4 - RAI 02.04.04-8, Response Revision 1,
"MCR Breach Analysis Input And Output Files"
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cc: w/o attachment except*
(paper copy)

Director, Office of New Reactors
U. S-. Nuclear Regulatory Commission
One White Flint North
11555 Rockville Pike
Rockville, MD 20852-2738

Regional Administrator, Region IV
U. S. Nuclear Regulatory Commission
611 Ryan Plaza Drive, Suite 400
Arlington, Texas 76011-8064

Kathy C. Perkins, RN, MBA
Assistant Commissioner
Division for Regulatory Services
P. 0. Box 149347
Austin, Texas 78714-9347

Alice Hamilton Rogers, P.E.
Inspections Unit Manager
Texas Department of Health Services
P. 0. Box 149347
Austin, Texas 78714-9347

C. M. Canady
City of Austin
Electric Utility Department
721 Barton Springs Road
Austin, TX 78704

*Steven P. Frantz, Esquire

A. H. Gutterman, Esquire
Morgan, Lewis & Bockius LLP
1111 Pennsylvania Ave. NW
Washington D.C. 20004

*George F. Wunder
*Tekia Govan

Two White Flint North
11545 Rockville Pike
Rockville, MD 20852

(electronic copy)

*George Wunder
*Tekia Govan

Loren R. Plisco
U. S. Nuclear Regulatory Commission

Steve Winn
Eddy Daniels
Joseph Kiwak
Nuclear Innovation North America

Jon C. Wood, Esquire
Cox Smith Matthews

J. J. Nesrsta
R. K. Temple
Kevin Pollo
L. D. Blaylock
CPS Energy
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RAI 02.04.02-3:

QUESTION:

Provide a discussion of (A) flood magnitude and timing; (B) the effect on water levels in the
power block area; and, (C) the effect of the 34 ft MSL constant water level boundary condition in
HEC-RAS simulation, if FM 521 were not to act like a barrier and flood runoff from North I and
2 subbasins were not lagged significantly. Provide justification for using a 6-hr PMP, rather than
using a shorter duration and more intense PMP value, to obtain a peak PMF water level in the
power block area. Specify in the FSAR, at which spot within the power block area, the peak
flooding level was simulated.

REVISED RESPONSE:

This RAI response is being revised to reflect the revised MCR embankment breach analysis
described in the responses to RAI questions 02.04.04-9 and RAI 02.04.04-10, which were
submitted on January 28, 2009. The MCR embankment breach analysis was re-evaluated to
establish critical embankment breach parameters based on available literature on dam failure
case studies. The average breach width used in the present analysis was 417 feet, as opposed to
the postulated breach width of 4,757 feet in the analysis documented in COLA Revision 2. On
February 23, 2009, STP provided supplements to the responses to RAI questions 02.04.04-9 and
RAI 02.04.04-10 that show proposed changes to the COLA that incorporate the results of the
revised MCR embankment breach analysis.

In order to provide clarity; the response to this question is provided in three parts:

RAI Part 1: Provide a discussion of(A) flood magnitude and timing; (B) the effect on water
levels in the power block area; and, (C) the effect of the 34 ft MSL constant water
level boundary condition in HEC-RAS simulation, if FM 521 were not to act like
a barrier and flood runoff from North 1 and 2 subbasins were not lagged
significantly.

RAI Part I Response:

In the analysis of local probable maximum precipitation (LPMP) flooding, presented in Revision
0 of FSAR 2.4S.2 (also referred to as the COLA base case in this response), highway FM 521
was modeled as a drainage divide. It separated subbasins North 1 and North2, as defined in
Revision 0 of FSAR Figure 2.4S.2-5, in the north and west sides of the STP 3 and 4 site from the
rest of the contributing drainage area of 'the Main Drainage Channel (MDC) (Revision 0 FSAR
Figure 2.4S.2-4). Flood flow from NorthI and North2 was postulated to pass through the culvert
crossing of FM521 at Little Robins Slough (LRS), and also spill over the road crest towards LRS
when the flood level was high. FM 521 was modeled as drainage divide that backs up flood flow
from North I and North2 because it has a road crest elevation of 32 ft NGVD29, which is about 4
ft higher than the surrounding natural ground elevation of approximately 28 ft NGVD29. If FM
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521 were not to act like a barrier, flood flow from North I and North2 towards LRS and MDC
would be not restricted, and would potentially have a smaller lag behind the flood flow from
other contributing subbasins. Two new modeling scenarios, each representing a different
bounding level of effectiveness of FM 521 as a flow barrier, are formulated to evaluate the
impact of FM 521 on the LPMP flooding pattern as described below.

In Scenario 1, flood flow from North 1 and North2 is assumed to discharge to LRS unimpeded.
This is accomplished in the HEC-HMS flood routing model (Reference 1) by assigning a
junction element, instead of a reservoir element as in the COLA base case, at the FM 521
crossing at LRS. The conceptual model for Scenario 1 as represented in HEC-HMS is shown on
Figure 1, while the scheme for the COLA base case presented in the FSAR is shown on Figure
2.4S.2-6 of Revision 0 of the FSAR.

In Scenario 2, FM 521 is assumed to be completely ineffective as a flow barrier and no longer
constitutes a drainage divide between subbasins Northl/North2 and North3. Flood flow from the
northern subbasins North 1, North2 and North3, now combined to form a bigger subbasin
North I A, would discharge to MDC at its junction with LRS. The conceptual model of Scenario
2 as represented in HEC-HMS is shown on Figure 2.

The HEC-HMS modeling results of the two scenarios show that Scenario 1 produces a higher
flood peak at the junction of LRS and MDC (model junction "Outflow") than Scenario 2 (at
model junction "Outflow"). This is primarily a result of the longer time of concentration
estimated for the larger subbasin North lA, which has a longer flow path. Consequently, the
predicted flood hydrograph for Scenario 1 is used to estimate the maximum water level in the
power block area by using the HEC-RAS model previously developed for the COLA base case.
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North 2 North I

OutFlow PBW1 PBW PBE

Figure 1 - HEC-HMS Hydrologic Diagram for Scenario I

US MDC4 US MDC3 US MDC2

OutFlow PBPSVV1 P BW PBE

Figure 2 - HEC-HMS Hydrologic Diagram for Scenario 2

(A) Flood Magnitude and Timing

The HEC-HMS results for Scenario 1 show that the peak discharge from the northern subbasins
(North 1 and North2) that contributes to LRS (9,714.9 cfs) is higher and arrives earlier (5:25 hrs
into the storm) than the peak discharge (7,690.3 cfs) and arrival time (6:25 hrs into the storm)
from the COLA base case. For Scenario 1, the predicted peak discharge at model junction
Outflow is 11,459.6 cfs, which is about 16% higher than the peak discharge of 9852.0 cfs from
the COLA base case simulation. The arrival times of the peaks are nearly the same, 3:35 hrs and
3:40 hrs into the storm, respectively. The peak discharges and their arrival times at the subbasin
outlets for the eastern subbasins (PBE, PBW, PBN1 and PBW1) remain unchanged. The
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predicted peak discharges and the corresponding flood peak arrival time for each subbasin are
shown in Table 1. A time step of 5 min is used in the HEC-HMS model simulation.

(B) Effect on Water Levels in the Power Block Area

For water level estimation, the steady-flow routing option in HEC-RAS is used. As in the COLA
base case simulation, the predicted flood hydrographs from the HEC-HMS model at each of the
subbasin outlets and junction elements are used to establish the inflow at the corresponding
model channel cross sections in the HEC-RAS model. Because the HEC-HMS flood hydrograph
at Junction Outflow peaks at 3:40 hrs into the storm, the predicted flood discharges at Junction
LRS US and at the outlet of subbasin North3 at 3:40 hrs are used to estimate the HEC-RAS
inflow. However, for subbasins PBW, PBE, PBN 1 and PBW 1, the peaks of the predicted flood
hydrographs are conservatively used, regardless of their peak arrival times. This conservative
approach results in approximately 16% higher flow discharge (13,293.1 cfs) assigned to the
downstream-most section (West Access Road) in the HEC-RAS model than the peak flow of
11459.6 cfs at junction Outflow predicted in the HEC-HMS model. A similar approach was
used in the COLA base case simulation, where the peak flow at the downstream-most cross
section was 11,080.4 cfs. The Scenario 1 peak discharge at the downstream-most cross section
(13,293.1 cfs) is about 20% higher than the corresponding peak discharge used in the COLA
base case. The incremental and cumulative discharges at each HEC-RAS river cross section for
Scenario I are shown in Table 2.

The maximum water level near the power block area is predicted to be 36.8 ft MSL for Scenario
1. This elevation is 0.2 ft higher than the flood elevation from the COLA base case. Although
the peak discharge at the outflow location is increased by about 20% for Scenario I compared to
that in COLA base case, the increase in the maximum flood elevation is only about 0.6%.

This maximum flood water level of 36.8 ft MSL occurs in the East Channel at the most-upstream
river station (Cross Section or CS 1690), as well as at two cross sections on the East Channel
near the Unit 3 reactor building, CS 1000 and CS 1200. The locations of the cross sections are
shown on Figure 2.4S.2-7 of the Revision 0 of the FSAR.

It should be noted that the predicted increase in the peak water level in the power block for
Scenario 1 is the result of using conservative assumptions in establishing the conceptual model
that do not reflect the realistic flood routing characteristics in the contributing drainage area. For
instance, Scenario 1, which represents a partial breach of FM 521 near the LRS crossing, does
not account for the attenuation of the flood peaks from the northern subbasins due to the
backwater effects at the narrow FM 521 breach. Similarly, Scenario 2, which represents
complete failure of FM 521, does not account for the reduction of flood flow as a portion of the
runoff from the northern subbasins would be diverted away from the MDC and LRS without FM
521.
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(C) Effect of the 34 ft MSL Constant Water Level Boundary Condition in HEC-RAS Simulation

The sensitivity of the constant water level downstream boundary condition on the upstream
water levels is discussed in Revision 0 of FSAR Subsection 2.4S.2.3.4. It indicates that the
critical flow condition exists at the West Access Road crossing when the water level downstream
is at 34 ft MSL or below. The general topography of the areas shows that there would only be
minor changes to the drainage divide and flood flow patterns downstream of the West Access
Road crossing in the hypothetical event that FM 521 would not act as a barrier. Therefore, the
34 ft MSL downstream boundary condition used in the COLA base case and Scenario 1 would
still be valid.

