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1.0 Introduction 

The Thompson Falls Hydroelectric Project P-1869 (Thompson Falls Project or Project) is 
located on the Clark Fork River in Sanders County, Montana. Non-federal hydropower projects 
in the United States (U.S.) are regulated by the Federal Energy Regulatory Commission 
(FERC) under the authority of the Federal Power Act. The current FERC License expires 
December 31, 2025. As required by the Federal Power Act and FERC’s regulations, on July 1, 
2020, NorthWestern Energy (NorthWestern) filed a Notice of Intent to relicense the Thompson 
Falls Project using FERC’s Integrated Licensing Process (ILP). Concurrently, NorthWestern 
filed a Pre-Application Document. 

The ILP is FERC’s default licensing process which evaluates effects of a project based on a 
nexus to continuing Project operations. In general, the purpose of the pre-filing stage of the 
ILP is to inform Relicensing Participants1 about relicensing, to identify issues and study needs 
(based on a project nexus and established FERC criteria), to conduct those studies per specific 
FERC requirements which are included in the FERC Study Plan Determination, issued 
May 10, 2021, and to prepare the Final License Application. 

This Final Study Report (FSR) which is part of the Updated Study Report has been prepared 
to comply with NorthWestern’s Revised Study Plan, filed April 12, 2021 (NorthWestern 
2021), as approved in the FERC Study Plan Determination. This FSR provides results from 
the two-dimensional (2D) and three-dimensional (3D) modeling of the near field downstream 
of the Thompson Falls Project Main Channel Dam (Main Dam).  

 Hydraulic Conditions Study Background  

Bull Trout (Salvelinus confluentus) were federally listed as a threatened species under the 
Endangered Species Act in 1998. A Biological Evaluation prepared in 2003 concluded the 
Project was likely adversely affecting Bull Trout. On November 4, 2008, the U.S. Fish and 
Wildlife (FWS) filed a Biological Opinion (BO) (FWS 2008) with FERC, concluding that 
continuing operations of the Project is likely to result in incidental ‘take’ of the Bull Trout in 
the form of harm and harassment, including mortality. The FWS further concluded that the 
level of anticipated incidental ‘take’ is not likely to result in jeopardy to the species or 
destruction or adverse modification of critical habitat. The BO included ‘reasonable and 
prudent measures’ which were deemed appropriate to minimize ‘take’, as well as terms and 
conditions for implementation of the reasonable and prudent measures.  

The terms and conditions in the BO (FWS 2008) and the License amendment approving 
construction of the upstream fish passage facility (aka ‘ladder’) (FERC 2009) included a 

 
1 local, state, and federal governmental agencies, Native American Tribes, local landowners, non-
governmental organizations, and other interested parties 
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requirement for the Licensee to conduct Phase 2 fish passage evaluation studies. At the end of 
the Phase 2 evaluation period (2011-2019), the Licensee was required to prepare a 
comprehensive report for filing with FERC. The Comprehensive Phase 2 Fish Passage Report 
(NorthWestern 2019) was prepared with guidance from the Thompson Falls Technical 
Advisory Committee and filed with FERC on December 20, 2019.  

The BO (FWS 2008) also required a scientific review to determine if the Thompson Falls fish 
passage facility is functioning as intended, and whether operational or structural modifications 
are needed. The scientific review convened in January 2020, with the formation of the 
Thompson Falls Scientific Review Panel (Scientific Panel). On March 27, 2020, the Scientific 
Panel issued a memo (Scientific Panel 2020) summarizing its evaluation of the fish passage 
facility and providing recommendations on how to better evaluate the facility in the future. The 
Scientific Panel suggested NorthWestern initiate two parallel studies to assist in the 
determination of the fish passage facility’s attraction and entrance efficiency: 

• 2D hydraulics study that incorporates measured or approximated bathymetry to 
determine, at a minimum, a depth-averaged velocity field and water depths in the near 
field downstream of the dam/Project. 

• Telemetry (radio-tag) study using sufficient sample sizes of surrogates to posit movement 
paths/rates and behavior in response to hydraulic conditions in the near field (areas 
immediately downstream of the Main Dam, to approximately the High Bridge); the 
telemetry should be augmented by a literature review of the relative swimming capacities 
and behaviors of Rainbow, Westslope Cutthroat, Brown and Bull Trout. 

NorthWestern supplemented the ILP reporting requirements for this study by preparing an 
Interim Report. The Interim Report Hydraulic Conditions Study Report (NorthWestern 2022c) 
provided the results from the 2D modeling and made recommendations for the specific 
scenarios to model with the 3D modeling. The Interim Report was distributed to Montana Fish, 
Wildlife and Parks (FWP), the U. S. Forest Service (USFS), and the FWS on February 15, 
2022 for a 30-day review and comment period. A meeting was held on March 10, 2022 with 
representatives of FWP, the FWS, and the USFS to discuss the Interim Report, answer 
questions, and invite comments on the recommendations for Phase 2 of this study. Comments 
were received from FWP, USFS, and FWS. 

NorthWestern filed the Initial Study Report (ISR) with FERC on April 28, 2022 (NorthWestern 
2022a). The ISR incorporated the Interim Report including comments received on the Interim 
Report, and NorthWestern’s responses to those comments, which are found in Section 5 – 
Comments and Responses to Comments of the ISR (NorthWestern 2022a). On May 5, 2022, 
NorthWestern held an ISR meeting, where there was a presentation on the Hydraulic 
Conditions Study and an opportunity for Relicensing Participants to comment and ask 
questions. NorthWestern subsequently filed a study report meeting summary with FERC on 
July 9, 2022. 
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Under FERC regulations, 18 CFR2 § 5.15(c)(4), any participant or FERC staff may file 
disagreements concerning the applicant’s study report meeting summary, modifications to 
ongoing studies, or propose new studies within 30 days of the study report meeting summary 
being filed. NorthWestern received comments on several studies from Relicensing 
Participants, including proposed modifications to the Hydraulic Conditions Study.  

On August 8, 2022, NorthWestern filed a response to the comments received on the ISR, 
proposing to conduct one additional study and modify one study, but declining to adopt the 
requested modifications to the Hydraulic Conditions Study.  

On September 1, 2022, FERC issued its determination on requests for study modifications. 
Modifications to the Hydraulic Conditions Study requested by Relicensing Participants were 
not approved.  

This FSR includes the results of the Hydraulic Conditions Study, conducted as described in 
NorthWestern’s Revised Study Plan (NorthWestern 2021), as approved in the FERC Study 
Plan Determinations issued May 10, 2021 and September 1, 2022. This FSR includes the 
results provided in the ISR, as well as additional modeling results collected in the second year 
of study using a full 3D model through the dam and downstream channel.  

 Goals and Objectives of Study 

The goals of the Hydraulic Conditions Study were to assess the velocity field downstream of 
the fish passage facility to understand if the flow field created by discharge from the fish 
passage facility provides a sufficient behavioral cue (attraction flow) to Bull Trout and other 
species, and whether velocities are low enough as to not fatigue fish attempting to approach 
the fish passage facility entrance. 

  

 
2 CFR= Code of Federal Regulations 
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2.0 Methods 

 Study Area 

The Thompson Falls Hydroelectric Project is located in Thompson Falls, Montana on the Clark 
Fork River approximately 24 miles northwest of Plains, Montana (Figure 2-1). The study area 
for the Hydraulic Conditions Study generally includes a portion of the reservoir immediately 
upstream of the Main Dam, the Main Dam, and the channel downstream of the Main Dam to 
500 feet downstream of the High Bridge (Figure 2-2). Site photographs of the Main Dam and 
the area immediately downstream are shown in Figure 2-3.  

 Study Methods 

The Hydraulics Conditions Study included developing a computational fluid dynamics (CFD) 
model of the existing Thompson Falls Main Dam and river downstream of the dam. The CFD 
model included developing a 3D digital terrain of the dam and river using a combination of 
available digital elevation models (DEMs) and manually collected downstream bathymetric 
data. The Interim Report Hydraulic Conditions Study Report (NorthWestern 2022c) provided 
the results from the 2D modeling and made recommendations for the specific flow scenarios 
to model with the 3D modeling. The 3D modeling flow scenarios proposed in the Interim 
Report were reviewed and commented on by FWP, the USFS, and the FWS. Based on that 
consultation, the agreed-upon flow scenarios were set as the simulation inputs and hydraulic 
conditions to be evaluated. The model configuration and parameters were set up to perform the 
hydraulic simulations and the results were post processed to evaluate the hydraulic conditions 
in the downstream channel. Information on fish swimming speeds (reported in the Fish 
Behavior ISR, NorthWestern 2022b) were used to assess how modeled flows at critical 
locations in the study area might affect fish passage given fish swimming capability.  

