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Devine Tarbell & Associates, Inc.
Consulting Engineers, Scientists, & Regulatory Specialists

An EmIo~yee-iwud oeflpany

December 31, 2008

Mr., Raymond.L. McCoy .

Mail Code ONO2MO
Oconee.Nuclear Station
7800 Rochester Highway
Seneca, SC 29672

Subject: Oconee Nuclear. Station
Model Simulation Results for Jocassee Dam Failure Report

Dear Mr McCoy:

The Keo"ee Hydroelectric Development is owned and operated by Duke Energy Carolinas, LLC'
(Duke Energy) and is,, part, of the, Keowee-Toxaway Project licensed by the Federal Energy
Regulatory Commission (FERC)as Project No. 2503-SC.: The "Keowee-Toxaway Ptoject..

(Project).: includes the .Jocassee 'Pumped Storage Development and the. Keowee Development.
The FERC regulates the Project and their role includes regulatory oversight of all water retaining.
structures at both developments., The Oconee Nuclear Station (ONS) is located on Lake Keoweei.
adjacent to the Keowee Darn and tailrace..:. Based,ion a request. for additional information,
concerning flooding impacts at ONS from a hypothetical faiiue of the" Jocassee Dam, Devine
Tarbell & Associates, Inc. (DTA) was 'commissioned by. Duke .Energy to develop a dam breach .. "
failure model using the U.S. Army Corps.of Engineers.(USACE) HEC. RAS v4. unsteady floWw
program and compare the o:utput from the. HEC RAS model to results from Jocassee Dam. failure
simulations using the -National Weather Service (NWS) DAMBRK model. The emergency
action plan (EAP) model was preyiously developed by Duke Energy and results were submitted
to FERC in 19922:: DTA was selectied0 perform this work based on experience.. with, the
HECRAS and DAMBRK models and development of the 1992 Jocassee EAP dam failure

.scenarios.

T: 704.377.4182 400 S. Tryon Street, Suite 2401, Charlotte, NC 28285 F: 704.377.4185

Por.and, ME Charote. NC .ýcranlnta, CA [YodcPA Sy•cuseNY I Seatc, .W& .inghar, WA B.ise, ID Toronto.. .
"•-wv.1)cvincTarbefl.cm
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1.0 Purpose.

Duke Energy requested that DTA develop an unsteady flow model of the Jocassee/Keowee
reservoir system using the HECRAS program. The HECRAS model would be developed
from available Digital Elevation Model (DEM) and U.S. Geological Survey (USGS) data using a
combination: of eloctronic files and paper maps. The HECRAS model is a I-dimensional
dynamic flow model used for estimating inundation due to hypothetical dam failures or to study
historic dam failure events. HEC RAS is a graphical input-based software program that has an
available geographic information systems (GIS) interface and post processing tools to support
input and review output. The resulting HECRAS model would be used to study inundation as
the result of a hypothetical failure of the Jocassee rock-filled dam, owned and maintained by
Duke Energy.

". " 'i~ ~....".:: . . . :. ".... ...

The scope of this work covers the development of the base geometric data file required for the
HEC RAS model and to run a series of model scenarios that were previously simulated using the
1992 EAP DAMBRK model in September 2008. The purpose of this software conversion is to
compare the outputs (resulting flood inundation elevations) of the two software tools while using
the same breach parameters used in the 1992 EAP DAMBRK scenarios. The eight scenarios for
this study use starting reservoir elevations for Lake Jocassee ranging from 1080: to.. 108 feet
mean sea level (ft msl) and Lake Keowee reservoir elevations of 796, 797, and 798. R msl.

Two of the eight scenarios were modeled assuming a bottom of breach elevation at Jocassee.
..Dam of 919 ft msl, as was used in the 1983 analysis for the design of the SSF wall at Oconee.
This input parameter differed from the elevation assumed for the FERC EAP analyses, which
used a bottom of breach elevation; of 800 ft msl, the full reservoir elevation at Lake Keowee.

