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Appendix A.1 – Water Conservation and Drought Contingency 
Measures 
 
Water Conservation and Drought Contingencies 
Chapter two, section 2.2 of the Final Needs and Options Report describes the water demand 
calculation methods used to estimate future water demands.  The municipal and rural water 
demands were quantified by multiplying Reclamation’s population estimates for the Red River 
Valley (Reclamation 2003b) by the per-capita municipal and rural water demands with water 
conservation (Reclamation 2005a; Reclamation 2004b).   
 
The historically derived per capita water demands were reduced by water savings that could be 
achieved through the implementation of water conservation measures.  The water savings from 
conservation programs were estimated in the Red River Valley Water Needs and Options, Water 
Conservation Potential Assessment, Final Report (Reclamation 2004b).  Estimated savings 
ranged from 7 - 9 gpcd (gallons per capita per day) depending 
on the water system.  Commenters on the Final Needs and 
Options Report and the DEIS suggested that the savings rate 
was too low and provided examples of where higher savings 
have been achieved.  However, Fargo (the largest water user 
in the study area) has an average water demand with losses 
and water conservation estimated at 116 gpcd.  This is well 
below regional averages for water use.   
 
Among the 10 Missouri River Basin states, North Dakota has 
the lowest average water use at 129 gpcd.  The highest per 
capita water user in the basin is Wyoming at 263.5 gpcd.  
North Dakota’s low average water use is directly related to 
the historically limited water resources of the state, with the 
exception of the Missouri River.  Because North Dakota has 
low historic water use, further implementation of water conservation programs would result in a 
minimal additional water savings in the Red River Valley.  Other states have achieved higher 
water savings because their initial water use rates were significantly higher; therefore, they had 
more opportunities to achieve water savings. 
 
Other DEIS commenters suggested that locations in Colorado and elsewhere have developed 
successful water conservation programs that have achieved much higher savings than proposed 
for the Project (Reclamation 2004b).  While those areas have achieved greater savings, it is not 
because of more ambitious conservation plans but because of an initial higher per capita water 
use rate.  Colorado has a state-wide average water use of 240 gpcd in some locations and has 
achieved water conservation results two to three times the goal established for this Project.  
However, even with the implementation of water conservation measures, these areas of Colorado 
still have per capita rates 50% higher than Fargo.   
 

Missouri Basin State Average 
Water Use – 2000 – Gallons 
Per Capita per Day 
 
Colorado = 239.7  
Iowa = 158.9 
Kansas  = 166.4 
Minnesota = 132.6 
Missouri = 182.8 
Montana = 224.4 
Nebraska = 237.4 
North Dakota = 129.0 
South Dakota = 149.3 
Wyoming = 263.5 
 
Estimated Use of Water in the 
US in 2000, USGS   
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This example demonstrates two elements of water conservation.  First, water conservation results 
are site specific - similar plans implemented in two locations will yield different results. 
Secondly, estimated water demands for the Red River Valley are very low compared to other 
state averages in the Missouri River Basin. Therefore, the water conservation goals estimated for 
this Project are reasonable. 
 
Fargo’s low average water demand of 116 gpcd can also be attributed to their ongoing system 
maintenance program.  Prior to mid-1990s, Fargo’s distribution system had unaccounted-for-
losses of 20% to 30%, which is not uncommon for larger municipalities.  However, Fargo 
reduced those losses to less than 10% in the late 1990s.  This was in response to the 1980s 
drought when local water supplies were dangerously low.  Other water systems in the Red River 
Valley have taken similar steps to reduce their unaccounted-for-water losses. 
 
Commenters on the Final Needs and Options Report and the DEIS suggested that drought 
contingency planning should be used to reduce overall water demands during a drought, and this 
should be investigated in the EIS process.  An analysis of drought contingency water savings and 
associated cost savings is provided later in this appendix, but drought contingency measures 
were not used to develop the alternatives presented.   
 
Reclamation plans, designs, and constructs MR&I projects to meet the estimated water demand. 
The best available scientific and engineering data were used to model the surface water system, 
quantify water shortages, and estimate the capacity of supplemental water supply sources.  
Reclamation maintained no minimum streamflow levels for aquatic needs or other operational 
needs in modeling, with the exception of a 13 cfs release from Baldhill Dam for all action 
alternatives and the aquatic flow targets used in the GDU Import to Sheyenne River Alternative.  
The assumptions used to model the system, which were reviewed and agreed to by the Technical 
Team members during the preparation of the Final Needs and Options Report studies, resulted in 
proposed action alternatives that meet future demands with little flexibility to account for 
unknowns.      
 
Reducing water demands further by including arbitrary reductions for any reason increases the 
risk that the Project alternatives, as designed, would not meet the comprehensive water needs as 
defined in DWRA.  Further, because the water demand estimates and shortages provide little 
flexibility to account for unknowns, reducing the water supply by applying drought contingency 
reductions at this stage of the Project would create an unreasonable risk of Project failure.   
 
The DWRA requires that water users pay the costs of the Project (see financial analysis in 
Appendix K.1), except for the cost of biota treatment to meet the Boundary Waters Treaty, which 
is a federal expense.  The construction and OM&R (operation, maintenance, and replacement) 
costs of the Project are the responsibility of the state and local beneficiaries.  The decision to 
accept additional risk associated with design and construction of an undersized project is their 
decision.           
 
Drought Contingency Water Demand Reduction and Alternative Cost Savings 
The Final Needs and Options Report (Reclamation 2005a, Appendix C, Attachment 9), 
documents a sensitivity analysis that calculates drought contingency water demand reductions, 
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associated construction cost savings, and socio-economic impacts.  The analysis uses the five 
drought levels defined in the City of Fargo Drought Management Plan (Houston Engineering, 
Inc. 2003) to develop levels of water demand reduction for the Project.  Revised construction 
costs were estimated based on these levels of water demand reduction. 
 
Table A.1.1 shows the drought levels included in the City of Fargo Drought Management Plan.  
Five phases or levels would be implemented depending on the severity of drought conditions.  
The Phase 1 drought is for normal climatic conditions with a 0% water demand reduction goal.   
Phases 2 through 5 address increasing levels of drought with water demand reduction goals of 
5% - 10% (Phase 2), 10% - 20% (Phase 3), 20% - 30% (Phase 4) and 30% or more (Phase 5).  
Since the Fargo drought management plan showed demand reduction goals in ranges, the third 
column of the table was added to show specific water demand reduction goals used in this 
analysis.  While a drought management plan could be monitored or implemented at different 
timescales, a monthly timescale was used in this analysis.   
 

 
Table A.1.2 shows the cost savings of each of the four drought reduction phases for each 
alternative.  For example, with a 7.5% water demand reduction a range of $15.9 to $40.8 million 
could be saved in construction costs.  The cost reductions shown in table A.1.2 are based on the 
sensitivity analysis conducted in the Final Needs and Options Report (Reclamation 2005a).  The 
data were taken from table 15 in Appendix C, Attachment 9.  A similar analysis could not be 
conducted with the revised alternative cost estimates presented in the SDEIS because only one 
demand scenario was developed and two estimates are required in a sensitivity analysis.  
Therefore, the results shown in table A.1.2 could change if adequate SDEIS cost data were 
available.  However, the analysis is adequate to demonstrate potential cost savings if drought 
contingency measures were considered in the development of the alternatives. 
 

Table A.1.1 – City of Fargo Drought Management Plan.

Drought Levels 
Demand 

Reduction Goal 
(%) 

Demand 
Reduction used in 

Analysis 
(%) 

Phase I – Normal Conditions 0% 0% 
Phase 2 – Drought Advisory 5% - 10% 7.5% 
Phase 3 – Drought Watch 10% - 20% 15% 
Phase 4 – Drought Warning 20% - 30% 25% 
Phase 5 – Drought Emergency 30%+ 35% 
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Although construction costs could be saved, there would be adverse economic impacts of 
imposing drought contingency measures greater than 7.5%.   It is estimated that little negative 
economic impact would result from implementing drought contingency goals at a level of 7.5% 
or less.  From an economic impact standpoint, implementation of drought contingency goals 
above 7.5% could have severe economic costs far outweighing any short-term construction cost 
savings (see chapter four, socio economics issues section).  
 
Table A.1.3 shows the overall reduced construction cost of each alternative under the four 
drought reduction phases.  The second column shows the cost of the alternatives with 0% water 
demand reduction (this is the current cost of the alternative) and columns 3 through 6 show the 
corresponding reduction in cost of the five phases of demand reduction. 
   

 
 
All of the alternatives except the No Action Alternative would meet future water demands 
without incorporating drought contingency measures in water demand estimates.  Because of the 
uncertainties involved in estimating future water demands and future water supplies, drought 
contingency measures are not included in the alternatives considered in the SDEIS; however, this 
information and analysis is available to decision makers for consideration as the Project moves 
through the planning and design stages.   
 
 

Table A.1.2 – Construction Cost Savings with Drought Contingency.

Alternative 
Phase 2    

7.5% Demand 
Reduction 

Goal 

Phase 3     
15% Demand 

Reduction 
Goal 

Phase 4     
25% Demand 

Reduction 
Goal 

Phase 5     
35% Demand 

Reduction 
Goal 

North Dakota In-Basin $15,907,000 $37,257,000 $69,612,000 $102,642,000

Red River Basin $39,941,000 $93,551,000 $174,790,000 $257,727,000

GDU Import to Sheyenne River $30,731,000 $71,979,000 $134,484,000 $198,297,000

GDU Import Pipeline $40,835,000 $95,647,000 $178,706,000 $263,501,000
Missouri River Import to Red River 
Valley  $27,539,000 $64,503,000 $120,517,000 $177,702,000

Table A.1.3 – Construction Costs of Alternatives with Drought Contingency.

Alternative 
Phase 1 

0% Demand 
Reduction 

Goal 

Phase 2     
7.5% Demand 

Reduction 
Goal 

Phase 3     
15% Demand 

Reduction 
Goal 

Phase 4     
25% Demand 

Reduction 
Goal 

Phase 5     
35% Demand 

Reduction 
Goal 

North Dakota In-Basin $457,292,000 $441,385,000 $420,035,000 $387,680,000 $354,650,000

Red River Basin $415,438,000 $375,497,000 $321,887,000 $240,648,000 $157,711,000
GDU Import to 
Sheyenne River $700,513,000 $669,782,000 $628,534,000 $566,029,000 $502,216,000

GDU Import Pipeline $910,950,000 $870,115,000 $815,303,000 $732,244,000 $647,449,000
Missouri River Import to 
Red River Valley $1,051,996,000 $1,024,457,000 $987,493,000 $931,479,000 $874,294,000
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Appendix A.2 - No Action Alternative 
 
Introduction 
The No Action Alternative is the future without the Red River Valley Water Supply Project.  It is 
the basis to which all of the action alternatives are compared in this SDEIS.  This alternative 
includes all planned or reasonably foreseeable federal, state, Tribal, and local “water supply” 
projects that could be constructed in the service area by 2050.   
 
Activities identified for the No Action Alternative are categorized into two types, “water supply” 
or “infrastructure”. Water supply projects in the No Action Alternative are activities planned or 
reasonably foreseeable that would increase available water in the Red River Valley, replace 
existing supply infrastructure, relocate existing supply infrastructure, or change appropriations 
for re-engineered water systems.   
 
Infrastructure projects do not provide additional sources of water but rather would maintain or 
expand existing water system infrastructure.  These projects include rehabilitation or expansion 
of water treatment plants, system distribution, and storage.  Infrastructure projects are identified 
in Appendix A.3.  
 
Infrastructure projects are unique in that these would be constructed under both No Action and 
action alternatives.  The exception to this is a Missouri River import alternative which treats 
water to drinking water standards and transfers water via a pipeline directly to Red River Valley 
water systems.  This could eliminate the need for water treatment plant(s) in the Red River 
Valley, but would still require some distribution infrastructure.  The assumptions associated with 
developing “infrastructure” projects and costs will be discussed later in this appendix.   
 
This appendix explains the methods employed in data collection, describes assumptions used in 
estimating the reasonably foreseeable future in the valley without the Project, and describes the 
No Action Alternative in detail.  A summary of the No Action Alternative, which was based 
upon this appendix, appears in SDEIS chapter two.  
 
Method of Data Collection 
 
Planned Water System Projects through 2050 
Various entities, including government agencies and engineering firms, were contacted in 2003 
for information regarding projects that were planned for implementation by water systems in the 
Red River Valley.  The entities that Reclamation contacted during the data collection process are 
identified in table A.2.1.  The goal was to collect data through 2050; however, water systems 
typically identify capital improvements over a limited planning horizon - five to ten years in the 
future.  Water systems only were able to document planned projects through the year 2012.  
Furthermore, the percentage of water systems in the Red River Valley that use a well-defined 
capital improvements plan or implement projects under the guidance of a master plan is limited.   
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          Table A.2.1 – Agencies and Engineering Firms Contacted in 2003. 
Agency/Engineering Firm Point of Contact 

Rural Development Fund, USDA Rural Utilities 
Service 

Rod Beck 

State Water Commission Pat Fridgen 
State Revolving Fund, ND Department of Health Jeff Hauge 
Advanced Engineering & Environmental Services, 
Inc. 

Nate Weisenberger 

Moore Engineering Tom Wesolowski 
Kadrmas, Lee, and Jackson Faron Henderson and Les Norton 
Bartlett and West Engineering Ken Royse 
Environmental Protection Agency Tracy Eagle 
Housing and Urban Development Community 
Development Block Grant 

Jessica Thomasson and Peggy 
Kurtz 

Red River Planning Council Katherine Lunde 
City of Moorhead Cliff McLain 
Lake Agassiz Regional Planning Council Jay Meyer 

 
The request for this type of information prompted planning efforts by various water systems to 
identify future water system challenges and associated improvement projects.  Although it is 
possible to identify capital improvements over a 20-year planning horizon through master 
planning, identifying capital improvement projects in the latter half of the planning horizon is 
problematic.  Such projections are less comprehensive and less accurate due to an increasing 
level of uncertainty.  Accordingly, the ability to accurately identify capital improvements beyond 
a 20-year planning horizon becomes increasingly more difficult. 
 
A follow-up data collection effort was conducted in 2005, and the planned water system 
improvement project information in table A.2.2 was compiled.  The list was developed in 
accordance with planning efforts by the North Dakota State Water Commission, via its 
administration of the MR&I Program, and the North Dakota Department of Health, through its 
administration of the Drinking Water State Revolving Fund Program.   
 
Every other year the North Dakota State Water Commission requests that water systems 
complete Project Information and Cost-Share Planning Forms, which are compiled and 
presented in a biannual State Water Management Plan Report.  On an annual basis, the North 
Dakota Department of Health requests that water systems complete questionnaires or submit 
updated project information to assist in the process of developing a prioritized Intended Use Plan 
for the disbursement of Drinking Water State Revolving Fund Program funds.  Projects listed on 
the Intended Use Plan that involve refinancing current debt for previously completed projects 
were omitted from table A.2.2. 
 
In addition to published information provided by the North Dakota State Water Commission and 
the North Dakota Department of Health, recent planning efforts completed by the F-M Metro 
(Fargo-Moorhead Metropolitan Area) and Grand Forks areas were used to identify costs 
associated with receiving, treating (as necessary), and distributing water delivered by the Project.   
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Table A.2.2 – No Action Planned Water System Projects or Improvements and Infrastructure. 

 

Construction Cost
(April 2005 Dollars)

CRWUD Water System Expansion 1,039,000$                   
Drayton Red River Low-Head Dam Improvements 2,600,000$                   
Enderlin* 4 New Wells 450,000$                      
F-M Metro Area Low Head Dam Construction, Raw Water Intakes, 2 on Red River, 1 on Sheyenn 7,500,000$                   
F-M Metro Area Raw Water Intake Expansion 1,010,000$                   
Grafton Red River Intake Replacement 500,000$                      
Grafton Red River Low-Head Dam 2,450,000$                   
Gwinner* New Well 100,000$                      
Langdon/LRWD Mount Carmel Intake Improvements 500,000$                      
Moorhead Well Field Improvements 354,000$                      
Park River Fordville Aquifer Development 215,000$                      
SEWUD Service to Wyndemere, Lidgerwood, Hankinson, and 550 rural users 531,000$                      
TRWD/Hillsboro Galesburg Aquifer Development 245,000$                      
Valley City Sheyenne River Low-Head Dam Improvements 750,000$                      

18,244,000$                 

Enderlin* Raw Water Transmission Pipeline 750,000$                      
F-M Metro Area Regionalization 43,000,000$                 
F-M Metro Area Regionalization 2,500,000$                   
Langdon/LRWD Raw Water Pumping Improvements/Second Raw Water Transmission Pipeline 2,500,000$                   
Moorhead Reservoir and Booster Station 1,700,000$                   
Moorhead New Southend Well Field/Pumping System/Transmission Pipeline 7,719,000$                   
Park River Raw Water Pumping Improvements and Transmission Pipeline Construction 1,995,000$                   
SEWUD Service to Wyndemere, Lidgerwood, Hankinson, and 550 rural users 172,000$                      
TRWD/Hillsboro Raw Water Transmission Pipeline 760,000$                      
Total Planned Raw Water Pumping Facilities and Transmission 61,096,000$                

CRWUD Water System Expansion 2,226,000$                   
Cooperstown* WTP Improvements 339,000$                      
Enderlin* New Lime Softening WTP 5,000,000$                   
Fargo Existing WTP Expansion 33,300,000$                 
F-M Metro Area Regional Treatment and Residuals 73,510,000$                 
Grafton Water Treatment Facility Improvements 10,400,000$                 
Grand Forks/East Grand Forks Regional Water Treatment Facility and Residuals 79,150,000$                 
Gwinner* WTP Upgrades 1,150,000$                   
Park River/WRWD/City of Minto Water Treatment Facility Upgrades/Expansion 3,227,000$                   
SEWUD Service to Wyndemere, Lidgerwood, Hankinson, and 550 rural users 1,450,000$                   
TRWD/Hillsboro Water Treatment Facility 6,050,000$                   
Total Planned Water Treatment and Related Pumping Facilities 215,802,000$              

CRWUD Water System Expansion 11,448,000.00$            
DWUD System Expansion and Service to Binford 750,000$                      
DWUD Service to Sibley 700,000$                      
Drayton Clearwell Replacement 640,000$                      
Enderlin* New Storage 400,000$                      
F-M Metro Area Regionalization 52,420,000$                 
F-M Metro Area Regionalization 13,490,000$                 
F-M Metro Area Regionalization 14,400,000$                 
Grand Forks/East Grand Forks Regional Transmission Pipeline and Storage Improvements 13,320,000$                 
LRWD Phase IV Project; Service to Munich & Additional Rural Users 10,000,000$                 
NVWD Service to Pembina 325,000$                      
Park River/WRWD/City of Minto System Regionalization 1,780,000$                   
SEWUD Service to Wyndmere, Lidgerwood, Hankinson, and 550 rural users 15,310,000$                 
TRWD Service to Galesburg 470,000$                      
TRWD/Hillsboro System Regionalization 2,600,000$                   
Total Planned Finished Water Transmission and Storage 138,053,000$              
Total Planned Water System Improvements 433,195,000$              

*Limited system information is available at this point in time.  However, systems have been contacted for input and once information is received 
the Table will be updated.

Total Planned Water Supply Appropriations and Related Infrastructure Costs (Dams, Intake Structures, Wells, 
etc.)

Water Supply Appropriations and Related Infrastructure (Dams, Intake Structures, Wells, etc.)

Raw Water Pumping Facilities and Transmission

Water Treatment and Related Pumping Facilities

Finished Water Transmission and Storage

Table 1 - Planned Water System Projects or Improvements

System Proposed Improvement
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The Fargo-Moorhead and Grand Forks-East Grand Forks metropolitan areas are where a large 
portion of the population growth is projected within the Red River Valley.  As a result, these 
planning efforts identified milestones through 2050 that represent approximate timelines in 
which major water system capital improvements and infrastructure expansion would be required 
to meet increased water demands in accordance with projected growth.  The Fargo-Moorhead 
Metropolitan Water Supply and Treatment Integration Concept Plan – Phase 1 Report included 
the system needs for Cass Rural Water Users District, Dilworth, Fargo, Harwood, Horace, 
Moorhead, and West Fargo (Advanced Engineering and Environmental Service, Inc. 2005a).  
The Greater Grand Forks Water Supply and Treatment Concepts - Technical Memorandum 
included the system needs for the East Grand Forks, Grand Forks, and Grand Forks-Traill Water 
District (Advanced Engineering and Environmental Service, Inc. 2005b). 
 
In general raw water pumping and transmission, water treatment, finished water storage, and 
finished water transmission projects included in the No Action Alternative are likely to be 
completed regardless of whether or not the Project is implemented.  The planned projects listed 
in table A.2.2 include expansion, improvement or rehabilitation, and replacement projects 
throughout the next 10 years.  The only exception is the Fargo-Moorhead Metropolitan Regional 
Treatment and Residuals Project, which is presently anticipated for the year 2025.   
 
The 2025 timeframe for this regional project corresponds with the anticipated date that the 
various stakeholders would collectively exceed their existing water treatment capacities presently 
serving the area.  The primary factor influencing the listed projects is growth.  However, some 
projects have been developed to address regulatory concerns, aging infrastructure, improved 
water quality considerations, and economy of scale.   
 
The costs of proposed projects shown in table A.2.2 are summarized below.  The water supply 
appropriations and related infrastructure projects totaling $18.24 million are “water supply” 
projects and are included in the No Action Alternative in SDEIS chapter two.  The list of the 
reasonably foreseeable projects pertaining to water supply appropriations and related 
infrastructure is short, which reflects the limited availability of undeveloped water supplies in the 
region.   
 
The remaining projects in table A.2.2 are “infrastructure” projects, which are common in some 
form to all alternatives, so these are not included in the No Action Alternative costs in SDEIS 
chapter two.  These No Action infrastructure projects total $414.095 million. 
 

Planned No Action Alternative Water Supply Projects   $   18,244,000 
----------------------------------------------------------------------------------------------- 

Raw Water Pumping Facilities and Transmission   $   61,096,000 
Water Treatment and Related Pumping Facilities   $ 215,802,000 
Finished Water Transmission and Storage   $ 138,053,000 
        ------------------- 

Subtotal Planned No Action Alternative Infrastructure $ 414,095,000 
 ----------------------------------------------------------------------------------------------- 
Total Planned No Action Alternative Water System Costs $ 433,195,000 
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Reasonably Foreseeable Water System Projects through 2050  
To determine reasonably foreseeable water system activities without the Project, the present 
condition of the existing water system infrastructure throughout the Red River Valley was 
investigated, general assumptions about the future water needs of the various systems were 
developed, and costs associated with anticipated improvements were estimated.  These estimates 
were based upon planning documents and completed construction projects.  The results of this 
effort appear in table A.2.3.   
 
Investigation of Present Condition of Water Systems   For the category “water supply 
appropriations and related infrastructure,” the known condition of water supply infrastructure 
and appropriation deficiencies provided a basis for estimating potential improvements.  For 
instance, Drayton’s raw water intake on the Red River is aging and impacted by unstable slope 
conditions.  Therefore, the city likely will address the problem within the planning horizon, even 
though it is not currently one of the city’s highest priorities.   
 
For the infrastructure categories of Raw Water Pumping Facilities and Transmission, Water 
Treatment and Related Pumping Facilities and Water Distribution and Storage, a list of systems 
was developed.  For each system, the condition of the existing facilities was assessed, the type of 
facility was considered (i.e. lime/soda ash softening, membranes, conventional vs. 
iron/manganese filters, etc.), and the future growth and water needs of each system were 
evaluated.   
 
Reasonably foreseeable improvements to the facilities evaluated included whether the facility 
would require complete replacement, a major renovation, a minor renovation, an expansion 
(whether to address growth or the addition of advanced treatment technology), or a combination 
of these activities.  Several recently completed projects and their respective costs were used to 
develop trends by comparing the cost per gallon for an improvement to the capacity of the 
proposed facility.  Finally, historical information regarding construction of the original facility 
and completion of rehabilitation projects was collected to determine the extent of improvements 
that reasonably would be completed through the 2050 planning period.  Table A.2.3 includes 
multiple improvement projects for most systems to incorporate the variety of improvements that 
potentially could be completed at each facility.   
 
Because most water systems within the planning area have not conducted formal planning efforts 
that extend to the year 2050, a number of assumptions were made to predict reasonably 
foreseeable activities.  For example, expansion of a water system is generally driven by 
population growth and corresponding water demands.  While these values have been projected as 
part of the Project through the year 2050, predicting these future trends becomes increasingly 
difficult as the length of the proposed planning horizon increases.  Furthermore, rehabilitation of 
a water system can be driven by a variety of factors, including age of the existing facility, the 
type of treatment processes that are installed, regulatory impacts, source water quality, and 
adherence to a responsible operation and maintenance plan.  Not only do these factors vary from 
facility to facility, but as the planning horizon is extended, they become increasingly difficult to 
predict.   
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Construction Cost

(April 2005 Dollars)

Drayton Intake Improvements/Replacement 2,500,000$                   
GFTWD Additional Groundwater Appropriations 2,813,000$                   
Grafton Red River Intake Replacement 750,000$                      

6,063,000$                   

Grafton Red River Intake Pumping Facility Replacement 2,000,000$                   

Grand Forks/East Grand Forks
Raw Water Intake Expansion and Rehabilitation (Pumps, PAC, Controls, Electrical, 
Expansion Prov.) 2,100,000$                   

Total Reasonably Foreseeable Raw Water Pumping Facilities and Transmission 4,100,000$                  

AWUD Minor Rehabilitation 275,000$                      
AWUD Major Rehabilitation 900,000$                      
BRWD Major Rehabilitation 940,000$                      
BRWD Major Rehabilitation 940,000$                      
Breckenridge New Water Treatment Facility 11,000,000$                 
Breckenridge Minor Rehabilitation 3,000,000$                   
DWUD - North System Major Rehabilitation 150,000$                      
DWUD - North System Minor Rehabilitation 450,000$                      
DWUD - South System Major Rehabilitation 150,000$                      
DWUD - South System Minor Rehabilitation 450,000$                      
Drayton New Water Treatment Facility 5,500,000$                   
Enderlin* Minor Rehabilitation 810,000$                      
Enderlin* Major Rehabilitation 2,020,000$                   
Fargo Water Treatment Facility minor 30 MGD Rehab 17,550,000$                 
Fargo 30 MGD Major/45 MGD Minor Rehab 53,700,000$                 
F-M Metro Area 20 MGD Expansion and Minor Rehab 55,280,000$                 
GFTWD Major Rehabilitation 250,000$                      
GFTWD Minor Rehabilitation 250,000$                      
GFTWD Minor Rehabilitation 750,000$                      
GFTWD Minor Rehabilitation 250,000$                      
GFTWD Minor Rehabilitation 250,000$                      
Grafton Major Rehabilitation 7,350,000$                   
Grafton Major Rehabilitation 7,350,000$                   
Grand Forks/East Grand Forks 10 MGD Expansion and Major Renovation, Sludge Pond Expansion 40,120,000$                 
Gwinner* Minor Rehabilitation 450,000$                      
Gwinner* Major Rehabilitation 1,150,000$                   
Langdon/LRWD Major Rehabilitation 6,562,000$                   
Langdon/LRWD New Water Treatment Facility 9,950,000$                   
Lisbon/RSWUD Major Rehabilitation 2,020,000$                   
Lisbon/RSWUD Minor Rehabilitation 820,000$                      
Moorhead 6 MGD Major Rehabilitation, Sludge Pond Expansion 4,150,000$                   
Moorhead 5 MGD Expansion and Existing 10 MGD Major Renovation, Sludge Pond Expansion 22,050,000$                 
NVWD Minor Rehabilitation 500,000$                      
NVWD Minor Rehabilitation 500,000$                      
NVWD Major Rehabilitation 1,700,000$                   
Park River/WRWD/City of Minto Major Rehabilitation 2,020,000$                   
SEWUD Minor Rehabilitation 650,000$                      
SEWUD Major Rehabilitation 1,580,000$                   
TRWD/Hillsboro Addition of Mayville and Major Renovation 3,430,000$                   
TRWD/Hillsboro Minor Rehabilitation 730,000$                      
TCWD* Major Rehabilitation 460,000$                      
TCWD* Minor Rehabilitation 130,000$                      
Wahpeton Water Treatment Facility Rehabilitation/Upgrades/Replacement 12,000,000$                 
Wahpeton Water Treatment Facility Rehabilitation/Upgrades/Replacement 12,000,000$                 
Valley City Process Improvement 500,000$                      
Valley City Major Rehabilitation 10,000,000$                 
Valley City Minor Rehabilitation 6,000,000$                   
Total Reasonably Foreseeable Water Treatment and Related Pumping Facilities 309,037,000$               

Cooperstown Regional Water Service from DWUD
Dazey Regional from Barnes
Hanneford Regional from DWUD
Lakota Regional Water Service from Ramsey 800,000$                      
Mayville Tie-in with TRWD
Page Service from CRWUD
Total Reasonably Foreseeable Finished Water Transmission and Storage 800,000$                     
Total Reasonably Foreseeable Water System Improvements 320,000,000$               
*Limited system information is available at this point in time.  However, systems have been contacted for input and once information is received the 
Table will be updated.