The methods used to perform each of these tasks are described in the following sections of the 
report.  

2.2.1 Task 1 – Bathymetric Surveying 

The initial task (Task 1) for developing an understanding of the hydraulic conditions 
downstream of the fish passage facility included developing a 3D terrain model. The 3D model 
development included performing a bathymetric survey of the downstream channel. The 
bathymetric survey data was combined with publicly available Light Detecting and Ranging 
(LiDAR) data to develop a DEM of the Main Dam, downstream river channel, and surrounding 
terrain.  

Task 1 was accomplished by establishing ground control points and conducting the 
bathymetric survey with a single beam echo-sounder that was configured with a Real-Time 
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Kinematic Global Positioning System (RTK-GPS). This provided data in XYZ format of 
riverbed elevations at accuracies limited by the equipment (e.g., 1-centimeter accuracy of echo-
sounder and 3-centimeter accuracy of RTK-GPS). Additional information related to the survey 
resolution and accuracy is provided in Attachment A. To efficiently capture a complete 
bathymetric coverage of the riverbed, the RTK-GPS equipped echo-sounder was attached to a 
motorized boat that circled the river channel at approximately 25-foot spacings at survey speed 
(i.e., 2-4 kilometers per hour). To ensure an accurate bathymetric survey, the echo-sounder 
data was compared against multiple RTK-GPS depths taken from the traditional rod method. 
Additional survey information was also collected using a traditional rod method to supplement 
the collected data within the pools immediately downstream of the Main Dam. The land and 
bathymetric surveys were combined into a single DEM. This was accomplished by merging 
the datasets into a single-point cloud and creating a surface using a Triangular Irregular 
Network (TIN) and breaklines (spillway structure, water surface elevations, etc.). The TIN was 
converted into raster format (also known as geoTIFF) and 1-foot contours for use in this study. 
The terrain data developed as part of Task 1 are shown in Figure 2-4. 
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Figure 2-1. Thompson Falls Hydroelectric Project Site Location Map 
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Figure 2-2. Thompson Falls Hydroelectric Project General Site Plan 

 

Photo: NorthWestern 
Energy 
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Figure 2-3. Thompson Falls Main Dam Site Photos 
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Figure 2-4. Task 1 Survey Data 
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2.2.2 Task 2 – Hydraulic Modeling 

2.2.2.1 Overview of Modeling Approach 

A CFD model was developed of the existing Thompson Falls Main Dam and river downstream 
of the dam using FLOW-3D HYDRO software (FLOW 3D) (version 22.1.0.16). The FLOW 
3D model is a robust CFD program capable of modeling a wide variety of hydraulics problems. 
FLOW 3D can perform both Shallow Water methods (a sophisticated 2D modeling method) 
and highly resolved 3D modeling of the river flow, using 3D topography, bathymetry, 
structures geometry, and the surrounding terrain. FLOW-3D can simulate fully 3D and 
transient flow to examine important parameters like velocity, mixing, pressure, turbulence 
intensity and dissipation, and free water surface profiles. FLOW-3D solves the Reynolds-
Averaged Navier-Stokes equations using a finite volume method and the flow surface is 
determined using a Volume of Fluid method.  

The CFD model included the Main Dam, portions of the reservoir immediately upstream of 
the Main Dam, and the channel downstream of the Main Dam. The model extended to 
approximately 500 feet downstream of the High Bridge. 

The hydraulic modeling involved two phases. The first phase used 2D simulations to provide 
depth averaged velocities at four flow scenarios (Table 2-1), ranging from 200 to 37,000 cubic 
feet per second (cfs). The modeling scenarios were developed to determine the flow behavior 
and resulting downstream flow conditions over the range of operating conditions for the 
upstream fish passage facility. 

The USGS Gage 12389000 Clark Fork Near Plains MT is located approximately 30 river miles 
upstream of Thompson Falls Dam. This gage provided context for the modeled flows and how 
they relate to previously observed conditions at the dam. Figure 2-5. USGS Gage 12389000 
Clark Fork Near Plains MT Flow Exceedance Curve shows a daily maximum flow exceedance 
curve developed from this gage with a period of record from October 1, 1910. As indicated in 
Figure 2-5, Scenario 4 represents approximately 78 percent of the observed flows in the Clark 
Fork River. For further reference, Figure 2-6 shows the average annual hydrograph at this 
USGS gage. As can be seen in this figure, the average annual hydrograph peaks in early June 
at approximately 59,000 cfs. This is approximately 98 percent of the flow evaluated in analysis 
Scenario 1.  
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Table 2-1. Summary of CFD Modeling Scenarios 

Run Modeled Spill over 
Main Dam 

Total River 
Discharge Key Output Goals 

1 37,000 cfs 60,000 cfs Assess downstream flow conditions during the upper 
limit of Upstream Fish Passage Facility operations 

2 25,000 cfs 48,000 cfs Assess downstream flow conditions at the high design 
flow of the Upstream Fish Passage Facility 

3 2,000 cfs 25,000 cfs Assess downstream flow conditions at an intermediate 
typical flow rate 

4 200 cfs <23,000 cfs 
Assess downstream flow conditions near the minimum 
operating conditions of the Upstream Fish Passage 
Facility 

Note: cfs = cubic feet per second 

These data were then used to identify specific locations in the river channel for the second 
phase of hydraulic modeling using 3D simulations. During Phase 2, the full model domain was 
analyzed using 3D modeling to better evaluate the vertical velocity distributions of flow 
downstream of the Main Dam. Additional evaluations during Phase 2 of the study evaluated 
flows of 37,000 and 2,000 cfs. These flow rates bracket the range of possible flow conditions 
that are likely to occur during operation of the Upstream Fish Passage Facility. 
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Figure 2-5. USGS Gage 12389000 Clark Fork Near Plains MT Flow Exceedance Curve 
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Figure 2-6. USGS Gage 12389000 Clark Fork Near Plains MT Average Annual Hydrograph 
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2.2.2.2 Phase 1 Hydraulic Modeling 

During development of the FLOW-3D model, a traditional hydraulic modeling approach was 
utilized. In general, preliminary models were simple, with just a few components included (i.e., 
the reservoir and a singular bay opening). As the hydraulic flow conditions were reviewed and 
validated against available data, the complexity of the model was gradually increased to 
encompass the final model domain and all flow structures. Additionally, as these preliminary 
model runs were performed, discharge rates for the various control structures including the 
gated and paneled sections of the Main Dam were compared to empirical equations and 
available operational data to validate the model results with known flow rates and depths. 
Model adjustments were performed as necessary to calibrate the model to observed initial 
conditions and flow rates. This approach allowed for various model parameters and setup 
options to be evaluated such as physics modules and boundary conditions before performing 
the final simulations. The final modeling scenarios described below are the culmination of this 
model development process.  

The results presented in Section 3 – Results focus on characterizing the velocity and depth of 
the resulting flow regimes in those areas considered to be most applicable to fish behavior and 
passage.  

Development of Terrain for CFD Model 
To develop the terrain for the CFD model, several different sources were used. The bathymetry 
data collected during Task 1 of this study were supplemented with publicly available LiDAR 
from the U.S. Army Corps of Engineers and traditionally collected survey data collected by 
NorthWestern. Additionally, as-built drawings of the Main Dam and Upstream Fish Passage 
Facility were used to develop geometry for the discharge structures. Additional information 
regarding the Main Dam is provided in the Supporting Technical Information Document (WGI 
2016). The supporting piers for the High Bridge were not included in the model but are not 
expected to have a significant impact on the flow regimes within the model. This assumption 
is considered to be reasonable given the narrow profile of the bridge piers and placement 
outside of the main river channel.  

Figure 2-7 and Figure 2-8 show the terrain used in the CFD model. The terrain information 
shown in these figures generally represents the areas shown in the aerial photographs. These 
photographs were taken during a Main Dam discharge of approximately 26,800 cfs in May 
2021. The terrain data and spillway geometries were used to develop the mesh-generated 
FAVOR3 geometry in the CFD model. Figure 2-9 shows a comparison of the terrain data and 
the CFD geometry. 

 
3 FAVOR means “Fractional Area Volume Obstacle Representation.” The FAVOR method is used by 
FLOW-3D to represent geometry by smoothly blocking out fractional portions of the grid cells filled 
with the solid geometry. 
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Model Domains and Mesh Configurations 
Due to the range of flow rates evaluated, different model domains and mesh configurations 
were developed for each scenario. The details of the model domains for each of these scenarios 
is provided in Table 2-2. 