2.0 Scope/Models

The hydraulic modeling performed in 1992 to develop FERC required EAP inundation mapping
was simulated using a "Mainframe" compiled version of the DAMBRK computer program
developed by D.L. Fread. Details of the 1992 model input development are outlined in the
referenced report and are not repeated in this summary report. The DAMBRK model used a
total of seven top widths and 31 cross sections to model the river reach between Jocassee,
Keowee, and Hartwell dams. All model scenarios for this project use "Sunny Day" inflow
hydrographs.

The HEC: RAS model developed for this review is being constructed in phases, as:: is typical for
1-dimensional modeling of complex hydraulic channels suchi as the terrain associated with the
Jocassee/Keowee river :basin. The model development started using a simple geometric
replication of the Keowee River arm of the reservoir that is directly downstream of the Jocassee
Dam. DEMs, pre-filling topography, and USGS 1:24,000 topographic maps were used to
construct cross sections representing the flow reach between Jocassee Dam and Keowee Dam.
Unlike the eight top width cross section limitations in DAMBRK, the HECRAS model supports
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the input of more complex cross section geometry. This feature was fully utilized by DTA
modelers to provide additional reach channel flow and storage definition. Water storage in large
tributaries of the Keowee River arm ofethe reservoir was added to the model using storage
compartments similar to the off-channel storage methods used in the DAMBRK model. The
initial test version of the HECRAS model included a storage compartment controlled by an
inline channel structure (weir flow control) to. simulate the storage in the Little River arm of the
reservoir. This was similar to the method used in the DAMBRK model. As the model was
refined, the inline channel structure was replaced using a river branch to simulate the storage
area in the Little River arm, This feature is not available in the DAMBRK model.

As part of the refinement of the HECRAS model, the:river reach downstream of Keowee Dam
began with afew simple river cross sections and was developed to include additional cross
sections and storage .in Lake Hartwell, as needed, to review:the downstream routing impacts of
the dam breach flood wave.

As stated. above, the development of the HECRAS model. is an ongoing project that requires
refinement as scenarios are developed and run, This process. is followed to isolate problem ares.:
where instabilities arise due to the: complex mathematics that are solved to provide estimates of
inundation flood levels. The model results presented in this report represent a 1-dimensional
flow model that contains significantly more geometric and hydraulic channel data than is
contained in the DAMBRK model (Figure 1).
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Figure I HEC.RAS Mode Geometry Fil
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In all HECRAS scenarios, the Jocassee Dam failure was simulated in the main rock-filled
section by piping starting at elevation 940 ft rnsI except for two s that inchlded a
modified bottom of breach elevation at 919 ft msl. For those two scenarios, a piping failurewas
assumed to occur at elevation 940 ft msl (Figure 2). No other changes in breach parameters were
asumed.

Figure 2 Jocauns Damn Br~eah ?arvaftu
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FRgmr 3 iKeewee Dam Breeh Pwameter

Dan failure parameters used in the EAP analysis were based on FERC guidelines with
consideration for generating inundation maps for emergency management planning purposes.
The DAMBRK model requires a bottom of breach elevation, side slope, and time to complete
failure parameters. HEC-RAS requires the same paramete. Figures 2 and 3 and the following
two figure from the 1992 RAP report show the extent of the simuat breach shape fbr'all runs
except JOSD22 and JOSD23 (Table 1), which differ in final breach bottom.

Jocassee reservoir storage was input in HECQRAS as a function of elevation while an area-
elevation curve was input in DAMBRK. Table 2 illustrates the storage table used in HECRAS.

The Jocassee failure in both models is triggered as a piping failure assuming a linear failure
progression over the failure time, in this case 4 hours. Keowee Dam failure is the result of
overtopping at a set elevation of 0.5 ft over the top of the dam (815.5 ft) with the breach failure
occurring over 2 hours.
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Table I Dofllialn of DAMBRK Modeled Sceaerios