Total Reasonably Foreseeable Water Supply Appropriations and Related Infrastructure Costs (Dams, Intake 
Structures, Wells, etc.)

System Proposed Improvement

Table 2- Reasonably Foreseeable Water System Projects or Improvements

Water Supply Appropriations and Related Infrastructure (Dams, Intake Structures, Wells, etc.)

Raw Water Pumping Facilites and Transmission

Water Treatment and Related Pumping Facilities

Finished Water Transmission and Storage

Table A.2.3 – Reasonably Foreseeable Water System Projects or Improvements. 
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Assumptions Used to Predict the Future Water System Improvements   Three groups of 
assumptions were established in developing the No Action Alternative.  The first group includes 
general assumptions about the activities included in this alternative, while the second identifies 
features included in hydrologic modeling of the No Action Alternative.  The third group covers 
specific improvements to water systems.  These assumptions were used to develop table A.2.3.   
 
No Action Alternative General Assumptions 

• Addresses planned and reasonably foreseeable water system improvements activities 
designed to provide additional sources of water supply through 2050 without the 
project. 

• Includes the same proposed service area as the action alternatives - 13 counties in 
eastern North Dakota plus the Minnesota cities of East Grand Forks, Moorhead, and 
Breckenridge. 

• Evaluation of this alternative is based on the same future water demands as the action 
alternatives (hydrology modeling).   

• Includes water systems and municipalities seeking new in-basin local water sources.   
• Would have environmental, financial, and social impacts. 
• Excludes an out-of-basin import feature because it is not reasonably foreseeable 

without the Project. 
• Incorporates water conservation. 
• Assumes that historic climate trends would continue. 
• Presumes that overall land use would not change significantly. 

 
Surface Hydrologic Modeling Assumptions for the No Action Alternative 
The following features are in the No Action Alternative:  

• Red River, Sheyenne River, and tributaries continue to be used as water sources. 
• Lake Ashtabula existing reservoir storage would be a primary water supply source.   
• Existing groundwater sources continue to be used as water supply sources. 
• New in-basin water supplies could include untapped groundwater sources for small 

communities and rural water systems and purchase of groundwater and surface water 
irrigation rights, where feasible.  

 
Specific Assumptions about Water System Improvements  

• Major rehabilitation projects include replacement of large process equipment, pumps, 
filter media, chemical feed systems, significant remodeling of the facility, a major 
controls system upgrade, and residuals treatment, as appropriate. 

• Major rehabilitation projects include provisions for advanced treatment to address 
regulatory concerns and/or upsizing or adding an additional treatment train to address 
population growth.  In consideration of these improvements, major rehabilitation 
project costs were adjusted accordingly. 

• Minor rehabilitation projects were generally estimated by using 60% of major 
rehabilitation costs for surface water treatment facilities.  Input from individual 
systems was also used to assess the extent of potential improvements for minor 
rehabilitation projects and adjustments were made accordingly.   

• For iron and manganese removal treatment facilities, minor rehabilitation projects 
were generally estimated at 30% of major rehabilitation costs.  
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• Major rehabilitation projects generally were proposed 20 years after the original 
construction date of the facility with a minor upgrade proposed after 15 years;  
however, input from the individual systems along with past rehabilitation trends 
significantly influenced the timeline for improvements. 

• Finished water treatment and storage costs were estimated by determining 
transmission capacity, sizing the transmission pipeline, estimating the length of 
pipeline, and estimating a unit cost for pipeline installation.     

 
The reasonably foreseeable water system project costs are summarized according to the 
previously identified water system categories.  The water supply appropriations and related 
infrastructure projects totaling $6.06 million were classified as “water supply” projects and were 
included in the No Action Alternative (see table A.2.3).  Assumptions for assigning planned 
projects to the No Action Alternative are identified later.  The infrastructure projects in table 
A.2.3 total $314.04 million and were not included in the No Action Alternative.   
 

Reasonably Foreseeable No Action Alternative Water Supply $    6,063,000 
Projects 
----------------------------------------------------------------------------------------------- 

Raw Water Pumping Facilities and Transmission   $     4,100,000 
Water Treatment and Related Pumping Facilities   $ 309,037,000 
Finished Water Transmission and Storage   $        800,000 
        ------------------- 
 Subtotal Reasonably Foreseeable Infrastructure  $314,037,000 
 ----------------------------------------------------------------------------------------------- 
Total Reasonably Foreseeable Water System Costs   $ 320,000,000 

 
 
No Action Alternative 
Using the above assumptions and data collected, water supply projects in the No Action 
Alternative were identified (table A.2.4).  The planned water system projects have been 
documented in previously published reports or water system planning documents.  The 
reasonably foreseeable projects are activities that are not currently planned and documented, but 
can be reasonably forecasted through 2050.  This includes typical rehabilitation and upgrades to 
water systems associated with the Safe Drinking Water Act requirements or prudent water 
system operational, maintenance, and replacement activities. 
 
The water supply projects in tables A.2.2 and A.2.3 are listed first under the category Water 
Supply Appropriations and Related Infrastructure.  The remainder of the projects listed in these 
tables relate to non-water supply infrastructure projects.  Table A.2.2 shows the water supply 
related projects planned or reasonably foreseeable in the Red River Valley service area through 
2050.  These have an estimated construction cost at 2005 price levels of $24,307,000 and annual 
OM&R (operation, maintenance, and replacement) cost of $1,023,000.   
 
Annual OM&R costs were not specifically estimated for the No Action Alternative; however, 
these costs average approximately 1% of construction costs for the action alternatives based on 
estimates from the Final Needs and Options Report (Reclamation 2005a), so 1% was used to 
estimate No Action Alternative annual OM&R costs for projects listed table A.2.3. The annual 
$780,000 cost of administering a water conservation program was developed by Reclamation 
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(2004b) and is included under the No Action Alternative.   Table A.2.4 lists all of the No Action 
Alternative water supply projects and identifies their map index number, which correlates to the 
numbers displayed in figure A.2.1.    
 
Table A.2.4 – No Action Alternative Water Supply Projects in the Red River Valley through 2050. 

City/Rural Water 
System Proposed Improvements 

Construction 
Costs 

(2005 $) 

Annual 
OM&R 
Costs 

(2005 $) 

Map Index 
Number 

Planned Water Supply Projects or Improvements 

Cass Rural Water 
Users District Water System Expansion  $1,039,000  

$10,390 
13 

Drayton Red River Low-Head Dam Improvements  $2,600,000  $26,000 2 
Enderlin 4 New Wells  $450,000  $4,500 14 
Fargo-Moorhead 
Metro Area 

Low-Head Dam Construction, Raw Water Intakes, 
2 on Red River, 1 on Sheyenne River  $7,500,000  $75,000 10 

Fargo-Moorhead 
Metro Area Raw Water Intake Expansion  $1,010,000  $10,100 11 

Grafton Red River Intake Replacement  $500,000  $5,000 4 
Grafton Red River Low-Head Dam  $2,450,000  $24,500 5 
Gwinner New Well  $100,000  $1,000 15 
Langdon/Langdon 
Rural Water District Mount Carmel Intake Improvements  $500,000  $5,000 1 

Moorhead Well Field Improvements  $354,000  $3,540 12 
Park River Fordville Aquifer Development  $215,000  $2,150 6 
Southeast Water 
District 

Service to Wyndemere, Lidgerwood, Hankinson, 
and 550 rural users  $531,000  $5,310 16 

Tri-County Water 
District/Hillsboro Galesburg Aquifer Development  $245,000  $2,450 8 

Valley City Sheyenne River Low-Head Dam Improvements  $750,000  $7,500 9 
Reasonably Foreseeable Water Supply Projects or Improvements 
Drayton Intake Improvements/Replacement  $2,500,000  $25,000 2 
Grand Forks-Traill 
Water District Additional Groundwater Appropriations  $ 2,813,000  $28,130 7 

Grafton Red River Intake Replacement  $750,000  $7,500 4 
Water Conservation  $0  $780,000 

Totals  $24,307,000  $1,023,000  
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        Figure A.2.1 – No Action Alternative (see Table A.2.4 for List of Projects Shown on Map). 
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Appendix A.3 – Infrastructure Projects 
 
In the process of defining what water system activities would be included under the No Action 
Alternative, another category of projects were identified, which are referred to as infrastructure 
projects.  These projects are future water system improvements and their associated costs that 
will be funded by the Red River Valley residents through 2050.  The infrastructure projects do 
not provide additional sources of water, so these were not included in the No Action or action 
alternatives.  These infrastructure projects generally include rehabilitation or expansion of water 
treatment plants, system distribution, and storage. 
 
Appendix A.2 (No Action Alternative), tables A.2.2 and A.2.3 list these infrastructure projects 
under three categories: Raw Water Pumping Facilities and Transmission, Water Treatment and 
Related Pumping Facilities, and Finished Water Transmission and Storage.  Infrastructure 
project costs are important, because these could influence the affordability of action alternatives.  
These costs have to be paid before additional costs associated with development of an action 
alternative can be considered.  The analysis of end user costs for each alternative is part of the 
environmental justice analysis presented in SDEIS chapter four. 
 
Water System Infrastructure Features 
The following features are included in the water system infrastructure projects: 

• Red River, Sheyenne River, and tributaries would continue to be used as surface 
water sources by the North Dakota communities of Drayton, Fargo, Grafton, Grand 
Forks, Langdon/Langdon Rural Water District, and Valley City and the Minnesota 
communities of East Grand Forks and Moorhead. 

• Lake Ashtabula existing reservoir storage would be a primary water supply source for 
downstream systems on the Sheyenne River and Red River. 

• Existing groundwater sources would continue to be used as water supply sources by 
the Minnesota communities of Breckenridge and Moorhead; the North Dakota 
communities of Enderlin, Gwinner, Larimore, Lisbon, Valley City, and Wahpeton. 

• Existing groundwater sources would continue to be used as water supply sources by 
the rural water systems including Agassiz Water Users District, Barnes Rural Water 
District, Cass Rural Water Users District – Phases II and III, Dakota Rural Water 
District, Grand Forks-Traill Water District, North Valley Water District, Ransom-
Sargent Water Users District, Southeast Water Users District, Tri-County Water 
District, and Walsh Rural Water District. 

• The City of Park River would use the Fordville Aquifer, instead of Homme Reservoir 
(Park River), as its water supply and would provide regional service to Walsh Rural 
Water District. 

• The City of Langdon and Langdon Rural Water District would develop a water 
supply from the Spiritwood Aquifer in Towner County or implement improvements 
to receive water on a drought emergency basis from North Valley Water District and 
the City of Park River/Walsh Rural Water District. 
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• Traill Rural Water District would acquire groundwater appropriations from the Page 
Aquifer and would implement a regional project with the City of Hillsboro and the 
City of Mayville. 

• The F-M Metro area (consisting of Cass Rural Water Users District - Phase I, and the 
cities of Dilworth, Fargo, Harwood, Horace, Moorhead, and West Fargo) would 
implement a regional water system concept.  This system would address projected 
water demands and associated water supply, treatment, transmission, and storage 
infrastructure requirements to utilize the Red River and Sheyenne River as sources of 
water.  The City of Moorhead, Minnesota would also expand its available water 
supply capacity from the Buffalo Aquifer. 

• Grand Forks, North Dakota, and East Grand Forks, Minnesota, would implement a 
regional water system concept to address projected water demands and associated 
water supply, treatment, transmission, and storage infrastructure requirements to use 
the Red River and Red Lake River as sources of water. 

• Grand Forks-Traill Water District would acquire additional appropriations from the 
Elk Valley Aquifer to the extent possible and potentially develop a distribution 
system interconnecting with the City of Grand Forks to meet projected water 
demands. 

• The following North Dakota communities would receive bulk or metered water 
service from a rural water system (shown in parentheses):  Binford, Cooperstown, 
Hannaford, and Page (Dakota Rural Water District); Pembina (North Valley Water 
District); Lakota (Ramsey County Rural Utilities); Hankinson, Lidgerwood, and 
Wyndmere (Southeast Rural Water District); Galesburg (Traill Rural Water District); 
Dazey (Barnes Rural Water District); and Minto (Walsh Rural Water District). 

• Municipal and rural water systems would implement improvement projects to address 
aging water treatment facilities, improve process performance, and upgrade 
equipment.  The scope of the improvement projects could range from minor 
rehabilitation, major renovation, or complete replacement, depending on the age and 
type of facility and scope of previous improvement projects. 

• Future industry would either purchase water from municipal or rural water systems 
use untapped groundwater sources, or purchase groundwater or surface water 
irrigation rights. 

 
Table A.3.1 summarizes the infrastructure costs.  The estimated cost of the planned and 
reasonably foreseeable water system projects total $753.20 million with water supply projects 
totaling $24.31 million and non-water supply infrastructure projects totaling $728.89 million.  
All costs are estimated at 2005 price levels.  All of the supplemental alternatives considered in 
the SDEIS have the same estimated infrastructure costs.  The supplemental alternatives are 
designed to meet the estimated future water shortages in the Red River Valley service area. 
 
Table A.3.2 shows the infrastructure costs for each of the six alternatives.  This includes 
construction and annual OM&R costs based on 2005 price levels.  However, these costs average 
approximately 1% of construction costs for the action alternatives, so 1% was used to estimate 
infrastructure annual OM&R costs.  The infrastructure cost for the No Action Alternative is 
$728.89 million.  That is because $24,307,000 (including water conservation) has been identified 
as “water supply” projects under the No Action Alternative cost estimate previously discussed in 
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this appendix.  These same water supply projects would still be needed under the supplemental 
alternatives, so it is included in the $753.20 million listed for each action alternative in table 
A.3.2. 
 

   
 

 
 
Table A.3.3 shows the total construction costs for each proposed alternative, including associated 
infrastructure costs.  Table A.3.4 shows the total annual OM&R costs for each alternative.  These 
total construction and OM&R costs represent the total cost of water system projects in the Red 
River Valley service area through 2050.  The No Action Alternative has the lowest construction 
and annual OM&R costs at $753.20 million and $8.31 million, respectively, but these costs only 
reflect a minor volume of additional water supply required to meet the purpose and need.  The 
action alternatives, which do meet the purpose and need, have a construction cost range of 
$1.169 billion to $1.805 billion with the annual OM&R costs ranging from $13.14 million to 
$20.65 million. 
 
Since the No Action Alternative is the future without the Project, it is assumed that water 
systems in the Red River Valley would continue to depend on their current water sources.  Due 

Table A.3.1 – Summary of Infrastructure Project Costs from Tables A.2.2 and A.2.3. 

Infrastructure Cost Source Summary Cost  
(2005 $) 

Planned Infrastructure Projects  
   Water Supply Appropriations and Related Infrastructure $18,244,000 
   Raw Water Pumping facilities and Transmission $61,096,000 
   Water Treatment and Related Pumping Facilities $215,802,000 
   Finished Water Transmission and Storage $138,053,000 
Reasonably Foreseeable Infrastructure Projects  
   Water Supply Appropriations and Related Infrastructure $6,063,000 
   Raw Water Pumping facilities and Transmission $4,100,000 
   Water Treatment and Related Pumping Facilities $309,037,000 
   Finished Water Transmission and Storage $800,000 

Total Infrastructure Costs $753,195,000 

 

Table A.3.2 – Infrastructure Costs. 

Alternative Construction Cost 
(2005 Dollars)* 

Annual OM&R 
Costs* 

No Action $728,888,000 $7,289,000 
North Dakota In-Basin  $753,195,000 $7,532,000 
Red River Basin $753,195,000 $7,532,000 
GDU Import to Sheyenne River   $753,195,000 $7,532,000 
GDU Import Pipeline  $753,195,000 $7,532,000 
Missouri River Import to Red River Valley  $753,195,000 $7,532,000 
* Values are rounded to the nearest $1,000. 
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to the limited availability of usable water resources within a feasible proximity, water supply-
related infrastructure projects are relatively narrow in scope in the No Action Alternative.  The 
No Action Alternative water supply projects listed in table A.2.4 (Appendix A.2) would not 
supply enough water to meet predicted water shortages during drought conditions.  Therefore, 
the No Action Alternative would not meet the purpose and need of the Project. 
 

 
 

 

Table A.3.3 – Alternative and Infrastructure Construction Costs.

Alternative 
Alternative 

Construction 
Costs 

(2005 Dollars)* 

Infrastructure 
Construction 

Costs 
(2005 Dollars)* 

Total 
Construction 

Costs 
(2005 Dollars)* 

No Action $24,307,000 $728,888,000 $753,195,000 
North Dakota In-Basin  $457,292,000 $753,195,000 $1,210,487,000 
Red River Basin $415,438,000 $753,195,000 $1,168,633,000 
GDU Import to Sheyenne River   $700,513,000 $753,195,000 $1,453,708,000 
GDU Import Pipeline  $910,950,000 $753,195,000 $1,664,145,000 
Missouri River Import to Red River Valley  $1,051,996,000 $753,195,000 $1,805,191,000 
* Values are rounded to the nearest $1,000. 

Table A.3.4 – Alternative and Infrastructure OM&R Costs.

Alternative 
Alternative 

OM&R Costs 
(2005 Dollars)* 

Infrastructure 
OM&R Costs 

(2005 Dollars)* 

Total 
OM&R Costs 

(2005 Dollars)* 

No Action $1,023,000 $7,289,000 $8,312,000 
North Dakota In-Basin  $5,604,000 $7,532,000 $13,136,000 
Red River Basin $6,676,000 $7,532,000 $14,208,000 
GDU Import to Sheyenne River   $7,569,000 $7,532,000 $15,101,000 
GDU Import Pipeline  $13,117,000 $7,532,000 $20,649,000 
Missouri River Import to Red River Valley  $9,102,000 $7,532,000 $16,634,000 
* Values are rounded to the nearest $1,000  
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Appendix A.4 – Ultraviolet Light Disinfection Effectiveness 
 
Abstract 
The Bureau of Reclamation conducted a literature review to address the effectiveness of 
UV (ultraviolet) disinfection for biota control.  This review was conducted to provide 
supporting information for the preparation of the SDEIS for the Project.  The review 
focused on three primary topics related to UV disinfection: inactivation of organisms, 
turbidity, and whirling disease.  The literature shows that UV is effective at inactivating 
organisms of concern such as Cryptosporidium sp., Giardia sp. and Myxoblus cerebralis.  
Organisms do not have the ability to repair in either light or dark conditions except 
bacteria, which is eliminated with the use of a disinfection residual.  Additionally, UV 
disinfection can be used with unfiltered water systems at increased turbidities while still 
effectively deactivating the organisms tested.  
 
Introduction 
Reclamation and Garrison Diversion are preparing a SDEIS for the Project.  The SDEIS 
evaluates several alternatives that would transfer Missouri River water to the Hudson Bay 
Basin, potentially introducing non-native biota into the Hudson Bay Basin.  To address 
this possibility, all of these alternatives include biota treatment and control systems.  One 
of the technologies that may be included as a component of treatment and control systems 
is UV.  This technology is commonly used to disinfect water in the United States as well 
as in other parts of the world.   
 
Commenter’s on the DEIS, including the EPA, raised concerns about the effectiveness of 
using UV as a biota treatment disinfection process for the Project.  These concerns 
pertain to three specific aspects of this process: the ability of organisms to 
reactivate/repair themselves following UV treatment, the effectiveness of UV disinfection 
of unfiltered water due to turbidity, and the use of UV to inactivate disinfection resistant 
protozoa such as the one that causes whirling disease.   
 
This appendix documents the results of a literature review conducted by Reclamation to 
address the effectiveness of UV disinfection for biota control.  The methods used to 
conduct this review are described along with a summary of each citation reviewed.  
These summaries are organized according to the three specific areas of concern:  
inactivation of organisms, turbidity, and whirling disease.  It concludes with a synopsis of 
general conclusions drawn from the literature.  Specific information of the sources 
reviewed is listed in the Literature Cited section of this appendix.  
 
Method of Data Collection 
The sixteen sources of information for this literature review were obtained using a variety 
of methods.  Bob Clement of the EPA’s Region 8 Water Treatment Division provided 
three studies in response to a request from Reclamation.   
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A number of UV related reports were also located using search engines on the Internet.  
Search engines, including Google Scholar (http://scholar.google.com) and MSN 
(www.msn.com), were used with keyword searches for terms such as: “ultraviolet light”, 
“turbidity”, and “whirling disease.”  The links were then followed to scientific literature 
websites sponsored by Applied and Environmental Microbiology, FEMS Microbiology 
Letters, American Chemical Society’s electronic database, and the Journal of American 
Water Works Association.  
 
The study UV Disinfection and Disinfection By-Product Characteristics of Unfiltered 
Water, sponsored by AWWA (American Water Works Association) Research Foundation 
and the City of Winnipeg, was obtained in hard copy by Reclamation from the AWWA 
website’s electronic catalog.   
 
All of the best available information that could be assembled in the time available has 
been included and summarized in this appendix.  
 
Inactivation of Organisms 
To demonstrate the effectiveness of UV light to control biota, several studies were 
gathered that presented data on the ability of UV to inactivate organisms.  The first study 
used bench-scale UV testing and neonatal mouse infectivity and determined that 3.9 log 
inactivation of oocysts of the protozoan Cryptosporidium parvum could be achieved with 
a UV dosage of approximately 19 mJ/cm2  (millijoules per square centimeter).  The 
results of these demonstration studies were carried out under the Environmental 
Technology Verification program of the National Sanitation Foundation.  The EPA 
reviewed the study and agreed with the bench-scale results (Bukhari et al. 1999).   
 
Another study compared medium- and low-pressure UV light to demonstrate that low 
dosage UV is highly effective at inactivating Cryptosporidium sp. oocysts (Clancy et al. 
2000).  A report by Shin et al. proved that Cryptosporidium sp. oocysts are very sensitive 
to low doses of monochromatic low pressure UV radiation, which resulted in their 
inactivation (Shin et al. 2001). 
 
Concerns have been raised about the effectiveness of UV disinfection because organisms 
may have the ability to repair themselves after inactivation.  Mofidi et al. demonstrated 
that heterotrophic bacteria were able to re-grow during incubation after being treated with 
UV.  However, this re-growth was prevented when a chloramine residual was used 
(Mofidi et al. 2002).  In September 2003 Mofidi presented results of “Pathogen 
Reactivation in the Distribution System,” and reported that Cryptosporidium sp. lacks the 
gene sequence required for photo-repair and the oocysts do not repair in either light or 
dark conditions.  Also, viruses lack the enzymes required to repair themselves after 
deactivation.  Therefore, bacteria do have the capability to reactivate (repair) themselves 
after UV disinfection but a chloramine residual assures continued inactivation.  Viruses 
and protozoa have been observed to not have the capability to reactivate or repair due to 
lack of key gene sequences required for photo-repair (Mofidi 2003).   
 

http://scholar.google.com
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Similarly, an animal infectivity test was done to determine the reactivation of cysts of the 
protozoan Giardia muris and Cryptosporidium parvum oocysts after exposure to UV 
radiation.  This study showed G. muris and C. parvum infectivity at room temperature 
and dark storage was similar to that of organisms administered immediately after UV 
treatment. This illustrates that following treatment with UV, the parasites did not 
reactivate or re-grow even after an extended time.  However, when treated with low doses 
of medium-pressure UV (<25 mJ/cm2), infectivity was observed in three of seven 
independent infectivity tests using G. muris.  When dosages greater than or equal to 60 
mJ/cm2 were used, neither organism showed resistance to and/or reactivation following 
the UV treatment.  Overall this study determined significant and permanent inactivation 
can be achieved at certain UV exposure levels (Belosevic et al. 2001).   
 
Another study, UV Disinfection of Giardia lamblia Cysts in Water used low-pressure UV 
irradiation to demonstrate that there was no evidence of either light or dark repair of G. 
lamblia cysts’ DNA damage caused by the UV treatment at all dosages tested.  The study 
concluded that at practical doses of UV disinfection much greater than 4 log inactivation 
of G. lamblia cysts was achieved in water with no evidence of DNA repair (Linden et al. 
2002).  And finally, Shin et al. in 2001 stated that there is no phenotypic evidence of 
either light or dark repair of UV-induced DNA change (Shin et al. 2001). 
 
Turbidity 
One of the main concerns relating to UV disinfection is the use of UV without first 
treating the water with some form of filtration to reduce turbidity levels.  Several entities 
have raised concerns about the effectiveness of UV disinfection in the presence of certain 
turbidity levels.  The EPA (2003) developed a UV Disinfection Guidance Manual for 
guidance in the use of UV disinfection across the United States.  Appendix G (Issues for 
Unfiltered Systems) of the Manual, states that the Surface Water Treatment Rule allows 
turbidity up to 5 NTU prior to the first point of disinfection for unfiltered drinking water.  
This manual also cites several studies that have shown UV light to be an effective 
disinfectant at increased turbidities.  These studies include a work by Christensen and 
Linden which showed that the light scattering and changes in absorbance related to 
turbidity up to 10 NTU can be accounted for when calculating the required UV dosage.  
In 2001 Malley reported that turbidity up to 7 NTU did not affect inactivation of seeded 
bacteriophage in unfiltered water in bench-scale, batch, and collimated beam testing.  
Oppenheimer et al. conducted batch and continuous-flow studies which showed turbidity 
ranging from 0.65 to 7.0 NTU had no differences in the UV dose necessary per log 
inactivation of seeded MS2 (male specific-2 bactriophage), G. muris, or C. parvum in 
unfiltered waters. 
 
Other sources also include information on the effect turbidity has on UV disinfection.  
The AWWA Research Foundation and the City of Winnipeg, Canada, sponsored a study 
in 2005 titled UV Disinfection and Disinfection By-Product Characteristics of Unfiltered 
Water.  This study demonstrated that for unfiltered water there was no significant change 
in UV reactor performance at turbidity levels up to 4 NTU, and a significant reduction in 
UV disinfection efficiency was seen at a turbidity level of 13 NTU.  In the same study, it 
was shown that algae did not physically interfere with UV disinfection, but did 
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accompany higher TOC (total organic carbon) and UV absorbance.  This impacted the 
required dose because increased TOC reduces the transmittance of UV in the water.  The 
study noted that once the UV light dosage has been corrected for the increased TOC there 
is no impact from TOC (Wobma et al. 2005). 
 
Similarly, another study showed that the presence of particulate material did not affect 
the ability of the medium-pressure UV to inactivate the oocysts added to suspension, and 
high levels of oocyst inactivation were noted even at the lowest UV dosage in an 11 NTU 
sample with only a negligible increase in operating costs (Clancy et al. 2000).  As stated 
in another study, UV light disinfection can be implemented into systems with elevated 
turbidity of up to 10 NTU, such as before filtration and for unfiltered systems 
(Christensen 2003). 
 
At the University of Waterloo’s Department of Civil Engineering in Waterloo, Ontario, 
Canada, a thesis project in 2005 studied UV inactivation of micro-organisms related to 
surface water particles.  This study determined that in river water the presence of surface 
water particles, ranging from 12.0 – 32.4 NTU, has no influence on UV inactivation at all 
doses studied.  The study also looked at the effect of floc particles which were introduced 
through coagulation and flocculation.  The average difference of the log inactivation was 
1.25 for low pressure UV doses and 1.12 for medium pressure UV doses in coagulated 
river water, and 1.10 for low pressure UV doses in coagulated process water (Liu 2005).   
 
Craik et al. presented the study The Impact of Turbidity on Cryptosporidium sp. and 
Giardia sp. Inactivation by Ultraviolet Light, at the 2002 AWWA Water Quality 
Technology Conference.  This study showed a modest effect on UV inactivation related 
to turbidity when levels were raised from 0.25 NTU to 20 NTU.  It used collimated beam 
exposure experiments and found turbidity to have a modest effect at the 99% confidence 
level on the UV inactivation characteristics of C. parvum oocysts.  This experiment also 
showed the same modest effect for G. muris but significance only at the 94% confidence 
level.  The increase in turbidity from 0.25 to 20.0 NTU resulted in a 0.8 log-unit and 0.5 
log-unit decrease in inactivation of C. parvum and G. muris (Craik et al. 2002).   
 
The final study reviewed on this subject was performed by Cantwell et al., at the 
University of Toronto’s Department of Civil Engineering.  This study presented results 
showing the ability of UV to disinfect coliforms was essentially unaffected by the 
presence of particles or turbidity (Cantwell et al. 2005). 
 