Table 2-2. Summary of Phase 1 CFD Modeling Domains 

Run Target Flow 
Rate Mesh Blocks and Cell Spacing Total Cell Count 

1 37,000 cfs 

6 Blocks @ 1 foot 
3 Blocks @ 2 foot 
1 Block @ 4 foot 
2 Shallow Water Blocks @ 8 foot 

7,964,767 

2 25,000 cfs 

4 Blocks @ 1 foot 
3 Blocks @ 2 foot 
1 Block @ 4 foot 
2 Shallow Water Blocks @ 8 foot 

5,901,293 

3 2,000 cfs 

1 Conforming Block @ 0.5 foot 
3 Blocks @ 1 foot 
3 Blocks @ 2 foot (1 conforming) 
1 Block @ 4 foot 
2 Shallow Water Blocks @ 8 foot 

8,274,027* 

4 200 cfs 

2 Blocks @ 0.5 foot (1 conforming) 
3 Blocks @ 1 foot (1 conforming) 
2 Blocks @ 2 foot (1 conforming) 
1 Block @ 4 foot 
2 Shallow Water Blocks @ 8 foot 

63,382,692* 

* This does not account for reduced cell counts due to conforming blocks. 

The 2D blocks had a spacing of 8 feet and were added to the CFD model using the shallow 
water physics module. FLOW-3D documentation indicates that using this module is 
appropriate when the fluid depth is much less than the fluid extents in other directions and  for 
large-scale simulations (Flow Science 2022). The general configuration and spatial extents of 
the model mesh are shown in Figure 2-10. All model scenarios began with a 3D mesh volume 
of approximately 107 million cubic feet and a 2D mesh area of approximately 1.3 million 
square feet. Both the 3D and 2D mesh portions were additionally reduced in size for each 
scenario using domain removing blocks. The removal of cells that are not wetted during the 
entire model runtime improve computation efficiency of the FLOW-3D solver. Additional 
details of the domain removing blocks and mesh configurations are provided in Attachment B. 
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Figure 2-7. CFD Model – CAD Geometry (1 of 2) 
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Figure 2-8. CFD Model – CAD Geometry (2 of 2) 
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Figure 2-9. CFD Model – FAVOR Surface Comparison 
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Figure 2-10. Phase 1 CFD Model – Mesh Layout 
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Modeling Parameters 
While developing the model for the Main Dam, parameters within the FLOW-3D software 
were selected to best suit the high velocity flow through the dam structures and turbulent 
conditions downstream of the Main Dam. To model the turbulent flow, the Renormalized 
Group (RNG) turbulence model was used. The RNG model is similar to k-ε model with the 
modification that a number of numerical constants are derived explicitly. Additionally, the 
RNG model uses a dynamically computed mixing length. This turbulence model is generally 
recommended for turbulent flows because it can accurately model flows that have strong shear 
regions (Flow Science 2021).  

A sensitivity analysis of the turbulence model selection was performed and is documented in 
Section 3.3 – CFD Model Sensitivity Analysis. At the upstream end of the model, a constant 
pressure boundary condition was used to set a steady reservoir water surface corresponding to 
the normal reservoir water surface elevation. At the downstream end of the model, a pressure 
boundary was used to allow water to maintain a tailwater elevation in the model and allow 
flow to freely exit from the model domain. To model the forces and energy losses along solid 
objects, the immersed boundary method (IBM) option was selected (Flow Science 2021). The 
IBM option simulates “ghost cells” within the solid boundary layer to resolve numerical errors 
that occur at the boundary layer in fractional area cells (Flow Science 2021). 

In numerical modeling, the selected timestep can have an impact on model accuracy as well as 
calculation runtimes. The computational timestep within the FLOW-3D model is dynamically 
computed during the model simulation and cannot be manually controlled by the user. In 
general, the timestep is adjusted by the solver to produce a stable model result and to meet 
convergence criteria, generally pressure residuals, at each mesh cell within the model domain. 
While the timestep can be reduced as small as 1x10-7 seconds, the Thompson Falls model 
generally utilized a timestep of approximately 5x10-3 seconds, which provided a stable model 
result and allowed for convergence criteria to be met. During the simulation runtime, several 
solver diagnostic variables were monitored to assess and confirm model stability. The model 
scenarios generally used a simulation duration of approximately 600 seconds (10 minutes). 
This simulation duration allowed for flows to reach steady-state throughout the model domain. 

The FLOW-3D model allows the user to assign surface roughness values to the various 
geometry components within the domain. These values are designated based on absolute 
roughness values, also referred to as Nikuradse roughness. These values can be estimated from 
more typical Manning’s n-values through the Manning-Strickler equation (Chow 1959). For 
this model, absolute roughness values of 2.1x10-3 and 0.14 were used for the concrete and 
natural surfaces, respectively. These values correspond to manning’s n-values of 0.015 and 
0.03 which are considered appropriate for the concrete and natural rock channel surfaces, 
respectively. These roughness values are primarily used within the FLOW-3D model to 
account for skin friction. Other losses due to momentum and impacts with the rocky and 
uneven channel topography (form losses) are accounted for in the numerical solver directly. 
The FLOW-3D hydraulic model summary and input and output files are provided in 



 

© NorthWestern Energy  2-20 May 2023 
  Final Study Report –Hydraulic Conditions Study 

Attachment B. A sensitivity analysis for these roughness values is included in Section 3.3 – 
CFD Model Sensitivity Analysis. 

Modeling Scenarios and Flow Distribution 
To produce each of the target flow rates, different combinations of gate and panel openings on 
the Main Dam were used for each scenario. In general, these opening configurations were 
developed in accordance with Project operations as defined in the Total Dissolved Gas (TDG) 
Plan (PPL Montana 2010). The Upstream Fish Passage Facility is equipped with an auxiliary 
water system which adds attraction water to the lower ladder, by discharging through one of 
the fishway entrances into the tailrace (Figure 2-11). In addition, the Upstream Fish Passage 
Facility is equipped with a High Velocity Jet (HVJ) which is designed to discharge 20 cfs 
through a 14-inch-diameter orifice, producing a discharge jet velocity of approximately 19 feet 
per second (fps) into the tailrace.  

Except for the eight bays which contain the four radial gates, each of the 38 bays at the Main 
Dam have 8-foot-high fixed wheel panels atop 8-foot-high flashboards. Each of these panels 
is approximately 4 feet wide and can generally be removed individually to produce the desired 
outflow rate at the Main Dam. Each bay contains approximately six panels. This number varies 
between bays which have wider dividing piers. Additionally, to provide additional attraction 
flows near the Upstream Fish Passage Facility, a half panel is removed from Bay 1. A half 
panel is 4 feet wide but is only 4 feet tall. 
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Figure 2-11. Looking Downstream from Main Dam, Upstream Fish Passage Facility on Right, 
With Auxiliary Water Supply and HVJ 
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The details of the opening configurations for each scenario are provided in Table 2-3. In 
addition to the flow rates summarized below, the original Powerhouse and new Powerhouse 
are assumed to be passing 23,000 cfs.  

Table 2-3. Summary of CFD Modeling Scenarios and Flow Distribution 

Run  
Fish 

Passage 
and HVJ 

Bay 1 
Attraction Flows 

Radial Gates 
(Bays 16-19) 

Radial Gates 
(Bays 26-29) 

Panels 
(Bays 2-15, 

20-25, 30-38)* 

Main Dam 
Flow 

1 80 cfs 1/2 Panel 
(120 cfs) 

Full Open 
(17,500 cfs) Closed 

3-5 : 1 
10, 11 : 6 
20-25 : 6 
34 : 5 
35-38 : 6 
(19,300 cfs) 

37,000 cfs 

2 80 cfs 1/2 Panel 
(120 cfs) 

Full Open 
(17,500 cfs) Closed 

3-5 : 1 
20 : 2 
35-38 : 6 
(7,300 cfs) 

25,000 cfs 

3 80 cfs 1/2 Panel 
(120 cfs) 

2.2 feet Open 
(1,800 cfs) Closed - 2,000 cfs 

4 80 cfs 1/2 Panel 
(120 cfs) Closed Closed - 200 cfs 

* Bay Number(s): Panels Opened 

Based on the preliminary CFD model simulation results, minor differences in the discharge 
capacity for each panel were identified compared to the discharge capacity of 235 cfs per panel 
reported in the TDG Plan (PPL Montana 2010). These differences largely can be attributed to 
variations in panel width due to the locations of the different pier sizes that may not have been 
accounted for in the previous study and differences of less than 5 percent in the estimated 
discharge capacity of the radial gate openings. To account for the minor differences in 
discharge capacity, additional flow panels were opened for model simulations 1 and 2 to 
achieve the target flow rates. 