No COLA revision is required as a result of this Part I response.
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Table I - STP 3 & 4 Site PMP Peak Discharges for Scenario I

Hydrologic Drainage Peak Runoff
Element Area Discharge Time of Peak Volume

(mi 2) (cfs) (in)

LRS 1.764 9707.1 26Jul2007, 05:35 31.68

LRS US 1.764 9714.9 26Jul2007, 05:25 31.68

MDC2 0.089 1428.7 26Ju12007, 03:30 31.68

MDC3 0.224 3588.4 26Jul2007, 03:35 31.68

MDC4 0.273 3937.5 26Jul2007, 03:35 31.68

North 1 1.466 7971.5 26Ju12007, 05:30 31.68

North 2 0.298 1773.1 26Ju12007, 05:15 31.68

North 3 0.1.77 1457.3 26Ju12007, 04:25 31.68

OutFlow 2.533 11459.6 26Jul2007, 03:40 '31.68

PBE 0.089 1443.3 26Ju12007, 03:25 31.68

PBN1 0.319 4243.8 26Ju12007, 03:35 31.68

PBW 0.135 2304.4 26Jul2007, 03:25 31.68

PBWI 0.049 1367.7 26Jul2007, 03:10 31.68

US MDC2 0.089 1443.3 26Ju12007, 03:25 31.68

US MDC3 0.224 3635.2 26Jul2007, 03:25 31.68

US MDC4 0.273 3976.3 26Jul2007, 03:30 31.68
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Table 2 - HEC-RAS Inflow Discharges for Different Cross Sections (River Stations)

Model
Downstream Incremental Dsaei

River Inflow DComments
Channel Reach Station Reach Length Subbasins Infsow HEC-RASin

(ft) (cfs) (cfs)

EastChannel EC-RI 1690 90 PBE 632.5 632.5 Upstream CS
EastChannel EC-Ri 1600 200 90.1 722.6
EastChannel EC-Ri 1400 200 90.1 812.6
EastChannel EC-RI 1200 200 90.1 902.7
EastChannel EC-Ri 1000 200 90.1 992.8
EastChannel EC-Ri 0800 200 90.1 1082.9
EastChannel EC-Ri 0600 200 90.1 1173.0
EastChannel EC-Ri 0400 200 90.1 1263.1
EastChannel EC-Ri 0200 100 90.1 1353.2
EastChannel EC-Ri 0150 In-line Structure
EastChannel EC-Ri 0050 0 90.1 1443.3
LRS LRS-R1 2200 200 Northl, 3099.8 3099.8 From LRS USa

LRS LRS-R1 2000 200 North2, 83.4 3183.2
LRS LRS-R1 1800 200 North3a 83.4 3266.6
LRS LRS-R1 1600 200 83.4 3350.0
LRS LRS-RI 1400 200 83.4 3433.4
LRS LRS-R1 1200 200 83.4 3516.9
LRS LRS-R1 1000 200 83.4 3600.3
LRS LRS-R1 0800 200 83.4 3683.7
LRS LRS-R1 0600 200 83.4 3767.1
LRS LRS-R1 0400 200 83.4 3850.5
LRS LRS-R1 0200 0 83.4 3933.9
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Table 2 - HEC-RAS Inflow Discharges for Different Cross Sections (River Stations)
(continued)

Downstream Incremental Model

Channel Reach Station Reach Length Contributing Inflow Discharge in Comments
(ft) (cfs) (cfs) I

MDC MDC-RI 5380 100 PBE, PBW, 1330.3 1330.3 Upstream CS

MDC MDC-R2 5200 200 PBN1, PBW1 144.7 2918.3 EC flow added

MDC MDC-R2 5000 200 144.7 3063.0

MDC MDC-R2 4800 200 144.7 3207.7

MDC MDC-R2 4600 200 144.7 3352.3

MDC MDC-R2 4400 200 144.7 3497.0

MDC MDC-R2 4200 200 144.7 3641.7

MDC MDC-R2 4000 200 144.7 3786.4

MDC MDC-R2 3800 200 144.7 3931.0

MDC MDC-R2 3600 200 144.7 4075.7
MDC MDC-R2 3400 0 144.7 4220.4

MDC MDC-R3 3200 200 144.7 6669.5 WC flow added
MDC MDC-R3 3000 200 144.7 6814.1

MDC MDC-R3 2800 200 144.7 6958.8

MDC MDC-R3 2600 200 144.7 7103.5

MDC MDC-R3 2400 200 144.7 7248.2
MDC MDC-R3 2200 200 144.7 7392.8

MDC MDC-R3 2000 200 54.4 7447.3
MDC MDC-R3 1800 200 54.4 7501.7

MDC MDC-R3 1600 200 54.4 7556.1

MDC MDC-R3 1400 200 54.4 7610.5
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Table 2 - HEC-RAS Inflow Discharges for Different Cross Sections (River Stations)
(continued)

Downstream Incremental odelRiver InDschrgeinComments
Channel Reach Stativr Reach Length Contributingsubblin DischargeHEC.RASin

Station (ft) Subbasins (cfs) (cfs)

MDC MDC-R3 1200 200 54.4 9032.7 PBW1 flow added

MDC MDC-R3 1000 200 54.4 9087.1
MDC MDC-R3 0800 200 54.4 9141.5

MDC MDC-R3 0600 0 54.4 9195.9

MDC MDC-R4 0400 200 54.4 13184.3 LRS flow added
MDC MDC-R4 0200 100 54.4 13238.7

MDC MDC-R4 0050 In-line Structure_
MDC MDC-R4 0000 0 54.4 13293.1

WestChannel WC-R1 1690 90 PBW 472.8 472.8 Upstream CS
WestChannel WC-R1 1600 200 203.5 676.3
WestChannel WC-RI 1400 200 203.5 879.8

WestChannel WC-R1 1200 200 203.5 1083.4

WestChannel WC-R1 1000 200 203.5 1286.9

WestChannel WC-R1 0800 200 203.5 1490.4

WestChannel WC-R1 0600 200 203.5 1693.9
WestChannel WC-R1 0400 200 203.5 1897.4

WestChannel WC-R1 0200 100 203.5 2100.9
WestChannel WC-R1 0150 In-line Structure :

WestChannel WC-R1 0050 0 203.5 2304.4
a Inflow corresponding to 03:40 hrs into the storm
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RAI Part 2: Provide justification for using a 6-hr PMP, rather than using a shorter duration
and more intense PMP value, to obtain a peak PMF water level in the power block
area.

RAI Part 2 Response:

The 6-hr PMP storm used as input to the HEC-HMS flood model is represented by PMP rainfall
depths of 5 min, 15 min, I hr, 2 hrs, 3 hrs and 6 hrs durations as shown in Table 2.4S.2-4 of
Revision 0 of FSAR. The effect of the more intense PMP values corresponding to shorter*
duration events, down to a 5-minute duration, on the water level in the power block area have
been captured in the HEC-HMS and HEC-RAS analyses. Figure 3, which shows the distribution
of precipitation intensities and resulting runoff hydrograph for the subbasin PBN1, is provided as
an example.

No COLA revision is required as a result of this Part 2 response.

Figure 3 - Precipitation Distribution and Resulting Runoff for Subbasin PBN1
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RAI Part 3: Specify in the FSAR, at which spot within the power block area, the peak
flooding level was simulated.

RAI Part 3 Response:

The peak water level due to the local PMP storm event is computed on the East Channel within,
the protected area boundary. The maximum water level of 36.6 ft MSL occurs between river
stations CS 1690 and CS 0050 with essentially a flat water surface elevation because of the back

* water effect from the MDC. The maximum water surface elevation would impact the safety-
related reactor building and control building. In addition, the peak water levels along the entire
West Channel are predicted to be at 36.4 ft MSL. Conservatively, it is assumed that the power
block area with its safety related facilities are subject to the same peak flood level of 36.6 ft MSL
during a local PMP event as stated inRevision 0 of FSAR Subsection 2.4S.2.3.5.

First paragraph of FSAR Section 2.4S.2.3.5 will be revised in the COLA as follows in response
to Part 3. of this RAI:

The HEC-RAS computer model simulation was used to estimate the maximum water
surface elevation within the STP 3 &'4 power block area. Model simulation results
showed that the maximum water surface elevation within the power block area was
elevation 36.6 ft MSL. Thiýs elevation s cousrvatively assumed to affect tle cntire
power blockrarea ofSTP ', & 4. This flooding elevation is higher than the power block
grade elevation and the ground floor slab elevation of the safety-related SSCs. However,
the local PMP water surface elevation 'is less than the flood elevation estimated from the
postulated breach of the MCR embankment, which was estimated to be at elevation
4-7638.8 ft MSL, as discussed in Subsection 2.4S.4, Flood protection measures for the
safety-related SSCs against flooding due to the MCR embankment breach are sufficient
to provide protection against flood elevation due to the local PMP storm event.

References:

1. U.S. Army Corps of Engineers, Hydrologic Engineering Center, HEC-HMS, Hydrologic
Modeling System, Technical Reference Manual, March 2000
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RAI 02.04.04-1:

QUESTION:

Describe all metrics in addition to the level of inundation, such as duration of inundation and
flow velocity effects, considered in the design of safety-related SSCs.

