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Abstract 

A Comparison of 2-D Versus 2D/3-D Numerical Models of an Oxbow Reconnection on the 

Portneuf River 

Thesis Abstract ï Idaho State University (2021) 

The case study for this thesis was in Pocatello, Idaho. The objective of this paper was to 

provide recommendations for culvert additions for reconnection of historical oxbows along the 

Portneuf River in South Pocatello. The reconnection of the oxbows will provide flood storage 

and mitigation. Another objective was to compare the results of a HEC-RAS 2-D surface water 

model with a combined 2-D and 3-D surface water model in FLOW-3D.  

Total hydrographs with return periods of 2, 5, 10, 25, and 100 were developed as the 

flood events and all were modeled in HEC-RAS. The 25-year return period hydrograph was used 

to compare FLOW-3D and HEC-RAS results. 

 A 4ft inlet culvert is recommended with an upstream invert at an elevation of 4467 ft and 

the downstream invert was placed at 4466 ft. Four 1 ft culverts are recommended at the outlet. 

Three culverts placed at the maximum floodplain WSE of 4470.5 ft to act as emergency outlets. 

The culvert at the lower elevation was used as the main outlet culvert. This culvert was placed at 

an elevation of 4461 ft. 

Water surface elevations within FLOW-3D were lower than HEC-RAS by an average of 

3.6ft. Velocities within FLOW-3D were higher than HEC-RAS by an average of 0.52 fps. 

Depths within FLOW-3D were than HEC-RAS by an average of 1.23 ft. Results produced from 

HEC-RAS were determined to be more reliable than those of FLOW-3D. Due to a volume loss 

of 12% the FLOW-3D results were considered unreliable and unsuccessful. 
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 Introduction 

This chapter provides the purpose and background necessary to fully understand the contents 

of the thesis below. This includes a specific explanation of the project location along the 

Portneuf River in Pocatello Idaho.  After this the proposed modifications that provide the basis 

for this project are explained. Finally, the historic flooding along the Portneuf are highlighted. 

1.1 Purpose 

There are a few objectives for the research presented in this thesis. The first objective is to 

compare results of 2-Dimensional unsteady water models produced with HEC-RAS and FLOW-

3D of a section of the Portneuf River in Pocatello Idaho. The next objective is to evaluate the 

feasibility of restoring historic Portneuf River Oxbows and the Portneuf River Flood Plain east of 

the Union Pacific Railroad between South 2nd Ave and Hildreth Road. The reconnection of the 

oxbows will provide floodplain storage during peak flood events.  Figure 1 illustrates 

reconnection of an oxbow (Harelson, 2019). 

 

Figure 1 ï Diagram of oxbow rehabilitation (Harelson, 2019) 
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Portneuf River at the south end of Pocatello, near Edson Fichter pond includes two historical 

meanders oxbows as shown in Figure 2. The study presented here considers the feasibility of 

rehabilitating both oxbows by diverting flows at Point 1 (42Á 49ô 12ò N, 112Á 23ô 55ôô W); 

connecting the first and second oxbows by excavating a channel from point 2 to point 3 and 

returning flows to the river at point 4 (42Á 49ô 28ò N, 112Á 24ô 19ôô W) (Harelson, 2019).  

 

Figure 2 ï Diversion, excavation, and returning locations 



 

  3 

The intent of the reconnecting the oxbows is to use them as a flood storage basin in the event 

of a flood. The flood storage is to dampen peak flood flows to allow redesign of several portions 

of the river downstream of the project location. The areas of redesign would allow better 

recreational access to the river throughout Pocatello. Inlet and outlet culvert alignments are 

presented in Figure 3.  Figure 4 shows the project location and the locations for channel redesign.  

 

Figure 3 ï Model area and culvert locations 
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Figure 4 ï Project location 

1.2 Proposed Connection Channel  

The proposed channel connecting the oxbows from point 2 to point 3 mimics a trapezoidal 

channel with a ten-foot-wide pedestrian pathway as shown in Figure 5. This would require 

approximately 113,300 cubic yards of excavation (Harelson, 2019). Figure 6 shows that 

proposed Army Core of Engineering Rehabilitation Plan (City of Pocatello, 2015). 