2.2.2.3 Phase 2 Hydraulic Modeling 

The Phase 2 hydraulic modeling was performed with the full model domain evaluated in three 
dimensions. The hydraulic model included the same 3D mesh blocks as Phase 1 of the study 
and replaced the 2D modeling meshes in downstream channel with new meshes of 3D cells. 
The new 3D mesh blocks were made up of 4-foot cells. The general configuration and spatial 
extents of the model mesh are shown in Figure 2-12. All model scenarios began with a 3D 
mesh volume of approximately 107 million cubic feet. Due to the range of flow rates evaluated, 
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different model domains and mesh configurations were developed for each scenario. The 
details of the model domains for each of these scenarios is provided in Table 2-4. 

Table 2-4. Summary of Phase 2 CFD Modeling Domains 

Run Target Flow 
Rate Mesh Blocks and Cell Spacing Total Cell Count 

1 37,000 cfs 

6 Blocks @ 1 foot 
3 Blocks @ 2 feet 
1 Block @ 4 feet 
2 Blocks @ 4 feet 

7,964,767 

2 2,000 cfs 

1 Conforming Block @ 0.5 foot 
3 Blocks @ 1 foot 
3 Blocks @ 2 feet (1 conforming) 
1 Block @ 4 feet 
2 Blocks @ 4 feet 

8,274,027* 

* This does not account for reduced cell counts due to conforming blocks. 

In general, all other modeling parameters were the same as in Phase 1, including surface 
roughness values, initial conditions, modeling methods, etc. Only the downstream mesh blocks 
were changed to full 3D meshes.  

Use of the full 3D model domain allowed the model to be further refined along the downstream 
channel and along the margins of the river channel. This helped to evaluate the depth specific 
velocities and distribution of flow within areas that are critical for movement of salmonids and 
other fishes. Use of a full 3D model also allowed for several cross sections to be established at 
specific locations along the flow path to provide a detailed assessment of the vertical 
distribution of flow velocities at these cross sections. This helped identify areas that may be an 
obstacle to fish passage or may provide critical resting areas for the fish prior to entering the 
fish passage facility.  

The cross sections were developed for the locations near the fish passage facility entrance, 
through the falls area, and near High Bridge (refer to Figure 2-2). These locations for the 
cross-section output were selected based on review of the 2D modeling results which indicated 
potential areas that may be an obstacle to upstream fish passage. However, due to limitations 
with the Flow-3D post processor, the sections are required to be cut parallel to the X and Y 
planes of the 3D model mesh. This limitation resulted in a series of horizontal cross sections 
that were cut parallel to the mesh plane to capture the velocity distributions through the falls 
area at the higher flow rate of 37,000 cfs. At the fish passage facility entrance two cross 
sections were used, and at High Bridge one cross section was used, to capture the velocity 
distributions.  
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Figure 2-12. Phase 2 CFD Model – Mesh Layout 
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Fish Passage and Behavioral Criteria 
The Fish Behavior Study ISR provided the results of a literature review summarizing the 
swimming capabilities of Rainbow (Oncorhynchus mykiss), Westslope Cutthroat 
(Oncorhynchus clarki lewisi), Brown (Salmo trutta), Bull trout and other native fish species 
(NorthWestern 2022b). The findings of this literature review were used to evaluate the range 
of flows at which water velocities in the study area are within swimming abilities of fish, 
allowing for migration upstream to the Upstream Fish Passage Facility.  

The Phase 2 modeling evaluated the vertical velocity distributions of flow downstream of the 
Main Dam for two flow scenarios. The 3D flow velocity modeling output was grouped in 
relation to fish swimming abilities from available published literature. Details of fish 
swimming abilities by species are provided in Section 3.4 of the Fish Behavior Report ISR 
(NorthWestern 2022b).  

Velocity gradients were delineated into three categories (Table 2-5) to best compile and 
illustrate fish swimming abilities. The three velocity categories are generalized and not 
intended to reflect the swim speed capabilities of a specific fish species. The velocity results 
were categorized into these three groups to identify areas in the downstream reach that could 
potentially be an obstacle to upstream fish passage. The three groups are: 

1. Velocities of 7.0 fps or less, which encompasses the majority of the species 
swimming abilities for prolonged and burst speeds4  

2. Velocities between 7.1 and 14.0 fps, the range of burst speeds for all the salmonid 
species, and 

3. Velocities exceeding 14.0 fps, which is greater than all species prolonged and burst 
swimming abilities.  

Table 2-5. Velocity Categories, Grouped by Fish Swimming Abilities, Used in the 3D Model 
Scenarios. 

Velocity Categories Velocity  
(fps) 

Most Species - mix of Prolonged and Burst speeds 0-7.0 

Many Species - Burst Speeds 7.1-14.0 

Exceeds Burst Speeds >14.0 

 

 
4 Prolonged swim speeds are those speeds that fish can maintain for 20 seconds to 200 minutes and 
ends in fatigue. Burst swim speeds are the highest speeds attainable by fish and can be maintained 
for only short periods of time (<20 seconds) (Beamish 1978). 
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 Modeling Limitations 

With all hydraulic models there is some level of uncertainty and modeling error associated 
with the results. The accuracy of the model depends on the accuracy and resolution of the 
surveyed surfaces above and below the water in the natural channel and at what resolution that 
data is rendered in the model. The model calculations may not capture all the details of the 
underlying rocky terrain surface, particularly overhangs or undercuts that do not show up in a 
bathymetric survey. The model resolution, extents and simulation time are selected to balance 
the computational efficiencies and the level of detail in the model, otherwise simulation 
durations and model output become unreasonable and are not practical for use. Additionally, 
the CFD model results represent a snapshot in time, once steady state conditions have occurred, 
and may not account for the dynamics that are a result of constantly changing flow rates in the 
natural river system.  

The flow characteristics presented in this report are based on considerable modeling experience 
and represent an accurate model with the corresponding limitations. Accordingly, the results 
of this study are considered approximate, and the flow depths, velocities, and discharges should 
be used only as guidance for understanding the possible flow conditions in the channel. Actual 
river flow conditions, depths, velocities, and discharges may vary from the results presented 
in this report. 

 Variances from the FERC-approved Study Plan 

A variance from the FERC-approved Study Plan is the inclusion of 3D modeling blocks for 
portions of the Main Dam structure during the initial hydraulic model study. This is an 
enhancement to the study. The 3D modeling blocks were necessary to allow the CFD model 
to better capture the dynamic 3D flow conditions that occur at, and immediately downstream 
of, the Main Dam structure. 

In addition, the FERC-approved Study Plan described the study area as the Main Dam 
downstream to the High Bridge. Specifically, the Study Plan stated that, “Based on available 
Project information and collected survey data, a 3D Computer Aided Design (CAD) model 
will be created of the spillway, downstream river channel and surrounding terrain. The 
downstream river channel will extend to just upstream of the High Bridge, or approximately 
1,500 feet downstream of the dam.” The study was conducted over a longer reach of river, 
from the Main Dam to 500 feet downstream of the High Bridge, which is an enhancement of 
the study. 

The Interim Report (NorthWestern 2022c) was distributed to FWP, FWS, and USFS on 
February 15, 2022, with request for comments by March 17, 2022 which was two weeks later 
than dates specified in the FERC-approved Study Plan. The meeting with FWP, FWS, and 
USFS was held March 10, 2022, as described in the FERC-approved Revised Study Plan 
(NorthWestern 2021), and the Interim Report was incorporated into the ISR. 
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3.0 Results 

 General Observations 

Based on the results of CFD modeling, flows immediately downstream of the Thompson Falls 
Main Dam are very complex, dynamic, and highly turbulent. Due to the curved shape of the 
Main Dam, the flow jets through the panel and gate openings collide downstream of the 
structure causing significant mixing, turbulence, and energy dissipation. As flows pass 
downstream through the rocky falls area, velocities generally increase but are quickly 
dissipated. Downstream of the falls, the river makes a sharp bend to the right, in an area known 
as the Dollar Hole (Figure 3-1). This bend in the river alignment further dissipates velocities. 
As flows proceed farther downstream to the High Bridge, approximately 2,200 feet 
downstream of the Main Dam, flows are relatively calm and uniform. Velocities increase again 
as the river narrows and depths decrease at the downstream boundary of the model domain 
approximately 500 feet downstream of the High Bridge (Figure 3-1). The results of the CFD 
analyses for each scenario are described in detail in the following sections. 