Whirling Disease 
Whirling Disease in salmonid fish is caused by the myxozoan parasite known as M. 
cerebralis and was once thought to be problematic only in hatchery salmonids.  However, 
the disease has now been identified as a major cause of decline in wild trout populations 
in the United States (Hedrick 2000).  Some entities have expressed concerns that whirling 
disease could be transmitted with an interbasin transfer of water. The use of UV 
disinfection for the control of whirling disease has been proposed to address this concern.   
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Several studies have shown that UV disinfection is very effective at inactivating whirling 
disease.  In 1974, Hoffman showed that when rainbow trout fry were exposed to 
contaminated water they developed whirling disease.  However, when the same water 
was exposed to 35,000, 43,000, and 112,000 mWsec/cm2 (microwatt second per square 
centimeter) of UV light, infection was prevented (Hoffman 1974).  In another study, 
Hedrick et al. showed that a dose of 1,300 mWsec/cm2 inactivated 100 % of the 
triactinomyxons, or waterborne infective stage of the disease. They also demonstrated 
that when a Cryptosporidium sp. inactivation device was used in well water, rainbow 
trout were protected from 64,200 triactinomyxons per fish showing no symptoms of 
whirling disease after exposure (Hedrick et al. 2000).  More recently, using the same 
methods as Hedrick et al. 2000, the study Evaluation of a Range of Doses of Ultraviolet 
Irradiation to Inactivate Waterborne Actinospore Stages of Myxobolus cerebralis, was 
conducted.  This study showed that UV doses as low as 40 mJ/cm2 were completely 
effective in inactivating the infectious stage of this M. cerebralis.  This study is currently 
in press to be published in the Diseases of Aquatic Organisms (Ron Hedrick Personal 
Communication December 1, 2006).       
 
Finally, several entities have raised concerns about the inactivation of the spore form of 
whirling disease, Myxospores.  Eric Wagner published a study called Whirling Disease 
Prevention, Control, and Management: A Review that presented several methods for 
killing the myxospore stage of whirling disease.  This included: drying, calcium 
hydroxide, calcium oxide, chlorine disinfection, Roccal (alkyl dimethylbenzylammonium 
chloride), calcium cyanide, treating incoming water with UV light, or as has been 
successful in France- the use of sand-charcoal filters.  The recommendation for this study 
was to treat water with 2,537 A (amphere) of UV light dosages greater than or equal to 
35,000 mWsec/cm2 to eliminate the threat of the spore life stage of this disease (Wagner 
2002).  However, R.P. Hedrick has indicated that the University of California is currently 
studying the effects of UV disinfection on M. cerebralis Myxospores.  Hedrick indicated 
that the UV dosage of as low as 40 mJ/cm2 prevented the infection of the myxospores in 
the host organism, the tubifex worm (Personal Communication December 1, 2006).   
These study results are based on recent analysis and have not gone through a peer review 
process in preparation for eventual publication.  
 
 
Conclusions 
The studies summarized in this appendix demonstrate that projects considering the 
interbasin transfer of water can decrease the risk of introducing an invasive species with 
the use of UV disinfection for inactivation of organisms.  These studies have shown that 
low dosages can be highly effective for inactivating Cryptosporidium sp. (Clancy 2000).  
Without a residual disinfection, bacteria have the ability to repair themselves following 
UV disinfection, but viruses and protozoa have shown no sign of repair.  
Cryptosporidium sp. oocysts do not repair in light or dark conditions, and viruses lack the 
enzymes required for repair (Mofidi 2003). 
 
Typically UV disinfection is used as an additional barrier to pathogens following the 
treatment of water, but studies have shown that it is also effective at inactivating 
organisms in unfiltered water or water with increased turbidities.  Regulations of the EPA 
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allow for up to 5 NTU immediately prior to the disinfection for drinking water.  Studies 
have reported no significant change in UV reactor performance at turbidity levels of 4 
NTU (Wobma 2005), and high levels of inactivation have been noted even in water with 
turbidity as high as 11 NTU (Clancy et al. 2000).  These studies show that UV can be 
effectively used for unfiltered systems or before treatment to inactivate various organisms 
and can be used for biota control.  
 
Studies have also shown that UV disinfection is very useful in the control of biota of 
concern, such as whirling disease.  Dosages of 40mJ/cm2 will completely protect fish 
from infection of whirling disease (Ron Hedrick Personal Communication December 1, 
2006).  The studies concluded that UV is effective at inactivating both the waterborne 
infectious stage and the spore form of the disease.   
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Appendix A.5 – Comparison of Biota Water Treatment Options 
 
Introduction 
Three of the five action alternatives proposed for the Project involve the transfer of Missouri 
River water to the Red River Valley.  Some form of water treatment is needed prior to conveying 
Missouri River water into the Hudson Bay Basin to reduce the risk of transferring invasive 
species.  This appendix compares the biota water treatment options considered for the Missouri 
River import alternatives.  It is important to note that in this analysis of biota water treatment 
options, each option is compared to the other options.  That is different than the impact analyses 
of the proposed alternatives in the SDEIS, in which the action alternatives were compared to the 
No Action Alternative to identify the potential impacts.  This is done to assess the level of risk 
reduction achieved and the costs associated with this risk reduction so the appropriate biota water 
treatment option for each of the import alternatives can be identified.   
 
The import alternatives include the GDU Import to Sheyenne River, GDU Import Pipeline and 
Missouri River Import to Red River Valley which are described in more detail in chapter 2.  
Three biota water treatment options are also considered in the SDEIS, which include: basic 
treatment, microfiltration and in-filter DAF options.  All three biota treatment options provide 
adequate reduction or inactivation of invasive species prior to entering the Hudson Bay Basin 
which is discussed in the following paragraphs.   
 
The information presented in this appendix compares the biota water treatment processes and 
identifies which of the three treatment options will be used for each of the import alternatives.  
Even though some aspects of the import alternatives were considered in this analysis, the 
evaluation conducted in this appendix is not an alternative selection process, that process is 
discussed in chapter 2.   
 
Biota Water Treatment Options 
The report (Reclamation 2005c) Water Treatment Plant for Biota Removal and Inactivation 
Preliminary Design & Cost Estimates evaluates several types of water treatment for the Missouri 
River import alternatives.  Two of the treatment options presented in this report, basic treatment 
and microfiltration, are evaluated in the SDEIS.  A third water treatment option, In-filter DAF 
(in-filter Dissolved Air Flotation with UV), was also evaluated in the SDEIS.  The In-filter DAF 
option was recommended by the Province of Manitoba in their comment on the DEIS (Dwight 
Williamson, letter of June 30, 2006).  Each treatment option is described in more detail in the 
following paragraphs. 
 
Figure A.5.1 shows schematics of the two biota water treatment processes previously considered 
in the DEIS (Reclamation 2005c).  Basic treatment includes coagulation, flocculation, 
sedimentation, UV disinfection, chlorination and chloramines.  The microfiltration treatment 
option uses coagulation, pin-floc, microfiltration, UV disinfection, chlorination and chloramines.   
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Figure A.5.1 – Biota Water Treatment Processes Previously Considered in DEIS. 
Note:  MF is microfiltration  
 
Commenters on the DEIS raised concerns about the effectiveness of biota treatment processes 
that lacked multiple barriers, specifically filtration.  The microfiltration treatment option (with 
UV and chlorine) meets that criteria, but the basic treatment option does not include filtration.   
Appendix A.4, Ultraviolet Disinfection Effectiveness, addresses these concerns by summarizing 
the results from a literature search of studies investigating the effectiveness of UV inactivation of 
various organisms.  These organisms include; Giardia Lamblia, Cryptosporidium parvum, and 
Myxobolus cerebralis (whirling disease).  The overall conclusion of these studies shows that the 
effectiveness of UV disinfection in inactivating organisms was not affected by turbidity levels of 
4 NTUs (nephelometric turbidity units), or less, with some studies suggesting UV disinfection 
continuing to be effecting at much higher levels of turbidity.  Given the typically low turbidity 
levels of Missouri River water, basic treatment, which includes a pretreatment process of 
coagulation, flocculation and sedimentation, could produce water with less than 4 NTUs of 
turbidity under normal operating conditions.  Therefore, the basic treatment option is a 
reasonable biota treatment process to consider in the SDEIS because UV would effectively 
inactivate biota prior to transfer and maintain inactivation after transfer. 
 
The Province of Manitoba in their June 30, 2006, letter suggested that the In-filter DAF regime 
followed by UV disinfection, be considered as a water treatment option.  This treatment option is 
a multi-barrier treatment process that includes filtration, as shown in figure A.5.2.  
 

 
Table A.5.1 shows the treatment credits assigned to each biota treatment options and individual 
treatment processes with in each option.  These treatment credits are based on the log-removal 

 
 
Figure A.5.2 – In-Filter Dissolved Air Flotation Water Treatment Process Suggested by Manitoba. 
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achieved by each treatment process.  The last three columns of the table show the Safe Drinking 
Water Act (SDWA) treatment credit requirements and the underlying rules such as the Surface 
Water Treatment Rules.  The figure also shows the Long Term 2 Enhanced Surface Water 
Treatment Rule (LT2ESWTR) and the total which is the highest of the SDWA and LT2ESWTR 
treatment credit requirements. 
 
A review of the figure shows that all of the biota treatment options considered in the SDEIS 
achieves the log-removal or treatment credit requirements required under the SDWA.  Therefore, 
all three provide adequate reduction or inactivation of invasive species prior to entering the 
Hudson Bay Basin. 
 
Table A.5.1 - Log Inactivation/Removal Credit provided from Regulatory Requirements. 

Treatment Credit Treatment Credit 
Requirements 

 

 

C
oa

gu
la

tio
n 

&
 

Se
di

m
en

ta
tio

n 

D
A

F 
w

ith
 M

ed
ia

 
Fi

ltr
at

io
n 

M
F/

U
F 

1 

U
V 

C
hl

or
am

in
es

 
O

r C
hl

or
in

e 

To
ta

l 

SD
W

A
 

A
dd

iti
on

al
 L

T2
 E

SW
TR

 

To
ta

l 

Giardia 0.5   3 2  3.0 N/A  

Total Credit 0.5   3.5 5.5 5.5 3.0 3.0 3.0 

Viruses 0.5   0 3.5  4.0 N/A  

Total Credit 0.5   0.5 4.0 4.0 4.0 4.0 4.0 

Cryptosporidium 0.5   2 0  2.0 0  
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Total Credit 0.5   2.5 2.5 2.5 2.0 2.0 2.0 

Giardia   4 3 2  3.0 N/A  

Total Credit   4 7 9 9.0 3.0 3.0 3.0 

Viruses   0.5 0 3.5  4.0 N/A  

Total Credit   0.5 0.5 4 4.0 4.0 4.0 4.0 

Cryptosporidium   4 3 0  2.0 0  

C
 –
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F 

Total Credit   4 7 7 7.0 2.0 2.0 2.0 
Giardia  2.5  3 1  3.0 N/A  

Total Credit  2.5  5.5 6.5 6.5 3.0 3.0 3.0 

Viruses  2  0 2  4.0 N/A  

Total Credit  2  2 4 4.0 4.0 4.0 4.0 

Cryptosporidium  2  3 0  2.0 0   In
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Total Credit  2  5 5 5.0 2.0 2.0 2.0 

 
 
USGS Failure Analysis  
All three biota water treatment options provide adequate treatment for biota control.  However, a 
failure in a key treatment process or conveyance feature could increase the risk of biota transfer.  
To address this concern a report (Linder 2006) Infrastructure Failures and their associated Risks 
of Biota Transfer was developed that characterized the failure potential of water treatment and 
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conveyance features used in the three Missouri River import alternatives and the three biota 
treatment options.  The report provides a failure analysis of key components in the treatment 
process (filtration, UV and chlorination) and conveyance features (pipeline break and valve 
failures) that could contribute to the transfer of biota. 
 
Factors Considered in Comparison of Biota Water Treatment Options 
Four technical factors were included in the comparison of the biota water treatment options.  
Three of them directly relate to treatment and one relates to conveyance failure.  The categories 
included; conveyance failure, biota water treatment risk reduction, biota water treatment failure, 
and biota WTP costs.  Each of the four factors were assigned scores by ranking.  The scores were 
assigned so there was equal weight given to biota transfer risk reduction, which has three risk 
reduction categories, and biota WTP costs.  The maximum score for conveyance failure was “2”, 
biota water treatment risk reduction was “3” and biota water treatment failure “4” for a total of 9.  
There are a total of 9 combinations of Missouri River import alternatives and biota treatment 
options (3 x 3) so the combinations were ranked 1 to 9 with the lowest cost receiving the 
maximum value of 9.  This represents equal weight for risk reduction and cost in this 
comparison.     
 
Conveyance Failure Analysis 
The Project import alternatives propose to transfer water from the Missouri River Basin to the 
Red River Basin.  This conveyance of water has an associated risk of transferring biota from one 
basin to the other.  One possible pathway for this transfer is the failure of the conveyance system, 
including a pipe leak or break, allowing water to escape from the system and enter tributaries of 
the Red River Basin.  There are many possible causes of pipe leaks which include pipe material 
deterioration, partial or total failure of pipe joints and earth movements (Linder and Little 
2006a).   
 
Pipeline failure is directly related to three characteristics; the material the pipe is made of, the 
diameter of the pipe, and the total length of the pipe.  Each of these characteristics are listed in 
table A.5.2 for each import alternative.  According to the data presented for Ductile Iron pipe 
(Linder and Little 2006a) the median failure rate is 6.0 breaks per 100 kilometers (km) (62 miles) 
per year, for steel pipe the median is 6.67 breaks per 100 km per year, and for PVC pipe the 
median failure rate is 1.7 breaks per 100 km per year.  As this data shows, the probability of a 
pipe break increases with the length of the pipe in the system, and increases accordingly from 
PVC to Ductile Iron to steel pipe (Linder and Little 2006a). 
 
Table A.5.2 – Pipeline Characteristics for Proposed Import Alternatives. 

Pipe Size (inches in Diameter) 

PVC Pipe Ductile Iron or Steel Pipe Alternative 

12 14 26 32 54 56 58 60 64 66 70 

Total 
Pipe Length 

GDU Import to  
Sheyenne River 
(miles)  

- - - - - - - 
11.9 

- 
116.7 

- 
128.6

GDU Import 
Pipeline (miles) 3.0 - - - 32.4 105.0 - - 79.4 - - 219.8
Missouri River  
Import to Red River 
Valley (miles) 3.0 26.0 45.6 101.8 7.9 11.1 24.4 

- - 
77.0 61.8 358.5
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The diameter of the pipe also influences the likelihood of a pipeline break.  Larger diameter pipe 
is less likely to break than smaller diameter pipe of the same length and material composition 
(Linder and Little 2006a).  To compare the alternatives based on the diameter of the pipe within 
the system, table A.5.3 displays the percentage of pipe in each import alternative that has a 
diameter of greater than or equal to 32 inches.  As shown the GDU Import to Sheyenne River 
Alternative has the largest percentage (100%) of pipe with a diameter greater than or equal to 32 
inches, then the GDU Import Pipeline and the Missouri River Import to the Red River Valley 
alternatives decreasing respectively.   
 
Table A.5.3 – Percent of Pipe with Diameter ≥ 32 Inches. 

Alternative Percent Diameter 
≥ 32 Inches 

GDU Import to Sheyenne River 100.0% 

GDU Import Pipeline 98.6% 

Missouri River Import to Red River Valley  79.2% 
 
The three factors that affect pipeline failure rates were compared to each other in order to 
develop a total conveyance failure rating for each alternative.  The GDU Import to Sheyenne 
River Alternative transfers water in a pipeline from the McClusky Canal to the Sheyenne River 
and releases the water directly into the river.  Since the water is intentionally released into the 
Red River Basin watershed, a pipeline failure would have no additional affect on the transfer of 
biota.  This method of transportation can not be compared to the other conveyance features; 
therefore the alternative was given a value of zero to represent the planned release from the pipe 
as shown in table A.5.4. 
 
The other two alternatives have conveyance systems that can be compared to each other as 
presented in table A.5.4.  Numeric values were assigned to each technical factor relative to each 
other.  The second column assigns failure scores based on pipeline length.  The GDU Import 
Pipeline Alternative has less overall pipe length as compared to Missouri River Import to Red 
River Valley Alternative so it is less likely to have a pipe failure.  Therefore, it was given a score 
of 2 while the Missouri River Import to Red River Valley Alternative due to its longer pipe 
length was given a score of 1.  
 
Table A.5.4 – Average Conveyance Failure Risk. 

* Alternative releases Missouri River water into the Sheyenne River therefore the conveyance failure was given a 
score of zero. 
 
 

Alternative 
Score Based on  
Pipeline Length 

(shorter=2, 
longest =1) 

Score Based on 
Pipe Diameter ≥ 

32 Inches 
(greatest=2,  

least=1) 

Score Based 
on Pipe 
Material 

(most PVC=1, 
least PVC=2) 

Average 
Conveyance 
Failure Risk 

GDU Import to Sheyenne River* 0 0 0 0 

GDU Import Pipeline 2 2 2 2 

Missouri River Import 
to Red River Valley  1 1 1 1 
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This comparison was also done for the percentage of pipe with a diameter greater than or equal 
to 32 inches, and the type of pipe material used in the alternatives.  The final column in table 
A.5.4 presents the average conveyance failure score for each alternative.  Showing that overall 
the GDU Import Pipeline Alternative has the highest score or the lowest chance of conveyance 
failure when compared to the other import alternatives.  
 
Table A.5.5 summarizes the conveyance failure risk evaluation.  The table shows each import 
alternative, the conveyance features included in that alternative, the total capacity, the length of 
each pipeline in miles, and the average conveyance failure score determined in Table A.5.4.  In 
summary, the GDU Import Pipeline Alternative has the highest score or the lowest risk of failure 
based on conveyance of any of the import alternatives.      
 
Table A.5.5 – Summary of Conveyance Failure Risk Evaluation. 

Alternative Conveyance Feature 
Description 

Capacity
(cfs) 

Pipeline Length
(miles) 

Average 
Conveyance 

Failure* 
GDU Import to 
Sheyenne River 

McClusky Canal to Lake 
Ashtabula Pipeline 122 177 0 

GDU Import Pipeline McClusky Canal to  
Fargo Pipeline 85 217 2 

Missouri River Import  
to Red River Valley 

Bismarck to Fargo and 
Grand Forks Pipeline 119 324 1 

*higher number equals greater risk reduction and lower risk 
 
Biota Water Treatment Risk Reduction 
In characterizing the effectiveness of a treatment process in the removal or inactivation of micro 
organisms, common practice is assigning log-inactivation/removal credits based on previous 
knowledge of each treatment process.  Treatment credits are assigned to the effectiveness of 
treating Giardia, viruses and Cryptosporidium which are organisms regulated for human health 
in drinking water.  The treatment credits assigned to each biota treatment option were previously 
shown in table A.5.1.  This information is summarized for each biota water treatment option in 
table A.5.6.   
 
Table A.5.6 – Biota Water Treatment Risk Reduction. 

Log Inactivation Credit 

Alternative and Capacity 
Giardia Viruses Crypto 

Biota Treatment 
Risk Reduction 

(least=1 to 
most=3) 

Pre-Treatment with UV & Chlorination 5.5 4.0 3.5 1 

In-Filter DAF with UV & Chlorination 6.5 4.0 5.0 2 

Microfiltration with UV & Chlorination 9.0 4.0 7.0 3 

* Values are rounded to the nearest $1,000 and include contingencies. 
 
The treatment option with the highest log-removal credits was given the highest rating for biota 
transfer risk reduction.  For comparison purposes, the biota water treatment options were 
assigned a numeric risk reduction value based on the credits received for the specific treatment 
regime.  For example, the basic treatment option with pre-treatment, UV and chlorination 
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received 13 total removal credits which is the lowest total for this alternative, therefore it was 
given a value of 1 as the risk reduction ranking.   The microfiltration, UV and chlorination 
process received 20 total credits or the highest total for this alternative.  Therefore this biota 
treatment option received a risk reduction value of 3.  The total log-removal credits for the In-
filter DAF with UV and chlorination process fell in between the other two process totals; 
therefore it was given a risk reduction value of 2.  This risk reduction evaluation was conducted 
for each of the import alternatives for comparison purposes.       
 
Biota Water Treatment Failure Analysis 
The three biota water treatment options are composed of separate treatment processes in 
sequence, each providing a barrier against biota transfer or an inactivation of biota prior to 
transfer.  Each of these treatment options provides adequate protection against biota transfer, but 
relative to each other, they differ in their potential for failure.     
 
The infrastructure failure analysis report (USGS 2006a) characterized the failure risk of water 
treatment processes.  These water treatment processes have been used in the potable water 
treatment industry for decades and are well understood in terms of their failure risk.  In order to 
determine the failure risk of the treatment options each component or treatment process was 
evaluated separately.  Table A.5.7 shows the treatment failure risk score for each treatment 
process and provides an overall score which represents the relative failure risk of each treatment 
option as compared to the others.   
 
The failure risk of a treatment process does not change based on the performance of other 
components in the system.  To evaluate how each process helps reduce the risk of biota transfer, 
each option was given risk reduction points based on the processes included in that option.  For 
example, the pre-treatment process in the first treatment option has the same potential to fail as 
pre-treatment in either of the other two options.  Therefore, the risk reduction associated with 
pre-treatment is scored as 1 for every option as shown in the second column.  This is based on 
the assumption that from a risk standpoint, all types of pre-treatment have a similar risk of 
failure.  The same assumption is true for the other treatment processes.  The exception is the pre-
treatment with UV and chlorination option which does not include filtration so a score is not 
applicable for that process.  Unlike the process of pre-treatment, UV and chlorination, which is 
the same for each option, the filtration process included in the In-Filter DAF and microfiltration 
options are fundamentally different.  However, this analysis assumed that from a risk of failure 
standpoint the processes are fundamentally similar and therefore they would have similar 
potential to fail and therefore scored the same.  
 
Table A.5.7 – Biota Water Treatment Failure Risk Reduction.  

Biota Water 
 Treatment  

Option Pre-Treatment Filtration UV  Chlorination 

Treatment 
Failure 
 Risk 

Reduction 
Pre-Treatment with UV  
& Chlorination 1 NA 1 1 3 

In-Filter DAF with UV  
& Chlorination 1 1 1 1 4 

Microfiltration with UV  
& Chlorination 1 1 1 1 4 
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The scores shown in table A.5.7 assess the relative failure risk of each treatment process and 
each of the options can be compared to one another.  The In-Filter DAF and microfiltration 
options have the highest failure risk reduction score because they have multiple barriers in the 
treatment regime and are less likely to fail, or allow a transfer of biota.  The addition of the 
filtration process in these options provides an additional barrier to biota transfer that the pre-
treatment with UV and chlorination option does not provide.  
 
Biota Water Treatment Plant Cost Ranking 
The cost of each biota WTP option was considered when comparing the biota treatment options 
and alternatives.  In order to compare the biota treatment options, each cost estimate was 
annualized with an interest rate of 5.0% and a repayment period of 40 years, using both capital 
and OM&R costs.  A total of 9 points were available when evaluating the total risk reduction, 
and to make a comparison with cost, 9 total points were used to score costs.  The values were 
then ranked from 1 to 9 relative to cost, where 1 represents the alternative with the highest 
annualized capital and OM&R cost as shown in table A.5.8.  Some combinations of alternatives 
and treatment process options have the same costs so they were given the same rank.  For 
example, two of the costs associated with the GDU Import Pipeline Alternative both were given 
the rank of 1.  However, if you were actually ranking the costs from 1 to 9 these two 
alternative/treatment options would rank as 1 and 2.  In order to account for this situation a 
calculated rank was developed using the average of the two rankings.  This is shown in the last 
column of table A.5.8.   The GDU Import Pipeline Alternative with In-Filter DAF or 
microfiltration has the highest annualized cost and the GDU Import to Sheyenne River 
Alternative with pre-treatment with and UV and chlorination has the lowest annualized cost.   
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Table A.5.8 – Biota WTP Cost Ranking. 

Biota WTP Cost** 
(2005 Dollars) 

Alternative 

Capital OM&R Annualized 
Capital*  

Total Capital 
and OM&R 

Annualized* 

Rank      
(1 - 9) 

Calculated 
Rank 

GDU Import to Sheyenne River 

Pre-Treatment with UV  
& Chlorination $60,287,000 $3,499,000 $1,507,000 $5,006,000 9 9 

In-Filter DAF with UV  
& Chlorination $110,708,000 $5,283,000 $2,768,000 $8,051,000 5 5.5 

Microfiltration with UV  
& Chlorination $110,708,000 $5,283,000 $2,768,000 $8,051,000 5 5.5 

GDU Import Pipeline 

Pre-Treatment with UV  
& Chlorination $44,715,000 $6,106,000 $1,118,000 $7,224,000 7 8 

In-Filter DAF with UV  
& Chlorination $89,571,000 $8,761,000 $2,239,000 $11,000,000 1 1.5 

Microfiltration with UV  
& Chlorination $89,571,000 $8,761,000 $2,239,000 $11,000,000 1 1.5 

Missouri River Import to Red River Valley 

Pre-Treatment with UV  
& Chlorination $99,125,000 $3,311,000 $2,478,000 $5,789,000 8 7 

In-Filter DAF with UV  
& Chlorination $151,210,000 $4,985,000 $3,780,000 $8,765,000 3 3.5 

Microfiltration with UV  
& Chlorination $151,210,000 $4,985,000 $3,780,000 $8,765,000 3 3.5 

*Assumed interest rate of 5.00% with an assumed repayment period of 40 years. 
* *Values are rounded to the nearest $1,000 and include contingencies. 
 
 
Comparison of Biota Water Treatment Options 
The previous section evaluated four technical factors that would be used in comparing biota 
treatment options.  These categories include; conveyance failure analysis, biota water treatment 
risk reduction, biota treatment failure analysis, and biota WTP costs.  This section combines 
these evaluation results for an overall comparison of technical (risk reduction) and economic 
(costs) aspects of the biota treatment options and the conclusions drawn from this analysis.    
 
Table A.5.9 summarizes the previous failure risk reduction evaluations shown in table A.5.6 
(biota treatment risk reduction - blue), table A.5.4 (conveyance failure risk - green) and table 
A.5.7 (biota treatment failure risk - purple).  One additional condition that influences the overall 
risk reduction was the use of a horizontal well collection system as the intake structure for the 
Missouri River Import to Red River Valley Alternative.  The horizontal well collection system 
removes water from the sand and gravel materials under the Missouri River.  This acts as a 
filtering system as the water is collected underground and pumped to the biota WTP.  This type 
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of intake provides an additional barrier to the transfer of biota by removal which was not 
accounted for in the evaluations described in the pervious section.  Table A.5.9 column 3 
assesses the risk reduction associated with this type of intake. The traditional intake structures 
included in the other two alternatives receive a rating of 0 because there is no reduction of risk 
associated with a traditional intake structure.  The horizontal well collection intake received a 
rating of 1 to account for the reduction of risk.   
 
Table A.5.9 combines the results from columns 3 through 6 to determine the total risk reduction 
associated with each alternative and biota treatment option combination as shown in column 7 
(orange).  In this analysis, as the total risk reduction score increases the amount of risk (chance 
of biota transfer) associated with that alternative decreases.   
 
Table A.5.9 – Overall Biota Treatment Risk Reduction. 

 
Alternative 

Source Water 
Withdrawal via 
Horizontal Well 

System No = 0 and 
Yes = 1 

Biota Treatment
Risk Reduction 

(Table A.5.6) 

Conveyance 
Failure Risk 
(Table A.5.4) 

Treatment 
Failure 
 Risk 

(Table 
A.5.7) 

Total Risk 
Reduction 

Score 

 Column 2 Column 3 Column 4 Column 5 Column 6 
GDU Import to Sheyenne River 
Pre-Treatment with UV 
& Chlorination 0 1 0 3 4 

In-Filter DAF with UV  
& Chlorination 0 2 0 3 5 

Microfiltration with UV  
& Chlorination 0 3 0 3 6 

GDU Import Pipeline 
Pre-Treatment with UV 
& Chlorination 0 1 2 4 7 

In-Filter DAF with UV  
& Chlorination 0 2 2 4 8 

Microfiltration with UV 
& Chlorination 0 3 2 4 9 

Missouri River Import to Red River Valley 
Pre-Treatment with UV 
& Chlorination 1 1 1 4 7 

In-Filter DAF with UV  
& Chlorination 1 2 1 4 8 

Microfiltration with UV  
& Chlorination 1 3 1 4 9 

 
Each combination of Missouri River import alternative and a biota WTP also has a cost which 
must be considered along with biota transfer risk reduction.  Table A.5.10 combines the total risk 
reduction scores (column 4 - orange) with the ranking of biota WTP annualized costs (column 5 - 
pink) to determine the overall alternative/biota WTP option scores (column 6).  The results show 
that for all three alternatives, the most economic combination of risk reduction and cost is 
achieved with the pre-treatment, UV and chlorination biota treatment option.  
 
