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LEGAL NOTICE

This report was prepared by Sargent & Lundy, L.L.C. ("S&L"), expressly for the sole use of Omaha Public Power District
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INTRODUCTION / PURPOSE

The Fort Calhoun Station {FCS) is located on the west (right) bank of the Missoiri River in Washington
County near Blair, Nebraska, at approximate-Missouri River Mile (RM) 646.0.

In response to the U.S. Nuclear Regulatory Commission (NRC) request outlined in Reference 1, a.
comprehensive study of plausible flooding mechanisms was performed. The associated Flood Hazard
Reevaluation Report (FHRR) was transmitted fo the NRC in February 2015 (Reference 2). In that report
(Reference 2), flood hazards due to hypothetical failure of the dams that exist in the drainage area
above the FCS were analyzed combining standard numerical modeling tools, Hydrologic Engineering
Center-River Analysis System (HEC-RAS) [Reference 3] and Hydrologic Engineering Center—
Hydrologic Modeling System (HEC-HMS) [Reference 4] from the U.S. Army Corps of Engineers
(USACE). A one-dimensional (1-D) unsteady. HEC-RAS basin-scale hydraulic model approach was
originally used to compute the water surface elevations (WSELs), depth, and velocities (see Section 2.3
of Reference 2). Subsequently, in order to develop a more éxplicit représentation of the velocity '
distribution between the channel and overbank, the following studies were performed and are
presented in this report:

. Adjustmg Manning's roughness coefficients to account for depth of flow during the dam
failure events.

. Updatmg the 1-D hydraulic model developed as part of the FHRR (Reference 2)
considering adjusted Manning's roughness coefficient.

» Developing a reach-scale 2-D (TUFLOW model) to more explibitly represent flow
velocities, water depths, and channelloverbank velocity dlstributlons for the dam failure
flood simulations. -

This report (SL-013016) is Addendum 1 to the FHRR (Reference 2) and presents the methodology as
well as results of the updated 1-D HEC-RAS and 2-D TUFLOW dam failure analyses. This Addendum
supersedes Sections 2.3.2.3 and 2.3.2.4 of the FHRR (Reference 2, see Attachment 1),

Introduction / Purpose ' (
x : ¢
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1. DAM-FAILURE HYDROGRAPH DETERMINATION (HYDROLOGIC
EVALUATION) |

Dan failure hydrographs are the same as those discussed in Section 2.3.1 of the Flood Hazard
Reevaluation Report (Reference 2).

Dam Failure Hydrograph Determination (Hydrologic Evaluation)
11
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2. DAM FAILURE WSEL AND VELOCITY DETERMINATION (HYDRAULIC -
EVALUATION)

The hydraulic cond|t|0ns in the Missouri River between Gavins Po;nt Dam (approxlmate River Mile

[RM] 810.0) and Fort Calhoun Station-([FCS], approximate RM 646.0) during flood flows are complex
due to the presence of revetments, river training structures, levees, roadway embankments, river
meanders, and bridges. To evaluate this complexity, a multi-leveled modeling approach was adopted
(similar to the probable maximum flood [PMF] study in Section 2.2 of Reference 2), which is presented in this
Addendum. A 195-mile basin-scale (from RM.810 to RM 615) one-dimensional (1-D) Hydrologic
Engmeenng Center—River Analysis System (HEC-RAS) [Reference 3] unsteady mode!, originally
developed in Reference 2, was used to predict translation and attenuation of the dam failure hydrograph
in the Missouri River from Gavins Point Dam to FCS. The results from the 1-D basin-scale routing
model were then used as upstream and downstream boundary conditions for a reach-scale two-
dimensional (2-D) hydraulic model. In addition, the results from the 1-D basin-scale hydraulic model
were used to determine the travel time and the flooding duration. This reach-scale model,
approximately 20 miles long, was further used to predict the complicated interaction between the river
channel and overbank areas that provides an estimate of flow distributions near FCS. The results from
this 2-D reach-scalé model were used to predict water surface elevatlons (WSELs) depths and
velocities at FCS for the dam failure scenarios. ; W ol