 Phase 1 CFD Model Results 

3.2.1 Run 1: 37,000 cfs 

Run 1, with a discharge rate of approximately 37,000 cfs, generally represents the maximum 
flow rate at which the Upstream Fish Passage Facility is operated. Perspective views of the 
modeled water surface and velocity gradient output at a steady-state flow condition of 
37,000 cfs are depicted in Figure 3-1. The dam structures are colored gray for distinction from 
the terrain. Based on a discharge of 37,000 cfs, the CFD model computed general depths of 
approximately 5 to 8 feet within areas upstream of the falls. Some isolated locations are deeper 
with localized pooling. Within the falls area, the river is approximately 25 feet deep. 
Downstream of the falls, depths exceed 50 feet at the right turn in the river channel and again 
near High Bridge. A plan view of depths within the model domain is shown in Figure 3-2. 

Water velocities downstream of the Main Dam generally range from approximately 2 to 21 feet 
per second (fps). In general, the highest velocities are on the downstream face of the Main 
Dam, which are reduced considerably immediately downstream of the Main Dam due to 
energy dissipation from the highly turbulent flows. A plan view of water velocities within the 
model domain are shown in Figure 3-3. As indicated in Figure 3-4, the local Upstream Fish 
Passage Facility velocities are relatively low (less than 5 fps) due to the submergence of the 
Upstream Fish Passage Facility. Within the falls area, water velocities increase to a maximum 
of approximately 21 fps. Within the main river channel downstream of the falls, velocities 
decrease to approximately 11 fps as the channel widens and turns right. As the channel narrows 
again and flows pass under the High Bridge near the downstream end of the model, velocities 
increase to approximately 20 fps. The margins of the downstream river channel generally 
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exhibit velocities of approximately 3 fps. However, along the left bank of the main channel 
there are a number of small side channels which locally increase the velocities. These generally 
reenter the main river channel near or just downstream of the High Bridge. Overall, the depth-
averaged velocities from the Upstream Fish Passage Facility, through the channel downstream 
of High Bridge range from about 3 to 20 fps, with the higher velocities in the main channel 
path and lower velocities along the edges of the channel banks.  

The flow path streamlines for Run 1, with a discharge rate of approximately 37,000 cfs, are 
shown in Figure 3-5. As indicated in Figure 3-5, the majority of the flow is concentrated 
towards and over the falls area, and then downstream and to the right before passing below the 
High Bridge. Velocity and water surface profiles along the centerline of the main flow path of 
the downstream channel are shown in Figure 3-6.



 

© NorthWestern Energy  3-3 May 2023 
  Final Study Report –Hydraulic Conditions Study 

Figure 3-1. Run 1: 37,000 cfs Perspective Views 

  

Dollar Hole 

The falls, 21 fps 

Downstream of  
High Bridge, 20 fps 



 

© NorthWestern Energy  3-4 May 2023 
  Final Study Report –Hydraulic Conditions Study 

Figure 3-2. Run 1: 37,000 cfs Plan View of Flow Depths 
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Figure 3-3. Run 1: 37,000 cfs Plan View of Velocities 
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Figure 3-4. Run 1: 37,000 cfs Upstream Fish Passage Facility Entrance Details 
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Figure 3-5. Run 1: 37,000 cfs Flow Path Streamlines 
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Figure 3-6. Run 1: 37,000 cfs Plan and Profile 
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3.2.2 Run 2: 25,000 cfs 

Run 2, with a discharge rate of approximately 25,000 cfs, generally represents the high design 
flow for the Upstream Fish Passage Facility. Perspective views of the modeled water surface 
and velocity gradient output at a steady-state flow condition of 25,000 cfs are depicted in 
Figure 3-7. The dam structures are colored gray for distinction from the terrain. The model 
results at this flow rate are very similar to those estimated for Run 1. Based on a discharge of 
25,000 cfs, the CFD model computed general flow depths of approximately 5 to 8 feet within 
areas upstream of the falls. Some isolated locations are deeper in areas with localized pooling. 
Within the falls, the river is approximately 21 feet deep. Downstream of the falls, the river is 
approximately 50 feet deep at the right turn in the river channel and again near High Bridge. 
A plan view of water depth within the model domain is shown in Figure 3-8. 

The velocities downstream of the Main Dam generally range from approximately 2 to 20 fps. 
In general, the highest velocities are on the downstream face of the Main Dam, which are 
reduced considerably immediately downstream of the Main Dam due to energy dissipation 
from the highly turbulent flows. A plan view of flow velocities within the model domain is 
shown in Figure 3-9. A detailed view of the velocities in the vicinity of the Upstream Fish 
Passage Facility is shown in Figure 3-10. As indicated in Figure 3-10, the local Upstream Fish 
Passage Facility velocities are relatively low (less than 5 fps) due to the submergence of the 
HVJ at the Upstream Fish Passage Facility. The HVJ has limited influence on the resulting 
downstream velocity field. Within the falls area, velocities increase to a maximum of 
approximately 27 fps. These velocities are slightly higher than those modeled at 37,000 cfs 
due to less submergence and a larger drop across the falls. Within the main river channel 
downstream of the falls, flow velocities decrease to approximately 13 fps as the channel widens 
and turns right. As the channel narrows again and flows pass under the High Bridge near the 
end of the model, velocities increase to approximately 19 fps. The margins of the downstream 
river channel generally exhibit velocities of approximately 1 to 5 fps. Overall, the depth-
averaged velocities from the Upstream Fish Passage Facility, through the channel downstream 
of High Bridge, range from about 2 to 27 fps, with the high velocities in the main channel path 
and lower velocities along the edges of the channel banks.  

The flow path streamlines for Run 2, with a discharge rate of approximately 25,000 cfs, are 
shown in Figure 3-11. As indicated in Figure 3-11, the majority of the flow is concentrated 
towards and over the falls area, and then downstream and to the right before passing below the 
High Bridge. Velocity and water surface profiles along the centerline of the main flow path of 
the downstream channel are shown in Figure 3-12. 
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Figure 3-7. Run 2: 25,000 cfs Perspective Views 
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Figure 3-8. Run 2: 25,000 cfs Plan View of Flow Depths 
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Figure 3-9. Run 2: 25,000 cfs Plan View of Velocities 
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Figure 3-10. Run 2: 25,000 cfs Upstream Fish Passage Facility Entrance Details 
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Figure 3-11. Run 2: 25,000 cfs Flow Path Streamlines 
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Figure 3-12. Run 2: 25,000 cfs Plan and Profile 
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3.2.3 Run 3: 2,000 cfs 

Run 3, with a discharge rate of approximately 2,000 cfs, generally represents an intermediate 
flow rate. Perspective views of the modeled water surface and velocity gradient output at a 
steady-state flow condition of 2,000 cfs are depicted in Figure 3-13. The dam structures are 
colored gray for distinction from the terrain. Based on a discharge of 2,000 cfs, the CFD model 
computed flow general depths of approximately 2 to 6 feet within areas upstream of the falls. 
Some isolated locations are deeper in areas with localized pooling. Within the falls, flows 
deepen to approximately 7 feet deep. Downstream of the falls, flow depths are about 50 feet at 
the right turn in the river channel and are about 36 feet deep near High Bridge. A plan view of 
flow depths within the model domain is shown in Figure 3-14.  

The velocities downstream of the Main Dam range from approximately 2 to 15 fps. In general, 
the highest velocities are immediately downstream of the open radial gates. However, these 
velocities are quickly reduced due to energy dissipation from the turbulent flow in the pool 
downstream of the Main Dam structure. A plan view of flow velocities within the model 
domain is shown in Figure 3-15. The velocities from the open radial gate generally carry flow 
directly towards the falls. The pools to the left and right of this main flow path generally have 
limited flow and are relatively calm. A detailed view of the velocities in the vicinity of the 
Upstream Fish Passage Facility is shown in Figure 3-16. As indicated in Figure 3-16, the local 
Upstream Fish Passage Facility velocities are about 3 to 12 fps, which is noticeably higher than 
the previous two simulations due to the lower submergence of the HVJ. Additionally, the 
impacts of the HVJ and Upstream Fish Passage Facility entrance flows are much more evident. 
Within the falls area, the flow velocities increase to a maximum of approximately 23 fps. 
Within the main river channel downstream of the falls, peak flow velocities decrease to about 
3 to 5 fps as the channel widens and turns right. As the channel narrows again and flows pass 
under the High Bridge near the end of the model, velocities increase to slightly greater than 2 
fps. The margins of the downstream river channel generally exhibit velocities less than 1 fps. 
Overall, the depth-averaged velocities from the Upstream Fish Passage Facility, through the 
channel downstream of High Bridge range from about 3 to 23 fps, with the higher velocities in 
the main channel path and lower velocities along the edges of the channel banks.  