 

Figure 5 ï Proposed connection channel (Harelson, 2019) 
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Figure 6 ï Army Corps Open Meander Rehabilitation Plan (City of Pocatello, 2015) 

1.3 Land Ownership 

Parcel ownership is shown in Figure 7. The inlet which is the first diversion culvert is 

located on an undeveloped section of property owned by the Juniper Hills Country Club. More 

than half of the first oxbow, and a large portion of the historical floodplain is owned by the City 

of Pocatello. The proposed connection channel and second oxbow is under the landownership of 

Duane Shaper. A 90-foot-wide strip of land running parallel to the Union Pacific Railroad is 

owned by the City of Pocatello. All connection channel excavation would occur in this corridor. 

The area of Edson Fichter nature trail and the location of return flow to the river is under 

ownership of the State of Idaho and administered by the Idaho Fish and Game Department 

(Harelson, 2019). Both diversion culverts would cross under the property owner by the Union 

Pacific Railroad.  
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Figure 7 ï Land ownership (Harelson, 2019) 

1.4 Current Water Rights 

The Portneuf River is a fully appropriated stream system (FASS). This means that there is 

insufficient supply for new water right applications and the analysis of the legal basis for 

diverting the river flows is beyond the scope of this study. Current water rights for the six 

properties within the project location are displayed in Figure 8. Table 1 summarizes the water 

rights pertaining to Figure 8. Three irrigation groundwater rights for the surrounding floodplains 

and golf course. 
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Figure 8 ï Current water rights (Harelson, 2019) 

The only current water rights to the Portneuf River are owned by the State of Idaho and are 

primarily used for Wildlife preservation and inflow to the Edson Fichter Pond. Idaho Fish and 

Game owns groundwater rights to maintain the water level of the Pond (Idaho Department of 

Water Resources, 2020; Idaho Department of Water Resources, 2020).  

Table 1 ï Water right summary table 

 

No 

Water 

right 

number 

 

Owner 
Priority 

date 

 

Source 
Water 

use 

Diversion 

rate 

1 29-2494 City of Pocatello 7/17/1966 Ground Water Irrigation 1.55 cfs 

2 29-8011 Corey Snow 04/5/1990 Ground Water Irrigation 0.2 cfs 

3 29-13998 Fish & Game 02/9/2011 Ground Water 
Recreation 

storage 
47 AFA*  

4 29-13648 State of Idaho 1/26/1912 Portneuf River Wildlife  2 cfs 

5 
29- 

2137A 
State of Idaho 7/15/2003 Portneuf River Wildlife  0.24 cfs 

6 29-4433 Juniper Hills 3/31/1960 Ground Water Irrigation 2.27 cfs 

*AFA = 

acre-feet 

annually 



 

  8 

1.5 Portneuf History/Background 

1.5.1 Introduction 

The Portneuf river meanders 111 miles from the mountains above Chesterfield Reservoir 

through four Idaho counties and connects to the American Falls Reservoir. The Portneuf 

Watershed composes of 1300 square miles. The Portneuf watershed is shown in Figure 9. The 

stretch of river focused on in this report is from the Portneuf Gap to the Cheyenne Bridge. 

  

Figure 9 ï Portneuf Watershed (IORC, 2021) 

Portneuf Gap Area of Interest 
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1.5.2 Historical Flooding and Channel Modifications 

The first modifications to the natural process of the Portneuf river began from 1878 to 

1882 when the Union Pacific Railroad was constructed along the Portneuf River. The 

modifications included straightening and cutting off historical river meanders. After the railroad 

was established the Pocatello Townsite was created in 1888 and consisted of a grid running 

parallel with the railroad. The townsite plan placed house and street lots directly over the river. 

The combination of the construction of the railroad and the townsite plan reduced floodplain area 

to almost zero throughout Pocatello as shown in Figure 10 (City of Pocatello, 2015). 

 

Figure 10 ï Portneuf Townsite 1932 (City of Pocatello, 2015) 

Historical Floodplain 

Union Pacific Railroad 

Portneuf River 

Pocatello Townsite 




























































































































































































































