REVISED RESPONSE:

This RAI response is being revised to reflect the revised MCR embankment breach analysis
described in the responses to RAI questions 02.04.04-9 and RAI-02.04.04-10, which were
submitted on January 28, 2009. The MCR embankment breach analysis was re-evaluated to
establish critical embankment breach parameters based on available literature on dam failure
case studies. The average breach width used in the present analysis was 417 feet, as opposed to
the postulated breach width of 4,757 feet in the analysis documented in COLA Revision 2. On
February 23, 2009, STP provided supplements to the responses to RAI questions 02.04.04-9 and
RAI 02.04.04-10 that show proposed changes to the COLA that incorporate the results of the
revised MCR embankment breach analysis. Additionally, this RAI response is revised to reflect
the results of the revised wave run-up analysis on the flood level for the Colorado River
cascading dam failures.

This RAI response reflects the new Ultimate Heat Sink (UHS) location as described in COLA
Revision 2.

The flood related metrics that may influence the design of the safety-related SSCs are: (a)
duration of inundation; (b) inundation lead time; and (c) peak and time history of flow velocity
and flow velocity effects. These metrics are discussed below for the two dam break flooding
events that, hypothetically, could affect the STP Units 3 & 4 site: (1) breaching of the Main
Cooling Reservoir (MCR) embankment, and (2) cascading failures of upstream dams on the
Colorado River.

(a) Duration of Inundation

(a. 1) Duration of Inundation due to the MCR Embankment Breach

According to FLDWAV modeling, the water level in the MCR would drop below the
approximate grade elevation of the STP 3 & 4 power block (34.0 feet) within 30 hours after the
start of the embankment breach. Refer to Table 2.4.4-6 in the COLA markup for the MCR
embankment breach hydrograph and the associated water surface elevations within the MCR.

Asstated in FSAR Subsectien 2.4S.4. the Aeeccntancc Cr-iteria Limits for- SR:P Seetiein 2.4:4 fir-m
the reference Table 2.1 1 ef the COLA ýpeei is that.gthe flood level from the failuire of existing
and potential upstreamn or- downstream 'water-cnto struetures will noet exceed 30.5 cm (1.0 ft)
below grade. On this basis, the refer-enee elevation used to estimate the duration of inundation is
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set to 314.0 ft (10.1 mn) N4SL, which is 1.0 ft (3 0.5 em) below. the design entr-ance level slab
elev;Oation of 35.0 ft (10.7 m) N4SL for- all safet r-elated stfuctur-es at ST-P 3 & 4. Specifically, th
duration of inundation is defined as the time period between the affival of the M4CR br-eaching
fleod vwave at the power- bleck area of SIP 3 & 4 and when the flood level rvecedes below
elevation 31.0 ft (10.1 m) MSLh.

The duratien of inlundt~ion, eStimilAtd uising the Delft3D model, is approx~imately se\ven hour-s.
This is illustrated in Figure 1, whicah shows a time histor-y of the simnulated water level at the
southern face of the ST-P 3 & 4 UH4S where the maximuma water- level within the power- block
area would occur according to the model pr-edictions.

The main features of the Delft3D model that was dleveloped in 8suppet# of the flooed dluration
estimnation. afrc discu-1sscd below:

(1) The model domain waxaded to cover- a lar-gcr physical area than the Dclft3D model
discused in Subseati' 2. 1S. 1 of COLA Revision 2. The bound-aricsw;,efe extended 3000 m
(98142.5 ft), towar-ds th~e east and the west, to better- approxidmate the durfation of inlundation.

(2) The br-each width used in the simulation was 1150 mf (1757 ft), which is the, safme. breach
width that gener-ates the maximum pr-edicated level of inundation at the power block area as
dcscr-ibcd in COLA Revision 2.

(3),The no flow boundafy condition is specified in the model, leading to a coniservativeoe
prediction of the duration of inundation.

(4) The bathym-etl y of the mo•. dl was developed based on the U.S. Geological Sur.ey's Nation.al
EAevatioen Dataset. Figure 2 shows the bashymetry used &r- the expanded model domain.

(5) A dryj bed initial condition was specified for- the area outside the N4CR. This is julstified by
the result of a sensitivity, analysis showing that the initial water level out 'side, the MGR has no

aprcale impact en the maximum wmater Lvle. in the power- block dudng the N4CR br-each.

(6) The moedel simulation period was 12 hours, with a computational ~time step of 1.2 secoends.

As discussed in Subsection 2.4S.2.24-44, all the safety related facilities of STP 3 & 4 are
designed to be water tight at or below elevation of 48.5-40.0 ft (44.412.2 m) MSL.

(a.2) Duration of Inundation due to Failures of Upstream Dams

As discussed in Subsection 2.4S.4.3.1, the maximum still water level at STP 3 & 4 due to the
failures of upstream dams and coincidental wind set-up is estimated to be 32.5 ft (9.9 m) MSL,
and the breaking wave height is estimated to be 3.5 ft (1.1 Im). Under this condition, the wave
run-up at the power block is about 4-1.9 ft (0-4-0.6 m), which is estimated using the
methodology given by the Coastal Engineering Manual (CEM), Reference 2.4S.4-13, and based
on a maximum run-up slope of no more than 6.5 10% (near the eastern side) at the power block

.1
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area of the revised grading planlayout shown in COLA Revision 2. Therefore, the maximum
flooding water level due to the failures of upstream dams, including wind setup and wave run-up,
is 3-3--.734.4 ft (40-310.5 m) MSL. This is below the plant building floorDCD flood level
Acceptance Criteria Limit oe elevation 34"35.0 ft (4-0410.7 m) MSL for floods from failures oe
upstr.eam and downstream water ... ntr.l st.eturces. As a result, no duration of inundation due to
failures of upstream dams was estimated because the safety related structures would not be
inundated.

(b) Inundation Lead Time

Inundation occurs when flood waters rise above the entrance elevations of the STP 3 & 4 safety-
related SSCs, which is at elevation 35.0 feet (1 foot above the plant grade elevation of 34.0 feet).
According to the 2-D modeling performed for the MCR embankment breach analysis, the time it
takes from the start of the breach for the flood water levels reach elevation 35.0 feet at various
locations is estimated as follows:

* Southern Edge of Unit 3 UHS and Unit 4 UHS = 0.778 hours = 46.68 minutes
* Southern Edge of Unit 3 Plant Buildings = 0.813 hours = 48.78 minutes
* Southern Edge of Unit 4 Plant Buildings = 0.825 hours = 49.50 minutes

T:he leadd ttime ef thpe inundation due to the 4C;R- brFe-ac-h event is estimated to be about 1.25:
mninutes (75 s), which is approeximated by the time of affival of the flood wave at the power- block

are aindicated on Figure 2.4 S. 4 21 of COLA Revision 2.

Because the floods from the failures of the upstream dams do not result in inundations of the
safety related structures at STP 3 & 4, this metric is not applicable for this flood scenario.

(c) Peak and Time History of Flow Velocity and Flow Velocity Effects

Peak velocities and time variation of velocity resulting from the MCR embankment breach
analysis are discussed in detail in Subsection 2.4S.4.2.2.4.1 of the COLA markup. The peak
velocity is used to determine the hydrodynamic force on STP 3 & 4 SSCs, which is discussed in
Subsection 2.4S.4.2.2.4.3 of the COLA markup.

Due to the maximum velocity of 4.72 ft/s in the STP 3 & 4 plant area, some erosion may occur at
the corners of the buildings. However, because the area around the buildings is either gravel or
paved surface, this erosion would be limited and would not impact the safety-related buildings.

The simulated flow velocity distribution near- the STP 3 & 4 power block area at 12 minutes after
the N4CR br-each is illustrated on Figure 3. This cond-ition eeffespends to the timning when the
safet r-elated stfuctue exerene the pea flood levels as a result of the N4CR br-each. As
shown on Figure 3, the flow velocity in the vicinity of the safety related structur-es of both units
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aru on the fder of 3 rm/s (10 fais) or less. Further away from the safety related stiuctures towafds
the east and west of the power- bl3k, higher velockiies oe thes oder i of 5 rns are nbserap ed in the
mtdel. The timne histoy of flow velocity just upstream of the STP 3 & 4 eS nooal to the wall
and within re grid eel! (10 or- 32.8 f) is depipted on Figure 4. As the fgur-e indicates, the
iniTial impact o fwthe ig R brachiene warve r hes 1.7 m/s (5.6 fls) and deR r-eases to abeut 0. 17
m/s (0.6 ft/s) at 10 minutes after- t-beach.

Because the floods from the failures of the upstream dams do not result in inundations of the
safety related structures in the STP 3 & 4 power block area, thesemetrics are not applicable for
this flood scenario.

No COLA revision is required as a result of this response.

The following figures, which were part of the original response to RAI 02.04.04-1, are no longer

part of the response and are deleted:

RAI 02.04.04-1 Figure 1: 'Time History of Water Level at the Southern Face of STP 3 &

4 UHS';

RAI 02.04.04-1 Figure 2: 'Model Bathymetry in Reference to MSL, in meters (negative
values are above the MSL)';

RAI 02.04.04-1 Figure 3: 'Velocity Vectors at the Power Blocks after 12 Minutes of the
MCR Breach'; and,

RAI 02.04.04-1 Figure 4: 'Time History of Flow Velocity in m/s (northwards) at the
Southern Face of STP 3 & 4 UHS'.
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RAI 02.04.04-2:

QUESTION:

Provide a discussion supporting the validity and conservativeness of the hydrostatic and
hydrodynamic pressure assumptions used in the postulated MCR Breach and Delft3D-FLOW
application.