The flow path streamlines for Run 3, with a discharge rate of approximately 2,000 cfs, are 
shown in Figure 3-17. As indicated in Figure 3-17, the majority of the flow is concentrated 
towards and over the falls area, and then downstream and to the right before passing below the 
High Bridge. Velocity and water surface profiles along the centerline of the main flow path of 
the downstream channel are shown in Figure 3-18. 
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Figure 3-13. Run 3: 2,000 cfs Perspective Views 
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Figure 3-14. Run 3: 2,000 cfs Plan View of Flow Depths 
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Figure 3-15. Run 3: 2,000 cfs Plan View of Velocities 
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Figure 3-16. Run 3: 2,000 cfs Upstream Fish Passage Facility Entrance Details 
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Figure 3-17. Run 3: 2,000 cfs Flow Path Streamlines 
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Figure 3-18. Run 3: 2,000 cfs Plan and Profile 
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3.2.4 Run 4: 200 cfs 

Run 4, with a discharge rate of approximately 200 cfs, generally represents the minimum 
discharge rate of the Main Dam and Upstream Fish Passage Facility. Perspective views of the 
modeled water surface and velocity gradient output at a steady-state flow condition of 200 cfs 
are depicted in Figure 3-19. The dam structures are colored gray for distinction from the 
terrain. Based on a discharge of 200 cfs, the CFD model computed general flow depths of 
approximately 1 to 5 feet within areas upstream of the falls. Some isolated locations are deeper 
in areas with localized pooling. Within the falls, flows are generally less than 3 feet deep. 
Downstream of the falls, flow depths are about 50 feet at the right turn in the river channel and 
are about 36 feet deep near High Bridge. A plan view of flow depths within the model domain 
is shown in Figure 3-20. In general, the majority of flows aside from some splash and spray is 
contained within the main path of the falls. 

The velocities downstream of the Main Dam generally are less than 2 fps. Velocities are higher 
immediately downstream of bay 1. However, these velocities are quickly dissipated within the 
pool in front of the Upstream Fish Passage Facility entrance. A plan view of flow velocities 
within the model domain is shown in Figure 3-21. A detailed view of the velocities in the 
vicinity of the Upstream Fish Passage Facility is shown in Figure 3-22. As indicated in 
Figure 322, the local Upstream Fish Passage Facility velocities range from 3 to 8 fps. Higher 
velocities are most evident where  flows pass from the HVJ and Upstream Fish Passage Facility 
entrance into the neighboring pool. Within the falls, flow velocities increase to a maximum of 
approximately 17 fps. As flows exit the falls and enter the main river channel, the velocities 
are quickly dissipated to 3 fps or less. As the river channel widens flows pass through the 
righthand bend, velocities are less than 2 fps. The remainder of the modeled river channel also 
exhibits flow velocities less than 1 to 2 fps across the full cross section of the channel. Overall, 
the depth-averaged velocities from the Upstream Fish Passage Facility, through the channel 
downstream of High Bridge, range from about 3 to 17 fps, with the higher velocities isolated 
to the falls area and downstream of the Upstream Fish Passage Facility.  

The flow path streamlines for Run 4, with a discharge rate of approximately 200 cfs, are shown 
in Figure 3-23. As indicated in Figure 3-23, all flow is concentrated towards and over the falls 
area, and then downstream and to the right before passing below the High Bridge. Velocity 
and water surface profiles along the centerline of the main flow path of the downstream channel 
are shown in Figure 3-24. 
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Figure 3-19. Run 4: 200 cfs Perspective Views 
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Figure 3-20. Run 4: 200 cfs Plan View of Flow Depths 
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Figure 3-21. Run 4: 200 cfs Plan View of Velocities 
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Figure 3-22. Run 4: 200 cfs Upstream Fish Passage Facility Entrance Details 
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Figure 3-23. Run 4: 200 cfs Flow Path Streamlines 
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Figure 3-24. Run 4: 200 cfs Plan and Profile 
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Results of hydraulic analyses for CFD modeling of the Thompson Falls Main Dam and 
downstream channel are summarized in Table 3-1 below.  

Table 3-1. Results of Thompson Falls Dam Phase 1 CFD Modeling 

Run 
Flow 
Rate 
(cfs) 

Typical 
Flow 
Depth 
Below 
Dam* 
(feet) 

Maximum 
Velocity 
Below 
Dam* 
(fps) 

Typical Velocity 
Near Upstream 
Fish Passage 

Facility 
Entrance 

(fps) 

Maximum 
Velocity 
Through 

Falls 
(fps) 

Downstream 
Channel 
Margin 

Velocities 
(fps) 

Maximum 
Velocity 

Near 
High 

Bridge 
(fps) 

1 37,000 5-8 20 1-5 21 3 20 

2 25,000 5-8 20 1-5 27 1-5 19 

3 2,000 2-6 15 3-12 23 <1 2 

4 200 1-5 10 3-8 14 <1 <1 
* These columns refer to the area below the Main Channel Dam but above the falls 

 CFD Model Sensitivity Analysis 

3.3.1 General 

Sensitivity analyses of the hydraulic modeling parameters used in the CFD model were 
performed to test the influence of the selected values. A surface friction sensitivity analysis 
was performed to evaluate the influence of the assumed surface friction values. In addition, an 
analysis of the selected turbulence model used in the CFD model was performed. The 
sensitivity analyses are discussed below. 

3.3.2 Surface Roughness Sensitivity Analysis Results 

To evaluate the effects of surface friction and account for uncertainty in the selected values, 
the geometry surface roughness values were adjusted from the base values. This sensitivity 
analysis is especially valuable as there is no measured data available at the high flow rates 
evaluated to calibrate the selection of surface roughness values. The model was evaluated using 
Run 2 with a steady-state flow rate of approximately 25,000 cfs. 

The CFD model uses a surface absolute roughness value in feet, which is usually a very small 
number, so adjusting these values directly has  minimal impact on the hydraulic modeling 
results. However, the surface roughness values can be converted to an equivalent Manning’s 
n-value, which when adjusted has a larger potential to influence the hydraulic modeling results. 
The CFD base model simulations have assumed an equivalent Manning’s n-value of 0.015 for 
the concrete surfaces and 0.03 for the natural rocky surfaces. This value was converted to a 
surface roughness value using the Strickler Equation (Chow 1959), which uses a non-linear 
function to convert the n-values into an equivalent surface roughness depth in feet for the CFD 
model. The concrete and natural surface Manning’s n-values were adjusted by ±20-percent. 
The resulting roughness values are provided in Table 3-2 below. These values  were selected 
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to show the possible range of changes in results that could occur from variations in surface 
roughness. 

Table 3-2. Surface Roughness Sensitivity Values 

Material 

Base Case 
Surface Roughness 

Values 

High Surface Roughness 
(+20%) 

Low Surface Roughness 
(-20%) 

Manning’s 
n 

Absolute 
Roughness 

Manning’s 
n 

Absolute 
Roughness 

Manning’s 
n 

Absolute 
Roughness 

Concrete 0.015 2.16e-3 .018 6.48e-3 .012 5.68e-4 

Natural 0.03 1.39e-1 .036 4.15e-1 .024 3.64e-2 

The surface roughness sensitivity analysis results are summarized in Table 3-3. 

Table 3-3. Surface Roughness Sensitivity Analysis Results 
Base Case Surface 

Roughness High Surface Roughness Low Surface Roughness 

Falls Velocity 
(fps) 

Downstream 
Channel 
Margin 

Velocity  
(fps) 

Falls 
Velocity 

(fps) 

Downstream 
Channel 
Margin 
Velocity  

(fps) 

Falls 
Velocity 

(fps) 

Downstream 
Channel 
Margin 

Velocity 
(fps) 

27 1-5 25 1-5 29 2-6 

Overall, the results of the CFD model with adjusted surface roughness values were similar to 
base case results for the flow scenario evaluated. The model showed relatively low sensitivity 
to the surface roughness adjustments. The estimated velocities through the falls varied by a 
maximum of approximately 2 fps. The estimated downstream channel margin velocities varied 
only a minor amount. Based on the results of the surface roughness sensitivity analyses, the 
selected surface roughness values are considered adequate to model the hydraulic conditions 
at the Main Dam. Additional details of the surface roughness sensitivity are provided in 
Attachment B. 