Model DAnayi Joeasoee Dam Failure Lake d K • tb J

Nme Analysis Breach Botm lev.Fdk Nam ot M) ,

fteodu "1992" JOSDI06 1992 shape 798/1103

"1992" CWORt Levels JOSDI6 1992 shape 797/1085

Sensitivity Case 2 JOSD21 1992 shape 797/1090

Sesitivity Case 5 JOSDO9 1992 shape 796/1080

Sensitivity Case 6 JOSDI0 1992 shape 796/1085

S Senltvily Case I JOSDI5 1992 shape 796/1090

Seasiv* Cae 4 JOSD23 1983 shape 798/1108
919 ft msl _98/_____

Setivity Cawe 3 JOSD22 1983 shape 797/1090
_________se _ _OD22 919 ft ma1

Table- 2 Joeee. Storae Table

Examples of input cross sections for each of the river reaches in the curent model are included
as aftacAments to this submittal. Flow elevations shown in cross sections are for a typic test
scenario that was used during the development of the model.
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3.0 Results of Simulations

The focus of the hydraulic model simulations was on the dam failure water elevations just
downstream of Jocassee Dam and upstream and downstream (tailrace area) of Keowee Dam.
The area downstream of Keowee Dam is of significant interest due to possible inundation of
ONS facilities from dam failure flooding. The results are presented in the tables at the end of
this section based on the scenario file name. Table 3 includes columns with both HEC RAS and
DAMBRK cross section data to provide a quick comparison between the flow and water surface
elevation at selected cross sections near the dams. It should be noted that for all HECRAS
scenarios assuming a base of breach elevation of 800 ft nisl at Jocassee Dam, the peak flood
elevations at Keowee Dam exceed the DAMBRK elevations while the downstream elevations
were less than the DAMBRK model estimates. It should also be noted that the Little River arm
of Keowee Reservoir reached elevations exceeding the 815 ft mst top of dam elevation but no
discharge out of the reservoir was modeled. For this study, only Jocassee and Keowee Dam
were simulated to fail. If the Oconee intake canal dike overtops, the discharge would enter the
ONS facility near the dry-cast storage yard and the area already being flooded by a breach of
Keowee Dam. The impact of this additional water on flood elevations is currently not included
in the existing model. DTA recommends this area of the model be reviewed for additional
refinement.

Based on the level of development of the HEC RAS model completed to date, results indicate
additional refinements to the HECýAS model will be necessary to study the flood impacts of a
failure of the Jocassee Dam in a comprehensive manner. To date, only a "Sunny Day" failure
has been modeled with two different breaches (Table 3). Ongoing probabilistic risk assessment
(PRA) studies are also dependent on using the HECRAS model to study the impacts of varying
inputs like gate and turbine operations, and analyzing the impact of debris on gate operations.
The flexibility and tools available in HECQRAS permits a modeler to add detail that more
realistically simulates the flooding that may be expected from a breach of the Jocassee Dam.

The additional geometry and hydraulic options available in HECRAS should be further refined
to provide a more realistic and accurate modeling of the breach discharge flows. The key results
requested by Duke Energy are discussed in the following subsections.

3.1 Peak Tallwater Level below Keowee Dam

Reslts

Maximum water levels in the tailrace for all scenarios are less than 796 ft rnsl.

QontgUtin& Model Factors

The model uses a more defined geometry downstream of Keowee Dam. The ability to define
cross sections using more than seven top widths along with using detailed topography from Duke
Energy files results in less flow restriction than was used in the DAMBRK model.
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Recommendation

Prior to any significant actions based on the model results, additional checks should be done to
confirm the model results. The model's handling of backwater entering the Little River arm and
resulting rise in reservoir levels should be confirmed. Additional cross sections of the reservoir
rim and flow over existing dams and dikes should be reviewed and refined as necessary.
Particular emphasis should be on adding more definition to the connecting channel including
review of constrictions provided by the highway bridge. No overtopping discharge or dam
failure is currently modeled at the Oconee intake dike; therefore, consideration for flow out of
the intake canal should be modeled so as to capture the flow input back into the Keowee tailrace.

3.2 Lake Keowee Water Levels upstream of Keowee Dam

Up to 15.5 ft of water is going over both Keowee Dam and the Oconee intake canal dike.