REVISED RESPONSE:

This RAI response is being revised to reflect the revised MCR embankment breach analysis
described in the responses to RAI questions 02.04.04-9 and RAI 02.04.04-10, which were
submitted on January 28, 2009. The MCR embankment breach analysis was re-evaluated to
establish critical embankment breach parameters based on available literature on dam failure
case studies. The average breach width used in the present analysis was 417 feet, as opposed to
the postulated breach width of 4,757 feet in the analysis documented in COLA Revision 2. On
February 23, 2009, STP provided supplements to the responses to RAI questions 02.04.04-9 and
RAI 02.04.04-10 that show proposed changes to the COLA that incorporate the results of the
revised MCR embankment breach analysis.

This RAI response reflects the new Ultimate Heat Sink (UHS) location as described in COLA
Revision 2.

The RMA2 model was used in the present analysis instead of the Delft3D-FLOW model in Rev.
2 of the FSAR. The present analysis used in the modeling effort was conducted using FLDWAV
and RMA2 for breach and downstream two-dimensional hydrodynamic simulations. In RMA2,
hydrostatic pressure is the basic assumption, i.e. the acceleration in the vertical direction is
negligible given that it is a two-dimensional, depth-averaged model. In FLDWAV, the modeling
was conducted based on two possible flood conditions: orifice or weir flow. Equations for both
orifice and weir flow simulations have been well established, including their fundamental
assumptions of conservation of mass and energy. Both RMA2 and FLDWAV are verified and
validated. Use of the RMA2 model is reflected in Subsection 2.4S.4 of the COLA mark-ups that
were submitted in conjunction with the responses to RAI questions 02.04.04-9 and 02.04.04-10.
Delft3D FLOW solves the governig flow equations based on shallow water approximatios
whereby a hydrcestatic prcssuirc distr-ibuition is assumed. For- rapidly varying flows, sueh as dam
brceak, fleew~s cvecrvoweirs, and hydraulic jumps, etc., a hydroestatic pressuroe assumption is typically
net valid locally. To more aeecuratcly approeximate rapi dly varied flows, Dclft3D FLOW ecmpleoys
a numner-ical approximation technique (referred to as "Flooding" scheme in Delft3D FLOW) that.

ue eeisn~crvuua prepefttes, der1; tu iur physteal baiwiue pfmineple meenet
hydr-aulics, with the shallow water- equations. The numerical algorithm is an extension e
classical staggered grids with implicit integratien schcmcs. The numer-ical appr-exiimatie
method, which is applicable to a wide range of Froude number-s, is based on the followii
pr-inciples (Refer-enees 1 and 2).:

the
ft
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1 IX • •" 1 " • "±1 ] *1 l ? L"l 1 "

i .. 'ass conservation combinca witn non neeative water- alenns to improve noocina
J I }

chdarater-isties
IN --- i-i! ... . £1---] ..... 1!

iomflentumn oniance in Now expansions 10 ensure accur1ate representation o1-nyarauic
jumps and bee. s

3.Eniergy head conservation in strong contractions.

The accur-acy of this improeved shallow water-
tested 'with analytical solutions on one dimen:

approximation mnethod has been satisfactor-ily,
4iBonal problems such as sudden contr-action, sudde 4n

exanio, nycrlaulic.jumfps ana Elamf tream. esuits tromfl a 2 E1iMenls!ioai clamf nreaic iaoratoi
experimfent; werne foeund to be represented accurately by the aunuerical approximnation
(Refef-enee42)

As the flood wave tr-avels further downstreamn from the MC6R br-each location into the far- field
shallow water- flow regime where the safety related facailities ar~e located, hydroestatic pressure

yT

assumption for- the flo'w simulation.,

No COLA Revision is required as a result of this RAI response.

Refer-enees.:

1 . WL!Delft Hydr-aulics (2001), Computer- Program Delft3D FLOW ,for flooding
ccemnnutatior "-'am breqic ;imulation canahilitv , smmar.' of Ieilft~li

r -- -- -- . . ..J .. . .. . . . .. . . /

2. -Stelling, G.S. and Duiinneijer-, S.P.A. (2003), "A,
everyj F-roude number ino .aapidly varied shallow water: fl
Numefi•al Methods in Fluids, No. 13 2003, 1329 1354.

stagger-ed conservNative scemefe for
lows," Internaft~ional Journfalfo
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RAI 02.04.04-3:

OUESTION:

Provide an explanation of how the structures specifically used in the STP modeling analysis of
the postulated MCR breach were handled. Discuss the effects of omitting many existing and
proposed structures on the flooding level estimates.

REVISED RESPONSE:

This RAI response is being revised to reflect the revised MCR embankment breach analysis
described in the responses to RAI questions 02.04.04-9 and RAI 02.04.04-10, which were
submitted on January 28, 2009. The MCR embankment breach analysis was re-evaluated to
establish critical embankment breach parameters based on available literature on dam failure
case studies. The average breach width used in the present analysis was 417 feet, as opposed to
the postulated breach width of 4,757 feet in the analysis documented in COLA Revision 2. On
February 23, 2009, STP provided supplements to the responses to RAI questions 02.04.04-9 and
RAI 02.04.04-10 that show proposed changes to the COLA that incoiporate the results of the
revised MCR embankment breach analysis.

This RAI response reflects the new Ultimate Heat Sink (UHS) location as described in COLA
Revision 2.

Buildings at the STP plant site were designated- as "hard" or "soft" for the two-dimensional
model grid 'development. "Hard" buildings are rigid concrete structures which are expected to
remain intact during the MCR embankment breach flood, and these structures are represented in
the model grid as obstructions to the flow. "Soft" buildings are considered to be removed by the
flood flow and are represented in the model grid as areas with increased Manning's friction
coefficients. The removal of the "soft" buildings decreases the obstructions to the flood flow and
results in more conservative flood water levels and higher velocities at the STP 3 & 4 plant
buildings. However, it should be noted that these buildings are not completely omitted, as they
are represented through higher Manning's friction coefficients to account for flow resistance due
to remaining debris. The handling of these structures during model simulations is discussed in
Subsection 2.4S.4.2.2.3.2 of the COLA markup.

(a) in the N4GR br-each flooding analysis eenducted for- SIP 3 & 4 (r-efeffed to as the COLA
base case), as desr'ibed in COLA Revision 2, the existing and proposed str.tur-es, with the
exception of the UH.Ss and other- buildings inside.the power- blo.k, were omited frm the m. del
based en the assumption that they c ,uld potentially be washed away. This assumption was
consider-ed to be eenser.'ative in that these structrs mot3f which are located bctween. the
power blocks and the MCGR, would- have, thhe teffc of prialy diverting and blocking the
br-eaching flood wave before it r-eaehes the safe, related facilities in the p ower- block of STP 3&
4. With the retardation of the flood flow, the pr-edicted flood level at the power block will
deer-eae-
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(b) A sensitivity anal.sis a.cnducted to evaluate the effect of the in÷lusion of the strncur.es
bet-ween the power- bloceks and the -A4C-,R- on;; the flooding level estimates at the safeý r-elated

listed in Table 1 in the madel simulation, and their- placements are shown in, Figures !A, 1B and
1 C in acrdane with Figur.e 1.2 3 7. St ..etur.es that oc.upy a small fc÷tprint or which are e

open types are noet inceluded. All other- modeling parameters remain the same as in the COLA
base case. The ma-ximumn flood level at the power block (souithern facets of- STP4 3 & 4 UHS) was
predicted to be 11.5 fn (17.6 ft) MSL, which is 0.1 m (0.3 ft) lower- than the maximum flood
level of 11.6 fn (17.9 ft) N4SL pr-edicted for the COLA base ease. (Nete that, for desig
puroses, a maximum flood level of 18.5 ft (Wlb) is used for4.he design basis flo-od le...vel as

stated .. ..... ... .., S, /

The predicted flood levels (of the s-nsitivi÷. ,: case) at 14 minutes after- the MC.R br.each are she
on Figure 2. Figure 3 compares the time histories of the simulated flood levels for the COLA

1fl

base case and the sensitivit-' ease. T he flood levels depicted are Wr- a location at tHe soutmer
face of the ST-P 3 & 4 TA4S where, the max-;imumf flood level for- safet related facailities is
predicted to occur.

in suimmavy, the emissin of eidting and proepose d structures, as represented in the COLA bas-e
ease model, results in a eenser.'ative maximum flood level at STP1 3 & 4 due to the postulated
N46R bfeae1h.

No COLA revision is required as a result of this RAI response.
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The following figures, which were part of the original response to RAI 02.04.04-3, are no longer
part of the response and are deleted:

RAI 02.04.04-3 Figure IA: 'Model Representation of the Structures in the Sensitivity
Analysis (Source: STP 3 & 4 COLA Revision 2, FSAR Figure 1.2-37)';

RAI 02.04.04-3 Figure I B: 'Structures between the MCR and STP 3 & 4 (west of STP 1
& 2) Modeled in the Sensitivity Analysis';

RAI 02.04.04-3 Figure IC: 'Major Structures Near STP I & 2 Modeled in the Sensitivity
Analysis';

RAI 02.04.04-3 Figure 2: 'Predicted Water Level Contours at 14 minutes after the MCR
Breach for the Sensitivity Case, in meters, MSL'; and.

RAI 02.04.04-3 Figure 3: 'Time History of Predicted Flood Levels at the Southern Face
of STP 3 & 4 UHS for the COLA Base Case and Sensitivity Case' is deleted in its
entirety.
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RAI 02.04.04-4:

OUESTION:

Explain the validity of the mesh resolution used in the Delft3D-FLOW application, and justify
why more complex mesh options were not considered. During the safety audit this issue was
explained as a typographical error. Verify that the change was made to the FSAR.