2.1  MANNING’S ROUGHNESS COEFFICIENT ADJUSTMENT

Figure 1 shows that the land use types are classified into 10 broad categories over the model domain.
Research provided by Chow (Reference 5) and Fread (Reference 6) indicates that when the channel
banks are exceeded and shallow flow exists in the floodplain, the total resistance has a tendency to
remain the same or increase, since the overbank roughness is generally higher than the channel
roughness. However, as flow stages increase in the overbank, as occur especially in larger systems in
the United States, the resistance effect can remain the same. or slightly decrease. Based on graphical
data provided by Chow and Fread showing Manning’s roughness coefficient (also known as
Manning’s n) versus discharge on the Mississippi River, the Manning’s roughness coefficient can
remain the same or decrease up to 20% for stages above bankfull. On the Nishnabotna River, Chow
provides tabular data that indicate Manning's roughness coefficient for a corn field would not decrease
for depths greater than 4 feet (ft), while for a pasture, Manning's roughness coefficient could decrease
approximately 20%. These data suggest that the reduction of Manning’s roughness coefficient up to
20% may be appropriate for some land use coverages to account for depth of flow.

Based on the results of the FCS FHR HEC-RAS unsteady model, the depth of flow on the floodplain
near the facility could exceed 50 ft (Section 2.3 of Reference 2). Therefore, for purposes of dam failure
modeling, the Manning’s roughness coefficients were reduced 20% for the grassiand, wetlands, and
row crops land use areas within the modeled domain. Despite Chow's data, for conservatism, it was
assumed that corn and other row crops would be flattened and/or uprooted at the depths expected

Dam Failure WSEL and Velocity Determination (Hydraulic Evaluation)
21
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dunng a dam failure flood event. Therefore, the Mannlng s roughness coefficient for row crops was also
decreased by. 20%. Row-crops occupy-over 75% of the floodplain land: use within the: modeled domaln
(Figure 1). Mannlng s roughness coefficients were not decreased for the open-water land use areas
(channel and other water bodies) because the roughness would not change due to depth. it is also
assumed that the forest or urban land obstructions would remain in place during a dam failure event,
which would occupy the majority of the water column. Therefore, their Manning’s roughness: coefﬁcuents
were not decreased. However, Manning’s roughness coefficients on the site were reduced since the
buildings were explicitly represented, as discussed in Section 2.4.2. Based on values provided in.
Reference 5 and accounting for the presence of various concrete barriers and appurtenances, a value
of 0.025 was selected for paved and gravel areas and a value of 0.028 was selected for grassed areas.
In addition, the switchyard areas were assigned a value of 0.08 since there are numerous concrete
foundations and metal structures consistent with treed areas.

Table 1' Iis_ls the Manning's roughness 'coefiicient associated with each l'and use type used in tha FHRR
(Reference 2) and in this Addendum.

2.2 ONE-DIMENSIONAL HYDRAULIC MODEL

The 1-D HEC-RAS model of the Missouri River developed for the dam failure analysis is fully desc:rlbed
in Section 2.3.2 of Reference 2. The existing HEC-RAS model was updated for Manning’s roughness
coefficients, discussed in Section 2.1 of this Addendum, and re-run to establish the 2-D model
boundary conditions. The updated HEC-RAS unsteady model is referred to as the Updated Dam
Failure HEC-RAS Unsteady Model. In addition, the Updated Dam Failure HEC-RAS Unsteady Model
was used to determine the travel time from dam failure initiation and duration of flooding above the site
protection level. As discussed in Section 2.3.2.1 of the FHRR, all Non-System dams were found to be
noncritical and the cumulative effects of these noncritical dams were carried forward and added to

refined estimates for. the"critical_ dams. The foﬂowing scenarios were considered:

. | Hydrologfc Failure: | Iis one of the three largest of the System dams.
The hydrologic failure scenario was selected because of its high magnitude of peak flow

due to cascading failure of the downstream System dams (Reference 2).

| Isunny-Day Failure: This scenario was selected because of its hlih magnitude of

peak flow with shorter lead time (Reference 2) compared to the Hydrologic ..
Dam Failure. Lead time is considered as the time from initiation of dam tailure to peak
WSEL arrival at FCS.