Contributing Model Factors

The model uses a more defined geometry around the connecting canal and upstream of Keowee
Domn The ability to define cross seetions using more than seven top widths along with using
detailed topography from DEM files results in different flow restrictions and connectivity
between the Little River arm than was used in the DAMBRK model. There is very little
attenuation of the flood wave between Jocassee and Keowee. The flood wave overtops Keowee
at 3 hrs and 20 minutes into the simulation and is above elevation 815 ft msl for approximately 3
hours, including the 2-hour breach formation at Keowee that results in the flood level falling so
quickly. The model has additional storage area of Little River Arm as a branch permitting flow
from the main branch through the connecting channel and back into the Keowee arm as the
breach is formed. No dam failure (or the associated flow) is currently modeled at the intake
canal, Little River Dam, or dikes.

Recmmendation

Prior to any significant actions based on the model results, additional checks should be done to
confirm the model results. The model's handling of backwater entering the Little River arm and
resulting rise in reservoir levels should be confirmed. Additional cross sections of the reservoir
rim and flow over existing dams and dikes should be reviewed and refined as necessary.
Particular emphasis should be on adding more definition to the connecting channel including
review of constrictions provided by the highway bridge. No overtopping discharge or dam
failure is currently modeled at the Oconee intake dike; therefore, consideration for flow out of
the intake canal should be modeled.
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3.3 Comparative Results from both HECRAS and DAMBRK (Table 3)

3.3.1 Peak Flow out of Jocassee Dam Breach

Generally, HECQRAS breach flows range from 7'A to 25% less than DAMBRK breach discharge
flows. This parameter appears to be sensitive to the storage rating curve for Jocassee. The
storage curve is directly input in HECQRAS while DAMBRK uses a reservoir surface area curve
and interpolates to develop a storage-elevation curve. Differences in storage at each elevation
result in differences in peak discharge. Peak flood wave flows reaching Keowee do not appear
to be significantly impacted by the difference in flows released at Jocassee. Both models use a
linear breach formation and the same ftilure time and geometry.

Recommendation

Prior to taking any significant actions based on the model results, additional checks should be
done to confirm the model results. Additional sensitivity studies should be performed regarding
the sensitivity of HECRAS breach discharge to the storage curve and piping breach non-linear
formation.

3.3.2 Peak Flow out of Keowee Dam Breach

Generally, HECRAS breach flows range from 15% to 20% greater than DAMBRK breach
discharge flows. This parameter appears to be sensitive to the reservoir elevation (i.e., storage).
The storage curve is input in both models based on the cross sections developed to represent the
reservoir area. Differences in storage at each elevation results in differences in peak discharge.
Peak breach discharges for both models for the two scenarios that restrict the breach size at
Jocassee result in near-equal discharge from both models. Both models use overtopping breach
formation and the same failure time and geometry.

Recommendation

Prior to taking any significant actions based on the model results, additional checks should be
done to confirm the model results. Additional comparisons should be performed between cross
sections and available topography.

Breach times and elevations are approximations limited by the accuracy of the input information
and should not be considered absolute numbers due to a variety of unknowns such as breach
formation size and time to failure, estimated cross section data representing Lake Keowee and
Hartwell, assumed gate operations at Lake Keowee and Lake Hartwell, flood channel roughness
coefficients, and the complex geometry of the Lake Keowee reservoir including the connecting
canal and multiple dams.
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Table 3 Summary of DAMBRK Sesarlas

DAM•C HEC-RAS DAME" WS UHBCAS
Pond levels Joca&Ne WS Elev below WS 6iev below Elev at Keowee WS 61ev at Keowee DAMBRK Max HEC-RAS MaxSeleMoed Lake Keowee/ Dam Jocassee, (ft ml)/ Jocasese (ft muly Datu (ft nuly Dom (ft msly Taillam Water Tairace Water

Nam Md! Lake Jocassee Failure Discharge from Discharge from Dischasp fiom Dischage from Height (ft msl) Height (ft mal)
Name (ft mul) Trapezoid Jocasse Jfocausee Keowe Kewee ONS Yard ONS Yard

______ _______ Breach (rnct) Breach mmf) Be ch _________

"1992" 797/1085DB 1992 Shape 877.4/4.0 866.0/3.5 822.3/3.2 830.4/3.7 802.7 787.6
Current 798/1085RAS
Levels

Senselhity 79/00 1992 Shaper $790C t 197.63.6 8~s2 M73.S809 82
Cas*2 _ .. .. . .