3.3.3 Modeling Parameter Sensitivity 

Six different turbulence options are available within the FLOW-3D model for modeling 
turbulent conditions. This sensitivity analysis has evaluated both the RNG k-ε and k- ω models. 
In general, these two model options are considered to be the most appropriate of the six for the 
flow conditions at the Main Dam. 

The FLOW-3D documentation shows that generally the RNG k-ε model has a wide 
applicability and is known to “describe low intensity flows and flows having strong shear 
regions more accurately” (Flow Science 2022). The FLOW-3D documentation explains that 
the k-ω model “is superior,” to the RNG model “near wall boundaries and in flows with 
streamwise pressure gradients” (Flow Science 2022). To evaluate the impact of selecting 
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different turbulence modules, separate simulations for Run 2 with a steady-state flow rate of 
25,000 cfs were evaluated. Quantitatively, the results of both models showed similar results. 
The most significant difference between the results was that the k-ω model showed slightly 
lower (less than 0.5 feet) water surfaces within the main river channel downstream of the falls. 
Velocities were generally the same with minor variations generally limited to the locations 
with slightly different water surface elevations. Discharge rates through the Main Dam varied 
by less than 1 percent due to the different turbulence models. Additional details of the 
turbulence model sensitivity are provided in Attachment B. In general, the RNG k-ε 
turbulence model is considered to be appropriate for modeling the Main Dam. 

 Phase 2 CFD Model Results 

The Phase 2 modeling evaluated conditions at 37,000 and 2,000 cfs. These flows were selected 
based on an evaluation of historic flow conditions, in coordination with Relicensing 
Participants, as described in Section 1.1 – Hydraulic Conditions Study Background and 
Section 2 – Methods. Results of the modeling at these two flows are as follows. 

3.4.1 Run 1: 37,000 cfs 

Run 1, with a discharge rate of approximately 37,000 cfs, generally represents the maximum 
flow rate at which the Upstream Fish Passage Facility is operated. Perspective views of the 
modeled water surface and velocity gradient output at a steady-state flow condition of 
37,000 cfs are depicted in Figure 3-25. As shown in Figure 3-25, the flow conditions are 
generally the same as the Phase 1 study results. In general, the depths and velocities are similar 
through the downstream reach where the model was refined with a 3D mesh. This is likely due 
to the relatively deep uniform flow that occurs during the high flow conditions. 

Based on a discharge of 37,000 cfs, the CFD model-computed water velocities downstream of 
the Main Dam generally range from approximately 2 to 21 fps. In general, the highest velocities 
are on the downstream face of the Main Dam, which are reduced considerably immediately 
downstream of the Main Dam due to energy dissipation from the highly turbulent flows. A 
plan view of the categorized water velocities within the model domain are shown in 
Figure 3-26. As indicated in Figure 3-26, the Upstream Fish Passage Facility velocities are 
relatively low (less than 7 fps) due to the submergence of the HVJ at the Upstream Fish Passage 
Facility. Within the falls area, water velocities increase, and the majority of the cross-sectional 
area is above the maximum burst speed (greater than 14 fps) except for isolated locations along 
the banks of the river. Within the main river channel downstream of the falls, velocities 
decrease to swimmable velocities as the channel widens and turns right. As the channel 
narrows again and flows pass under the High Bridge near the downstream end of the model, 
velocities increase to above the maximum burst speed (greater than 14 fps), except for along 
the margins of the downstream river channel. Overall, the velocities from the Upstream Fish 
Passage Facility, through the channel downstream of High Bridge, range from about 3 to 20 
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fps, with the higher velocities in the main channel path and lower velocities along the edges of 
the channel banks.  

A detailed plan view and cross section views of the categorized water velocity at 37,000 cfs 
near the Upstream Fish Passage Facility are shown in Figure 3-27. As shown in Figure 3-27, 
the area around the fish ladder entrance and HVJ is generally submerged, resulting in velocities 
that are below 7 fps, which indicates the areas near the fish ladder entrance are swimmable for 
most species. In addition, a perspective view of the categorized water velocities at the fish 
ladder entrance and HVJ at 37,000 cfs is shown in Figure 3-28. As shown in Figure 3-28, the 
HVJ is submerged, and the surrounding velocities generally are below 7 fps.  

A detailed plan view of the categorized water velocity at 37,000 cfs through the falls area is 
shown in Figure 3-29. Sectional views through the falls area showing the categorized vertical 
velocity distributions are shown in Figure 3-30. As shown in the sectional views, the majority 
of the cross sections are above 14 fps, except for the areas along the margins of the riverbanks 
and a couple of isolated areas near the bottom of the channel cross section. This indicates that 
at a flow rate of 37,000 cfs there are potentially limited areas for the fish to pass through the 
falls. A detailed plan view and cross section of the categorized water velocities at 37,000 cfs 
around the High Bridge is shown in Figure 3-31. Similar to the falls areas, a flow rate of 
37,000 cfs at the High Bridge results in the majority of the river cross section flowing above 
14 fps except for the locations along the margins of the river. 
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Figure 3-25. Run 1: 37,000 cfs Perspective Views 
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Figure 3-26. Run 1: 37,000 cfs Overview 
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Figure 3-27. Run 1: 37,000 cfs Ladder Approach – Section Views 
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Figure 3-28. Run 1: 37,000 cfs Ladder Outlet Isometric View 
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Figure 3-29. Run 1: 37,000 cfs Falls – Plan View 
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Figure 3-30. Run 1: 37,000 cfs Falls Section Views 

   



 
 

© NorthWestern Energy  3-43 May 2023 
  Initial Study Report –Hydraulic Conditions Study 

Figure 3-31. Run 1: 37,000 cfs High Bridge – Section View 
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3.4.2 Run 2: 2,000 cfs 

Run 2, with a discharge rate of approximately 2,000 cfs, generally represents an intermediate 
flow rate that typically occurs during the ascending and descending limb of the hydrograph 
each year. Perspective views of the modeled water surface and velocity gradient output at a 
steady-state flow condition of 2,000 cfs are depicted in Figure 3-32. As shown in Figure 3-32, 
the flow conditions are generally the same as the Phase 1 study results. In general, the depths 
and velocities are similar through the downstream reach where the model was refined with a 
3D mesh. This is likely due to the relatively deep uniform flow that occurs through the 
downstream reach under most flow conditions. 

Based on a discharge of 2,000 cfs, the CFD model computed water velocities downstream of 
the Main Dam generally range from approximately 2 to 15 fps. In general, the highest 
velocities are immediately downstream of the open radial gate. However, these velocities are 
quickly reduced due to energy dissipation from the turbulent flow in the pool downstream of 
the Main Dam structure. A plan view of the categorized water velocities within the model 
domain is shown in Figure 3-33. As indicated in Figure 3-33, the local Upstream Fish Passage 
Facility velocities are relatively low (less than 7 fps) with a few isolated areas that are in the 
intermediate velocity category. Under these flow conditions the Upstream Fish Passage 
Facility and HVJ are not submerged. Within the falls area, water velocities increase, and the 
majority of the cross-sectional area is above the maximum burst speed (greater than 14 fps, 
maximum of 23 fps), except along the banks of the river where velocities are swimmable for 
fish. Within the main river channel downstream of the falls, velocities decrease to swimmable 
velocities as the channel widens and turns right. As the channel narrows again and flows pass 
under the High Bridge near the downstream end of the model, velocities increase slightly but 
the entire cross-sectional area remains below 7 fps. Overall, the velocities from the Upstream 
Fish Passage Facility, through the channel downstream of High Bridge, range from about 3 to 
23 fps, with the higher velocities in the main channel path and lower velocities along the edges 
of the channel.  

A detailed plan view and cross section views of the categorized water velocity at 2,000 cfs 
around the Upstream Fish Passage Facility is shown in Figure 3-34. As shown in Figure 3-34, 
the area around the fish ladder entrance is not submerged, resulting in surrounding velocities 
that are below 7 fps, which indicates the areas near the fish ladder entrance are accessible for 
most species. In addition, a perspective view of the categorized water velocities at the fish 
ladder entrance and HVJ at 2,000 cfs is shown in Figure 3-35. As shown in Figure 3-35, the 
HVJ is not submerged, and the HVJ plunges into the downstream areas and the surrounding 
velocities are generally below 7 fps. 