REVISED RESPONSE:

This RAI response is being revised to reflect the revised MCR embankment breach analysis
described in the responses to RAI questions 02.04.04-9 and RAI 02.04.04-10, which were
submitted on January 28, 2009. The MCR embankment breach analysis was re-evaluated to
establish critical embankment breach parameters based on available literature on dam failure
case studies. The average breach width used in the present analysis was 417 feet, as opposed to
the postulated breach width of 4,757 feet in the analysis documented in COLA Revision 2. On
February 23, 2009, STP provided supplements to the responses to RAI questions 02.04.04-9 and
RAI 02.04.04-10 that show proposed changes to the COLA that incorporate the results of the
revised MCR embankment breach analysis.

This RAI response reflects the new Ultimate Heat Sink (UHS) location as described in COLA
Revision 2.

The RMA2 computer model was used for flood flow simulation for the revised MCR
embankment breach analysis instead of the Delft3D-FLOW model. The two-dimensional grids
for RMA2 modeling were generated with tools in the Mesh module of SMS followed by
significant manual modifications to ensure good mesh quality and well representation of the
physical conditions of the study area. A detailed grid was first developed and tested with a very
fine 30 feet by 30 feet mesh resolution at Units 3 & 4 power block and the surrounding areas
while coarser grids up to 200 feet by 250 feet were used near the mesh boundaries. To ensure
that the two-dimensional grid represents the physical conditions correctly, objects such as
buildings, Unit I & 2 ECP, channels, roads, vehicle barrier walls, the hypothetical breach, etc.
were first drawn as feature arcs in the SMS Map module and then closely built into the mesh.
However, the complexity and size of the grid resulted in impractical model run times and model
instability issues. To resolve these issues and find a balance among model stability, execution
time, and mesh resolution, the two-dimensional grid was revised and tested. The final mesh is
coarser than the initial fine mesh tested, but it maintains the physical representation of the study
area. The mesh, or grid, resolution is discussed in detail in Subsection 2.4S.4.2.2.3.1 of the
COLA markup. The final mesh includes the major structure dimensions and features of the site.
In addition, a sensitivity run using a different boundary condition resulted in similar model
results within the plant area. Therefore, the final mesh is considered adequate to support the
RMA2 modeling.
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(a) The mesh resolution for- the Delft3D FLOW model presented in COLA Revision 2, the
COLA base case, varies; 4-frm 10 mA by 10 m (32.8 ft b5,32.8 ft) for- the area of interest be:P'een
the Main Cooling-Rser-voir (MCR) and power- blocks to 20 m by 20 mn (65.6 ft by 65-.6-ft)
fafther away near the moodel boundaries, as sheym in Figure 2.4,S.4 13. The mesh -Size
inidependence of the model results, pr-imarily the simulated flood levels, has been exiamfined using
diff~er-ent discretizations of the moldel domain with finer and coarser gr-id size's. Speciialy
sensitivity, model run based en a finer mesh, r-eferred to her-einafter- as Case 1, is used-to
demonstrate the validity of the mesh resolution selecated for- the COLA base case. The model gr-id
size for- Case 1, shown in Figure 1, var ies fromn 7.5 m by 7.5 m (21.6 ft by 21.6 ft) in the area of
interest to 7.5 m by,14.0 m (24.6 ft by,15.9 ft)*next to the nefah and south model boundar-ies. The
model has a unifom gr~id spacing of 7.5 m (21.6 ft) across the entire moedel width in the east
west orientation. Figure 2 eompar-e§ the simul-ated- flooAd- le.vels of the two cases at a location near
the southern face of ST-P 3 & 4 UH-S where the highest flood level was pr-edieted to occur. As th
figure shows, there is no appecible difference in the time histories of the simuli11atead flood levels
between the te eaes and the maxidmum flood level! of 11.6 .. (17.9 A.) pr-edicted in Case 1 is
the same as the COLA base case prediction. (Note that a maximum flooding level Of 1 8.,5 ft
(M4SL) is used eonser-vatively as the design basis flood level as stated in Table 2,41-4 7 cof OL
Revision 2.) in summary), the Delft3D FLOW model mesh resolution that was developed to
pr-edict the maxpimumn flood level at. SSTIP 31 & 4 due to the postulated M4CR br-each is adequate.

(b) The model discr-etization including the or-ientation of the mesh was selected eonsider-ing the
expected flow pattern, especially in the area of interest, from the postulated MCR br-each. The
br-each flood flow towards the power- blocks is char-aeter-istieafly two dimensional with the
pr-edominant flow direction nonmai to the noi~hern MCR embankm~ent as the mnesh is oriented. In
addition, the model boundar~ies were placed far- away from the power- blocks such that th

boundaries is felt at the power- blocks.

crrecfeted in COLA Revision 2 (specaifically, one of the labels stated "20 x 20 m gr-id size" is
corrected as "10 m x 20 m gr-id sizel.")

The typographical error mentioned in the RAI question is no longer in the COLA, as COLA Tier
2 Figure 2.4S.4-13 was deleted in its entirety and replaced in the COLA mark-up provided as a
supplement to the responses to RAI questions 02.04.04-9 and 02.04.04-10.

No COLA revision is required as a result of this RAI response.

The following figures, which were part of the original response to RAI 02.04.04-4, are no longer
part of the response and are deleted:

RAI 02.04.04-4 Figure 1: 'Model Grid Resolution for Case I'; and,

RAI 02.04.04-4 Figure 2: 'Predicted Time History of Flood Level at the Southern Face of
STP 3 & 4 UHS for Base Case and Case 1'.
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RAI 02.04.04-5:

QUESTION:

Explain (A) how the MCR bottom level was selected, (B) what water volume is stored between
20 and 27-29 ft MSL in the MCR, (C) any sensitivity analysis that was done to make the
selection of a flat MCR bottom elevation, and (D) why more realistic bathymetry for the MCR
was not used in the dam-failure analysis.

REVISED RESPONSE:

This RAI response is being revised to reflect the revised MCR embankment breach analysis
described in the responses to RAI questions 02.04.04-9 and RAI 02.04.04-10, which were
submitted on January 28, 2009. The MCR embankment breach analysis was re-evaluated to
establish critical embankment breach parameters based on available literature on dam failure
case studies. The average breach width used in the present analysis was 417 feet, as opposed to
the postulated breach width of 4,757 feet in the analysis documented in COLA Revision 2. On
February 23, 2009, STP provided supplements to the responses to RAI questions 02.04.04-9 and
RAI 02.04.04-10 that show proposed changes to the COLA that incorporate the results of the
revised MCR embankment breach analysis.

This RAI response reflects the new Ultimate Heat Sink (UHS) location as described in COLA
Revision 2.

(A) As di;e"•ed in Subsetion 2.4S.4.2.2.2 of COLA Revision 2, t he bottom elevations of
the MCR vary approximately between El. 16.0 ft MSL at the southern end to El. 28.0 ft MSL at
the northern end. Specifically, the MCR bottom generally slopes down from the higher ground
of 28.0 ft MSL at the northern end towards the lowest lying area in the southern end where the
nominal elevation is about 20.0 ft MSL, with a few small localized areas that go down to El. 16.0
ft MSL. The MCR bottom elevation was assumed to be 20.0 feet for the revised MCR
embankment breach analysis. This value was used to determine the average depth of water in
the MCR required for wind set-up calculations that were used to determine the water level in the
MCR before the start of the breach. F h, M R r. .... h -^e.in ..... the .... el
of20.0 ft, or 6.1 m MSL, was coeeer-,atively selected to simflulatc a lar.ger brearh height at the
northern embankment, whicah nesults in higher flood levels at STP 3 & . Response to part (G)
haS dletailS on the SeniSitiV4aift nly'SiS coniducted to support the selection of the bottom elevation
in the MCR breach model.

(B) According to Figure 2.4.8-7 of the UFSAR, Section 2.4, Revision 0 for STP 1 & 2, water
volume stored between 20 and 27 ft MSL is approximately 41,100 ac-ft (50,500 ac-ft- 9400 ac-
ft) and between 20 and 29 ft MSL is approximately 54,800 ac-ft (64,200 ac-ft - 9400 ac-ft).
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(C) A sensitivity analysis was conducted to evaluate the effect of the MCR bottom elevation on
the wind set-up calculation results. Changes to the bottom elevation of the MCR produced
negligible changes to the wind set-up results.

Variations in the bottom elevation of the MCR would not affect the results of the embankment
breach simulation because the embankment breach parameter equations consider only the depth
of water above the breach bottom elevation of 29.0 feet, which is above the MCR bottom
elevation of 20.0 feet. Refer to Subsection 2.4S.4.2.2.2.2 for a discussion of breach bottom
elevation and breach parameter selection. Additionally, the MCR is not included in the two-
dimensional flow model grid, which encompasses the northern MCR embankment and the plant
area downstream. Thus, the bottom elevation of the MCR has no impact on the flood level
simulation results. A sensitivity;. analysis was .. ndu.ted to . vauea. . the effcct ef the MCG

bottomi elevation on the simulated fleed level at SI-P 3 & 4 due to a poswiated breach of the
MCR. in addition to the base ease presented in COLA Revision 2, two sensitiviy ,uns based onf
different madel representations of-th- reser,'Oir b•ot•m were made! (1) a constant MGR bt4eom
el(DAtin ofe 2.0 Rt (7.3 m) rSL, and (2) a utifomnly sloping bottome with El. 28.0 ft (8.5 in)
the at the noRther embankment to El. 20.0 ft (6.1 m) MSL at the souther emnbanmient. The
results showed that the bottom elevation of 20.0 ft (6.1 m) SL spedified in the COLA basC aasoe
produces a moee sonsereqative estimate of the miter level at STP 3 & 4 than the 2
sensitivity runs. Figure 1 shows the time history of the poredited fltod levels at the southe0- faer
of the STP 3 & 4 UNS of the COLA base case and the two sensitivity cases.

(D) A more realistic representation of MCR bathymetry, or bottom elevation, was not used in
the revised MCR embankment breach analysis because the results of the analysis are not
sensitive to the MCR bottom elevation, as discussed in Section (C) above. A moree realisi
bathymetiry of the N4CR could have been used in the dami failure analysis. However, due to
significance of the design basis flood elevation, a r-easonably eenser.'ative approeach as discussed
in (C) was ad opted to establish the maximum water- level at SI-P 3 & 4.