Results shown in table A.5.10 can also be expressed using relative terms to describe the 
differences between the combination of alternatives and biota WTP options.  Percentiles were 
used to develop ranges of scoring results as shown in table A.5.11 which presents the percentile 
breakout for total risk reduction and total risk reduction + annualized costs.  The total risk 
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reduction categorized in the first column were a ranking of 4.8 or lower is characterized as a 
“adequate” risk reduction for biota control as compared to a ranking of 9 which is a “very best” 
reduction in the risk.  The second set of columns (blue) is the narrative risk based on total risk 
reduction + biota WTP annualized costs where a value of 14.2 or higher is characterized as the 
“very best” score while a score of 10.3 or lower is considered an “adequate” score since all 
options have been determined to be adequate for biota control.  It is important to note that these 
narrative descriptions like “very best” to “adequate” are relative to the alternatives/biota water 
treatment options considered in this evaluation.  The narrative terms do not reflect an actual 
assessment of a particular alternative or biota water treatment options.  Even though some biota 
water treatment options are described as “adequate” from a total risk reduction standpoint that 
does not means they provide an unacceptable level of biota water treatment.  All three biota 
treatment processes evaluated provide adequate protection from biota transfer. 
 
Table A.5.10 – Alternative and Biota WTP Risk Reduction and Cost Scores.  

Alternative 

Total 
Capital & 

OM&R 
Annualized 

Costs 

Total Risk 
Reduction 

Score 
(Table A.5.9) 

Biota Treatment 
Calculated Rank 

Based on 
Annualized  Costs  

(Table A.5.8) 

Risk Reduction +  
Annualized Cost  

(Column 3+Column 4) 

  Column 2 Column 3  Column 4 Column 5  
GDU Import to Sheyenne River 

Pre-Treatment with UV & 
Chlorination $7,012,000 4 9 13 

In-Filter DAF with UV  
& Chlorination $11,735,000 5 5.5 10.5 

Microfiltration with UV  
& Chlorination $11,735,000 6 5.5 11.5 

GDU Import Pipeline 
Pre-Treatment with UV & 
Chlorination $8,712,000 7 8 15 

In-Filter DAF with UV  
& Chlorination $13,981,000 8 1.5 9.5 
Microfiltration with UV  
& Chlorination $13,981,000 9 1.5 10.5 

Missouri River Import to Red River Valley 
Pre-Treatment with UV & 
Chlorination $9,088,000 7 7 14 

In-Filter DAF with UV  
& Chlorination $13,797,000 8 3.5 11.5 

Microfiltration with UV  
& Chlorination $13,797,000 9 3.5 12.5 

 
Table A.5.11 – Percentile Break outs for Risk Reduction Scores. 

Total Risk Reduction 
(Table A.5.10, column 3) 

Total Risk Reduction + Annualized Costs 
(Table A.5.10, column 5) 

Ranking Percentile  Ranking Percentile  
4.8 10% Adequate 10.3 10% Adequate 

6 25% Good 10.5 25% Good 
7 50% Better 11.5 50% Better 
8 75% Best 13 75% Best 
9 90% Very Best 14.2 90% Very best 

**The higher numbers equal greater risk reduction and lower risk of transfer. 
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Table A.5.12 shows the results of the alternatives and biota treatment options comparison.  The 
GDU Import to Sheyenne River Alternative with pre-treatment with UV and chlorination is rated 
as “Best” while the other biota treatment options are both rated as “Better”.  The GDU Import 
Pipeline Alternative with pre-treatment with UV and chlorination is rated as “very best” while 
the other biota treatment options are rated as “Adequate” and “Good”, respectively.  The ratings 
of “Adequate” and “Good” for this alternative were influenced by the high cost of biota 
treatment as compared to the very modest improvement in risk reduction.  The Missouri River 
Import to Red River Valley Alternative with pre-treatment with UV and chlorination is rated as 
“Very best” while the other biota treatment options are both rated as “Better”.  Again the rating 
of “Better” for both of these options was influenced by the high cost of biota treatment as 
compared to the modest improvement in risk reduction.  This table shows that for each 
alternative the reduction in total risk is insignificant when compared to the increase in cost for 
that reduction.  
 
Table A.5.12 – Narrative Comparison of Alternatives/Biota Treatment Options.  

Alternatives with   
Biota Treatment 

Options 

Total Capital 
& OM&R 

Annualized 
Costs 

Total Risk 
Reduction  

(Table A.5.9, 
column 6 ) 

Risk Reduction 
+ Annualized 

Costs 
(Table A.5.10, 

column 5) 

Assessment 
of  Risk  

Reduction 

Assessment of 
Risk Reduction 
+ Annualized 

Costs 

 Column 2 Column 3 Column 4 Column 5 Column 6 

GDU Import to Sheyenne River 

Pre-Treatment with UV 
& Chlorination $7,012,000 4 13 Adequate Best 

In-Filter DAF with UV  
& Chlorination $11,735,000 5 10.5 Adequate Good 

Microfiltration with UV  
& Chlorination $11,735,000 6 11.5 Good Better 

GDU Import Pipeline 

Pre-Treatment with UV  
& Chlorination $8,712,000 7 15 Better Very best 

In-Filter DAF with UV  
& Chlorination $13,981,000 8 9.5 Best Adequate 

Microfiltration with UV  
& Chlorination $13,981,000 9 10.5 Very best Good 

Missouri River Import to Red River Valley 

Pre-Treatment with UV 
& Chlorination $9,088,000 7 14 Better Best 

In-Filter DAF with UV  
& Chlorination $13,797,000 8 11.5 Best Better 

Microfiltration with UV  
& Chlorination $13,797,000 9 12.5 Very best Better 

 
 
Selection of Biota Treatment Plant for Missouri River Import Alternatives   
 
GDU Import to Sheyenne River Alternative Biota WTP 
This analysis shows that for all three of the alternatives, the basic treatment option which 
includes pre-treatment, UV and chlorination, is the most cost effective option, rating the highest 
when comparing risk reduction and annualized costs.  Therefore, the basic treatment option is 
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identified as the biota treatment process to be used in the GDU Import to Sheyenne River 
Alternative which was rated as “best” in table A.5.12.  Chloramines would not be used in this 
treatment process because there are no disinfection byproduct concerns as explained in chapter 2.  
This alternative has the added advantage that elevated chlorine levels above what is required 
under the SDWA regulations could be used in this alternative with no added health risks 
associated with disinfection byproducts.  The elevated chlorine levels would improve biota 
transfer risk reduction but it is not accounted for in the above analysis.  Aquatic life is very 
sensitive to chlorine and because this alternative releases water treated to inactivate biota into 
Lake Ashtabula, any residual concentrations would be removed prior to releasing Project water 
into the Sheyenne River and Lake Ashtabula. 
 
The analysis in this appendix shows that the basic treatment option is the most cost effective 
option for reducing the invasive species transfer risk.  However, for other reasons disclosed in 
chapter 2, the in-filter DAF or similar treatment option which includes filtration (removal) was 
selected for the GDU Import to Sheyenne River Alternative. 
 
GDU Import Pipeline Alternative Biota WTP    
The basic treatment option including pre-treatment with UV and chloramines is the most cost 
effective biota treatment process for all import alternatives; however, based on the concerns 
raised by EPA staff regarding the potential formation of disinfection byproducts with the 
elevated chlorine levels required for biota inactivation, an alternate treatment process including 
filtration was recommended by EPA.  Therefore, microfiltration, the second most cost effective 
process (rated as “good” table A.5.12), was identified as the biota treatment process for this 
alternative.   
 
Missouri River Import to Red River Valley Alternative Biota WTP    
The same concerns regarding disinfection byproducts also apply to this alternative.  Therefore, 
Microfiltration with UV & Chlorination with a “better” (table A.5.12) rating was identified as the 
biota treatment process for this alternative.  In-Filter DAF with UV also had a rating of “better”, 
but the total score was 11.5 (table A.5.12) which was lower than Microfiltration which had a 
score of 12.5. 
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Appendix B.1 - Surface Water Hydrology 
 
Introduction 
This appendix addresses hydrologic modeling and data collection associated with the impact 
analysis conducted for the SDEIS. 
 
All surface water quantity modeling for the Project was performed using StateMod software.  
The StateMod model is priority driven and performs calculations based on the application date of 
each permit.  The purpose of the hydrologic modeling was to optimize and size the engineering 
features to meet the minimum water requirements included in each alternative.  Action 
alternative features were sized so that MR&I water systems would not experience a shortage of 
water during a 1930s drought. 
 
A detailed description of the input data and assumptions used in hydrologic base modeling are in 
the appended Final Needs and Options Report (Reclamation 2005a).  Some changes and 
additions were made to the input data, operational assumptions, and post-analyses after the 
completion of the Final Needs and Options Report and the DEIS.  This appendix covers the 
general input and assumptions used along with the changes that were made to the demands, 
return flows, aquatic flows, Thompson-Acker allocations, and overall alternative configurations 
(SDEIS chapter two).  
 
Modeling Parameters 
 
DEBS (Doug 
Emerson Basins) 
The USGS divided the 
Red River Basin into 
35 subbasins based on 
locations of USGS 
streamflow gaging 
stations and locations 
of specific reaches on 
the Red River and its 
tributaries.  Although, 
there are 40 subbasins 
in the Red River Basin, 
five of these were 
combined by the USGS 
for the purposes of this 
Project.  Subbasin 
boundaries were 
delineated using GIS 
software and the 
National Hydrology  

Figure B.1.1 – USGS Doug Emerson Basins (DEBs) of the Red River Basin. 
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Dataset (USGS and EPA 1999) for North Dakota, Minnesota, and South Dakota.  These 
subbasins were called DEBs.  The DEBs listed in table B.1.1 were used to identify and locate 
surface withdrawals and return flow points, and estimate naturalized streamflows for the 35 
gaged and ungaged sites in the basin (Emerson and Dressler 2002).  The DEBs locations are 
shown in figure B.1.1. 
 
Table B.1.1 – Doug Emerson Basins of the Red River Basin Location Guide. 

DEB Subbasin DEB Subbasin 
3 Red River at Emerson 24 Maple River 
4 Pembina River 25 Elm River 
8 Park River 26 Red River at Halstad 
9 Red River at Drayton 27 Otter Tail River above Orwell 
10 Red Lake River 28 Rush River 
11 Snake River 29 Sheyenne River at Valley City 
12 Forest River 30 Buffalo River 
13 Turtle River 31 Sheyenne River at mouth 
14 Sheyenne River near Warwick 32 Sheyenne River at Lisbon 
15 Goose River 33 Sheyenne River at West Fargo 
16 Sheyenne River near Cooperstown 34 Red River at Fargo 
17 Red River at Grand Forks 35 Wild Rice River, ND 
18 Sheyenne River above Harvey 36 Sheyenne River at Kindred 
19 Sand Hill River 37 Otter Tail River 
20 Baldhill Creek 38 Red River at Wahpeton 
21 Marsh River 39 Bois de Sioux River at mouth 
22 Wild Rice River, MN 40 Bois de Sioux River above Lake Traverse 
23 Sheyenne River below Baldhill Dam   

 
Gage Locations 
Gage locations used 
in this analysis are 
based on those 
currently used by 
USGS to evaluate 
water quantity in the 
Red River (figure 
B.1.2). 
 
All gaging nodes 
were used for the 
surface water 
modeling of the 
alternatives.  Gaging 
nodes used for the 
SDEIS chapter four 
impact analysis are 
Below Baldhill Dam, 
Lisbon, Kindred, and 
West Fargo on the 
Sheyenne River.  
Those used on the Figure B.1.2 – USGS Gages on the Sheyenne and Red Rivers that were used in 

this analysis. 
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Red River are Wahpeton, Fargo, Grand Forks, and Emerson. 
 
Demands 
The total 2050 maximum annual future water demand used in the SDEIS for the Red River 
Valley service area was 113,702 ac-ft, as listed in table 2.1, chapter two, SDEIS.  This is the 
Scenario One water demand estimated in the Final Needs and Options Report (Reclamation 
2005a).  The water demand includes MR&I and recreation uses.   
 
A higher Scenario Two water demand, estimated in 
the Final Needs and Options Report (Reclamation 
2005a), was evaluated in the DEIS but was 
eliminated from further study in the SDEIS.  
Further analysis of the Scenario Two water 
demands indicated that if a drought contingency 
plan was implemented with approximately a 20% 
water demand reduction goal, the Scenario Two water demands could be reduced to a level 
similar to the Scenario One water demands.  Thus, only one version of each alternative using the 
Scenario One water demand is modeled in the SDEIS. 
 
The service area demand is 113,702 ac-ft; however, this includes both surface and groundwater 
demands.  Only the surface water demands were accounted for in the StateMod model.  As 
shown in table B.1.2, the surface water demand is 101,023 ac-ft.  The groundwater demands 
were accounted for outside the model. 
 
Peak Day Demands 
Included in the SDEIS are provisions for meeting peak day demands.  Previous modeling efforts 
made little attempt to meet the peak day demands through surface water sources for the users in 
the service area.  The peak day demands described in SDEIS chapter two were modeled in many 
alternatives as a demand on the surface water within the system.  Where applicable, the original 
demand file for an alternative was altered by replacing the monthly demands for each major 
water user with the values corrected to include peak day.  Table B.1.2 shows the demands for 
each user and the composite demand for each user when they withdraw their peak day demands 
directly from surface water. 
 
The travel times between storage in Lake Ashtabula and a water user can vary from days to just 
over a month.  In addition, it is impossible to predict which day of the month the peak day will 
occur for each user, while the historic record shows that differing municipalities also have 
differing days of the month when it occurs.  To overcome this uncertainty and build in some 
operational reliability into the alternatives, the peak day demand for each user was added as a 
constant value for every day of the corresponding month.  This was done for every month of the 
year differing only on the individual peaking factor calculated for different months.  The 
inclusion of meeting peak day demands from surface water is discussed individually for each 
alternative in the modeling operational rights section of this appendix.  The maximum month 
demands for each surface water user and the composite peak day demand for each user that 
might take water directly from surface water, dependant on the alternative used, are in table 
B.1.2.  
 

Water demand = population x (per 
capita water demand – water 
conservation) + industrial water demands 
+ recreation consumptive use. 
Water Shortage = water demand – 
available water (without the Project). 
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WATER SYSTEM

Total Scenario 
One Water 

Demand       (ac-
ft)

Scenario One 
Surface Water 

Demand        (ac-
ft)

Peak Day 
Surface 
Water 

Demand 
(ac-ft)

North/Central Region
Agassiz Water District 771 0
Langdon 577 577 810
   Langdon Rural Water District 143 143 216
Larimore 202 0
Park River 246 0
   Walsh Rural Water District 165 0
   Minto
Dakota Water Users District 467 0
   Cooperstown
Grand Forks Traill Water District 2,317 605 828
North Valley Water District 625 0
   Pembina
Tri-County Rural Water District 312 0
Traill Rural Water District 727 0
   Hillsboro/Galesburg
   Mayville
   American Crystal Sugar (TRWD) 0 0
ADM Corn Processing (Walhalla) 481 299 299
Future Industrial

Barnes/Valley City Region
Valley City 894 894 1,374
Barnes Rural Water District 447 0
Future Industrial

Lisbon Region
Lisbon  415 0
Enderlin 793 0
   Sunflower Plant (Enderlin)
   Sheldon (Enderlin)
Gwinner 516 0
   Bobcat (Gwinner)
Shoutheast-Central Water District (Ransom-
Sargent) 105 0
Future Industrial

Kindred Region
Wahpeton 1,843 0
Breckenridge 247 0
Southeast-East Water Users District 874 0
   Hankinson
   Lidgerwood
   Wyndmere
Cargill Corn Processing (Wahpeton) 2,104 2,104 2,104
Minn-Dak Farmers Coop 623 0
Future Industrial Richland County 3,705 3,705 3,705
FM-Metro Area
Fargo 37,677 37,677 54,130
West Fargo 4,261 4,261 5,902
Moorhead 8,646 8,646 11,828
   American Crystal Sugar - Moorhead 0 0
Cass Rural Water Users 1,852 702 963
   Harwood
   Horace

American Crystal Sugar - Moorhead (Independent) 104 104 104
Cargill Inc. (West Fargo) 162 162 162
Cass-Clay Creameries, Inc. 151 151 151
Central Livestock 361 361 361
Future Industrial Cass County 7,282 7,282 7,282
Future Industrial Clay County (MN) 1,150 1,150 1,150
Future Recreational Cass County 288 288 288
Future Recreational Clay County (MN) 48 48 48
Future Recreational Otter Tail County (MN) 33 33 33
American Crystal Sugar (Hillsboro)
American Crystal Sugar (Hillsboro) 733 733 733
Grand Forks Area
Grand Forks 19,205 19,205 28,594
   GFAFB
   J.R. Simplot
East Grand Forks 2,384 2,384 3,738
American Crystal Sugar - East Grand Forks
RDO Foods Co. (Groundwater) 257 0
Future Industrial Grand Forks County 6,771 6,771 6,771
Future Recreational Water Uses 48 48
Grafton/Drayton Area
Grafton  927 927 1,273
   Alchem
Drayton 607 607 743
American Crystal Sugar (Drayton) 0

American Crystal Sugar (Drayton - Independent) 1,156 1,156 1,156
Future Industrial
Totals 113,702 101,023 134,746       

  Table B.1.2 – Total and Surface Water Demands
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Water Demand Types
Total Scenario One 

Water Demand     
(ac-ft)

Scenario One 
Surface Water 

Demand      
(ac-ft)

Peak Day 
Surface 
Water 

Demand    
(ac-ft)

Existing Industrial 6,132 5,070 5,070

Future Industrial 18,908 18,908 18,908

North Dakota Municipalities 68,163 64,148 92,826

Minnesota Municipalities 11,277 11,030 15,566

Recreation 417 417 369
Rural Water System 8,805 1,450 2,007

Total Difference 113,702 101,023 134,746

  

Table B.1.3 – Total and Surface Water Demands by Type . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Return Flows 
Historic discharge records were originally gathered and processed for all of the Minnesota and 
North Dakota discharge permits for the period 1979 through 2001.  These data were used by the 
USGS to determine the naturalized flow within the system (Emerson and Dressler 2002).  These 
were then entered into StateMod for use during the calibration process.  These same values were 
indexed up during the future simulation of each alternative as a direct percent of the increase to 
demand for the corresponding municipality or industry.  These return flow values are reflected in 
the work performed for the Final Needs and Options Report (Reclamation 2005a).   
 
Upon further consultation with the discharge permit holders, Houston Engineering, Inc. 
determined that the methods for discharge from major municipalities had changed between 2001 
and 2005.  For example, historically, Fargo discharged the majority of their effluent from waste 
water treatment plant lagoons during the spring high flows or when flows in the river were above 
average in the Red River.  Recently, Fargo moved from this practice to direct discharge.  Fargo 
currently has a nearly consistent discharge every month of the year to the Red River. 
 
Because the volume and timing of return flows can affect the sizing of an alternative, the return 
flows for each major municipality and industry in the service area were revisited.  Through 
discussions with Garrison Diversion, Houston Engineering Inc., North Dakota State Department 
of Health, North Dakota State Water Commission, and Reclamation, it was agreed that most 
major discharging municipalities would also move to direct discharge by 2050.  Thus, this 
assumption was used by Houston Engineering, Inc. to develop new return flow values for each 
major municipality and industry in the service area.  The discharge timing and volumes from 
Fargo were used to calculate new return flow data.  These new return flow data did not change in 
yearly volume; however, the timing and monthly volumes were changed.   
 
The data developed by Houston Engineering, Inc. (table B.1.4) were used to replace the return 
flow volumes calculated for future simulations within the model, as was done for the Final Needs 
and Options Report (Reclamation 2005a).  All of the outputs for the alternatives included in the 
SDEIS reflect this change. 
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Table B.1.4 – Return Flows Calculated by Houston Engineering, Inc.  

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Return Flow Ratios for Continous Discharge 
WWTP 0.82 0.89 0.79 0.77 0.62 0.50 0.45 0.56 0.67 0.77 0.74 0.77

Lagoon Effluent Percentage by Month 0.0% 0.0% 0.0% 11.5% 7.2% 14.0% 9.7% 2.8% 15.3% 17.8% 21.5% 0.3%

North/Central Region 31 28 31 30 31 30 31 31 30 31 30 31
Agassiz Water District 771 drain field 54 59 52 63 85 87 76 78 60 52 46 59 771
Langdon 577 Lagoon 63 66 62 44 45 47 48 50 48 36 31 36 576
    Langdon Rural Water District 143 drain field 13 9 11 12 13 17 12 11 10 10 12 13 143
Larimore 202 Lagoon 17 19 20 14 16 18 20 15 12 15 18 18 202

Larimore Return 0 0 0 9 6 11 8 2 12 14 17 0 81
Park River 246 Lagoon 19 19 20 18 20 24 26 23 19 18 18 20 244

Park River Return 0 0 0 11 7 14 9 3 15 17 21 0 98
    Walsh Rural Water District 165 drain field 13 10 14 17 14 15 17 16 15 12 11 12 166
    Minto Lagoon 0
Dakota Water Users District 468 drain field 37 46 34 31 36 44 46 56 44 32 30 31 467
    Cooperstown Lagoon 0
Grand Forks Traill Water District 2,317 drain field 169 169 140 299 226 284 184 217 148 175 169 136 2,316
North Valley Water District 625 drain field 43 37 44 50 64 70 71 64 54 46 40 44 627
    Pembina Lagoon 0
Tri-County Rural Water District 312 drain field 21 22 23 22 26 29 41 23 20 37 26 23 313
Traill Rural Water District 727 drain field 59 45 53 57 70 73 66 66 52 61 53 73 728
    Hillsboro/Galesburg Lagoon 0
    Mayville WWTP 0
   American Crystal Sugar (TRWD) 0
ADM Corn Processing (Walhalla) 482 Industry 40 40 40 40 40 40 40 40 40 40 40 40 480

ADM Corn Processing (Walhalla) Return 32 32 32 32 32 32 32 32 32 32 32 32 384
Future Industrial 0
TOTAL Return Flow 32 32 32 53 45 57 49 37 59 64 70 33 562
TOTAL NORTH/CENTRAL REGION 7,035 548 541 513 667 655 748 647 659 522 534 494 505 7,033
Barnes/Valley City Region
Valley City 894 Lagoon 65 66 61 61 80 116 104 111 67 58 53 53 895

Valley City Return 0 0 0 41 26 50 35 10 55 64 77 1 358
Barnes Rural Water District 447 drain field 34 29 37 38 47 46 42 39 37 34 29 35 447
Future Industrial
TOTAL Return Flow 0 0 0 41 26 50 35 10 55 64 77 1 358

TOTAL BARNES/VALLEY CITY REGION 1,341 99 95 98 99 127 162 146 150 104 92 82 88 1,342

MONTHLY SCENARIO ONE DEMAND and
CALCULATED MONTHLY RETURN FLOW (ac-ft)

TOTAL 
ANNUAL 
DEMAND    

and 
ANNUAL 
RETURN 

FLOW
 (ac-ft)

WATER SYSTEM
Primary 

Wastewater 
Treatment

Reclamation 
Scenario One 
Water Demand

 (ac-ft/yr)
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Return Flow Ratios for Continous Discharge 
WWTP 0.82 0.89 0.79 0.77 0.62 0.50 0.45 0.56 0.67 0.77 0.74 0.77

Lagoon Effluent Percentage by Month 0.0% 0.0% 0.0% 11.5% 7.2% 14.0% 9.7% 2.8% 15.3% 17.8% 21.5% 0.3%

North/Central Region 31 28 31 30 31 30 31 31 30 31 30 31
Lisbon Region
Lisbon 415 Lagoon 36 35 29 32 37 40 39 38 36 32 30 31 415

Lisbon Return 0 0 0 19 12 23 16 5 25 30 36 1 166
Enderlin 792 Lagoon 68 64 64 69 70 67 65 68 66 64 64 63 792

Enderlin Return 0 0 0 36 23 44 31 9 48 56 68 1 317
   Sunflower Plant (Enderlin) 0
   Sheldon (Enderlin) 0
Gwinner 516 Lagoon 33 35 38 37 45 57 59 53 46 50 33 30 516

Gwinner Return 0 0 0 24 15 29 20 6 31 37 44 1 206
   Bobcat (Gwinner) 0
Southeast-Central Water District (Ransom-
Sargent) 105 drain field 8 7 8 9 10 11 11 10 9 8 8 8 107

Southeast-Central Water District (Ransom-
Sargent) Return 0 0 0 0 0 0 0 0 0 0 0 0 0

Southeast-Dickey Water District 0
Future Industrial 0
TOTAL Return Flow 0 0 0 79 50 96 67 19 105 123 148 2 689
TOTAL LISBON REGION 1,828 145 141 139 147 162 175 174 169 157 154 135 132 1,830
Kindred Region
Wahpeton 1,843 Lagoon 124 123 125 135 149 203 206 203 172 143 130 131 1,844

Wahpeton Return 0 0 0 85 53 103 72 20 113 132 158 2 738
Breckenridge 247 Lagoon 17 15 17 18 21 25 27 30 22 20 17 17 246

Breckenridge Return 0 0 0 11 7 14 10 3 15 18 21 0 98
Southeast-East Water Users District 874 drain field 60 56 60 63 92 99 97 89 68 64 64 62 874

Southeast-East Water Users District Return
   Hankinson 0
   Lidgerwood 0
   Wyndmere 0
Cargill Corn Processing (Wahpeton) 2,104 Industry 155 161 181 179 180 184 197 182 184 149 158 194 2,104

Cargill Corn Processing (Wahpeton) Return 124 129 145 143 144 147 158 146 147 119 126 155 1,683
Minn-Dak Farmers Coop 623 Industry 52 52 52 52 52 52 52 52 52 52 52 52 624

Minn-Dak Farmers Coop Return 42 42 42 42 42 42 42 42 42 42 42 42 499
Future Industrial Richland County 3,705 Industry 315 284 315 305 315 305 315 315 305 315 305 315 3,709

Future Industrial Richland County Return 252 227 252 244 252 244 252 252 244 252 244 252 2,967
TOTAL Return Flow 418 398 438 525 498 550 532 462 560 562 592 451 5,986
TOTAL KINDRED REGION 9,396 723 691 750 752 809 868 894 871 803 743 726 771 9,401

MONTHLY SCENARIO ONE DEMAND and
CALCULATED MONTHLY RETURN FLOW (ac-ft)

TOTAL 
ANNUAL 
DEMAND    

and 
ANNUAL 
RETURN 

FLOW
 (ac-ft)

WATER SYSTEM
Primary 

Wastewater 
Treatment

Reclamation 
Scenario One 
Water Demand

 (ac-ft/yr)
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Return Flow Ratios for Continous Discharge 
WWTP 0.82 0.89 0.79 0.77 0.62 0.50 0.45 0.56 0.67 0.77 0.74 0.77

Lagoon Effluent Percentage by Month 0.0% 0.0% 0.0% 11.5% 7.2% 14.0% 9.7% 2.8% 15.3% 17.8% 21.5% 0.3%

North/Central Region 31 28 31 30 31 30 31 31 30 31 30 31
FM-Metro Area
Fargo 37,682 WWTP 2,408 2,144 2,513 2,619 3,502 4,549 5,005 3,812 3,099 2,540 2,838 2,652 37,682

Fargo Return 1,972 1,905 1,976 2,009 2,180 2,293 2,261 2,136 2,069 1,958 2,088 2,043 24,890
West Fargo 4,261 WWTP (Future) 257 240 266 275 345 446 669 505 339 318 341 261 4,262

West Fargo Return 210 213 209 211 215 225 302 283 226 245 251 201 2,792
Moorhead 8,646 WWTP 560 608 646 661 711 953 1,065 846 798 621 599 576 8,644

Moorhead Return 459 540 508 507 443 480 481 474 533 479 441 444 5,788
   American Crystal Sugar - Moorhead 0
Cass Rural Water Users 1,852 drain field 130 128 126 146 171 182 212 198 152 144 122 141 1,852

Cass Rural Water Users Return 0 0 0 0 0 0 0 0 0 0 0 0 0
   Harwood Lagoon 0
   Horace Lagoon 0
American Crystal Sugar - Moorhead 
(Independent) 104 Industry 0 0 40 54 10 0 0 0 0 0 0 0 104

American Crystal Sugar - Moorhead 
(Independent) Return 0 0 32 43 8 0 0 0 0 0 0 0 83

Cargill Inc. (West Fargo) 162 Industry 13 13 13 13 13 13 13 13 13 13 13 13 156
Cargill Inc. (West Fargo) Return 10 10 10 10 10 10 10 10 10 10 10 10 125

Cass-Clay Creameries, Inc. 151 Industry 13 13 13 13 13 13 13 13 13 13 13 13 156
Cass-Clay Creameries, Inc. Return 10 10 10 10 10 10 10 10 10 10 10 10 125

Central Livestock 361 Industry 30 30 30 30 30 30 30 30 30 30 30 30 360
Central Livestock Return 24 24 24 24 24 24 24 24 24 24 24 24 288