Other dam failure scenarios discussed in Reference 2 were not considered, as they are not limiting for
WSEL, velocity, or ﬂooding durations at the site.

2.3 ONE-DIMENSIONAL HYDRAULIC MODEL RESULTS

The Updated Dam Failure HEC-RAS Unsteady Model was executed using both dam failure scenarios
described in Section 22 Similar to the results previously evaluated in_Reference 2 the by 16 USC §

1240-1(d). (B)(4)

TIF)

Dam Failure WSEL and Velocity Determination (Hydraulic Evaluation) : (x( 4
2-2




_Omaha Public Power District SL-013016.
Fort Calhoun-Station- _ ‘Revision 2 -
FLoop I-IAzmn Rmm.uxnon REPORT — ADDENDUM 1 ’ FECjet o GT761-201
'hydrologtc-dam'fallure results showed. higher.WSEL.and velocity; while the| ...|sunny-day failure........ .
results showed-shorter.lead time.

Based on the Updated Dam Failure HEC-RAS Unsteady Model, the peak stage, time to peak stage,
elapsed time for flood water to exceed plant flood protection level, and the duration of flood above plant
flood protection level for both dam failure scenarios are shown in Table 2.

2.4 TWO-DIMENSIONAL REACH-SCALE HYDRAULIC :MODEL

A detailed 2-D hydraulic model of the Missouri River near FCS was developed using TUFLOW FV )
software to evaluate the PMF at FCS, That model is described in detail in Sections 2.2.3.3.1 and 2.2.3.3.2 of
Reference 2. The modeled (i.e., 2-D) reach of the Missouri River extended from north of Blair, Nebraska
(approximate RM 655), to south of Fort Calhoun, Nebraska (approximate RM 635)—see Figure 2. The
existing 2-D model was further revised to better address hydraulics of the study area during the dam failure
event and used to determine spatially and temporally varying information about WSELS, depths, and
‘velocities at FCS for the dam failure scenarios. Modifications to the original 2-D PMF model are . .
described in Sections 2.4.1, 2.4.2, and 2.4.3 below. All other parameters were kept unchanged The
modlf ed PMF TU FLOW model is referred to as the Dam Failure TUFLOW Model.

241 Land Use Roughness Modlflcatlons

Adjusted Manning's roughness coefficients, as described in Section 2.1, were used in the 2-D dam failure
study.

2.4.2 Computational Mesh Modifications

The study area is represented by a computational mesh containing 116,964 unstructured elements. As
illustrated in Figure 3 and Figure 4, the mesh is coarser in areas that are farther away from FCS and finer in
areas where more detail is required. Node spacing ranges from approximately 20 ft near FCS to 800 ft on the
bluffs surrounding the river valley. The modifications to the original PMF TUFLOW Model to develop the Dam
Failure TUFLOW Model (Section 2.2 of Reference 2) included decreasing the mesh resolution in the vicinity of
FCS to allow for reasonable runtimes and incorporating building rooftop elevations (see Figure 5), rather than
representing the buildings as blocked ineffective areas of infinite height, to allow the buildings to be
overtopped.

2,43 Boundary Conditions

The location and type of boundary conditions are shown in Figure 2. Three inflow discharge boundaries were
used: one for each overbank and one for the channel. The flow distribution between the overbanks and main
channel for the Missouri River was determined using the Updated Dam Failure HEC-RAS Unsteady Model
(see Section 2.2) results. As part of the HEC-RAS water surface profile calculation procedure, conveyance
calculations were performed to determine discharge conveyed in both the overbanks and main channel. A
stage hydrograph from the Updated Dam Failure HEC-RAS Unsteady Model was used as the downstream

Dam Failure WSEL and Velocity Determination (Hydraulic Evaluation) '
2-3 (gl.undy
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‘dam failure.scenario is shown in Figure 6.