No COLA Revision is required as a result of this RAI response.

The following figure, which was part of the original response to RAI 02.04.04-5, is no longer
part of the response and are deleted:

RAI 02.04.04-5 Figure 1: 'Predicted Flood Levels at STP 3 & 4 UHS for Three Model
Representations of the MCR Bottom Elevations'.
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RAI 02.04.04-6:

OUESTION:

Describe sensitivity analyses undertaken to establish the basis for selecting a uniform Manning's
in the postulated MCR Breach analysis.

REVISED RESPONSE:

This RAI response is being revised to reflect the revised MCR embankment breach analysis
described in the responses to RAI questions 02.04.04-9 and RAI 02.04.04-10, which were
submitted on January 28, 2009. The MCR embankment breach analysis was re-evaluated to
establish critical embankment breach parameters based on available literature on dam failure
case studies. The average breach width, used in the present analysis was 417 feet, as opposed to
the postulated breach width of 4,757 feet in the analysis documented in COLA Revision 2. On
February 23, 2009, STP provided supplements to the responses to RAI questions 02.04.04-9 and
RAI 02.04.04-10 that show proposed changes to the COLA that incorporate the results of the
revised MCR embankment breach analysis.

This RAI response reflects the new Ultimate Heat Sink (UHS) location as described in COLA
Revision 2.

A uniform Manning's roughness coefficient was not used in the revised MCR embankment.
breach analysis. Manning's roughness coefficients were selected to conservatively represent the
geographic features, ground surfacing and buildings at STP 3 & 4 plant for the revised MCR
embankment breach analysis and are discussed in Subsection 2.4S.4.2.2.3.2 of the COLA
markup.

A sensitivithy analysis with four. diffArent model repfcs.nt.ai.ns of the sur-face roughn.ess was
conducted to evaluate the effeet of the Manning's n selection on the results of the N4CR br-each

in COLA Revision 2 is based on a uniform Manning's n value of 0.046 and a postulae
instantaneous failure en a 1757 feet wide section of the northern embankament o~f the MCR. The
Manning's n values adopted in the sensitivilty r-uns include both values in the loW enid Of the
range that are typieally used to model developed areas with smooth paved suirfacees, and values in
the high end of the range that are typically used to represent vegetated areas. The four sensitivity
cases, Cases 1 to 4, were developed with the consider-ation that a land sur-faerepresented by a
low Manni.ig's n in some areas, (e.g., the developed areas between the CR and the power
blocks), would offer- a low resistane to the breach flood wave and could therefore producc
higher- fun ups at the structur-es located along the predominant flow path. Conver-sely, a high
Manning's n in other- locations sueh as the areas north, east and west of the power- Weeks, eauld
potentially proeduce higher water- levels at the safet related structurfes beeaus~e of the barakwatef
effect. Table 1 suimmar-izes the Manning's ni selection of the four- sensitivity, model cases.
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A br-each width of 1200 feet was simulated in all the sensitilvit-y funs. Although it is smaller than
the highly ensefwative br-earh width of 4757 feet in the COLA base case, the 1200 feet width
represents a reasonably e -nseiwative estimate of the maximum br-each idth for- embanlents
that are compar-able in design to th-at of the M-.4CR. For- instances, the longest br~each width
estimatmed Using the method .p r1;ed by.Fronhlinh (1995b in R.f.rene 3) isabout 550 feet.
Considerin an unertainty, of about de1/3 order- of magnitude (2.15 to 0.146 times the estimated
value) as suggested in Refer-ene 4 on the estimates by F.r.ehli.h's m.ethd, the upper- bound
the br-earh width could be about 1200 feet.

All other- modeling parameters fr the sensitivity cases remain the same as in the COLA base
ease.

Table 1. Manning's n Selection for the Sensitivity Models

Sensifli4ty Cases [Manning's M Selecto

Case 1 A unifonfn Manning's mi of 0.01 6 fer- the entire model area, same as
the COL6A base case

vegetated. The value of 0.06 is slightly higher- than the maximum
Manning's ni value of 0.05 r-ecommended in Refer-ence 1 for
ceultivated ar-eas 'with carops-.

Gase 3 A unifonm Manning's ni of 0.0 13 to r-epr-esent a moedel area that is
developed 'with paved sur-faces. The value of 0.0 13 is the minimum
Manning's ni value r-ecommended in Reference 1 for smooth paved4
(asphalt) channels.

Case 4 Spatially, vatrying Manning's n1 values from 0.0 13 to 0. 16 to
approxiate the plant development of STP 3 & 4 and e-xisting
groaund cover condition delineated in* Figure 1 accor-ding to th

types identified for- the model area are groeuped into 5 r-oughness
classes, each represented by a unique Manning's n value based on
the guidelinies from Refer-ence 1. Table 2 summarizfes the group ing
of the 5 Manning's if (roeughness) classes. The moedel r~epr-esentationt
of the Manning's on distribution in Case 4 is sho~ff in Figure -2-.
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Table 2. Mannino's is Croina for- Sensitivitv Model Case4

Land Covr TyI Roughness ClaS-S Class Mannin'si

Opef-Wef Water,F4CP Bed

Deyeloped: Open Space
rfy:•H~X• • • :l ltel 4tý ...........Developed Loweloptensit0

.Develoefd: Mledium nest e-lp4O1
D.vel .ped: .High nte.i............
Barren Land; Rocl&Sand/Cla

Deciduous Forest
E~eigeenFfer estA~qeey 046

AWeedy Wetlnds,

Shf-bISenab Shfub/Se~ub 0-.06

Grassland! Her-bacaeous
1~s~~~ayLow Vegetafien 0.0-5

Figure 3 cernpares the tim'fe histor-ies of the prcdieted flood levels fcr- the four- Sensitivity eases
and the COLA base cAsat aF location near the southern fare ef ST-P 3 & 4 tUHS where h
maximumn floed level fcr- safet related str-uetue wapedited to occur-. Amoýing the four-
sensitivit' cases. Case 4 or-oduces the highest maximnumý floed level of 141.m (46.3 feet) M4SL,
which can be explained by the designation of a ver~y low Manning's n value of 0.0 13 to the areaB
between the MCR and the powe-r b-lo-cks a1n-d the gener-al plant area of ST-P 3 & 4 and the existin
Units 1 & 2, and higher- Manning's n values to the remainder- of the model Fiarea. For- the three
sensitivity eases (Cases 1, 2'anid 3) that simulated a single land cover-, i.e., a unifonfn Manning's
n for- the entire model area, the maximum flood leelis shown to increase with decreasin
Manning's n values. The difference in the fnmaimum fled levels betw~een Case 4 andCs 2
(which uses the samne Manning's M of 0-0146- as the COLA base ease) is about 0.6 m (2 feet).
Figure 3 also shows that the maximum flood level of 11.6 m (17.9 feet)M4SL from the COLA
base ease is abouit 0.5 m (1.6 feet) higher- than the maxi~mum flood level of 11.1 fn(6.
feet)MSL from Case 4-.

T . I
HISfin lummar. Mnc r.'annIna H SenSAWAVv Hfanai F emnraeS a finc M uniffrM Mfiviannina' if

• ]ff'

vailue 01f U.Uio inM coniuncuOn M wme mnenmnv conservative nreaeni width of1 -7 5-; feet s-eieT-tedc
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the COLA base case proeduce a conservatively bounding flood level pr-ediction for-th
deten~nination of the design basis flood level for- ST-P 3 & 4-.

No COLA revision is required as a result of this RAI response.

1!.Chow, V. T., 198 1, "Open Channel H4ydr-aulics," McGr-aw Hill Kogakusha, Ltd, lInteriationa
StuldentEdition, Tokyo, Japan.

2.Multi Resolution Land Char-acter-isticss (M4RC), 2001, National Land Cover: Database
(NLCD), in ESRI RASTER GRID format, downloaded on April 3, 2008 from the MRLCh
Consortiumn website

3.Wahl, Tony L., 1998, "Pr-edication of Embankmnent Dam Breach Parameters, A Liter-ature
Review and Needs Assessment," Wat-er- Resourcees Research Lhabor-atory), USBR Report
DSU 98 004, Denver-, Color-ado.

1.Wahl, Tony, L., 2001, "The Uneertaint' of Embankmnent Dam -Br-each Par-ameter
Predictions Based on Dam -faoilue C.ase Studies," Prepared fer USDA.E.A Wor.kshop
on issues, Resolutions, and Researceh Needs Related to Dam F-ailur-e Analysis, June 26
28, 2001, Oklahoma City, OK.

The following figures, which were part of the original response to RAI 02.04.04-6, are no longer
part of the response and are deleted:

RAI 02.04.04-6 Figu•re 1: 'Existing Land Cover Conditions of the Model Area' is deleted
in its entirety.

RAI 02.04.04-6 Figure 2: 'Model Representation of Manning's n Distribution for
Sensitivity Model Case 4' is deleted in its entirety.

RAI 02.04.04-6 Figure 3: 'Time Histories of Predicted Flood Levels near the Southern
Face of STP 3 & 4 UHS' is deleted in its entirety.
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RAI02.04.04-7:

QUESTION:

Provide a description of any mass or volume balance checking that was performed for the
postulated MCR Breach analysis.

REVISED RESPONSE:

This RAI response is being revised to reflect the revised MCR embankment breach analysis
described in the responses to RAI questions 02.04.04-9 and RAI 02.04.04-10, which were
submitted on January 28, 2009. The MCR embankment breach analysis was re-evaluated to
establish critical embankment breach parameters based on available literature on dam failure
case studies. The average breach width used in the present analysis was 417 feet, as opposed to
the postulated breach width of 4,757 feet in the analysis documented in COLA Revision 2. On
February 23, 2009, STP provided supplements to the responses to RAI questions 02.04.04-9 and
RAI 02.04.04-10 that show proposed changes to the COLA that incorporate the results of the
revised MCR embankment breach analysis.