Future Industrial Cass County 7,282 Industry 618 559 618 599 618 599 618 618 599 618 599 618 7,281
Future Industrial Cass County Return 494 447 494 479 494 479 494 494 479 494 479 494 5,825

Future Industrial Clay County (MN) 1,150 Industry 98 88 98 95 98 95 98 98 95 98 95 98 1,154
Future Industrial Clay County (MN) Return 78 70 78 76 78 76 78 78 76 78 76 78 923

Future Recreational Cass County 288 0 0 0 3 31 59 71 77 35 13 0 0 289
Future Recreational Clay County (MN) 48 0 0 0 0 5 10 12 13 6 2 0 0 48
Future Recreational Otter Tail County (MN) 33 0 0 0 0 4 7 8 9 4 1 0 0 33
TOTAL Return Flow 3,258 3,221 3,343 3,370 3,463 3,599 3,662 3,511 3,429 3,300 3,380 3,305 40,839
Total FM area Returns 3,013 2,973 3,099 3,125 3,213 3,339 3,325 3,193 3,168 3,021 3,094 3,070 37,635
Total WF area Returns 245 248 244 245 249 259 337 317 261 280 285 235 3,205
TOTAL FM-METRO AREA 62,020 4,127 3,823 4,363 4,508 5,551 6,956 7,814 6,232 5,183 4,411 4,650 4,402 62,021
American Crystal Sugar (Hillsboro)
American Crystal Sugar (Hillsboro) 733 Industry 0 0 319 285 128 0 0 0 0 0 0 0 732

American Crystal Sugar (Hillsboro) Return 0 0 255 228 102 0 0 0 0 0 0 0 586
TOTAL AMERICAN CRYSTAL SUGAR 
(HILLSBORO) 733 0 0 319 285 128 0 0 0 0 0 0 0 732

MONTHLY SCENARIO ONE DEMAND and
CALCULATED MONTHLY RETURN FLOW (ac-ft)

TOTAL 
ANNUAL 
DEMAND    

and 
ANNUAL 
RETURN 

FLOW
 (ac-ft)

WATER SYSTEM
Primary 

Wastewater 
Treatment

Reclamation 
Scenario One 
Water Demand

 (ac-ft/yr)
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Return Flow Ratios for Continous Discharge 
WWTP 0.82 0.89 0.79 0.77 0.62 0.50 0.45 0.56 0.67 0.77 0.74 0.77

Lagoon Effluent Percentage by Month 0.0% 0.0% 0.0% 11.5% 7.2% 14.0% 9.7% 2.8% 15.3% 17.8% 21.5% 0.3%

North/Central Region 31 28 31 30 31 30 31 31 30 31 30 31
Grand Forks
Grand Forks 19,205 WWTP (Future) 1,249 1,217 1,314 1,286 1,565 2,108 2,533 1,999 1,559 1,537 1,507 1,329 19,203

Grand Forks Return 1,023 1,081 1,033 987 974 1,063 1,144 1,120 1,041 1,185 1,109 1,024 12,784
   GFAFB 0
    J.R. Simplot 0
East Grand Forks 2,384 WWTP (Future) 185 158 173 150 224 219 244 254 220 190 189 178 2,384

East Grand Forks Return 151 140 136 115 139 110 110 142 147 147 139 137 1,615
American Crystal Sugar - East Grand Forks 0
RDO Foods Co.  (Groundwater) 257 Industry 21 21 21 21 21 21 21 21 21 21 21 21 252

RDO Foods Co.  (Groundwater) Return 17 17 17 17 17 17 17 17 17 17 17 17 202
Future Industrial Grand Forks County 6,771 Industry 575 519 575 557 575 557 575 575 557 575 557 575 6,772
Future Industrial Grand Forks County Return 460 415 460 446 460 446 460 460 446 460 446 460 5,418
Future Recreational Water Uses
TOTAL Return Flow 1,651 1,654 1,646 1,564 1,590 1,636 1,731 1,739 1,650 1,808 1,710 1,638 20,018
TOTAL GRAND FORKS AREA 28,617 2,030 1,915 2,083 2,014 2,385 2,905 3,373 2,849 2,357 2,323 2,274 2,103 28,611
Grafton/Drayton Area
Grafton 927 Lagoon 68 72 61 72 85 98 101 92 83 70 64 61 927

Grafton Return 0 0 0 43 27 52 36 10 57 66 80 1 371
    Alchem 0
Drayton 607 Lagoon 64 56 68 34 30 34 50 38 41 67 57 67 606

Drayton Return 0 0 0 28 17 34 23 7 37 43 52 1 242
American Crystal Sugar (Drayton) 0

American Crystal Sugar (Drayton -- Independent) 1,156 Industry 0 0 0 0 0 0 0 7 508 519 122 0 1,156

American Crystal Sugar (Drayton -- Independent) 
Return 0 0 0 0 0 0 0 6 406 415 98 0 925

Future Industrial 0
TOTAL Return Flow 0.0 0.0 0.0 70.6 44.1 85.7 59.4 22.5 500.0 524.5 229.3 1.9 1,538.0
TOTAL GRAFTON/DRAYTON AREA 2,690 132 128 129 106 115 132 151 137 632 656 243 128 2,689

Total Existing and Future Industry Return 
Flow 1,544 1,424 1,820 1,751 1,666 1,527 1,578 1,571 1,934 1,954 1,604 1,575 19,949

Total Return Flows 5,359 5,304 5,715 5,931 5,817 6,073 6,135 5,800 6,358 6,445 6,206 5,432 70,576
Total Demands 113,660 7,804 7,334 8,394 8,578 9,932 11,946 13,199 11,067 9,758 8,913 8,604 8,129 113,659

MONTHLY SCENARIO ONE DEMAND and
CALCULATED MONTHLY RETURN FLOW (ac-ft)

TOTAL 
ANNUAL 
DEMAND    

and 
ANNUAL 
RETURN 

FLOW
 (ac-ft)

WATER SYSTEM
Primary 

Wastewater 
Treatment

Reclamation 
Scenario One 
Water Demand

 (ac-ft/yr)

 
 
 
 



SDEIS Appendix B.1 – Surface Water Hydrology 

B.1 - 10 

Of importance to note: the total annual return flow volumes calculated by Houston Engineering, 
Inc. (table B.1.4) and those that were determined by Reclamation for inclusion in the Final Needs 
and Options Report (Reclamation 2005a) are nearly identical.  The only difference between the 
two data sets is in the timing of the releases. 
 
Model Operational Rights 
Operational rights are assigned to water sources by the modeler.  These operational rights are 
assigned to reservoir volumes, reservoir releases, aquatic flows and/or the priority given to 
supplemental water supplies.  The operational rights were set within the model to account for 
these items.  
 
Reservoirs   General operational rights were assigned to each reservoir within the system giving 
operators the right to refill storage and make releases when reservoir spillways are overtopped.  
The reservoirs within the service area were set up to store water when available, making releases 
only as required to meet minimum instream flows and/or demands that have permitted rights to 
the storage.   
 
Thompson-Acker Allocations   Modeling performed for Reclamation’s (2005a) Final Needs 
and Options Report shut-off operational rights to parties with allocations outlined in the 
Thompson-Acker plan and apportioned through state permits.  Turning these operational rights 
off allowed each alternative to be downsized by optimizing storage supplies.  However, upon 
completion of the Final Needs and Options Report and DEIS, the North Dakota State Water 
Commission sent a comment letter dated June 21, 2006, regarding Thompson-Acker allocations.  
The letter explained that not only were there permits to storage in Lake Ashtabula, each permit 
had a specific priority date that was protected by the North Dakota Century Code.  Excerpts from 
the DEIS comment letter are as follows: 

 
At present, the State Engineer's Office has issued water permits for the appropriation of 
63,916 ac-ft annually from Lake Ashtabula.  A plan for apportioning the water in Lake 
Ashtabula, called the Thompson-Acker plan, configured a formula for local water users 
to pay for the local portion of construction costs of Baldhill Dam.  The plan also 
recommended apportioning the water based in part on the amount of money contributed, 
and in part on the populations of the municipalities at that time.  Based on the plan 
recommended apportionment, water permit applications were filed, were granted to 
contributing entities in an amount proportional to each entity's financial contribution to 
the local share of construction costs. 
 
Accordingly, if less than 63,916 ac-ft of water exists annually behind Baldhill Dam, the existing 
water is allocated by priority date which is as follows: 
 

City Allocated Ac-ft Priority Date Beneficial Use Date 
Grand Forks 20,023 January 23, 1960 July 1, 1967 
West Fargo 954 July 25, 1961 July 1, 2001 
Fargo 35,880 June 27, 1963 December 31, 1972 
Valley City 6,686 July 1, 1963 July 1, 1980 
Lisbon 373 October 14, 1982 December 1, 2007 
Total 63,916   
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The current water permits entitle permit holders to a maximum annual amount of water 
stored behind Baldhill Dam.  The existing water permits and priority dates are 
fundamental to the Bureau’s analysis of which communities will run out of water and the 
timing for requests for releases of supplemental water in the modeling.  This would cause 
the amount of supplemental water needed to vary widely, which would also impact the 
size of pipelines incorporated into the alternatives.  Further, the incorporation of priority 
dates may impact some communities’ decisions to participate in the RRVWSP [Red 
River Valley Water Supply Project] and at what level of water need, so the accurate 
modeling of the senior water rights behind Baldhill Dam is imperative. 

 
Based on this letter and other discussions with the North Dakota State Water Commission, the 
operational rights were changed within the model to reflect these permit dates.  However, the 
volumes for each permit were further modified to account for the 5,000 ac-ft of sedimentation 
that may potentially occur by 2050, reducing the total storage volume of the reservoir from 
70,700 ac-ft to 65,700 ac-ft.  The volume for each permit was decreased in size proportional to 
its percentage of the storage within the reservoir.  It is important to note that not all of the storage 
capacity within the reservoir has been permitted; approximately 4,836 ac-ft of water is controlled 
and used at the discretion of the State Engineer.  These revised values, shown in table B.1.5, 
were used to model surface water demands. 
 
Table B.1.5 – Lake Ashtabula Water Allocations with Potential 2050 Sedimentation. 

Modeling showed 
that some 
downstream permit 
holders could be 
short of water.  If 
these permit holders 
had no other water 
supply source, then 

they were given rights to the storage held by the State Engineer.  These rights are considered 
junior to all other permits and operational rights within the model.  The list of these users is 
shown in table B.1.6. 
 
Table B.1.6 represents a complete list of all permits that were given rights to withdraw project 
water from the State Engineer’s account for all of the action alternatives.  Not all of these permits 
draw water from this account in every alternative.  For instance, the only alternative using the 
spur to Wahpeton industry and bulk water supply to Cooperstown permits is the GDU Import to 
Sheyenne River. 
 
Finally, with the exception of the No Action Alternative, no accounts in Lake Ashtabula were 
allowed to go to zero.  In addition, modeling of the action alternatives showed that the reservoir’s 
minimum Fish and Wildlife Conservation Pool was not drawn below 28,000 ac-ft. 
 
Aquatic Flows   The aquatic environment needs section in chapter one discusses the need to 
maintain reservoir levels and instream river flows in the Sheyenne and Red Rivers.  
Opportunities to meet aquatic needs were incorporated into all modeled alternatives (includes 

City Allocated Ac-ft Priority Date Beneficial Use Date 
Grand Forks 18,678 January 23, 1960 July 1, 1967 
West Fargo 890 July 25, 1961 July 1, 2001 
Fargo 33,471 June 27, 1963 December 31, 1972 
Valley City 6,237 July 1, 1963 July 1, 1980 
Lisbon 348 October 14, 1982 December 1, 2007 
State Engineer 4,836   
Dead Pool 1,240   
Sedimentation (5,000)   
Total 65,700   
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28,000 ac-ft minimum Fish and Wildlife Conservation Pool in Lake Ashtabula and maintaining 
13 cfs minimum release from Baldhill Dam. 
 
Table B.1.6 – Permits Receiving Water from the State  
Engineer’s Account within the Model.                                   

The model was set up to account for the 
minimum 13 cfs release from Baldhill Dam 
through the use of an instream flow right.  This 
instream flow node was located just downstream 
from Baldhill Dam and has a junior water right 
to all other releases from the reservoir.  Doing 
this allowed the stream flow requirements to be 
met by other flows.  Though, once the flow at 
this point drops below 13 cfs, it is supplemented 
through additional releases from the reservoir. 
 
Lake Ashtabula’s 28,000 ac-ft Fish and Wildlife 
Conservation Pool is a target as per the Corps 
operational plan for Baldhill Dam (Corps 
2005a).  Because the storage in the reservoir is 
split into six different pools to account for the 
storage permit holders, no targets or triggers 
could be set within the model to maintain the 
28,000 ac-ft pool.  Rather, maintaining this pool 
was done manually outside the model by running 
the model until all of the shortages in the service 
area were met, all the permitted accounts 
maintained a volume above zero, and the 

composite volume of all of the accounts in the worst month equaled 28,000 ac-ft. 
 
         Table B.1.7 – Minnesota’s Instream Flow Values (Q90).                                  
Unlike the state of North Dakota, the state 
of Minnesota has provisions within their 
water law to support minimum instream 
flows.  Minnesota places minimum instream 
flow requirements on their watersheds.  The 
MNDNR established minimum instream 
flows (Q90) for all watersheds within the 
state using a hydrologic method (90% 
exceedance flow) as a guideline (table 
B.1.7).  Using this method MNDNR set 
minimum instream flows at various points 
along the Red River and on its major tributaries.  When flows fall below Q90, water users are 
prohibited from withdrawing water, and irrigators are cut off before municipalities.   

Permit Number Permit Holder 
ND 01308 Private party 
ND 01317 Private party 
ND 01323 Private party 
ND 01325 Private party 
ND 01365 Private party 
ND 01367 Barnes County Water 
ND 01435 Aggregate Industries 
ND 01505 Private party 
ND 01855 U.S. Fish and Wildlife Service 
ND 01917 American Crystal Sugar 
ND 01935 Private party 
ND 00292 City of Grafton 
ND 03152 Bagge Farms 
ND 00400 U. S. Fish and Wildlife Service 
ND 04833 Langdon Rural Water 
ND 00913 Gutzmer Construction 
ND 00920  Langdon City Water 
MN 450008 American Crystal Sugar 
MN 771852 Moorhead Public Service 
New Permit New Cass County Golf 
New Permit New Grand Forks County Golf 
New Permit ADM Corn Processing Walhala 
New Permit New Clay County Golf 
New Permit Spur to Wahpeton Industry 
New Permit North Dakota Game and  

Fish Department Aquatic Needs 
New Permit Bulk water supply to Cooperstown 

MNDNR Q90 Values 
Watershed Location Q90 (cfs) 

High Landing 37 
Red Lake River Crookston 119 
Otter Tail River Fergus Falls 36 
Wild Rice River Twin Valley 16 
Sandhill River Climax 9 
Buffalo River Dilworth 9.8 
Bioux de Sioux Doran 0.3 

Fargo 41 
Halstad 225 
Grand Forks 281 Red River 

(Not modeled – not enforced) Drayton 486 
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In a comment letter on the Draft Needs and Options Report, the North Dakota Game and Fish 
Department made specific recommendations on minimum stream flows to benefit a diversity of 
aquatic life in the Sheyenne and Red Rivers, as follows: 

1. A minimum release of 23 cfs from Baldhill Dam year round. 
2. A minimum spring flush of 215 cfs for a period of 48-72 hours from the 6-10th of April.  

(Note: This value was not derived by the Tennant method but rather was developed by 
taking the median unregulated April flow during the 1931-1940 time frame.) 

3. April flows shall average a minimum of 69 cfs below Baldhill Dam. 
4. Year round instream flows of 68 cfs at Fargo on the Red River. 
5. Year round instream flows of 23 cfs below the Fargo intake on the Sheyenne River. 

 
Recommendations one, two, three, and five were incorporated into the GDU Import to the 
Sheyenne River Alternative.  However, since there were no features planned to supplement flows 
on the Red River, recommendation four was modified to be a minimum target.  All permits 
drawing water from the Red River upstream from Fargo’s intake were turned off in the model 
and forced to use secondary water supplies when the flow at the intake fell below 68 cfs.   
 
The minimum flows on the Sheyenne River were modeled with 23 cfs rather than the 13 cfs flow 
value for the stream flow node just downstream from Baldhill Dam.  During the month of April 
the value was changed from 23 cfs to 84 cfs.  This 84 cfs is equal to a constant 69 cfs for the 
month with 72 hours of 215 cfs averaged over the month added to the original 69 cfs.  A node 
was then added for the instream flow of 23 cfs below the Fargo intake and was given a junior 
water right.  When any of the instream flow requirements were not met, they were given junior 
water rights to use water from the State Engineer’s account. 
 
New Alternative Configurations 
The operational approach used to simulate the SDEIS alternatives is described on the following 
pages.  The purpose of the hydrologic modeling was to optimize and size the engineering 
features to meet the minimum water requirements included in each alternative.  Features were 
sized so that MR&I  water systems would not experience a shortage of water during a 1930s 
drought.   
 
General hydrologic data, structure placement, and the river network were not changed from the 
work completed for the Final Needs and Options Report (Reclamation 2005a).  All action 
alternatives used the No Action model as a base.  Each action alternative had specific features 
that were added.  However, monthly demands, return flows, reservoir targets, hydrologic data, 
and the storage permit allocations and priorities associated with the Thompson-Acker Plan 
remained constant throughout.  Output results from the modeling of the action alternatives are 
included in this appendix. 
 
No Action Alternative – Model Run Filename: NANCPTAP 
The No Action Alternative is the future of the Red River Valley service area without the Project.  
Currently, water systems in the Red River Valley primarily depend on surface water to meet their 
water needs due to limited availability of groundwater.  As reported in the Final Report on the 
Red River Valley Water Needs and Options (Reclamation 2005a) approximately 14,000 ac-ft 
(table 5.3.1 Final Needs and Options Report) is available annually from groundwater sources in 
the Red River Valley and that volume is not expected to increase in the future.  Therefore, the 
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water systems in the valley would become even more dependent on surface water sources in the 
future.  Unfortunately, surface water sources are the most vulnerable to drought.  The future Red 
River Valley water demand is estimated at 113,702 ac-ft (SDEIS chapter two, table 2.1) with 
approximately 101,023 ac-ft (table 5.3.1 Final Needs and Options Report) or almost 90% 
coming from surface water sources.  The 101,023 ac-ft total only represents the Project surface 
water demand.  The StateMod model also includes all other existing surface water permitted 
demands that are not Project related. 
 
No Action Alternative StateMod hydrologic modeling results are directly dependent on how well 
the existing surface water sources in the Red River Valley meet the annual 101,023 ac-ft water 
demand.  The No Action modeling run also includes the analysis of existing non-Project 
demands because, depending on permit date, they would compete for water supplies.  There are 
three major surface water sources in the Red River Valley that can meet the future demand: the 
Sheyenne River including Lake Ashtabula storage, the Red River, and the Red Lake River.  The 
StateMod model compares the 101,023 ac-ft demand with the available natural flows in these 
river systems. 
 
The following is a general list of the operational parameters entered into the model for the No 
Action Alternative.  In many cases these same assumptions apply to the action alternatives with 
any changes being noted in those sections.  In general, operations used in modeling the No 
Action are: 

Fargo – Fargo withdrew water from the Red River under its senior water permit, then used 
available natural flows from the Sheyenne River intake, and finally drew upon Project flows 
released into the Sheyenne River from its storage allocation in Lake Ashtabula.  Included in 
Fargo’s demands were existing and new industries near Fargo and CRWUD.   
 
Moorhead – Moorhead withdrew a monthly average of 114 ac-ft from the Buffalo Aquifer all 
year, followed by withdrawal from the Red River using a permit with the same seniority as 
Fargo’s permit.  Included in this water demand was future industry in Minnesota that would 
be located near Moorhead. 
 
Grand Forks – Grand Forks withdrew water from the Red and Red Lake Rivers using 
multiple permits, and then used Project water, which had been released into the Sheyenne 
and Red Rivers from Lake Ashtabula. 
 
West Fargo – In the model, West Fargo no longer relied upon its primary water source, the 
West Fargo Aquifer.  Instead West Fargo withdrew water from the Sheyenne River using a 
junior surface water permit for natural flows.  After that, the city used Project water on the 
Sheyenne River from its Lake Ashtabula storage allocation. 
 
Other Communities on Red River Tributaries – Other communities used water under existing 
permits from tributaries.  
 
Irrigation – Each irrigator used their existing surface water permit, based upon seniority, to 
withdraw natural flow from the stream at the full decreed amount.  The model did not supply 
water to meet irrigation shortages or for any new industrial needs added in the future. 
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Peak Day Demands – All peak day demands were placed on surface water sources.  The 
original demand file was altered by replacing the monthly demands for each major water user 
with the values corrected to include peak day. 
 
Lake Ashtabula – Water rights to the storage in the reservoir were incorporated as per the 
Thompson-Acker section of this appendix.   
 
Aquatic Flows – During model runs StateMod attempted to maintain a basic aquatic 
environmental need of 28,000 ac-ft Fish and Wildlife Conservation Pool in Lake Ashtabula 
and a 13 cfs minimum release from Baldhill Dam.  All Q90 minimum instream flow 
requirements associated with the tributaries entering the Red River from Minnesota were 
included and accounted for in the model.  Because Minnesota and North Dakota water laws 
are different and the historic record supports this, the Q90 values on the Red River at 
Moorhead and East Grand Forks were ignored.   
 
Return Flows – Return flows were provided for the major discharge permits by Houston 
Engineering, Inc. as per the return flow section of this appendix. 

 
Modeling of No Action shows shortages for multiple users.  The water shortages in the service 
area are shown in tables B.1.8 and B.1.9. 
 
The critical period in the Red River Valley from a water supply standpoint is the 1930s drought.  
The ten years of this drought ranked in the top 15 driest years on record.  Modeling shows under 
No Action that the upper Red River is the first to have low flow events that would force the 
Fargo-Moorhead area to rely on the Sheyenne River and storage in Lake Ashtabula to meet water 
needs.  Modeling results displayed in tables B.1.8 and B.1.9 show that the maximum annual 
shortage would be 55,000 ac-ft at the height of the drought.  The shortages identified in the 
tables are those that the action alternatives were planned to overcome. 
 
North Dakota In-Basin – Model Run Filename: NDinBTA 
The primary water supply feature of the North Dakota In-Basin Alternative is a pipeline which 
conveys water from the Red River downstream from Grand Forks intake and the confluence of 
the Red Lake River, but upstream from Grand Forks sanitary sewer discharge, back to Lake 
Ashtabula.  The feature would operate when there was available vacant storage in Lake 
Ashtabula and available Red River flows north of Grand Forks.  Within the model, this pipeline 
was subdivided into multiple pipelines serving the individual storage accounts within Lake 
Ashtabula.  This arrangement provided a means to track the flows that independently supply 
each account.   
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Table B.1.8 – Predicted MR&I Water Shortages in 2050 by Year during a 1930s Drought. 

 

Locality or System 1931 1932 1933 1934 1935 1936 1937 1938 1939 1940
Fargo 0 0 10,098 39,252 13,415 31,234 25,185 26,492 19,230 30,179
West Fargo 1,722 2,568 3,840 4,798 3,587 4,721 4,155 3,444 3,155 3,394
Moorhead 2,253 4,647 2,113 2,062 2,792 6,361 2,670 696 1,132 2,112
Grand Forks 0 0 0 0 0 0 0 0 0 0
Valley City 0 0 0 0 0 0 0 0 0 0
Grafton 0 0 0 0 0 0 0 0 0 0
Drayton 0 0 0 0 0 0 0 0 0 0
Pembina
East Grand Forks 188 188 188 188 188 188 188 188 188 188
Langdon 42 72 165 104 165 202 299 444 466 471
Agassiz Water Users District
Cass Rural Water Users District
Dakota Rural Water District
Grand Forks-Traill Water District
Langdon Rural Water District 66 64 30 83 50 50 110 113 148 130
Ransom-Sargent Water Users District
Southeast Water District
Traill County Water District
Tri-County Water District
Walsh Rural Water Distict
Existing Cargill Industry 2,105 1,745 1,926 2,105 1,745 1,926 1,704 1,381 1,404 1,609
Other Existing Industry
   American Crystal, Permit 251 0 0 0 0 0 0 0 0 0 0
   American Crystal, Permit 1076 0 0 0 228 0 0 0 0 0 0
   American Crystal, MN Permit 450008 0 53 0 53 23 495 0 0 0 0
   American Crystal, Permit 1917 128 0 0 447 0 319 319 178 128 319
New Industry
   New ADM Corn Processing 100 125 50 125 75 100 175 175 225 225
   New Industry at Wahpeton 3,709 3,089 3,404 3,709 3,089 3,404 3,089 2,469 2,490 3,089
   New Cass County Golf 289 286 286 289 286 286 255 196 255 255
   New Grand Forks County Golf 41 33 31 19 13 31 0 13 13 13
   New Clay County Golf 33 33 33 33 33 33 29 22 29 29
   New Otter Tail County Golf 49 48 48 49 49 49 49 34 43 44
Other Project Shortages 1,550 1,361 1,280 1,536 1,137 1,439 1,447 1,570 1,935 1,932

TOTAL (ac-ft) 12,275 14,312 23,492 55,080 26,647 50,838 39,674 37,415 30,841 43,989

No Shortage

No Shortage

No Shortage

No Shortage
No Shortage
No Shortage

No Shortage

Part of Grand Forks

Part of Rural Water System

Part of Fargo

 
*Other Project Shortages were used in reference to multiple permits such as individual users or small businesses 
within the service area.  Being too numerous to show, their shortages were combined into one category.  
 
Hydrologic modeling was setup to meet Grand Forks, East Grand Forks, and all other water 
demands north to the Canadian border before any water was made available for conveyance to 
Lake Ashtabula.  This was done by giving the intake for the proposed pipe a junior water right to 
all other permits on the river.  Thus, the pipeline had the most junior water permit in the 
hydrologic model to ensure all Red River water permits would be served first.  Return flows 
from the city of Grand Forks and East Grand Forks would not be conveyed back to Lake 
Ashtabula but would be available for use by downstream water users.  
 
This alternative was planned to maintain a minimum Lake Ashtabula reservoir capacity of 
28,000 ac-ft and a minimum release of 13 cfs from Baldhill Dam for aquatic needs in the 
Sheyenne River.  No additional flows were reserved in the Red River for minimum stream flows.  
All of the surface water dependent cities in the Red River Valley service area could call on water 
from Lake Ashtabula.  Allocation of Lake Ashtabula storage was described earlier in this 
appendix. 
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                          Table B.1.9 – Summary of MR&I Water Shortages in 2050 during a 1930s  
                          Drought. 

Monthly 
Shortage

Daily 
Peaking 
Shortage

Estimated 
Annual 

Shortage 
(ac-ft)

Municipality
Drayton X X 0
East Grand Forks 188
Fargo X X 39,252
Grafton 0
Grand Forks X 0
Langdon X X 471
Moorhead X X 6,361
Valley City 0
West Fargo X X 4,798
Rural Water Systems
Agassiz Water Users District

Cass Rural Water Users District X X

Included In 
Fargo 
Shortage

Dakota Rural Water District

Grand Forks-Traill Water District X X

Included In 
Grand 
Forks 
Shortage

Langdon Rural Water District X X 148
Ransom-Sargent Water Users District
Southeast Water District
Traill County Water District
Tri-County Water District
Walsh Rural Water District
Industry
ADM Corn Processing X 225
American Crystal, Permit 251
American Crystal, Permit 1076
American Crystal, MN Permit 450008 X X 495
American Crystal, Permit 1917 X X 447
Cargill X X 2,105
New Industry at Wahpeton X X 3,709
NOTE: "X" equals an identified shortage.

Water User

Scenario One

 
                          
 
This alternative was designed to provide maximum month water demands from the Sheyenne 
and Red Rivers for the Fargo-Moorhead area either from natural flows or releases from Lake 
Ashtabula.  Daily peaking demands would be served using a number of individual features.  The 
West Fargo South ASR feature would serve Fargo’s peaking demands and expansion of the 
Buffalo Aquifer would cover Moorhead’s peaking demands.  West Fargo was modeled to be 
served from the Sheyenne River in the future; however, during a severe drought the West Fargo 
North ASR feature was designed to meet its full demand including peaking. 
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This alternative was also designed to provide maximum month peak day water demands from the 
Red and Red Lake Rivers in the Grand Forks–East Grand Forks area.  The demands within the 
model were changed to account for peak day (table B.1.2).  This eliminated the need for separate 
peak day water supply features, because the return flows from the Fargo-Moorhead area were 
sufficient to meet the needs in Grand Forks.  Communities downstream from Grand Forks were 
modeled to meet maximum month demands from the river with additional storage to cover peak 
day demands.  The existing and future industrial water demands in the Wahpeton area would be 
served first from the Red River, then served from a groundwater feature developed in 
southeastern North Dakota once these supplies were depleted.  . 
 