.'l._u_‘i.. U S.C §B240

houndary condition for the: Dam Failure TUFLOW: Model The inflow and stage hydrograph for the| () (b4 (bYTVE)

Only. ﬂows from the System.and Non-System dams were considered for inflow boundary conditions; no-
tributary inflows were added to the model domain below the upstream boundary. Table 3 provides a summary
of the maximum discharge at the upstream boundary and maximum WSEL at the downstream boundary for
both scenarios. '

2.4.4  Sensitivity Analysis

Sensitivity analyses were performed to estimate the influence of WSEL and velocity at FCS for upstream
boundary conditions and for the Smagorinsky coefficient. For the upstream boundary, discharges were

rreduced 20% in the left overbank and increased in the right overbank and the main channel such that the
original discharge distribution was maintained between the main channel and right overbank. The

Smagorinsky coefficient was also changed within its acceptable range Results showed that their mﬂuénoe on
the hydraulic chamctenstics atthe site was Irmrted 1o none. -

245 Two-Dimensional Hydraullc Modol Results

upstream boundary conditions of the reach-scale 2-D model. The
simulation produced the highest peak discharge and thus highest
(Reference 2).

hydrologic dam failure
arge through the site

The discharge approaches FCS from the right floodplain and flows through the site primarily from
northwest to southeast, continuing along the right bank floodplain downstream of the site. As a result,
WSELs generally are the highest at the northwest corner of the site. Once the site becomes inundated,
the flow patterns through the site generally remain consistent during the dam failure events.

Contours of maximum velocity are shown in Figure 7 and Figure 8, Contours of maximum WSELSs are
shown in Figure 9 and Figure 10. The WSEL, velocity magnitude, and depth were monitored at

22 points throughout the FCS site model at key facilities within the protected area and around the site
(see Figure 11). The WSEL time series was reported at Monitoring Point 22 on the north side of the
new warehouse and the velocity time series was reported at Monitoring Point 21 on the west side of the
radwaste building. Figure 12 show the WSELs and velocities at these two monitoring points. A
summary of grade elevatron. maximum WSEL, maximum velocity, and maximum depth is provided in

‘Table 4,

The highest-modeled velocities on the site are at the corners of buildings, where flow accelerates

‘around the corners and.in areas between buildings that are aligned with the primary direction of flow.

The highest velocities in the vicinity of a Priority 1 facility were approximately 5.6 feet per second (fps)
near the condensate tank. Maximum velocities on the remainder of the site ranged from less than
1.0 fps to 7.0 fps. At the Intake Structure, velocities peak around 5.0 fps.

Dam Failure WSEL and Velocity Determination (Hydraulic Evaluation)
2-4 !
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Maximum WSELs ranged from.1053.5 ft North American Vertical Datum 1988 (ft NAVDS88) at the
upstream end of the site (near the Maintenance Building) to 1053.2 ft NAVD88 at the downstream end
of the site (at the training center),

Dam Failure WSEL and Velocity Determination (Hydraulic Evaluation)
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Table 1. Land Use Types and Manning’s Roughness Coefficients

nsvscor | PSR | S oy
Open Water 0.025 0.025
Wetlands 0.040 0.032
Forest 0.100 - 0.100
Grassland 0.040 0.032
Row Crops 0.040 0.032
Urban 0.120 0.120
Roads 0.015 0.015
Paved and Gravel 0.025
Areas at Site
Switchyard 0.08
Grassed Areas at Site 0.028

Table 2. Summary of Timing from Dam Failure Initiation at FCS

(D)) 16 U S C 8§ 8240-1(d), (b)), (bY7)(F)

Table 3. Summary of Maximum Discharge at Upstream Boundary and Maximum WSEL at Downstream

Boundary
Boundary Condition Fort Peck Hydrologic
Inflow Discharge (cfs) 10,288,214
Downstream WSEL (ft NAVD88) 1050.60