This RAI response reflects the new Ultimate Heat Sink (UHS) location as described in COLA
Revision 2.

No mass or volume balance checking was explicitly performed for the postulated Main Cooling
Reservoir (MCR) embankment breach analysis. During the computer software validation and
verification process, the FLDWAV, RMA2 and SED2D models were hand verified for proper
representation of water volume released from the reservoir and the volume of sediment conveyed
from the embankment breach. The differences between model results and hand calculations
were minimal.

How.er-, Delft3D FLOW, the computer code used tc perfrm the MCR breach simulaticn,

employs a nufmerial approxima•t•n technique (referred to as the "Flooding" schemc) that uses
conser.'ation propefties, derived from physical balance pr-inciples inceluding mass coenser.'ation,
ener-gy eonservation and moementum balance, en the shallow water- equations. The aeeuraey ef
Delft3D FLOW has been satisfacatorily tested with analytic-al solut-1ions On One dimensional
problems. Results from a 2 dimensional dam breakE labor-atory experiment were fouind to be

Additional discuissions on the numerical scheme used by the, Delft3D FLOW model are provide
in res.nn~on toq R AI X2.1.04 2.

No COLA Revision is required as a result of this RAI response.
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RAI 02.04.04-8:

QUESTION:

(A) Provide Delft3DFlow modeling input and output files including any calibration datasets of
all postulated MCR breach simulations, (B) provide HEC-RAS input and output files for the
Colorado River dam break analysis, and (C) in 2.4S.4.2.1.4, discuss the effect of increasing
Manning's values on the estimation of flooding levels.

REVISED RESPONSE:

This RAI response is being revised to reflect the revised MCR embankment breach analysis
described in the responses to RAI questions 02.04.04-9 and RAI 02.04.04-10, which were
submitted on January 28, 2009. The MCR embankment breach analysis was re-evaluated to
establish critical embankment breach parameters based on available literature on dam failure
case studies. The average breach width used in the present analysis was 417 feet, as opposed'to
the postulated breach width of 4,757 feet in the analysis documented in COLA Revision 2. On
February 23, 2009, STP provided supplements to the responses to RAI questions 02.04.04-9 and
RAI 02.04.04-10 that show proposed changes to the COLA that incorporate the results of the
revised MCR embankment breach analysis.

This RAI response reflects the new Ultimate Heat Sink (UHS) location as described in COLA
Revision 2.

(A) The input and output files for the embankment breach simulation (using FLDWAV), two-
dimensional flood flow modeling (using RMA2), and sediment transport and deposition (using
SED2D) are provided in the enclosed DVD. The Delft3D FLOW input and output fils for- the
MCR brecoh sim neculsations including deseripti onap ded in the enclosed DVD in a subfolder.
named: "RAI 02 01 01 8 Dclft3D FLOW-input Output." N.4 ealibr-atien task was per-fcrmcid in
regards to Delft3D FLOW mcdeling and ther.efore no calibr-ation datasets are provided. The files
proevided r-eflect the new Ultimate Heat Sink lecation as described in COLA Revision 2. This
enclosur-e contains security, related sensitive information and should be withheld from public.
diselosurfe in accordance with 10 CFR 2.390(a)(1). The enclosur-e (DVD) is markEed "Securfity
Related inform'ation Withheld Under 10 CFR 2.390."

(B) The HEC-RAS input and output files used for upstream dam breach simulations including
descriptions are provided in the enclosed DVD in a subfolder named: "RAI-02-04-04-8_HEC-
RAS Input-Output." This enclosure contains security-related sensitive information and should
be withheld from public disclosure in accordance with 10 CFR 2.390(a)(1). The enclosure
(DVD) is marked "Security-Related Information - Withhold Under 10 CFR 2.390."

(C) As discussed in Subsection 2.4S.4.2.1.4, the calibrated Manning's n values were adjusted
upwards relative to the calibration Values to account for the high level of turbulence and
entrainments of debris, and higher roughness of floodplain flows associated with the large
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magnitude of flows due to the failures of the upstream dams. The upward adjustment of the
Manning's n values is a conservative approach in that the simulated flooding water levels-t the
site would be higher than simulated water levels that are based on the calibrated Manning's n
values.

The following sentence will be added as the last sentence of the last paragraph of Subsection
2.4S.4.2.1.4 of the COLA:

incr esing the.. an s nvaluein r es simulated water levels because of
ifinceased 'roighnessand 'therefoi is s tiervaaing tha maximum
6lodinpg water, levels, at theptlaiit site-.
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RAI 02.04.10-1:

OUESTION:

Section C.I.2.4.10 of Regulatory Guide 1.206 specifies that "the applicant should describe the
static and dynamic consequences of all types of flooding on each pertinent safety-related
facility." Also, Section C.I.2.4.14 states that "if the applicant will use emergency
procedures.. ,appropriate water levels and lead times available should be provided. The applicant
should develop specific details on ... (2) the amount of time available to initiate and complete
emergency procedures .... " To meet the above requirements, provide, in addition to severe
flooding levels, other flooding parameters such as flow velocity and duration (beginning, peak,
and ending) of inundation important for design of safety-related SSCs and preparation of
emergency procedures.

REVISED RESPONSE:

This RAI response is being revised to reflect the revised MCR embankment breach analysis
described in the responses to RAI questions 02.04.04-9 and RAI 02.04.04-10, which were
submitted on January 28, 2009. The MCR embankment breach analysis was re-evaluated to
establish critical embankment breach parameters based on available literature on dam failure
case studies. The average breach width used in the present analysis was 417 feet, as opposed to
the postulated breach width of 4,757 feet in the analysis documented in COLA Revision 2. On
February 23, 2009, STP provided supplements to the responses to RAI questions 02.04.04-9 and
RAI 02.04.04-10 that show proposed changes to the COLA that incorporate the results of the
revised MCR embankment breach analysis.

The elevation of the entrance level slab for all safety-related buildings at the STP 3 & 4 site is
35.0 ft MSL (or NGVD29). FSAR Section 2.4S for STP 3 & 4 reports water level estimates for
various flooding events. As reported in Subsection 2.4S.3, the maximum still water elevation for
the probable maximum flood (PMF) on the Colorado River is estimated to be Elevation 26.3 ft
MSL. The maximum still water level as a result of the probable maximum surge (PMS) at the
STP 3 & 4 site is estimated to be at Elevation 31.1 ft MSL as reported in Subsection 2.4S.5.
Subsection 2.4S.6 indicates that the maximum water level as a result of the probable maximum
tsunami (PMT) at the Texas Gulf shoreline near the site is at Elevation 16.3 ft MSL. All of these
flooding events are less controlling than the scenario of possible failures of upstream dams on
the Colorado River discussed in Subsection 2.4S.4, which gives a predicted maximum still water
level of 28.6 ft MSL at the power block and a maximum water level of 32.5 ft MSL when wind
setup is included. Taking into account the coincidental wave runup of 4-.21.9 ft as described in
the response to RAI 02.04.04-1, the maximum water level at the power block from the upstream
dam failure flood event would be approximately 33-.-734.4 ft MSL. This maximum flood level is
mnerehan- 1.00.6 ft below the grade slab elevation for safety-related facilities at the STP 3 & 4
site, m•eeting the DCD flood level Acceptance Cr.terwia liit Thus, the safety-related SSCs for
the STP 3 & 4 site are not exposed to flood hazards from the flooding scenarios listed above and
flooding durations and velocities have not been determined. It should also be noted that the
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flooding scenarios above are either results of slow moving events or there would be a long travel'
path for the flood wave to reach the site thus providing time for action by plant operators.

Flood levels were also estimated as a result of the local probable maximum precipitation (PMP)
on the STP 3 & 4 site. As discussed in Subsection 2.4S.2, the maximum water level as a result
of the local PMP is estimated to be Elevation 36.6 ft MSL. This elevation is above the grade
slab elevation of the safety-related buildings. The channel velocities in the power block area are
estimated in the HEC-RAS analysis that was performed for the local PMP flooding analysis.
The average cross sectional velocities in the West Channel, which is located west of the Unit 4
power block, are estimated to be between 0.1 and 0.7 feet per second. The average cross
sectional velocities in the East Channel, located east of the Unit 3 power block, are estimated to
be between 0.2 and 1.2 feet per second.

The duration of the local PMP flood level is estimated from the local PMP hydrographs for the
east and west power block drainage areas (PBE and PBW) shown in Figures 1 and 2. As shown
in these figures, the duration of the entire runoff hydrograph is approximately 7 hours. The
duration of flood flows above 1,000 cubic feet per second lasts less than 1 hour, and less than 3
hours for flood flows above 200 cubic feet per second for both the east and west drainage
channels. The local PMP event is also a slow moving event providing time for action by plant
operators.

FSAR Subsection 2.4S.2 also indicates that the design-bas~isflood elevation due to a breach of
the MCR embankment is at elevation 48-_538.8 ft MSL. Detailed discussion on the estimation of
the MCR embankment breach flood elevation is found in FSAR Subsection 2.4S.4. As discussed
in the response to RAI 02.04.04-01, the duration of inundation for the safety related structures of
STP 3 & 4 as a result of a postulated breach of the MCR embankment is estimated to be
approximately -- 30 hours with a lead time to inundation estimated to be about -.2-547 minutes.
However, as indicated in Subsection 2.4S.10, all safety-related facilities are designed to be water
tight at or below the design basis flood elevation of 48.540.0 ft MSL. The response to RAI
02.04.04-01 also indicates that the flow velocities in the vicinity of the safety related structures
are on the order of 4-0-4.7 feet per second. just upstream of the UNS, the peak velocity n...al to
the wall is estim•aed to be abouit 5.6 feet per- seeond-. -The response to RAI 02.04.04-1 reflects the
new Ultimate Heat Sink (UHS) location as described in COLA Revision 2.