A detailed plan view and cross section view of the categorized water velocity at 2,000 cfs 
through the falls area is shown in Figure 3-36. As shown in the sectional view, the majority of 
the cross section is above 14 fps, except for the areas along the margins of the river. This 
indicates that at a flow rate of 2,000 cfs there are areas for the fish to pass through the falls. A 
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detailed plan view and cross section of the categorized water velocities at 2,000 cfs around the 
High Bridge is shown in Figure 3-37. As shown in Figure 3-37, a flow rate of 2,000 cfs at the 
High Bridge results in the entire river cross section flowing below 7 fps. 
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Figure 3-32. Run 2: 2,000 cfs Perspective Views 
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Figure 3-33. Run 2: 2,000 cfs Overview 
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Figure 3-34. Run 2: 2,000 cfs Ladder Approach – Section Views 
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Figure 3-35. Run 2: 2,000 cfs Ladder Outlet Isometric View 
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Figure 3-36. Run 2: 2,000 cfs Falls – Section Views 
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Figure 3-37. Run 2: 2,000 cfs High Bridge– Section View 
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3.4.3 Phase 2 Modeling Summary 

During Phase 2 of the study, the full model domain was analyzed using 3D modeling to 
evaluate the vertical velocity distributions of flow downstream of the Main Dam. Additional 
evaluations during Phase 2 of the study evaluated flows of 37,000 and 2,000 cfs. These flow 
rates bracket the range of possible flow conditions that are likely to occur during operation of 
the Upstream Fish Passage Facility. The Phase 2 portion of the study identified three critical 
areas in the downstream reach on which to focus the modeling including the area near the 
ladder entrance, the falls area and the High Bridge area. The results were evaluated based on 
three categories related to the swimming ability of the fish discussed above. Based on the 3D 
modeling results, the percent of the cross-sectional area for each velocity category was 
determined for each of three identified critical areas. The percent of the cross-sectional area 
for each velocity category at the ladder entrance, falls, and High Bridge areas are summarized 
in Table 3-4. 

Table 3-4. Results of Thompson Falls Dam Phase 2 CFD Modeling 
Location Ladder Entrance Falls Area High Bridge 

Flow Rate (cfs) 37,000 2,000 37,000 2,000 37,000 2,000 

Category 
Description 

Velocity 
Range 
(ft/sec) 

Percent of Cross-Sectional Area (%) 

Maximum 
Prolonged 

Swim Speed 
0-7.0 100 79 2 8 7 100 

Intermediate 
Swim Speed 

Range 
7.1-14.0 0 21 14 16 4 0 

Exceeds 
Maximum 

Burst Speed 
>14.0 0 0 84 76 89 0 

As shown in Table 3-4, for both flow rates evaluated, the fish passage facility entrance 
generally has large portions of the cross section that are below 7 fps, with negligible areas that 
exceed the maximum burst speed of 14 fps. These data indicate no impediments to fish passage 
in the area surrounding the upstream fish passage facility entrance.  

Conversely, for both flow rates evaluated, the falls area has large portions of the cross section 
that exceed 14 fps, with limited areas that are below 7 fps.  

At the High Bridge area, the results vary depending on the flow rate evaluated. At the higher 
flow, the majority of the cross-section velocity exceeds 14 fps with limited areas that are below 
7 fps. At the lower flow rate, the High Bridge velocities are all under 7 fps.  
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Overall, the CFD modeling results indicate the falls area is the critical area for fish passage 
upstream and could potentially be an obstacle that limits fish passage.  
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4.0 Discussion  

 Phase 1: 2D Model 

The Phase 1 study results provide an estimate of the hydraulic conditions of the Main Dam and 
fish passage facility including flow depths, velocities, and patterns in the downstream channel 
for flow rates ranging from 200 cfs up to about 37,000 cfs. Over this wide range of flow rates, 
the hydraulic characteristics of the flow downstream of the Main Dam vary considerably but 
present a similar pattern.  

In the area immediately downstream of the fish passage facility entrance, two different flow 
patterns were observed in the four scenarios evaluated. At higher flows (Run 1 and Run 2), the 
outlet of the fish passage facility and HVJ are submerged, resulting in these structures having 
minimal influence on the surrounding flow velocities. This is also evident based on the flow 
path streamlines, which show most of the flow path streamlines concentrated over the Main 
Dam gates and through the falls area. These modeling results indicate that at higher flows the 
attraction flow at the fish passage facility may be insufficient to provide efficient fish passage. 

During lower flows (Run 3 and Run 4), the HVJ is not submerged and the discharges from the 
upstream fish passage entrance produce a significant portion of the flow in this area. Therefore, 
at these lower flow rates, most of the flow path streamlines are concentrated near the entrance 
of the fish passage facility. These results indicate improved fish attraction to the fish passage 
facility entrance. 

Away from the fish passage entrance, the pools and channel immediately downstream of the 
Main Dam reduce the velocities and increase flow depths prior to the flow entering the highly 
turbulent falls area where velocities substantially increase. Velocities generally range from a 
few feet per second up to 27 fps over the falls area. Even at the lowest flow modeled, 200 cfs, 
the velocity through the falls is 17 fps, indicating that the falls is a potential obstacle to fish 
passage at all modeled flows. 

Downstream of the falls area, the flow enters the main river channel, where the sharp right 
bend in the channel at the Dollar Hole has the greatest depths in the modeled reach. In this 
area, velocities are reduced as the flow turns right toward the High Bridge. Even at the highest 
flow modeled, 37,000 cfs, the depth averaged velocity in the area of the Dollar Hole was as 
low as 6 fps. 

As the flow approaches the High Bridge, depths are reduced slightly, increasing the velocity 
just before entering the narrow and deep section under the High Bridge. Velocities and depths 
tend to increase again due to the narrowing of the channel before discharging downstream of 
the bridge. At the highest flows modeled, depth averaged velocities in the area downstream of 
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the High Bridge were as high as 20 fps. At the lower modeled flows, the area downstream of 
the High Bridge has moderate velocity and is unlikely to be an obstacle to fish passage.  

 Phase 2: 3D Model 

During Phase 2 of the study, the full model domain was analyzed using 3D modeling to better 
evaluate the vertical velocity distributions of flow downstream of the Main Dam. Phase 2 
evaluated flows of 37,000 and 2,000 cfs. These flow rates bracket the range of possible flow 
conditions that are likely to occur during operation of the Upstream Fish Passage Facility (refer 
to Figure 2-5). During Phase 2 of the study three critical areas in the downstream reach were 
identified on which to focus the modeling; the area near the ladder entrance, the falls area and 
the High Bridge area. The 3D model allowed for several cross sections to be established to 
provide a detailed assessment of the vertical distribution of flow velocities at these cross 
sections. The results were evaluated based on three categories; velocities below the maximum 
prolonged swim speed of fish, velocities in the intermediate swim speed range, and velocities 
that exceed the maximum burst speed of fish. Based on the 3D modeling results, the percent 
of the cross-sectional area for each velocity category was determined for each of the three 
identified critical areas.  

In general, the 3D cross sections show the greatest velocities in the center of the river channel, 
with lower velocities along margins of the river channel. These areas along the margins provide 
more suitable velocities for upstream fish passage.  

Under both model scenarios, velocities at the fish passage entrance were below 7 fps, well 
within the swimming abilities of the native and salmonid fish species of interest. Fish that 
successfully navigate upstream of the falls can access the fish passage facility without 
encountering further velocity barriers.  

However, as described above, there may be insufficient attraction flow for fish to locate the 
entrance to the fish passage facility at high flows.  

The 3D model results showed a large percentage of the falls transects exceed most fish 
swimming abilities under both flow scenarios modeled. At the lower flow modeled (2,000 cfs), 
24 percent of the cross section of the natural falls was below the maximum burst speed for fish. 
However, fish are collected at the fish passage facility routinely when flows are 2,000 cfs or 
higher (NorthWestern 2019), so at least some fish are finding the areas along the margins of 
the channel or other pathways with suitable velocities for fish passage. In addition, as described 
above, the model calculations may not capture all the details of the underlying rocky terrain 
surface, particularly overhangs or undercuts that do not show up in a bathymetric survey. Fish 
swimming along the bottom of the river channel may successfully navigate upstream by taking 
advantage of velocity breaks and barriers that are not apparent in the modeling. 

The high flow scenario also revealed potential velocity obstacles for fish at the High Bridge, 
with 89 percent of the cross section having velocities in excess of the maximum burst speed. 
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The potential fish passage obstacle at the High Bridge does not appear to be present in the low 
flow scenario, when the entire cross section is below the maximum prolonged swimming 
speed.  
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Attachment A – Bathymetric Surveying Information 
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Table A-1. Area of Bathymetric Survey 
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Table A-2. LiDar to MMI GNSS Comparison 
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Attachment B – CFD Model Setup and Results 
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