In the hydrologic model, water shortages for CRWUD and GFTWD (they have some existing 
groundwater sources) and the total demand for LRWUD rural systems were served indirectly 
from surface water.  The CRWUD demand annual shortage of 963 ac-ft was included in the 
Fargo demand and the GFTWD annual shortage of 828 ac-ft was included in the Grand Forks 
demand.  CRWUD relied on existing Page and Sheyenne Delta Aquifers and Red River surface 
water while GFTWD relied on both Elk Valley Aquifer groundwater and water from the Red 
River.  The LRWUD annual demand of 216 ac-ft was served from the Red River at Pembina, 
recognizing that this water users district is actually served from upper South Pembina River at 
Mount Carmel Dam. 
 
The viability of this alternative is dependent on the accurate estimation of future flows 
downstream (north) from Grand Forks, which are used to maintain adequate Lake Ashtabula 
storage during a drought.  Any underestimation of these Red River flows during a 1930s drought 
would compromise the viability of this alternative.  The other alternatives do not have the same 
risk associated with their modeling. 
 
The following is a list of the operational parameter changes in the model when compared to the 
No Action Alternative: 

Fargo – Unchanged from No Action Alternative. 
 
Moorhead – Moorhead withdrew a monthly average of 114 ac-ft from the Buffalo Aquifer all 
year, followed by withdrawal from the Red River using a permit with the same seniority as 
Fargo’s permit.  Once, these supplies were not adequate to supply their demand, Moorhead 
would call on water from the State Engineer’s account in Lake Ashtabula.  Included in this 
water demand was future industry in Minnesota that would be located near Moorhead. 
 
Grand Forks – Unchanged from No Action Alternative. 
 
West Fargo – Unchanged from No Action Alternative. 
 
Other Communities on Red River Tributaries – The other communities used water under 
existing permits from tributaries.  Once these supplies were depleted, these communities 
were given junior rights to call for water from the State Engineer’s account in Lake 
Ashtabula.  
 
Irrigation – Unchanged from No Action Alternative. 
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Peak Day Demands – Only Grand Forks and East Grand Forks were served peak day 
demands from surface water.  
 
Lake Ashtabula – Unchanged from No Action Alternative.   
 
Aquatic Flows – Unchanged from No Action Alternative.   
 
Return Flows – Unchanged from No Action Alternative. 

 
Red River Basin – Model Run Filename: RRBTA 
The primary water supply features of the Red River Basin Alternative are groundwater wells in 
the Pelican River Sand-Plain and Otter Tail Surficial Aquifers and a conveyance pipeline into the 
Fargo-West Fargo area.  The conveyance pipeline was subdivided in the hydrologic model to 
track the water being supplied to individual permits.  The feature would operate when flows in 
the Sheyenne and Red Rivers were inadequate to meet the maximum month demands of Fargo, 
West Fargo, and Moorhead.  When natural flows in the Red and Sheyenne Rivers could not meet 
the maximum month demands, the Minnesota well field would be used to supplement the flows 
to meet the demands.  Fargo, West Fargo, and Moorhead could call for releases from Lake 
Ashtabula to meet the balance of the monthly demands when demands exceeded the capacity in 
the conveyance pipeline from the well field and the natural flows in the Sheyenne and Red 
Rivers.   
 
This alternative was designed to maintain a minimum Lake Ashtabula reservoir capacity of 
28,000 ac-ft and a minimum release of 13 cfs from Baldhill Dam for basic aquatic needs in the 
Sheyenne River.  No additional flows were reserved in the Red River for minimum stream flows.  
All of the surface-water-dependent cities in the Red River Valley service area could call on water 
from Lake Ashtabula.  Allocation of Lake Ashtabula storage was described earlier in this 
appendix. 
 
This alternative was designed to provide maximum month water demands from the Sheyenne 
and Red Rivers in the Fargo-Moorhead area from natural flows, supplemental flows from 
Minnesota groundwater, or releases from Lake Ashtabula.  Daily peaking demands were served 
using a number of individual features.  The West Fargo South ASR feature served Fargo’s 
peaking demands, and expansion of the Buffalo Aquifer covered Moorhead’s peaking demands.  
West Fargo was modeled to be served from the Sheyenne River in the future; however, during a 
severe drought, the West Fargo North ASR feature was designed to meet its full demand 
including peaking. 
 
The alternative was also designed to provide maximum month peak day water demands from the 
Red and Red Lake Rivers in the Grand Forks–East Grand Forks area.  This eliminated the need 
for separate daily peaking features.  Communities downstream from Grand Forks were modeled 
to meet maximum month demands from the river with additional storage to cover peak day 
demands.  The existing and future industrial water demands in the Wahpeton area would be 
served first from the Red River, then served from a groundwater feature developed in 
southeastern North Dakota once those supplies were depleted. 
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The water shortages for CRWUD and GFTWD (they have some existing groundwater sources) 
and the total demand for LRWUD rural systems would be served indirectly from surface water in 
the hydrologic model.  The CRWUD annual shortage of 963 ac-ft was included in the Fargo 
demand and GFTWD annual shortage of 828 ac-ft was included in the Grand Forks demand.  
CRWUD was modeled to rely on existing Page and Sheyenne Delta Aquifers and Red River 
surface water while GFTWD relied on both Elk Valley Aquifer groundwater and water from the 
Red River.  The LRWUD annual demand of 216 ac-ft was served from the Red River at 
Pembina, recognizing that this water users district is actually served from upper South Pembina 
River at Mount Carmel Dam. 
 
The Red River Basin Alternative and particularly the Minnesota groundwater source (Pelican 
River and Otter Tail Surficial Aquifers) were not modeled in strict accordance with the guidance 
provided in a December 17, 2001, letter from the MNDNR (Minnesota Department of Natural 
Resources).  The letter states “[o]btaining water from Minnesota for municipalities along the Red 
River (North Dakota and Minnesota) for use only during drought, and on a temporary basis.”  
The letter goes on to state “…Development of an effective program and commitment by North 
Dakota to focus economic development on industries and commercial enterprises that do not 
consume water, and making it clear in regulatory permits that new water-using industries will 
need to plan for obtaining water on their own for use during droughts.” 
 
Neither of these conditions were adhered to in hydrologic modeling, because the alternative 
would fail to meet the purpose and the need for the Project.  The groundwater sources would 
need to be used concurrently with North Dakota water sources for the alternative to be viable.  
However, if the modeling followed MNDNR guidance to exhaust North Dakota water sources 
before using Minnesota groundwater, a much larger Minnesota groundwater feature would have 
to be developed.   
 
As currently designed, the pipeline from the proposed Minnesota wells is 43 cfs in size.  The 
peak day water demand for the Fargo-Moorhead area, including existing and new industries, is 
about 156 cfs, which is far greater.  This does not account for municipalities as far away as 
Valley City that have no other viable water supplies once their surface water and storage supplies 
from Lake Ashtabula are depleted.  Additional pipelines would have to be constructed to serve 
multiple communities, including Valley City, to follow MNDNR’s first recommendation.  
 
In addition, considering the size of the Pelican River and Otter Tail Surficial Aquifers, a capacity 
of 156 cfs or larger is not technically possible, so developing a Minnesota groundwater 
alternative following MNDNR’s first recommendation is not reasonable.  The MNDNR’s second 
recommendation prohibits future industries from using any Minnesota groundwater during a 
drought.  The hydrology model did not include this limitation because serving the water needs of 
future industries is part of the purpose and need of the Project. 
 
The following is a list of the operational parameter changes when compared to the No Action 
Alternative: 

Fargo – Fargo withdrew water from the Red River under its senior water permit, then used 
available natural flows from the Sheyenne River intake.  When these supplies were not 
adequate to meet the full demand, Project flows from the Minnesota groundwater were made 



SDEIS Appendix B.1 – Surface Water Hydrology 

B.1 - 21 

available.  Finally, Fargo’s storage allocation within Lake Ashtabula was used to make up 
any additional shortages.  Included in Fargo’s demands were existing and new industries near 
Fargo and CRWUD. 
 
Moorhead – Moorhead withdrew a monthly average of 114 ac-ft from the Buffalo Aquifer all 
year, followed by withdrawal from the Red River using a permit with the same seniority as 
Fargo’s permit.  Once, these supplies were not adequate to supply their demand, Moorhead 
called on water from the State Engineer’s account in Lake Ashtabula.  Included in this water 
demand was future industry in Minnesota that would be located near Moorhead. 
 
Grand Forks – Unchanged from No Action Alternative. 
 
West Fargo – In the model West Fargo no longer relied upon its primary water source, the 
West Fargo Aquifer.  Instead West Fargo withdrew water from the Sheyenne River using a 
junior surface water permit for natural flows.  When these supplies were not adequate to meet 
the full demand, Project flows from the Minnesota groundwater were made available.  
Finally, West Fargo’s storage allocation within Lake Ashtabula was used to make up any 
additional shortages.   
 
Other Communities on Red River Tributaries – Other communities used water under existing 
permits from tributaries.  Once these supplies were depleted, these communities were given 
junior rights to call for water from the State Engineer’s account in Lake Ashtabula.  
 
Irrigation – Unchanged from No Action Alternative. 
 
Peak Day Demands – Only Grand Forks and East Grand Forks were served peak day 
demands from surface water.  
 
Lake Ashtabula – Unchanged from No Action Alternative.   
  
Aquatic Flows – Unchanged from No Action Alternative.   
 
Return Flows – Unchanged from No Action Alternative. 

 
GDU Import to Sheyenne River – Model Run Filename: GtoSTA 
The primary water supply feature of the GDU Import to Sheyenne River Alternative was a 
conveyance pipeline from the McClusky Canal to the upper end of Lake Ashtabula.  The feature 
would transfer water from the McClusky Canal whenever vacant storage was available in Lake 
Ashtabula.  In the hydrologic model, this pipeline was subdivided to track the water being 
supplied to individual accounts.   
 
The alternative was designed to maintain a minimum Lake Ashtabula reservoir capacity of 
28,000 ac-ft.  The alternative was also designed to meet the aquatic flow targets identified by the 
North Dakota Game and Fish Department.  These are listed in the aquatic flows section of this 
appendix and in SDEIS chapter one.  All of the surface water dependent cities in the Red River 
Valley service area could call on water from Lake Ashtabula.  Lake Ashtabula storage 
allocations appear earlier in this appendix and are discussed in chapters two and three. 
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Northeastern North Dakota Water Systems 
ADM Corn Processing (Walhalla) 
Agassiz Water District 
Dakota Water Users District (includes Cooperstown) 
Grand Forks Traill Water District 
Langdon (includes Langdon Rural Water District) 
Larimore 
North Valley Water District (includes Pembina) 
Park River 
Traill Rural Water District  
      (includes Hillsboro, Galesburg, Mayville and American Crystal Sugar) 
Tri-County Rural Water District 
Walsh Rural Water District (includes Minto)     

 
This alternative was designed to provide maximum month peak day water demands from the 
Sheyenne and Red Rivers for all surface water dependent MR&I systems in the Red River 
Valley service area.  The hydrologic model was set up to first serve MR&I water system 
demands from natural flows and then call on releases from Lake Ashtabula to meet the 
remaining demands.  In order to meet the North Dakota Game and Fish Department 
recommendations, the model had Fargo and Moorhead using the Sheyenne River and releases 
from Lake Ashtabula when the Red River was at 68 cfs or less downstream from their intakes.   
 
The alternative includes a pipeline from the Sheyenne River near the Fargo area to meet existing 
and future industrial demands in the Wahpeton area.  No peaking features would be required 
with this alternative because maximum month peak day demands were modeled for all MR&I 
systems.   
 
In the hydrologic model, water shortages for CRWUD and GFTWD (they have some existing 
groundwater sources), and the total demand for LRWUD rural systems would be served 
indirectly from surface water.  The CRWUD annual shortage of 963 ac-ft was included in the 
Fargo demand, and the GFTWD annual shortage of 828 ac-ft was included in the Grand Forks 
demand.  CRWUD relied on existing Page and Sheyenne Delta Aquifers and Red River surface 
water, while GFTWD relied on both Elk Valley Aquifer groundwater and water from the Red 
River.  The LRWUD annual demand of 216 ac-ft was served from the Red River at Pembina, 
recognizing that this water users district is actually served from upper South Pembina River at 
Mount Carmel Dam. 
 
The hydrologic model developed for the alternative also includes maximum month peak day 
demands to serve 
municipal and rural water 
systems in northeastern 
North Dakota directly from 
the pipeline connecting 
McClusky Canal to Lake 
Ashtabula.  Most of the 
water systems are currently 
served by groundwater 
sources but it is reasonable 
to assume that they may 
want to be served from the 
pipeline in the future due to its proximity to the water systems.  A capacity of 19.6 cfs was 
provided as a bulk water supply in the pipeline to serve the northeastern systems including eight 
rural water systems. 
 
The following is a list of the operational parameters changes when compared to the No Action 
Alternative: 

Fargo – Fargo withdrew water from the Red River under its senior water permit until flows at 
the USGS gage near Fargo were at 68 cfs or lower, then used available natural flows from the 
Sheyenne River intake.  When these supplies were not adequate to meet the full demand, 
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Project flows from Fargo’s storage allocation within Lake Ashtabula were used to make up 
any additional shortages.  Included in Fargo’s demands were existing and new industries near 
Fargo and CRWUD. 
 
Moorhead – Moorhead withdrew a monthly average of 114 ac-ft from the Buffalo Aquifer all 
year, followed by withdrawals from the Red River until flows at the USGS gage near Fargo 
were at 68 cfs or lower.  Moorhead used a permit with the same seniority as Fargo’s permit.  
Once, these supplies were not adequate to supply their demand, Moorhead could call on 
water from the State Engineer’s account in Lake Ashtabula.  Included in this water demand 
was future industry in Minnesota that would be located near Moorhead. 
 
Grand Forks – Unchanged from No Action Alternative. 
 
West Fargo – Unchanged from No Action Alternative.   
 
Other Communities on Red River Tributaries – Other communities used water under existing 
permits from tributaries.  Once these supplies were depleted, these communities were given 
junior rights to call for water from the State Engineer’s account in Lake Ashtabula.  
 
Irrigation – Unchanged from No Action Alternative. 
 
Peak Day Demands – All surface water dependant MR&I systems would be served their peak 
day demand from surface water.  
 
Lake Ashtabula – Unchanged from No Action Alternative.   
 
Aquatic Flows – During model runs StateMod attempted to maintain a basic aquatic 
environmental need of a 28,000 ac-ft Fish and Wildlife Conservation Pool in Lake 
Ashtabula.  In addition, the aquatic flow recommendations discussed in the aquatic flows 
section of this appendix were incorporated into this alternative.   
 
Return Flows – Unchanged from No Action Alternative. 

 
GDU Import Pipeline – Model Run Filename: GDUIPTA 
The primary water supply feature of the GDU Import Pipeline Alternative is a conveyance 
pipeline from the McClusky Canal to the Fargo metro area.  In the hydrologic model this 
pipeline was subdivided to track water being supplied to individual accounts.  The alternative 
supplies maximum month peak day demands for the cities of Fargo and West Fargo including 
local industries through a combination of water from the pipeline, natural flows and releases 
from Lake Ashtabula.  No groundwater features in the Fargo area were required in this 
alternative.  This alternative includes full expansion of the Buffalo Aquifer groundwater supply 
feature to meet the maximum month peak day demands for the city of Moorhead.  Modeling 
assumptions were that Moorhead would be served as a priority over Fargo from the Red River as 
long as flows were available and then turn to the Buffalo Aquifer for their remaining water 
demands.  
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The hydrologic model was set up with the assumption that the Fargo, West Fargo, and local 
industry would draw water from the import pipeline as their primary water supply.  Once the 
water demand exceeds the pipeline capacity then the cities of Fargo and West Fargo would turn 
to available natural flows in the Sheyenne or Red River and finally, based on their individual 
storage rights, call for water from Lake Ashtabula.  The hydrologic model maintained the import 
pipeline at a reasonable capacity while simultaneously managing Fargo’s and West Fargo’s 
storage allocation in Lake Ashtabula.  
 
The alternative was designed to maintain a minimum Lake Ashtabula reservoir capacity of 
28,000 ac-ft and a minimum release of 13 cfs from Baldhill Dam for aquatic needs in the 
Sheyenne River.  No additional flows were reserved in the Red River for minimum instream 
flows.  All of the surface water dependent cities in the Red River Valley service area could call 
on water from Lake Ashtabula.  Lake Ashtabula storage allocations appear earlier in this 
appendix. 
 
The alternative was also designed to provide maximum month peak day water demands for all 
surface water dependent MR&I systems downstream (north) from the Fargo-Moorhead area.  
This eliminated the need for any groundwater or storage features to meet peak day demands.  
Existing and future industrial water demands in the Wahpeton area would be served from the 
Red River first and once those supplies were depleted the industries would be served from a 
groundwater feature developed in southeastern North Dakota. 
 
In the hydrologic model, CRWUD and GFTWD water shortages (they have some existing 
groundwater sources) and the total demand for LRWUD rural systems were served indirectly 
from surface water.  The CRWUD annual shortage of 963 ac-ft was included in the Fargo 
demand, and GFTWD annual shortage of 828 ac-ft was included in the Grand Forks demand.  
The modeled CRWUD relied on existing Page and Sheyenne Delta Aquifers and Red River 
surface water, while GFTWD relied on both Elk Valley Aquifer groundwater and water from the 
Red River.  The modeled LRWUD annual demand of 216 ac-ft was served from the Red River at 
Pembina (recognizing that this water users district is actually served from upper South Pembina 
River at Mount Carmel Dam). 
 
The following is a list of the operational parameters changes when compared to the No Action 
Alternative: 

Fargo – Fargo receives its primary water supply directly from the import pipeline feature.  
Once the water demand exceeds the pipeline capacity then Fargo would turn to available 
natural flows in the Sheyenne or Red River and finally call for water out of Lake Ashtabula 
based on their storage rights.  Included in Fargo’s demands were existing and new industries 
near Fargo and CRWUD. 
 
Moorhead – Moorhead withdrew a monthly average of 114 ac-ft from the Buffalo Aquifer all 
year, followed by withdrawal from the Red River using a permit that was made senior to 
Fargo.  Once the water demand exceeds the available surface water supplies from the Red 
River, Moorhead would call for the remaining supply from the Buffalo Aquifer.  Included in 
this water demand was future industry in Minnesota that would be located near Moorhead. 
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Grand Forks – Unchanged from No Action Alternative. 
 
West Fargo – West Fargo received its primary water supply directly from the import pipeline 
feature.  Once the water demand exceeded the pipeline capacity then West Fargo would turn 
to available natural flows in the Sheyenne or Red River and finally call for water out of Lake 
Ashtabula based on their storage rights.  
 
Other Communities on Red River Tributaries – Other communities used water under existing 
permits from tributaries.  Once these supplies were depleted, these communities were given 
junior rights to call for water from the State Engineer’s account in Lake Ashtabula.  
 
Irrigation – Unchanged from No Action Alternative. 
 
Peak Day Demands – Only Grand Forks and East Grand Forks would be served peak day 
demands directly from surface water.  Fargo and West Fargo would use a combination of 
import water from the pipeline and surface water.  Moorhead would use a combination of 
surface water and the Buffalo Aquifer.  
 
Lake Ashtabula – Unchanged from No Action Alternative.   
 
Aquatic Flows – Unchanged from No Action Alternative.   
 
Return Flows – Unchanged from No Action Alternative. 

 
Missouri River Import to Red River Valley – Model Run Filename: MRRRTA 
The primary water supply feature of the Missouri River Import to Red River Valley is a 
conveyance pipeline from the Missouri River south of Bismarck to the Fargo and Grand Forks 
areas.  In the hydrologic model, this pipeline was subdivided to track water being supplied to 
individual accounts.  The alternative supplies maximum month peak day demands to all MR&I 
systems in the Red River Valley service area.  All MR&I systems would get their peak day 
demands from surface water with the exception of Moorhead, which would be provided 
maximum month demands from surface water and peak day demands from the Buffalo Aquifer.  
With the exception of Moorhead, no groundwater features would be required in this alternative.  
The alternative includes a pipeline from the Fargo area to meet existing and future industrial 
demands in the Wahpeton area. 
 
The alternative was designed to maintain a minimum Lake Ashtabula reservoir capacity of 
28,000 ac-ft and a minimum release of 13 cfs from Baldhill Dam for aquatic needs in the 
Sheyenne River.  No additional flows were reserved in the Red River for minimum instream 
flows.  All of the surface water dependent cities in the Red River Valley service area could call 
on water from Lake Ashtabula.  Lake Ashtabula storage allocations appear earlier in this 
appendix. 
 
The hydrologic model was setup with the assumption that the Fargo metro area (including West 
Fargo and local industries) would draw water from natural flows first, call for water from Lake 
Ashtabula second, and finally draw water from the import pipeline last.  Moorhead would have 
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the same water supply priority to meet their maximum month demands with peak day demands 
met from the Buffalo Aquifer. 
 
The alternative was also designed to provide maximum month peak day water demands for all 
surface water dependent MR&I systems downstream (north) from the Fargo-Moorhead area.  
This eliminated the need for any groundwater or storage features to meet peak day demands.  
The alternative includes a 20 cfs pipeline that directly serves the city of Grand Forks.  The 
hydrologic modeling assumed that Grand Forks would use the imported water first, natural flows 
second, and calls on Lake Ashtabula last.  Existing and future industrial water demands in the 
Wahpeton area would be served from the Red River first, and once those supplies were depleted 
the industries would be served from a groundwater feature developed in southeastern North 
Dakota. 
 
In the hydrologic model, water shortages for CRWUD and GFTWD (they have some existing 
groundwater sources) and the total demand for LRWUD rural systems were served indirectly 
from surface water.  The CRWUD annual shortage of 963 ac-ft was included in the Fargo 
demand and GFTWD annual shortage of 828 ac-ft was included in the Grand Forks demand.  
CRWUD relied on existing Page and Sheyenne Delta Aquifer and Red River surface water while 
GFTWD relies on both Elk Valley aquifer groundwater and water from the Red River.  The 
LRWUD annual demand of 216 ac-ft was served from the Red River at Pembina, recognizing 
that this water users district is actually served from upper South Pembina River at Mount Carmel 
Dam. 
 
The following is a list of the operational parameters changes when compared to the No Action 
Alternative: 

Fargo – Fargo withdrew water from the Red River under its senior water permit, and then 
used available natural flows from the Sheyenne River intake.  When these supplies were not 
adequate to meet the full demand, Project flows from the import pipeline were made 
available.  Finally, Fargo’s storage allocation within Lake Ashtabula was used to make up 
any additional shortages.  Included in Fargo’s demands were existing and new industries near 
Fargo and CRWUD. 
 
Moorhead – Moorhead withdrew a monthly average of 114 ac-ft from the Buffalo Aquifer all 
year, followed by withdrawal from the Red River using a permit with the same seniority as 
Fargo’s permit.  Once, these supplies were not adequate to supply their demand, Moorhead 
called on water from the State Engineer’s account in Lake Ashtabula.  Included in this water 
demand was future industry in Minnesota that would be located near Moorhead. 
  
Grand Forks – The primary water source for Grand Forks was a 20 cfs pipeline directly from 
the Missouri River.  Surface water supplies from the Red and Red Lake Rivers supplement 
this water supply.  Once the water demand exceeded the capacity of the pipeline and natural 
flows on the rivers, Grand Forks called for water out of Lake Ashtabula based on their 
storage rights. 
 
West Fargo – In the model, West Fargo no longer relied upon its primary water source, the 
West Fargo Aquifer.  Instead West Fargo withdrew water from the Sheyenne River using a 
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junior surface water permit for natural flows.  When these supplies were not adequate to meet 
the full demand, Project flows from the import pipeline were made available.  Finally, West 
Fargo’s storage allocation within Lake Ashtabula was used to make up any additional 
shortages.  
 
Other Communities on Red River Tributaries – Other communities used water under existing 
permits from tributaries.  Once these supplies were depleted, these communities were given 
junior rights to call for water from the State Engineer’s account in Lake Ashtabula.  
 
Irrigation – Unchanged from No Action Alternative. 
 
Peak Day Demands – Grand Forks, East Grand Forks, Fargo, and West Fargo were served 
peak day demands from a combination of import water from the pipeline and surface water.  
Moorhead used surface water.  
 
Lake Ashtabula – Unchanged from No Action Alternative.   
  
Aquatic Flows – Unchanged from No Action Alternative.   
 
Return Flows – Unchanged from No Action Alternative. 

 
Input Data for Modeling 
Input data for the StateMod surface water model are extensive.  Reclamation has provided a brief 
overview of the input data in Appendix B.3 of the Final Needs and Options Report (Reclamation 
2005a) and additional information can be found by accessing the data in electronic format on the 
enclosed CDs (see table B.1.10).  
 
Table B.1.10 – Location of Electronic Input Data for Modeling. 

Analysis Performed 
for: Filename 

Uncompressed 
Size Location 

Final Needs and 
Options Report ModelInput.zip 74 megabyte 

CD – Report on Red River Valley 
Water Needs and Options 

SDEIS SDEISModelInput.zip 4.4 megabyte 
CD – Supplemental Draft 
Environmental Impact Statement 

 
StateMod uses a Response file, denoted by a file with a *.rsp extension, to locate all of the data 
input files used for each modeling application.  Each modeling run has its own specific response 
file. The response files used are included in table B.1.11.  
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Total 
Modeled 
Pipe Size

+ 5% for 
Pipe Losses

Total Pipe 
Size for 
Design

cfs

North Dakota In-Basin 46 2 48
GDU Import to Sheyenne River 116 6 122

Red River Basin 41 2 43
GDU Import Pipeline 81 4 85
Missouri River Import to Red River Valley 113 6 119

Pipeline Service to Lake Ashtabula

Pipeline Service Direct to MR&I Systems

Table B.1.11 – Model Runs and the Response Filenames Used. 
Base Model 

Runs Final Needs and Options Report SDEIS 

Alternative 
 Scenario One Scenario Two Scenario One  

  (Peak Day) 
Calibration Calibr8.rsp*    
Baseline Base171.rsp*    
No Action  NA1ID71.rsp NA2ID71.rsp NANCPTA.rsp 
North Dakota 
In-Basin  Loop171.rsp Loop271.rsp NDinBTA.rsp 

Red River Basin  BF1NGF71.rsp BF2NGF71.rsp RRBTA.rsp 
GDU Import to Sheyenne River  I1NAWPOP.rsp I2NAWPOP.rsp GtoSTA.rsp 
GDU Import Pipeline  BF1NAW71.rsp BF2NAW71.rsp GDUIPTA.rsp 
Missouri River Import to Red River 
Valley  I1D71.rsp I2D71.rsp MRRRTA.rsp 

* These model runs are based on historic data precluding them from having differing scenarios for range of demands. 
 
Model Output 
 
Alternative Sizing 
The modeling effort provided a multitude of outputs, as described in the Needs and Options 
Report (Reclamation 2005a).  This output was used to develop feature sizing and alternative 
costs.  Tables B.1.12 and B.1.13 include the sizing determined through modeling for each of the 
alternatives and their respective accounts. 
 
Table B.1.12 – Modeled Pipe Sizing for the Alternatives. 

City of 
Fargo

City of 
Grand 
Forks

City of 
West 
Fargo

City of 
Valley 
City

City of 
Lisbon

State 
Engineer

Wahpeton 
Industry

Total 
Modeled 
Pipe Size

cfs cfs cfs cfs cfs cfs cfs cfs

North Dakota In-Basin 26 7 5 2 0 6 0 46
GDU Import to Sheyenne River 56 0 9 0 0 51 0* 116

Red River Basin 39 0 2 0 0 0 0 41
GDU Import Pipeline 71 0 10 0 0 0 0 81
Missouri River Import to Red River Valley 73 20 11 0 0 0 9 113

Pipeline Service to Lake Ashtabula

Pipeline Service Direct to MR&I Systems

 
 
Table B.1.13 – Pipe Sizing for Design of Alternatives. 

Source Water 
Quantity 
The model also 
provides source 
water output data.  
This data can be 
viewed, graphed, 
and output for each 
permit.  In 
addition, the data 
can be broken out 

into the water served to the permit from various sources.  Tables B.1.14 through B.1.17 show the 
water source quantities for four of the major water users in the Red River Valley.  Each of the 
cities has a differing number of water sources available to them.  When an alternative does not 
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have an individual feature supplying water to the user, the corresponding values in that column 
are shown as all zeros.  
 
Table B.1.14 – Water Source Quantities for Fargo. 