The time needed for preparation of emergency operating procedures during an MCR
embankment breach is discussed in the response to RAI 02.04.14-1.

No COLA revision is required as a result of this RAI response.
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Subbasin "PBE" Results for Run "6hrs Storm"
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Figure 1 - PBE Local PMP Flood Hydrograph
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Subbasin "PBW" Results for Run "6hrs Storm"
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RAI 02.04.13-10:

QUESTION:

Describe the mechanisms of and effects from floods other than that caused by the postulated
breach of the MCR embankment on the Radwaste Building. Postulate the most severe accidental
release of radionuclide liquid effluents to the surface water, and provide a conservative analysis
of the contamination process for the postulated scenario.

REVISED RESPONSE:

This RAI response is being revised to reflect the revised MCR embankment breach analysis
described in the responses to RAI questions 02.04.04-9 and RAI 02.04.04-10, which were
submitted on January 28, 2009. The MCR embankment breach analysis was re-evaluated to
establish critical embankment breach parameters based on available literature on dam failure
case studies. The average breach width used in the present analysis was 417 feet, as opposed to
the postulated breach width of 4,757 feet in the analysis documented in COLA Revision 2. On
February 23, 2009, STP provided supplements to the responses to RAI questions 02.04.04-9 and
RAI 02.04.04-10 that show proposed changes to the COLA that incorporate the results of the
revised MCR embankment breach analysis. Additionally, this RAI response is revised to reflect
the results of the revised wave run-up analysis on the flood level for the Colorado River
cascading dam failures.

The design basis flooding (DBF) elevation for the STP 3 & 4 site is determined by considering a
number of different flooding scenarios. The flooding scenarios potentially applicable and
investigated for the site include the following: local probable maximum precipitation (PMP) at
the site, potential dam failures, probable maximum flood (PMF) on streams and rivers, probable
maximum surge and seiche (PMSS), probable maximum tsunami (PMT), flooding due to ice
effects, and flooding caused by channel diversions. In applicable cases the flooding scenarios
were investigated in conjunction with other flooding and meteorological events, such as wind-
generated waves and tidal levels, as recommended in the guidelines presented in ANSI/ANS 2.8-
1992 (Reference 2.4S.2-9). Detailed discussions on each of these flooding events and how they
were estimated are found in Subsections 2.4S.2 through 2.4S.7, and Subsection 2.4S.9. The
estimated flood elevations are based on the site plan provided in the COL application.

The maximum water level due to a local PMP storm event is estimated and discussed in
Subsection 2.4S.2. The maximum water level in the power block area due to a local PMP storm
event is estimated to be at elevation 36.6 ft MSL. This level is higher than the ground floor
elevation of approximately 35 ft MSL at the Radwaste Buildings for Unit 3 and Unit 4, where the
postulated accident described in Section 2.4S. 13.1.1 occurs. Therefore, a local PMP storm event
could potentially pose a flooding risk to a Radwaste Building.

The impacts of postulated dam failures on the STP 3 & 4 safety-related systems, structures and
components (SSCs) are discussed in Subsection 2.4S.4. Two aspects of flooding are considered.
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First, flood elevation at the site is investigated as a result of cascading failure of dams in the ;

Colorado River basin and its tributaries upstream of the site. The resulting water level at the site
is 32.5 ft MSL including coincidental wind set-up, and 44-.934.4 ft including coincidental wind
set-up and wave run-up. Second, the flood elevation at the site is investigated due to the failure
of the Main Cooling Reservoir (MCR) embankment. A maximum flood elevation of 47-.638.8 ft
MSL was determined at the STP 3 & 4 site as a result of the MCR embankment breach. This
flood elevation of 47.6 ft M4SL also constitutes the DBF at the ,ite.Conservatively, the design
basis flood elevation was established at 40.0 ft MSL.

Estimation of the PMF water level on the Colorado River is discussed in Subsection 2.4S.3. The
maximum PMF water level for the Colorado River at the STP 3 & 4 site has been determined to
be at elevation 26.3 ft MSL. However, including coincidental wind set-up and wave run-up, the
water level at the site from the PMF would be about the same as the flood elevation due to
cascading failure of dams in the upstream Colorado River basin (44-.934.4 ft MSL). Both
flooding scenarios could potentially pose a flooding risk to the Radwaste Building.

Flooding from the probable maximum surge and seiche as a result of the probable maximum
hurricane (PMH) in the Gulf of Mexico is discussed in Subsection 2.4S.5. The maximum water
level at the site due to the PMH is estimated to be elevation 31.1 ft MSL. Since this water level,
is lower than the water level of 32.5 ft for upstream dam failure (with coincidental wind set-up),
the resulting maximum water level at the site after factoring in the wave run-up would be lower
than 41.9 ft that was predicted for the upstream cascading dam failure event. However, the water
level at the site due to the PMH, including coincidental wind set-up and wave run-up, is still
higher than the entrance elevation to the Radwaste Buildings at STP 3 and 4. Therefore,
maximum surge and seiche due to the PMH could potentially pose a risk of flooding the
Radwaste Buildings.

Subsection 2.4S.6 describes estimation of the probable maximum tsunami water level. The
maximum water level associated with a PMT at the STP 3 & 4 site is 16.3 ft MSL. Therefore, the
PMT would not be a flood risk to the STP 3 & 4 site. As discussed in Subsections 2.4S.7 and
2.4S.9, ice effects and channel diversions, respectively, would not pose a flooding risk to the
STP 3 & 4 site.

Of the several flooding mechanisms considered, other than a breach of the MCR embankment,
the local PMP storm, a cascading failure of upstream dams in the Colorado River basin, the
PMF, and the PMSS are the four mechanisms that have the potential to flood the Unit 3 and Unit
4 Radwaste Buildings. The local .PMP storm potentially could result in release of the greatest
concentration of radioactive material to the environment because the flood level from this event
would be lower than that from the three other flood mechanisms and, therefore, would provide
less dilution if the material were to escape the Radwaste Building.

Four of the five flooding scenarios with the potential to flood the Radwaste Building can be
considered a slow-moving event for which advance notice would be available. For this reason,
there would be opportunity to initiate operator action to mitigate potential flooding effects.
Except during shipment of waste, doors to the Radwaste Building are normally closed to
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optimize performance of the HVAC system. Upon receiving a flood warning, plant procedures
would require securing the doors and implementing other mitigating action such as sandbagging
[COM 19.9-3]. Therefore, none of the flooding mechanisms considered present a credible risk
of environmental contamination.

The time needed for initiation of emergency operating procedures during an MCR embankment
breach is discussed inthe response to RAI 02.04.14-1.

Reference:

2.4S.2-9 "Determining Design Basis Flooding at Power Reactor Sites," ANSI/ANS-
2.8-1992, Historical Technical Reference, American Nuclear Society, July
1992.

The second paragraph of Section 2.4S. 13.2 will be revised as follows:

The Radwaste Building is a reinforced concrete structure consisting of Seismic
Category I substructure. As described in Section 3.4, the building does not contain
safety-related equipment and is not contiguous with other plant structures except
through the radwaste piping and tunnel. In case of flooding, the building structure
serves as a large sump which can collect and hold any leakage within the building.
The medium and large radwaste tanks are housed in sealed compartments which are
designed to contain any spillage or leakage from tanks that may rupture.

The following paragraphs will be inserted following the third paragraph of Section 2.4S. 13.2:
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RAI 03.04.01-5

QUESTION:

The following statements are unclear. Please clarify the following statements in FSAR Tier 2:

Subsection 3.4.1.1.1:

1) "...flood level arise accomplished"
2) "...exposure to water3.4.1.1.2, site-specific supplements."

Subsection 3.4.2: "...as well as ground and soild pressures, are calculated."

Revise the FSAR accordingly, and provide a markup in your response.

REVISED RESPONSE:

This RAI response is being revised to reflect the revised MCR embankment breach analysis
described in the responses to RAI questions 02.04.04-9 and RAI 02.04.04-10, which were
submitted on January 28, 2009. The MCR embankment breach analysis was re-evaluated to
establish critical embankment breach parameters based on available literature on dam failure
case studies. The average breach width used in the present analysis was 417 feet, as opposed to
the postulated breach width of 4,757 feet in the analysis documented in COLA Revision 2. On
February 23, 2009, STP provided supplements to the responses to RAI questions 02.04.04-9 and
RAI 02.04.04-10 that show proposed changes to the COLA that incorporate the results of the
revised MCR embankment breach analysis.

The following additional changes to the COLA text will be made in the next revision. The text

that is changed from Revision 1 is highlighted with gray shading.

Subsection 3.4.1.1.1:

1) The first sentence will be corrected as shown below:

Waterprooling offoundations andwalls of Seismic Category I structures below gade flood
level aibe is accomplished principally by the use of water stops at expansion and.
constructionjoints.

2) The last sentence was corrected to deleted the phrase "3.4.1.1.2, site-specific supplements" in,
COLA Revision 1, submitted to the NRC on January 31, 2008. The sentence now reads:

In addition to waterstops, waterproofing of the plant structures and penetrations that house
safety-related systems and components is provided up to 8 cm above the plant gr-etud flood
level toprotect the external surfaces from exposure to water.
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Subsection 3.4.2:

This sentence was corrected to delete the "d" from the word "soil" in COLA Revision 1,
submitted to the NRC on January 31, 2008. The sentence now reads:

Since the design flood elevation is 30.5 cm belew4-5 18 9, cm above the finishedplant
grade, there is no dynanmi.. fore due to fld•. . The the lateral hydrostatic and
hydrodynamic pressure on the structures due to the design flood water level, as well
as ground and soil pressures, are calculated.