Sensitivity 796/1080 1992 Shape 875.0/3.9 864.8&3.3 822.0/2 829.9/3.6 802.0 785.3

Sestvt 9 05 1992 Sbape 8773/4.1 VA613.5 WWI(3 sm. 797A

Soatviy 7961090 1992 Shape 879.5/4.1 867.3/3.6 822.5/3-2 830.9/3.7 803.6 8.2
Cast! 4 ' g4'"'" *• #t!7t 1l*Af• .... 92 ' fl~tl.

Sensitivity 797/1090 1913 Shape 835.4/1.9 834.64!.5 816.9/2.9 i20.t/2.8 792.2 766.0Can3
Note: Kwhe results fi os e PRA HC _RAS Model soearls awe "Work In diessa s ad umi not be feor dscion making. Th lECRAS results for r odiono
below Keowee am gmemally lower then results frm the 1992 EAP DAMWRJ but DTA fecornmends additional model refinement and additional scenartos be investiat prior to
main buge dedsos
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Table 4 Comparisom ef Model Inputs

ý ýTA

It•m HECRAS December 200M Mde" 2 DAMBRK Med"!

Software HEC RAS OAMBRX - PC version
Softwore version Version 4.0.0, 3/00 Rev 4,18/1"91 with modiflossions for Duke Enerv to icm

ary sbe and Sae opions definiion of chosges m the Lw
...... _ _ _~_ _ _iCa WeeawwPIwSwtdiesl, 199-992.

General Storage Areas Off-chmoe sta per map sme

comciecua Used Bianich - Cross Secton Option to model [Male RIver Arm Iscremsd any to allow swWag at higher Reservoir/FPC a
____ ____ ____ ___ of eevok in Ldth Rime Arm Origna FPC 'mxed-out'

PMP Not p,. of soaps of wor Not part of scope, of work

Stuiny Da" Jocasacee Level 110W - Varied per Duke Eneqy request Varied per Duke Energy re~aext

Kowee Leve 79- Vid per Dok En &, request Varied per Duke Energy wqst

Jocassee Breach Sine TsqrL - 25OWWI i-I slopes/E 100 ft insl Piping Fohnw El 940 ft Traps - 2SWtYW/-1 sloper/El 100 ft mal Piping Foailre El 940
msl ft Iml

Keowee Dam FPoled Yes - fail at 0.5 ft overtopping of IKowee, Dam Yea - Fail at 0-5 ft w ipngof Keowee Darn

Kowet Dam Bmwnh Trap - 53 WIl-I slopes/El 670 ft •wl Trap - 500'W-I -1 slopmff/l 670 ft -ss

Keowee Spillway Carve 4 gat disa (m wAted vs". dischae curve) 4 edim•,•,e (et wesd vs. ds. cure)

Hartwal Spillway curve Estinuted *tom USACE dafta Estinased finn USACE dfta

Note: Jocassee, Reservoir Area Carve, used in Ow. 1992 aaalyais ad a volume curve is used in HEC-3AS.
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This report provides summary results of DAMBRK modeling at the Keowee-Toxaway Prject
for the scearios requested by Duke Energy using the 1992 EAP Inundation Model Inputs.
Should you have any questions regarding this submittal or require further information, pea
contact me at (704) 342-7385 or &chrs ydinetarheJ•&_•.

Sincerely,

DEVINE TARBELL & ASSOCIATES, INC

J. Christopher Ey, RE.
Civil Engineering Manager

Carey Fraser
Technical Editor

John Parrish, PE.
Senior Engineer

JCE/cef
Attachments

cc: C. Ey, DTA
File
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ATTACHMENT 1
KEOWEE RIVER ARM 1 & 2 CROSS SECTIONS
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ATTACHMENT 2
LITTLE RIV•R ARM CROSS SECTIONS
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