TOTAL 
DEMAND

Withdrawal 
from the Red 

River

Withdrawal 
from the 

Sheyenne 
River

Withdrawal 
from Lake 
Ashtabula

Import from 
the 

Missouri 
River

Import from 
McClusky 

Canal

Withdrawal 
from 

Minnesota 
Groundwater

ac-ft ac-ft ac-ft ac-ft ac-ft ac-ft ac-ft

1931-1941 Max Month 8,290 7,883 3,047 8,290 0 0 0
1931-1941 Avg. Month 5,182 1,814 385 1,466 0 0 0
1931-1941 Max Year 168,847 62,188 22,444 98,614 0 0 0
1931-1941 Total 684,068 239,472 50,880 193,543 0 0 0
71yr Max. Month 8,290 8,290 3,047 8,290 0 0 0
71yr Avg. Month 5,182 4,606 77 265 0 0 0
71yr Total 4,415,348 3,924,177 65,255 225,740 0 0 0
1931-1941 Max Month 5,743 5,743 2,949 6,112 0 0 0
1931-1941 Avg. Month 3,812 1,850 213 1,818 0 0 0
1931-1941 Max Year 123,395 51,237 13,696 61,422 0 0 0
1931-1941 Total 503,140 244,257 28,136 240,036 0 0 0
71yr Max. Month 5,743 5,743 2,949 6,112 0 0 0
71yr Avg. Month 3,812 3,494 37 293 0 0 0
71yr Total 3,247,540 2,976,674 31,262 249,348 0 0 0
1931-1941 Max Month 5,743 5,743 2,355 3,213 0 0 2,398
1931-1941 Avg. Month 3,812 1,849 77 425 0 0 1,461
1931-1941 Max Year 123,395 51,237 5,202 16,900 0 0 50,056
1931-1941 Total 503,140 244,027 10,109 56,116 0 0 192,888
71yr Max. Month 5,743 5,743 2,355 3,213 0 0 2,398
71yr Avg. Month 3,812 3,493 12 68 0 0 238
71yr Total 3,247,540 2,976,444 10,378 57,716 0 0 203,002
1931-1941 Max Month 8,334 5,244 3,047 8,334 0 0 0
1931-1941 Avg. Month 5,204 702 713 3,790 0 0 0
1931-1941 Max Year 169,595 45,740 36,386 123,660 0 0 0
1931-1941 Total 686,972 92,610 94,051 500,311 0 0 0
71yr Max. Month 8,334 5,743 3,047 8,334 0 0 0
71yr Avg. Month 5,204 3,157 182 1,865 0 0 0
71yr Total 4,434,092 2,690,158 154,880 1,589,054 0 0 0
1931-1941 Max Month 8,334 3,968 2,949 3,836 0 4,366 0
1931-1941 Avg. Month 5,204 586 100 404 0 4,114 0
1931-1941 Max Year 169,595 15,116 5,948 17,292 0 131,240 0
1931-1941 Total 686,972 77,387 13,260 53,271 0 543,059 0
71yr Max. Month 8,334 3,968 2,949 3,836 0 4,366 0
71yr Avg. Month 5,204 1,009 17 65 0 4,114 0
71yr Total 4,434,092 859,496 14,168 55,236 0 3,505,199 0
1931-1941 Max Month 8,334 8,420 2,949 4,194 4,489 0 0
1931-1941 Avg. Month 5,204 2,250 125 411 2,683 0 0
1931-1941 Max Year 169,595 65,632 7,460 17,663 95,053 0 0
1931-1941 Total 686,972 296,985 16,558 54,203 354,206 0 0
71yr Max. Month 8,334 8,815 2,949 4,194 4,489 0 0
71yr Avg. Month 5,204 4,923 21 66 459 0 0
71yr Total 4,434,092 4,194,497 17,861 56,139 391,375 0 0

GDU Import 
to Sheyenne 

River

GDU Import 
Pipeline

Missouri 
River Import 
to Red River 

Valley

PeriodAlternative

No Action

North Dakota 
In-Basin

Red River 
Basin

 
 
Although, Lake Ashtabula is not typically seen as a water user, the storage allocations in the 
reservoir have water rights to both instream flows and supplemental supplies.  Table B.1.18 
shows the total quantities of water entering the reservoir by alternative from each of its features.  
Again, when an alternative does not have an individual feature supplying water to the user, the 
corresponding values in that column are shown as all zeros.  Tables B.1.19 through B.1.23 show 
the quantities of water associated with the major project features for each action alternative.  
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These volumes are separated out into the amount served to each user or storage allocation.  
Those permits with storage allocations that do not require a supplemental source are not listed in 
the tables. 
 
Table B.1.15 – Water Source Quantities for Grand Forks. 

TOTAL 
DEMAND

Withdrawal 
from the Red 

River
Red Lake 

River

Withdrawal 
from Lake 
Ashtabula

Import from 
Missouri  

River 
ac-ft ac-ft ac-ft ac-ft ac-ft

1931-1941 Max Month 4,601 3,374 1,353 3,445 0
1931-1941 Avg. Month 3,016 1,682 1,111 224 0
1931-1941 Max Year 97,902 48,314 34,699 14,889 0
1931-1941 Total 398,123 221,994 146,604 29,523 0
71yr Max. Month 4,601 3,374 1,353 3,445 0
71yr Avg. Month 3,016 1,687 1,294 35 0
71yr Total 2,569,703 1,437,594 1,102,584 29,523 0
1931-1941 Max Month 4,601 3,873 1,353 2,927 0
1931-1941 Avg. Month 3,016 1,750 1,127 139 0
1931-1941 Max Year 97,902 52,086 35,371 10,445 0
1931-1941 Total 398,123 230,993 148,781 18,347 0
71yr Max. Month 4,601 3,873 1,353 2,927 0
71yr Avg. Month 3,016 1,698 1,297 22 0
71yr Total 2,569,703 1,446,593 1,104,761 18,347 0
1931-1941 Max Month 4,601 3,906 1,353 2,927 0
1931-1941 Avg. Month 3,016 1,741 1,127 148 0
1931-1941 Max Year 97,902 52,369 35,371 10,162 0
1931-1941 Total 398,123 229,802 148,781 19,538 0
71yr Max. Month 4,601 3,906 1,353 2,927 0
71yr Avg. Month 3,016 1,696 1,297 23 0
71yr Total 2,569,703 1,445,402 1,104,761 19,538 0
1931-1941 Max Month 4,601 4,218 1,353 1,205 0
1931-1941 Avg. Month 3,016 1,893 1,111 44 0
1931-1941 Max Year 97,902 63,203 34,699 1,793 0
1931-1941 Total 398,123 249,846 146,604 5,787 0
71yr Max. Month 4,601 4,218 1,353 1,205 0
71yr Avg. Month 3,016 1,720 1,294 33 0
71yr Total 2,569,703 1,465,446 1,102,584 28,227 0
1931-1941 Max Month 4,601 3,906 1,353 2,927 0
1931-1941 Avg. Month 3,016 1,755 1,111 151 0
1931-1941 Max Year 97,902 52,514 34,699 10,689 0
1931-1941 Total 398,123 231,650 146,604 19,867 0
71yr Max. Month 4,601 3,906 1,353 2,927 0
71yr Avg. Month 3,016 1,699 1,294 23 0
71yr Total 2,569,703 1,447,250 1,102,584 19,867 0
1931-1941 Max Month 4,601 2,988 1,353 1,697 1,230
1931-1941 Avg. Month 3,016 692 1,060 57 1,207
1931-1941 Max Year 97,902 21,955 32,655 4,689 38,603
1931-1941 Total 398,123 91,399 139,963 7,470 159,291
71yr Max. Month 4,601 2,988 1,353 1,697 1,230
71yr Avg. Month 3,016 572 1,229 9 1,207
71yr Total 2,569,703 487,039 1,047,043 7,470 1,028,151

GDU Import 
to Sheyenne 

River

GDU Import 
Pipeline

Missouri 
River Import 
to Red River 

Valley

PeriodAlternative

No Action

North Dakota 
In-Basin

Red River 
Basin
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Table B.1.16 – Water Source Quantities for Moorhead. 

TOTAL 
DEMAND

Withdrawal 
from the Red 

River

Withdrawal 
from Buffalo 

Aquifer

Withdrawal 
from 

Moorhead 
Aquifer

Withdrawal 
from Lake 
Ashtabula

Peak Day from 
Import Pipe to 

Fargo
ac-ft ac-ft ac-ft ac-ft ac-ft ac-ft

1931-1941 Max Month 1,631 1,491 0 0 0 0
1931-1941 Avg. Month 1,073 860 0 0 0 0
1931-1941 Max Year 34,939 26,656 0 0 0 0
1931-1941 Total 141,680 113,585 0 0 0 0
71yr Max. Month 1,631 1,587 0 0 0 0
71yr Avg. Month 1,073 1,028 0 0 0 0
71yr Total 914,480 875,606 0 0 0 0
1931-1941 Max Month 1,269 1,155 114 61 874 0
1931-1941 Avg. Month 922 753 114 8 47 0
1931-1941 Max Year 29,784 23,770 3,648 363 2,051 0
1931-1941 Total 121,704 99,377 15,048 1,114 6,165 0
71yr Max. Month 1,269 1,155 114 61 874 0
71yr Avg. Month 922 799 114 1 7 0
71yr Total 785,544 681,137 97,128 1,114 6,165 0
1931-1941 Max Month 1,269 1,155 114 61 874 0
1931-1941 Avg. Month 922 753 114 8 47 0
1931-1941 Max Year 29,784 23,770 3,648 363 2,051 0
1931-1941 Total 121,704 99,377 15,048 1,114 6,165 0
71yr Max. Month 1,269 1,155 114 61 874 0
71yr Avg. Month 922 799 114 1 7 0
71yr Total 785,544 681,137 97,128 1,114 6,165 0
1931-1941 Max Month 1,750 1,155 114 0 1,636 0
1931-1941 Avg. Month 1,187 203 114 0 870 0
1931-1941 Max Year 38,573 9,696 3,648 0 31,100 0
1931-1941 Total 156,684 26,786 15,048 0 114,850 0
71yr Max. Month 1,750 1,155 114 0 1,636 0
71yr Avg. Month 1,187 706 114 0 367 0
71yr Total 1,011,324 601,474 97,128 0 312,722 0
1931-1941 Max Month 1,750 1,636 1,467 0 0 0
1931-1941 Avg. Month 1,187 926 261 0 0 0
1931-1941 Max Year 38,573 28,959 9,614 0 0 0
1931-1941 Total 156,684 122,284 34,400 0 0 0
71yr Max. Month 1,750 1,636 1,467 0 0 0
71yr Avg. Month 1,187 1,049 138 0 0 0
71yr Total 1,011,324 893,561 117,763 0 0 0
1931-1941 Max Month 1,750 1,155 114 689 935 492
1931-1941 Avg. Month 1,187 753 114 14 41 265
1931-1941 Max Year 38,573 23,770 3,648 1,137 2,158 8,789
1931-1941 Total 156,684 99,377 15,048 1,823 5,456 34,980
71yr Max. Month 1,750 1,155 114 689 935 492
71yr Avg. Month 1,187 799 114 2 6 265
71yr Total 1,011,324 681,137 97,128 1,823 5,456 225,780

GDU Import 
to Sheyenne 

River

GDU Import 
Pipeline

Missouri 
River Import 
to Red River 

Valley

PeriodAlternative

No Action

North Dakota 
In-Basin

Red River 
Basin
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Table B.1.17 – Water Source Quantities for West Fargo. 

TOTAL 
DEMAND

Withdrawal 
from the 

Sheyenne 
River

Withdrawal 
from Lake 
Ashtabula

Import from 
the Missouri 

River

Import from 
McClusky 

Canal

Withdrawal 
from West 

Fargo North 
Aquifer

Withdrawal 
from Minnesota 

Groundwater
ac-ft ac-ft ac-ft ac-ft ac-ft ac-ft ac-ft

1931-1941 Max Month 1,019 556 884 0 0 0 0
1931-1941 Avg. Month 535 168 94 0 0 0 0
1931-1941 Max Year 17,465 4,131 6,567 0 0 0 0
1931-1941 Total 70,664 22,164 12,463 0 0 0 0
71yr Max. Month 1,019 574 884 0 0 0 0
71yr Avg. Month 535 218 264 0 0 0 0
71yr Total 456,104 186,105 224,870 0 0 0 0
1931-1941 Max Month 713 205 713 0 0 399 0
1931-1941 Avg. Month 399 136 212 0 0 50 0
1931-1941 Max Year 12,916 4,523 7,076 0 0 2,345 0
1931-1941 Total 52,624 17,939 28,049 0 0 6,632 0
71yr Max. Month 713 205 713 0 0 399 0
71yr Avg. Month 399 186 204 0 0 8 0
71yr Total 339,664 158,549 174,169 0 0 6,942 0
1931-1941 Max Month 713 205 590 0 0 471 123
1931-1941 Avg. Month 399 138 81 0 0 59 121
1931-1941 Max Year 12,916 4,454 4,379 0 0 1,515 3,860
1931-1941 Total 52,624 18,150 10,705 0 0 7,839 15,928
71yr Max. Month 713 205 590 0 0 471 123
71yr Avg. Month 399 180 88 0 0 10 121
71yr Total 339,664 153,742 74,696 0 0 8,412 102,808
1931-1941 Max Month 1,019 205 910 0 0 0 0
1931-1941 Avg. Month 535 185 350 0 0 0 0
1931-1941 Max Year 17,465 6,365 11,100 0 0 0 0
1931-1941 Total 70,664 24,406 46,258 0 0 0 0
71yr Max. Month 1,019 205 910 0 0 0 0
71yr Avg. Month 535 193 343 0 0 0 0
71yr Total 456,104 164,238 291,866 0 0 0 0
1931-1941 Max Month 1,019 205 404 0 615 0 0
1931-1941 Avg. Month 535 25 35 0 475 0 0
1931-1941 Max Year 17,465 797 1,372 0 15,296 0 0
1931-1941 Total 70,664 3,363 4,590 0 62,711 0 0
71yr Max. Month 1,019 205 404 0 615 0 0
71yr Avg. Month 535 41 20 0 475 0 0
71yr Total 456,104 34,555 16,778 0 404,771 0 0
1931-1941 Max Month 1,019 205 343 676 0 0 0
1931-1941 Avg. Month 535 20 25 490 0 0 0
1931-1941 Max Year 17,465 617 1,004 15,842 0 0 0
1931-1941 Total 70,664 2,581 3,363 64,713 0 0 0
71yr Max. Month 1,019 205 343 676 0 0 0
71yr Avg. Month 535 31 14 490 0 0 0
71yr Total 456,104 26,635 11,707 417,693 0 0 0

GDU Import 
to Sheyenne 

River

GDU Import 
Pipeline

Missouri 
River Import 
to Red River 

Valley

PeriodAlternative

No Action

North Dakota 
In-Basin

Red River 
Basin
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 Table B.1.18 – Water Quantities for Lake Ashtabula. 

Natural 
Inflow from 
Sheyenne 

River

Natural 
Inflow from 

Baldhill 
Creek

Volume 
from Import

Outflow 
from 

Baldhill 
Dam

End of the 
Month 

Reservoir 
Volume

ac-ft ac-ft ac-ft ac-ft ac-ft

1931-1941 Max Month 35,734 12,376 0 11,481 65,653
1931-1941 Avg. Month 1,761 593 0 1,918 28,754
1931-1941 Max Year 84,026 28,499 0 122,942 0
1931-1941 Total 232,438 78,282 0 253,134 0
71yr Max. Month 155,997 69,221 0 11,481 0
71yr Avg. Month 6,920 1,551 0 715 56,230
71yr Total 5,895,869 1,321,163 0 609,461 0
1931-1941 Max Month 35,638 12,376 2,828 8,706 65,700
1931-1941 Avg. Month 1,746 593 1,596 2,385 53,153
1931-1941 Max Year 83,157 28,499 34,280 84,008 0
1931-1941 Total 230,465 78,282 210,645 314,878 0
71yr Max. Month 155,997 69,221 2,828 8,706 0
71yr Avg. Month 6,912 1,551 561 677 61,000
71yr Total 5,889,080 1,321,163 478,376 576,621 0
1931-1941 Max Month 35,638 12,376 0 6,004 65,700
1931-1941 Avg. Month 1,748 593 0 1,132 49,658
1931-1941 Max Year 83,105 28,499 0 43,500 0
1931-1941 Total 230,699 78,282 0 149,417 0
71yr Max. Month 155,997 69,221 0 6,004 0
71yr Avg. Month 6,918 1,551 0 437 59,686
71yr Total 5,893,751 1,321,163 0 372,303 0
1931-1941 Max Month 35,638 12,376 7,133 14,017 65,700
1931-1941 Avg. Month 1,757 593 6,140 7,694 47,182
1931-1941 Max Year 83,750 28,499 174,082 249,780 0
1931-1941 Total 231,964 78,282 810,487 1,015,659 0
71yr Max. Month 155,997 69,221 7,133 14,017 0
71yr Avg. Month 6,933 1,551 2,515 4,383 60,032
71yr Total 5,906,983 1,321,163 2,142,545 3,734,336 0
1931-1941 Max Month 35,638 35,638 0 6,853 65,700
1931-1941 Avg. Month 1,747 1,747 0 1,136 50,562
1931-1941 Max Year 83,105 83,105 0 41,959 0
1931-1941 Total 230,544 230,544 0 149,916 0
71yr Max. Month 155,997 155,997 0 6,853 0
71yr Avg. Month 6,917 6,917 0 406 59,821
71yr Total 5,893,378 5,893,378 0 345,864 0
1931-1941 Max Month 35,638 12,376 0 5,887 65,700
1931-1941 Avg. Month 1,748 593 0 1,056 51,072
1931-1941 Max Year 83,105 28,499 0 36,307 0
1931-1941 Total 230,682 78,282 0 139,393 0
71yr Max. Month 155,997 69,221 0 5,887 0
71yr Avg. Month 6,917 1,551 0 390 59,891
71yr Total 5,893,496 1,321,163 0 332,649 0

GDU Import 
to Sheyenne 

River

GDU Import 
Pipeline

Missouri 
River Import 
to Red River 

Valley

PeriodAlternative

No Action

North Dakota 
In-Basin

Red River 
Basin
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Table B.1.19 – Volume of Piped Water for North Dakota In-Basin Alternative. 
Pipe from Red River by Grand Forks to Lake Ashtabula 

Volume to 
State 
Engineer's 
Ashtabula 
Account 

Volume to 
Fargo's 
Ashtabula 
Account 

Volume to 
Grand 
Forks' 
Ashtabula 
Account 

Volume to 
Valley City's 
Ashtabula 
Account 

Volume to 
West 
Fargo's 
Ashtabula 
Account 

Total 
Volume 

Period ac-ft ac-ft ac-ft ac-ft ac-ft ac-ft 
1931-1941 Max Month 369 1,599 430 123 307 2,828 
1931-1941 Avg. Month 157 1,045 175 64 155 1,596 
1931-1941 Max Year 3,874 22,075 4,189 1,288 3,328 34,283 
1931-1941 Total 20,781 137,878 23,111 8,492 20,394 210,656 
71yr Max. Month 369 1,599 430 123 307 2,828 
71yr Avg. Month 42 378 53 22 67 561 
71yr Total 35,535 321,687 45,059 18,653 57,440 478,374 

 
Table B.1.20 – Volume of Piped Water for Red River Basin Alternative. 

Pipe from Minnesota Groundwater to Fargo Area 
Volume Piped to Fargo Volume Piped to West Fargo Total Volume 

Period ac-ft ac-ft ac-ft 
1931-1941 Max Month 2,398 123 2,521 
1931-1941 Avg. Month 1,461 121 1,582 
1931-1941 Max Year 50,056 3,860 53,916 
1931-1941 Total 192,888 15,928 208,816 
71yr Max. Month 2,398 123 2,521 
71yr Avg. Month 238 121 359 
71yr Total 203,002 102,808 305,810 

 
Table B.1.21 – Volume of Piped Water for GDU Import to Sheyenne River Alternative. 

Pipe from McClusky Canal to Lake Ashtabula 

Import to 
State 

Engineer's 
Ashtabula 
Account 

Import to 
Fargo's 

Ashtabula 
Account 

Import to 
West 

Fargo's 
Ashtabula 
Account 

Total 
Volume 

Period ac-ft ac-ft ac-ft ac-ft 
1931-1941 Max Month 3,443 553 3,136 7,132 
1931-1941 Avg. Month 3,070 331 2,739 6,140 
1931-1941 Max Year 88,882 9,665 75,526 174,073 
1931-1941 Total 405,215 43,643 361,592 810,450 
71yr Max. Month 3,136 3,443 553 7,132 
71yr Avg. Month 1,330 230 955 2,515 
71yr Total 1,132,804 196,082 813,570 2,142,456 
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Table B.1.22 – Volume of Piped Water for GDU Import Pipeline Alternative. 
Pipe from McClusky Canal to Fargo Area 

Import Pipeline to Fargo Import Pipeline to West Fargo Total Volume 
Period ac-ft ac-ft ac-ft 

1931-1941 Max Month 4,366 615 4,981 
1931-1941 Avg. Month 4,114 475 4,589 
1931-1941 Max Year 131,240 15,296 146,536 
1931-1941 Total 543,059 62,711 605,770 
71yr Max. Month 4,366 615 4,981 
71yr Avg. Month 4,114 475 4,589 
71yr Total 3,505,199 404,771 3,909,970 

 
Table B.1.23 – Volume of Piped Water for Missouri River Import to Red River Valley Alternative. 

Pipe from Missouri River to Red River Valley 

Import 
Pipeline to 

Fargo 

Import 
Pipeline to 

West 
Fargo 

Import 
Pipeline to 

Grand Forks 

Import 
Pipeline to 
Wahpeton 
Industry 

Total 
Volume 

Period ac-ft ac-ft ac-ft ac-ft ac-ft 
1931-1941 Max Month 4,489 676 1,230 512 6,907 
1931-1941 Avg. Month 2,683 490 1,207 385 4,765 
1931-1941 Max Year 95,053 15,842 38,603 14,052 163,550 
1931-1941 Total 354,206 64,713 159,291 50,778 628,988 
71yr Max. Month 4,489 676 1,230 512 6,907 
71yr Avg. Month 459 490 1,207 75 2,231 
71yr Total 391,375 417,693 1,028,151 63,617 1,900,836 

 
Data for Impact Analysis 
Surface Water Quantity   There were 3 gaging sites in the Red River Basin surface water 
quantity section of chapter four and 14 gaging sites in appendix B.2.  The gages are in table 
B.1.24.  The monthly data for each alternative was output from StateMod.  These data are in the 
“SDEISModelOutput.zip“ file on the CD. 
 
Table B.1.24 – Model Gaging Sites Used for Water Source Quantity Analysis. 

Aquatic Needs   This 
analysis used part of the 
output data for gages 
from the water source 
quantity analysis 
described earlier.  The 
aquatic environment 
needs section of chapter 
one discusses 
maintenance of reservoir 
levels and stream river 
flows in the Sheyenne and 

Red Rivers.  Opportunities to meet basic aquatic needs have been incorporated into modeling all 

Modeling Node USGS Gaging Station Location 
RNDEB38.99 05051500 Red River at Wahpeton 
RNDEB34.99 05054000 Red River at Fargo 
RNDEB18.99 05054500 Sheyenne River above Harvey 
RNDEB14.99 05056000 Sheyenne River at Warwick 
RNDEB16.99 05057000 Sheyenne River at Cooperstown 
RNDEB23.99 05058000 Sheyenne River below Baldhill Dam 
RNDEB29.99 05058500 Sheyenne River at Valley City 
RNDEB32.99 05058700 Sheyenne River at Lisbon 
RNDEB36.99 05059000 Sheyenne River at Kindred 
RNDEB33.99 05059500 Sheyenne River at West Fargo 
RNDEB26.99 05064500 Red River at Halstad 
RNDEB17.99 05082500 Red River at Grand Forks 
RNDEB09.99 05092000 Red River at Drayton 
RNDEB03.99 05102500 Red River before Emerson 
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of the alternatives, including a minimum Fish and Wildlife Conservation Pool of 28,000 ac-ft in 
Lake Ashtabula and maintaining a minimum release of 13 cfs from Baldhill Dam.   
 
With the exception of the No Action Alternative, all alternatives included in the SDEIS maintain 
the basic aquatic needs 100% of the time.  Results from modeling the No Action Alternative 
show that both the minimum 13 cfs release from Baldhill Dam and maintenance of 28,000 ac-ft 
in Lake Ashtabula were compromised.  The 13 cfs release is met 51% of the time during a 1930s 
drought and 67% of the time over the 71-year period of record.  The 28,000 ac-ft Fish and 
Wildlife Conservation Pool was only maintained 31% of the time during a 1930s drought and 
90% of the time over the 71-year period of record. 
 
The North Dakota Game and Fish Department also made specific recommendations on instream 
flows, as listed on page B-13.  Recommendations one, two, three, and five were incorporated 
into the GDU Import to the Sheyenne River Alternative.  However, because there were no 
features designed to supplement flows on the Red River, recommendation four was modified to 
be a minimum target.  All permits drawing water from the Red River upstream from Fargo’s 
intake were turned off and forced to secondary water supplies when the flow at the intake fell 
below 68 cfs.   
 
An analysis was performed to determine how many times each of the alternatives was able to 
meet the recommendations presented by the North Dakota Game and Fish Department.  The 
results for the period similar to the 1930s drought are shown in table B.1.25, and those for the 
entire period of record, 1931 through 2001, are shown in table B.1.26. 
 
Table B.1.25 – Meeting the North Dakota Game and Fish Department Aquatic Needs Recommendations 
During a 1930s Drought. 

Min. 23 cfs 
released from 
Baldhill Dam 
year round 

Min. 69 cfs 
released from 
Baldhill Dam 
during April 

Min. 215 cfs 
released from 
Baldhill Dam 
April 6-10th 

Min. 23 cfs flow  
below Fargo 

intake on 
Sheyenne River 

Min. 68 cfs 
flow at USGS 
gage below 

Fargo 

 Alternative Months % Months % Months % Months % Months % 
No Action 46 38 0 0 0 0 46 38 15 13 
North 
Dakota 
In-Basin 91 76 2 20 2 20 48 40 16 13 
Red River 
Basin 38 32 2 20 2 20 59 49 16 13 
GDU Import 
to Sheyenne 
River 120 100 10 100 10 100 120 100 40 33 
GDU Import 
Pipeline 37 31 2 20 2 20 75 63 20 17 
Missouri 
River Import 
to Red River 
Valley 20 17 2 20 2 20 71 59 15 13 
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Table B.1.26 – Meeting the North Dakota Game and Fish Department Aquatic Needs Recommendations, 1931 
Through 2001.  

Min. 23 cfs 
released from 
Baldhill Dam 
year round 

Min. 69 cfs 
released from 
Baldhill Dam 
during April 

Min. 215 cfs 
released from 
Baldhill Dam 
April 6-10th 

Min. 23 cfs flow 
below Fargo 

intake on 
Sheyenne River 

Min. 68 cfs 
flow at USGS 
gage below 

Fargo 

  Months % Months % Months % Months % Months % 
No Action 501 59 47 66 47 66 708 83 631 74 
North 
Dakota In-
Basin 591 69 52 73 50 70 731 86 664 78 
Red River 
Basin 491 58 50 70 50 70 745 87 664 78 
GDU Import 
to Sheyenne 
River 852 100 71 100 71 100 852 100 749 88 
GDU Import 
Pipeline 489 57 50 70 50 70 774 91 715 84 
Missouri 
River Import 
to Red River 
Valley 485 57 50 70 50 70 771 90 641 75 

 
Missouri River Depletions   The Missouri River depletions analysis is found in Red River 
Valley Water Supply Project, Analysis of Missouri River Effects (Corps 2006) report which is 
attached to the SDEIS as a supporting document and is discussed in chapter four.  The monthly 
withdrawal volumes from the Missouri River Basin were averaged over a 10-year period 
corresponding with modeled years 1931 through 1940.  These monthly values were sent to the 
Corps for incorporation into their analysis (see table B.1.27). 
 
Table B.1.27 – Depletions, in ac-ft from the Missouri River for the Red River Valley Water Supply Project. 

1930s Average Month (ac-ft) 
Alternative Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 
GDU Import 
to Sheyenne 
River 

7113 5578 6514 5069 5370 6891 7468 7490 7248 7319 7035 7145 80,239 

GDU Import 
Pipeline 4421 4001 4410 4914 5166 5292 5712 5607 5240 4788 5019 5208 59,777 

Missouri 
River Import 
to Red River 
Valley 

5082 4778 3213 1817 3738 5744 7130 7382 6689 4988 5702 6363 62,622 

 
Geomorphology   This analysis was done to evaluate whether the proposed alternatives would 
increase flooding and erosion that would occur without the Project under the No Action 
Alternative.  The changes to flow would occur through supplementing flows by importing water 
and/or through changes to operational parameters associated with Lake Ashtabula, an upstream 
storage reservoir.  It is important to know and understand how each of the proposed alternatives 
would affect bankfull conditions and, in turn, erosion of river banks.  An increase in flooding and 
erosion could affect other resources, such as aquatic communities, riparian areas, historic 
properties, and water quality. 
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Flow measurements on gaged rivers show that the bankfull stage has a recurrence interval of 1.5 
years on average (Dunne and Leopold 1978).  This means that in any given year there is a 67% 
chance that the river will rise to or overtop the active floodplain.  Because the bankfull flow 
equates to approximately the 1.5-year flow on many rivers, the bankfull stage can be used as a 
benchmark from which to measure channel size for a consistent comparison between sites. 
 