Tables
4-2 Sargons é}l_undy'“
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(b)3r16 U.SC ) o
§ B24o- 1780y By Table 4. Monitoring Point Summary Hydrologic Dam Failure)
. Grade Maximum Maximum Maximum
Monitoring Point Elevation WSEL Velocity Depth
(ft NAVDSS) (ft NAVDBEB) (fps) (ft)
Priority 1 Structures '
3. Intake Structure - E - 1053.4 12.8 -
4. Cond. Tank - SE 1005.9 1053.3 5.6 ar4
5. ISFSI| - SW 1009.9 1053.4 3.6 43.5
8. Security Building - NW 1004.2 10563.3 4.1 49.1
10. Radwaste - SW 1004.3 1053.3 3.6 49.0
15. West 345 Building - SW 1005.0 1053.4 2.8 48.4
17. 161 Building - SW 1003.8 1053.4 3.6 49.6
19. Containment Building - S 1005.7 1053.3 1.3 47.6
20. Intake Structure -~ N 1004.2 1053.4 5.0 49.2
21. Radwaste - W 1004.8 1053.3 4.7 48.5
Priority 2 Structures
1. New Warehouse - NE 1003.7 1053.4 24 49.7
6. New Warehouse - SW 1005.2 1063.4 2.1 48.2
9. Building B - NE 1005.2 1053.4 3.7 48.2
11. Old Warehouse - SW 1003.9 1053.3 4.6 494
12. Admin Building - NE 10086.7 1063.3 4.1 46.6
13. Building A - SW 1004.4 1063.3 4.1 48.9
14, Admin Building - NW 1007.56 1063.3 4.8 4568
16. Training Center - SE 1008.7 1053.2 6.4 44.5
22. New Warehouse - N 1004.1 1053.4 2.3 49.3
Miscellaneous Locations
2. Maintenance - NE 1003.7 1053.5 4.0 49.8
7. Base Embankment ISFSI - SW 1005.6 1063.4 2.9 47.8
18. Roadway 1008.4 1063.3 5.1 - 449
Notes:
1 WSEL on the River side of the intaks structure.
2, Velocity parallel to the intake structure on the River side.
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5. FIGURES

The figures associated with Addendum 1 are presented on the following pages.
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Figure 1. Spatial Distribution of Land Use Classes to Determine Manning’s Roughness Coefficients
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Figure 2. Study Area Overview
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Figure 3. Computational Mesh Overview
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Figure 4. Computational Mesh Near FCS
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Figure 5. Building Roof Elevations Included in Model (ft NAVDS8)
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gl Figure 8. Hydrologic Failure Velocity at 1/9/3000 23:00
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(b)3JI6USC

So2i0 1. W) Figure 9. Hydrologic Failure WSEL at 1/10/3000 22:40
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Figure 11. FCS Site Monitoring Points for WSEL, Depth, and Velocity During the Dam Failure Events
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AR Figure 12, Hydrologic Failure WSEL (Point 22) and Velocity (Point 21) at FCS
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6. ATTACHMENTS

The sections within Reference 2 that are superseded by this Addendum are indicated on the following
pages.
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Attachment 1. Superseded Sections of Reference 2
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level of 1014.5 ft NAVDS8, all Non-System dams below Gavins Point Dam and above the FCS site
were considered as noncritical.

All HEC-RAS model simulations executed ylelded stable and converged results,
2.3.22 Route Combined System and Non-System Dam Failure Hydrographs to the FCS Site

(b)3) 16 U S.C § 8240-1(d), (b)(4). (bX7)F)

23.23 Water Levels and Time to Peak Water Levels

(b)(3)16 U S C. § 8240-1(d), (b)(4), (b)(T)F)

(b)(3):16 U.S.C. § 8240-1(d), (b)id), (b)XT)(F)

Dam Breaches and Fallures
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Attachment 1. Superseded Sections of Reference 2, continued
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(b)(3) 16 U.5.C_§ 8240-1(d), (b)(4), (b))

233 Combined Effects
Impact at the FCS site resulting from wind wave action during an upstream dam failure in the Missourl

River was evaluated. The contribution of waves to flood levels resulting j wind wave for
the Main Building Complex and the Intake Structure was evaluated. Th rologic dam
failure, determined to be the bounding scenario at the FCS site based on est peak flow and

stage, was used for this evaluation.

The elevation for the top of foundation mat at the Intake Structure is 965.15 ft NAVD8E and this was
used for computation of wave runup and total water levels for the Intake Structure. The nominal site
grade of 1004.00 ft NAVD88 was used for the computation of wave runup and total water levels at the
plant buildings. Based on the knowledge that the finished site grade is at elevation 1004.48 ft NAVD&8,
the lower elevation of 1004 ft NAVDS8S used In combined effects analysis is considered conservative,

Dam Breaches and Failures
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