Long-term bed load and flow measurements have shown that it is the bankfull flow that 
transports the greatest amount of material over time (Leopold 1994).  While larger flow events 
transport greater quantities per event and smaller flow events occur more frequently, it is the 
bankfull flow that is sufficiently effective and sufficiently frequent to perform the greatest 
amount of work in maintaining channel shape.  Thus, it is also referred to as the “effective 
discharge” or “channel forming flow.”  
 
A channel is said to be at bankfull stage when it is just about to flood the active floodplain.  Thus 
the active floodplain defines the limits of the bankfull channel.  The active floodplain is defined 
as the flat portion of the valley adjacent to the channel that is constructed by the present river in 
the present climate (Leopold 1994).  The phrase “by the present river in the present climate” is 
especially important because if the river degrades or incises, the former floodplain is abandoned 
and becomes a terrace or abandoned floodplain.  It is important to be able to distinguish the 
active floodplain from abandoned terraces when identifying bankfull stage.  
 
Determining Bankfull Flow   To begin the bankfull flow analysis, a representative point on the 
Sheyenne River was chosen for comparison purposes.  This site, USGS Gage 05059000 near 
Kindred, North Dakota, was chosen because it is located downstream from where supplemental 
Project water might be added to the system, and flows at this site would have already been 
influenced by operational changes at Baldhill Dam.   
 
Daily records were analyzed and used to create a hydrograph for the period February 1, 1950, 
through December 31, 2001 (18,962 daily records).  This hydrograph was then applied to the 
modeled flows for each alternative.   
 
Post processing was completed by plotting the hydrographs of historic flows and superimposing 
the trend of the hydrograph over the simulated monthly flows from StateMod for each of the 
alternatives.  Each historic daily value was assigned a percentage of flow for its corresponding 
month and year.  This percentage was then applied directly to monthly values from simulation 
for its corresponding year.  Figure B.1.3 shows the hydrograph created for August 1975 and the 
hydrographs of the proposed alternatives when the same trend was applied to their modeled 
results.  This approach was used to simulate the historic pulses in flow caused by snowmelt and 
rain storm events that were not directly modeled in the monthly StateMod data. 
 
Using historic data, current bankfull flow was calculated so a comparison could be made 
between bankfull conditions today, during the No Action Alternative, and the action alternatives. 
Analysis of historic data showed the current bankfull flow at the Kindred gage to be 997 cfs. 
This calculated bankfull flow is supported with previous studies for the Devils Lake Outlet EIS 
that determined the estimated bankfull flow at this location to be between 920 – 1400 cfs (West 
Consultants, Inc 2001). 
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          Figure B.1.3 – An Example of how Historic Hydrograph was Used to Gain Daily Flow Data from 
          Modeled Data for USGS Gage 5059000 on the Sheyenne River Near Kindred, North Dakota. 
 
With the current bankfull flow approximating 1,000 cfs, it is important to know how often flows 
are at this volume with and without the proposed alternatives.  A range of 900 – 1100 cfs (+/-
10% of calculated bankfull flow) was used, because flow velocity increases as bankfull is 
approached and slightly exceeded.  Flow velocity is a major factor in causing erosion.  Flows 
above 110% of bankfull would have a lessened affect on erosion, because flow velocity is 
reduced when water spills out onto the floodplain.  Of the 18,962 daily flows analyzed there 
were 233 days where flows were in the range of 900 – 1100 cfs (table B.1.28).  The occurrence 
of flows greater than 900 cfs were also reviewed and occurred 1,152 days out of 18,962 days 
(table B.1.29). 
 
Table B.1.28 – Recurrence Intervals of Bankfull Conditions near Kindred on the Sheyenne River. 

ALTERNATIVE
Number of 

days 
analyzed

Current Condition 18962 233 1152

No Action 18962 241
Additional 

days 1132
Additional 

days
North Dakota In-Basin 18962 246 5 1145 13
Red River Basin 18962 243 2 1148 16
GDU Import to Sheyenne River 18962 241 0 1130 -2
Missouri River to Red River Import 18962 241 0 1136 4
GDU Import Pipeline 18962 241 0 1136 4

Number of days at 
Bankfull +/- 10% (900cfs 

to 1100cfs)

Number of days above 
90% of Bankfull        

(> 900 cfs)
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Table B.1.29 – New Bankfull Flows near Kindred on the Sheyenne River for All  
Alternatives.  

ALTERNATIVE
Number of 

days 
analyzed

Calculated 
Bankfull 

Flow (cfs)
Current Condition 18962

No Action 18962 1030
North Dakota In-Basin 18962 890
Red River Basin 18962 890
GDU Import to Sheyenne River 18962 908
Missouri River to Red River Import 18962 886
GDU Import Pipeline 18962 886  
 
Further review of the calculated daily data showed that the occurrence of bankfull increases 
slightly for each of the alternatives (table B.1.29).  Generally, increases of 10 additional bankfull 
flow days in one season may alter the natural scouring affects of a stream.  The maximum 
increase of additional days due to the affects of an alternative on the system near bankfull is five 
non-consecutive days out of 18,962 days.  This occurs in the North Dakota In-Basin Alternative.   
 
Review of all flows above 900 cfs or 90% of bankfull flow shows a maximum increase of 16 
non-consecutive days in the Red River Basin Alternative when compared to the No Action 
Alternative.  However, the total number of days that have flow above 900 cfs for each alternative 
is fewer than recorded historically.  
 
For the next part of the analysis, a new recurrence interval analysis was calculated for each of the 
alternatives to determine if the bankfull volume could be altered over time as a result of these 
new flows.  Results showed that with the exception of the No Action Alternative, all of the 
bankfull flow volumes are reduced when the alternatives were run over a period of 18,962 days 
(table B.1.29). 
 
The new lower bankfull flows for each of the action alternatives appears in table B.1.29 and can 
be explained through the change of operational parameters at Baldhill Dam.  For each of the 
alternatives to function properly historical operation of the reservoir, which often acted as a pass-
through system, has been changed to catch the peak flow and store it for later use.  This has a 
stabilizing affect on the reservoir and its outflow.  This in turn affects the flow in the Sheyenne 
River over the long term by flattening out the hydrograph and reducing the calculated bankfull 
flows.  These new bankfull flows could have a tendency to create a new smaller floodplain 
within the confines of the main channel and below the existing floodplain causing a terracing 
effect.  However, this is unlikely because the change in bankfull flow between the current 
condition and any of the alternatives is less than 12% and would be considered a relatively small 
difference.  A decrease in bankfull flow would not cause any additional erosion of the river 
banks along the Sheyenne River. 
 
Operational flows along the Sheyenne River from any of the alternatives would not increase the 
potential for erosion.  Project flows from the alternatives only would be added to the Sheyenne 
River from Lake Ashtabula when natural flows are not adequate to supply user demands; these 
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would be well below bankfull flows.  In addition, some instances of flows above bankfull would 
be eliminated as the storage capacity of Lake Ashtabula is managed to retain as much water as 
possible for use at a later time when drought conditions would require releases to supply 
downstream users. 
 
Water Quality Modeling   Water source quantity data used to create tables B.1.14 through 
B.1.17 were also used to develop data for input into the USGS’s unsteady state surface water 
quality model (Simulation of Unsteady Streamflow and Constituent Transport in the Red River of 
the North Basin, North Dakota and Minnesota, 1977, 2003-04).  This modeling effort used the 
data for Fargo, Grand Forks, Moorhead, West Fargo, and Wahpeton industries for the period 
April 1976 through December 1977. 
 
The USGS modeling required daily data as input.  The surface water quantity modeling using 
StateMod was done only for a monthly time scale.  These data were converted to daily data using 
the following steps for both water source and flows: 

1. Converted water source quantity monthly data to daily data: 
a. Compiled monthly volume data for each water source for each modeled user. 
b. Collected daily water use data from Grand Forks and Moorhead (used for the greater 

Fargo area as no other data were available) from their water treatment plant operators 
for the period April 1976 through December 1977. 

c. Converted water use volume for each day of each month to a percentage of the 
complete month for the Grand Forks and Moorhead data. 

d. Applied the corresponding percentages to the water source data collected in step a. 
2. Converted monthly flow data to daily data: 

a. Compiled monthly flow data for the boundary conditions at Lake Ashtabula and 
Wahpeton. 

b. Converted flow data by applying the same percentage that was used in step 1.d. 
 
These daily values were then transmitted to both Houston Engineering, Inc. for analysis of 
boundary conditions for return flows and to the USGS for incorporation into the unsteady-state 
water quality model. 
 
Devils Lake Outlet   Devils Lake is located in a 3,810-square-mile closed basin watershed in 
northeastern North Dakota.  The lake is a hydrologic subbasin of the Sheyenne River, which in 
turn is a subbasin of the Red River of the North Basin.  Historically lake levels rise and fall in 
response to climatic events (figure B.1.4).  Recently increased lake levels have caused flooding 
throughout the region.  Devils Lake has risen approximately 26 feet since 1993, with a lake level 
record of 1449.3 feet msl in July 2005.  The lake level must exceed an elevation of 1459 feet msl 
to spill naturally into the Sheyenne River. 
 
To provide relief from the flooding, the Corps began studying alternatives for construction of an 
outlet from Devils Lake to the Sheyenne River in 1997.  In April 2003, the Corps released the 
Devils Lake, North Dakota, Integrated Planning Report and Environmental Impact Statement.  
With assistance from the USGS (Wiche et al. 2000), the state of North Dakota developed its own 
plan because federal funding for the Corps’ preferred alternative was not available. 
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           Figure B.1.4 – Water Surface Elevation, Devils Lake near Devils Lake, North Dakota (USGS). 
 
The state of North Dakota has constructed a state-funded outlet, and the Corps has issued a 
Record of Decision for a federal outlet.  Therefore, the Devils Lake Outlet was considered in 
evaluating Project impacts.  Both outlets and the Project would use the Sheyenne and Red Rivers 
to transport water, so the cumulative effects of the Project and the Devils Lake Outlet must be 
disclosed in this Project EIS.  
 
Federal Outlet   The preferred alternative for the Corps’ Devils Lake Outlet, as described in the 
Record of Decision signed on October 14, 2003, is withdrawal of water from Pelican Lake at 
Devils Lake.  The water would be pumped to the Sheyenne River at 300 cfs.  The alternative 
includes pumping facilities, a regulation reservoir to manage flows to the Sheyenne River, an 
open channel, and a buried pipeline with mitigation features to avoid or minimize environmental 
effects.   
 
Other features include: 

• A 300 cfs pump station just north of Minnewaukan, North Dakota; 
• Open channel from Pelican Lake to the pump station and a buried pipeline from the pump 

station to the Sheyenne River (22 miles total length); 
• Provision to close Channel A during outlet operation and divert a portion of the flows 

from Dry Lake to the intake area of the outlet in Pelican Lake; 
• Installation of a sand filter; and 
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• Provision to limit operation of the outlet to periods when Devils Lake stages exceed 
elevation 1443.0. 

 
Insertion Point:  see attached map (figure 5-49 from Corps 2003a) in supporting documents on 
attached CD. 
 
Flow:  300 cfs discharge from the outlet with a maximum of 600 cfs channel capacity 
 
Lake Target:  The lake is currently at elevation 1449.  The target is 1443.0.  Figure B.1.4 shows 
fluctuating water levels for Devils Lake from 1867-2000. 
 
Operating Plan: 

 300 mg/l sulfate constraint for water quality  
 600 cfs total flow constraint at the point of insertion on the Sheyenne River   
 Seven months of operation from May 1 through November 30 
 Operation would be curtailed or halted if water quality or quantity constraints are 

exceeded in the Sheyenne River below the point of insertion. 
 
Wet Cycle Target Date:  Under the Corps’ wet scenario, the 1443 target elevation would not be 
achieved by 2050.  The wet cycle assumed that the same degree of wetness as experienced from 
1993 - 1999 would reoccur for three cycles causing the lake to overflow naturally in 20141.  The 
remaining years in a 50 year span were defined assuming climatic and hydrologic conditions 
similar to 1980 - 1999, followed by conditions similar to1980 through 19902.   
 
Moderate Cycle Target Date:  Under the Corps’ moderate scenario, the 1443 target elevation 
would be met around 2025.  Two moderate cycles were from a USGS stochastic model – one 
assumed that the lake would reach a maximum elevation of 1455 and an even more moderate 
scenario that assumed the lake would reach a maximum elevation of 1450.   
 
Dry Cycle Target Date:  The 1443 target was projected to be met in 2020.  The dry future is an 
actual trace from the USGS stochastic model that reflects declining lake levels. 
 
State Outlet   The state outlet is designed to remove 2 to 4 inches of water annually from Devils 
Lake at 100 cfs, depending upon water quality.  It runs from the West Bay of Devils Lake, near 
Minnewaukan, North Dakota to the Sheyenne River.  It is expandable to 300 cfs. 
 
It includes the following features: 

• Two 1250 horse power vertical turbine pumps at the Round Lake Pump Station and two 
additional pumps at the Josephine Pump Station; 

• One 75 foot standpipe and one 90 foot standpipe; 
• Four miles of 54-inch concrete pipe; 
• 10 miles of open channel with 3:1 side slopes and depths of 6 – 8 feet; 

                                                 
1 The wet cycle continuing until 2015 was based upon a climate study by Leon Osborne.   
2  “USGS and others believe that 1900 to 1940 may be an aberration relative to climate of the last millennium (page 
5-66).”   
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The state has also completed a biological assessment on the ecological condition of the Sheyenne 
River and intends to complete an adaptive management plan.  Water quality and quantity data 
collection sites and gages are being operated downstream and upstream of the insertion point to 
insure 402 permit guidelines are met. 
 
Insertion Point:  The insertion point is located in the SW 1/4 of Section 35, T153N, R67W at 
Round Lake.  
 
Flow:  Flow is constrained by North Dakota Pollutant Discharge Permit No. ND-0026247.  The 
permit allows the discharge of 100 cfs not to exceed 600 cfs Sheyenne River channel capacity.   
 
Lake Target:  1445 feet msl. 
 
Operating Plan:  The operating plan was changed when the discharge permit was modified and 
signed by the North Dakota Department of Health, August 17, 2006.  The primary changes to the 
permit include: 

• Allowance to discharge May through November was replaced with “The discharge may 
operate only during the open-water season.”  This will be at 100 cfs not to exceed 
channel capacity of 600 cfs. 

• 100 mg/l daily maximum for TSS limit was removed and replaced with “the outlet shall 
be operated and maintained in accordance with sound engineering practices to minimize 
contribution of suspended solids to the Sheyenne River.” 

• 300 mg/l instream sulfate limit was removed and replaced with new criteria and an 
equation to determine instream sulfate limit. 

o 300 mg/l when the background concentration at downstream Bremen < 260 mg/l. 
o 1.15 x the background concentration at Bremen when value is > 260 mg/l and < 

390 mg/l. 
o 450 mg/l when background concentration at Bremen > 390 mg/l. 

 
Plans are to operate the outlet depending on the water quality of West Bay and the Sheyenne 
River, and the volume of base flow in the Sheyenne River.  Conductance meters upstream and 
downstream of the insertion point will monitor the sulfate level in the water.  If the wet cycle 
continues and the federal outlet is not constructed, the state has the option to expand the state 
outlet to 200 or 300 cfs without rebuilding the entire structure.  A new permit would have to be 
obtained prior to increasing the releases.   
 
The state has identified target volume releases in an operating plan.  These target volume 
releases vary based upon climatic scenarios.  For instance, in 2005 if there is a wet cycle, the 
annual release would be 12,993 ac-ft; if the lake peak elevation is predicted to be 1455 without 
an outlet, it would be 4,249 ac-ft; if the lake peak elevation is predicted to be 1450 without an 
outlet, it would be 5,163 ac-ft; and if it were an average year, the annual release would be 7,468 
ac-ft. 
 
Overall the state outlet operates as follows:  During periods of outlet operation, the 7-day 
average sulfate concentration measured in samples from the downstream monitoring location 
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(Bremen, ND) shall not exceed a range of 300 to 450 milligrams per liter.  This limit is set 
through an equation dependent on background concentrations monitored at Bremen, ND. 
(Authorization to Discharge Under the North Dakota Pollutant Discharge Elimination System, 
North Dakota Department of Health, August 17, 2006).  
 
Wet Cycle Target Date:  Unknown 
 
Dry Cycle Target Date:  Unknown 
 
Climatology Variability   The climatology reports for the federal Devils Lake Outlet and the Red 
River Valley Water Supply Project address different aspects of climate.  The report for the Corps 
(Corps 2003a) focused on the frequency of flooding that would affect the Devils Lake area in the 
future.  The Corps’ report supports the potential for a wet period to occur in the next 50 years 
outside of a drought period.  Thus, an outlet in conjunction with the proposed Project alternatives 
must be reviewed for a wet period.   
 
For the Project, Reclamation contracted for a climatology study that focused on the frequency of 
droughts that would affect water supply (Meridian Environmental Technology, Inc. 2004).   The 
Meridian report supports the assumption that no releases would be made from Devils Lake 
during a severe drought.  Thus, an outlet in conjunction with the proposed Project alternatives 
must also be reviewed for a dry period.   
 
Impact Analysis   Recent modifications to the permit for the state operated Devils Lake Outlet 
change the timeframe from which releases would be permitted and the water quality restraints 
that govern volume of discharge.  The original permit, dated August 22, 2004, allowed for the 
operation of the outlet from May through November.  The modified permit, signed and dated 
August 17, 2006, allows for releases at any time that the Sheyenne River is not ice covered and 
water quality constraints are met.  Of the modifications, the timeframe change has the most 
influence on the Project as it could increase the potential of overlap between outlet discharge and 
supplemental Project flow releases.   
 
Two of the alternatives proposed have the potential to increase the cumulative effects beyond the 
No Action Alternative would be the North Dakota In-Basin and the GDU Import to Sheyenne 
River Alternatives.  Both of these alternatives supplement water to Lake Ashtabula storage and 
use the Sheyenne River below the reservoir for conveyance of that water.   
 
The impacts associated with the Sheyenne River flows and conveyance are negligible as both of 
the alternatives provide water almost directly to the reservoir with very little or no travel distance 
in the upper Sheyenne River.  As for the Sheyenne River below the reservoir, the project releases 
are independent of the volume being stored.  The magnitude of the Project releases from the 
reservoir would remain the same independent of what source is being used to fill the storage.  
This would hold true, unless the storage volume is diminished to a point from which the required 
releases cannot be made.  This situation did not occur during the simulation of the action 
alternatives. 
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The impacts associated with the storage in Lake Ashtabula were analyzed for a range covering 
both an extreme dry and extreme wet period of record.  It was assumed that all other scenarios 
would fall between these two extremes.  A dry period was reviewed including the years of the 
1930s drought and an extreme wet period included the flood of 1997 through the incorporation 
of all of the 1990s data. 
 
During the dry period analysis, historic record showed that Devils Lake lost 6 feet of stage for 
the 10-year period leading into the 1930s drought and another 10 feet were lost during the 
drought (figure B.1.4).  Based on the recorded peak stage of the lake being at a maximum 
approaching 1450 msl, the 6 foot drop in stage leading into the drought would place the elevation 
of the lake at 1444 msl.  This elevation is 1 foot below the State Outlet crest elevation of 1445 
msl.  The Devils Lake Outlet would not be able to make releases during a 1930s drought because 
the invert of the structure is higher than the lake elevation and the drawdown target in the permit 
will have been met.  The outlet and releases from Project water will not overlap during a 1930s-
type drought. 
 
The wet period analysis was originally performed for the DEIS using Scenario Two demands 
with the GDU Import to Sheyenne River Alternative.  This alternative using Scenario Two water 
demands was not brought forward for further study, as explained in Chapter two of the SDEIS.  
However, the demands from Scenario Two of this alternative are very similar to those used in the 
SDEIS version of the GDU Import to Sheyenne River Alternative using Scenario One demands 
and including peak day demands.  Thus, data from the original analysis were used for the 
analysis.   
 
For the analysis it was assumed that releases from the outlet could be increased from the current 
permitted 100 cfs to a full 300 cfs.  This corresponds to the sizing of the Federal Outlet along 
with the size for which the State Outlet was designed.  Figure B.1.5 shows the timing and 
volume of maximum discharge (300 cfs) from the Devils Lake Outlet in the top section.  The 
bottom section shows the volumes of import required from the Project into Lake Ashtabula in the 
same modeling effort. 
 
The 300 cfs discharge from the Devils Lake Outlet was the only change to the assumptions used 
in the modeling effort performed for the wet period from those used in the drought modeling for 
the Project.  The model attempted to keep Lake Ashtabula full at all times even during the wet 
periods.  This works well for designing systems to handle drought but is counterintuitive to the 
way the storage would be handled during very wet years. 
 
The modeling and analysis performed for the DEIS showed that these flows would not overlap.  
However, with the widening of the timeframe, the winter months that were originally reserved in 
the DEIS for minimal maintenance flows for Project water could now experience discharge 
flows from the outlet the Sheyenne River is free from ice.   
 
Figure B.1.5 shows that the Project flows required to maintain the reservoir outside of the 
original permit discharge period are about 100 cfs or less.  This would allow flows from the 
outlet to replace those required by the Project (avoiding overlap).  However, during moderate to 
wet years, there could also be times when very limited overlap in operations could occur to 



SDEIS Appendix B.1 – Surface Water Hydrology 

B.1 - 47 

satisfy minimal maintenance flows for the Project.  These maintenance flows would be 
scheduled or performed in such a manner as to avoid the simultaneous operation with releases 
from the Devils Lake Outlet.   
 

= DevilsLake.StateMod.Total_Supply..V:\CDSS\statemod\data\Calibration\DI2PK.xwg
= Releases from Devils Lake Outlet
= StateMod
= Total_Supply
=
= af
= 1990-01 to 1999-12
=

Comments:
No comments available
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1990 0 0 0 0 18,447 17,852 18,447 18,447 17,852 18,447 17,852 0 127,344
1991 0 0 0 0 18,447 17,852 18,447 18,447 17,852 18,447 17,852 0 127,344
1992 0 0 0 0 18,447 17,852 18,447 18,447 17,852 18,447 17,852 0 127,344
1993 0 0 0 0 18,447 17,852 18,447 10,972 17,852 18,447 17,852 0 119,869
1994 0 0 0 0 18,447 17,852 18,447 18,447 17,852 18,447 17,852 0 127,344
1995 0 0 0 0 18,447 17,852 18,447 18,447 17,852 18,447 17,852 0 127,344
1996 0 0 0 0 18,388 17,852 18,447 18,447 17,852 18,447 17,852 0 127,285
1997 0 0 0 0 11,517 17,852 18,447 18,447 17,852 18,447 17,852 0 120,414
1998 0 0 0 0 18,447 17,852 18,447 18,447 17,852 18,447 17,852 0 127,344
1999 0 0 0 0 5,109 17,852 18,447 18,447 17,852 18,447 17,852 0 114,006

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Min 0 0 0 0 5,109 17,852 18,447 10,972 17,852 18,447 17,852 0 114,006
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Max 0 0 0 0 18,447 17,852 18,447 18,447 17,852 18,447 17,852 0 127,344
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 0 0 0 0 16,414 17,852 18,447 17,700 17,852 18,447 17,852 0 124,564
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Notes:

Years shown are calendar years.
Annual values and statistics are computed only on non-missing data.
NC indicates that a value is not computed because of missing data. 

= DevilsLake.StateMod.Total_Supply..V:\CDSS\statemod\data\Calibration\DI2PK.xwg
= Import from Missouri River
= StateMod
= Total_Supply
=
= af
= 1990-01 to 1999-12
=

Comments:
No comments available
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1990 6,975 656 6,272 3,080 0 0 0 0 0 0 0 738 17,721
1991 1,350 0 6,272 4,465 0 0 0 0 0 0 0 0 12,087
1992 0 0 2 0 0 0 0 0 0 0 0 0 2
1993 68 0 5,767 0 0 0 0 0 0 0 0 0 5,835
1994 0 0 2 0 0 0 0 0 0 0 0 0 2
1995 0 0 2 0 0 0 0 0 0 0 0 0 2
1996 0 0 2 0 0 0 0 0 0 0 0 0 2
1997 0 0 6,272 0 0 0 0 0 0 0 0 0 6,272
1998 0 0 2 0 0 0 0 0 0 0 0 0 2
1999 0 0 2 0 0 0 0 0 0 0 0 0 2

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Min 0 0 2 0 0 0 0 0 0 0 0 0 2
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Max 6,975 656 6,272 4,465 0 0 0 0 0 0 0 738 17,721
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 839 66 2,460 755 0 0 0 0 0 0 0 74 4,193
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Notes:

Years shown are calendar years.
Annual values and statistics are computed only on non-missing data.
NC indicates that a value is not computed because of missing data. 
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Data units
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Time Series Identifier
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Data source
Data type
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Data source
Data type

 
Figure B.1.5 – StateMod Output for the GDU Import to Sheyenne River Alternative (including the Devils Lake 
Outlet and a Missouri River Import)  - Scenario Two  (ac-ft). 
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Percentile - is a value on a scale 
of one hundred that indicates the 
percent of a distribution that is 
equal to or below it.  For example, 
monthly streamflow values were 
modeled along the Red and 
Sheyenne Rivers.  A monthly 
discharge at the 90th percentile is 
equal to or greater than 90 percent 
of the discharge values modeled for 
a given month of the year during all 
years that were modeled.   
 
In general, a percentile greater than 
75 is considered above normal, a 
percentile between 25 and 75 is 
considered normal, a percentile 
less than 25 is considered below 
normal as defined by the USGS at 
http://water.usgs.gov/waterwatch/?
m=real&w=map&r=pa. 

 
 
Appendix B.2 – Red River Basin Surface Water Quantity 
 
Introduction 
The purpose of the analysis in this appendix is to determine how flows may change in the 
Sheyenne and Red Rivers.  Reservoir elevations at Lake Ashtabula were also evaluated to assess 
potential impacts. This Project proposes to alter the flows in these two rivers through changes in 
reservoir operations and in some alternatives, through augmenting flows from imported water 
sources. 
 
A key component of this Project was to determine how much water is available from the 
Sheyenne and Red Rivers in the No Action Alternative under different flow conditions.  The No 
Action Alternative was the basis for developing action alternatives to meet identified shortages 
(see chapter two, water shortage section) and assessing impacts to water supply and river flows 
in the Red River Valley that would occur without implementation of an action alternative.  
 
The changes in flow and volume that would result from the alternatives would be due to 
increased withdrawals, use of reservoir storage, and use of rivers to convey water to points of 
demand.  This analysis focuses on the Sheyenne River from below Baldhill Dam to the 
confluence of the Red River; Lake Ashtabula; and the Red River from Wahpeton, North Dakota 
to Emerson, Manitoba.  These surface water features are main sources of MR&I supply in the 
Red River Valley.   
 
Although tributaries entering the Red River from Minnesota are a major source of water to the 
system, their flows were not analyzed for changes in water quantity, because these flows are 
governed by Minnesota’s minimum instream flow (Q90) regulations, and the alternatives do not 
alter their volumes, storage potential, or current operations (see Appendix B.1 for Q90 
explanation). 
 
Methods 
To assess changes in the Sheyenne and Red Rivers, flows 
were classified into five categories.  These flow categories 
were based on the 2005 monthly demands applied to flow 
records over the past 71 years and represent how the rivers 
would flow with today’s demands under historic flow 
conditions.   
 
The flow categories are as follows: 
• Extreme Low Flow – flow equal to or less than the 

10th percentile (≤ 10 %). 
• Low Flow – flow between the 11th and 24th 

percentile (11-24 %). 
• Average Flow – flow between 25th and 75th 

percentile (25-75 %). 
• High Flow – flow between the 76th and 89th 

http://water.usgs.gov/waterwatch/?m=real&w=map&r=pa
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percentile (76-89 %).  
• Extreme High Flow – flow equal to or greater than the 90th percentile (≥ 90 %). 
 
The range of flows in each category was determined separately for each month of the year, 
because flows in the Sheyenne and Red Rivers vary seasonally.  For example, the range of flows 
in January’s extreme low flow category may be considerably different than the range of flows in 
April’s extreme low flow category.  After determining the range for each month, flow values for 
that month were compared only to the range determined for the same month.  The number of 
months in each category was then added together.  This procedure was followed for each of the 
four USGS gage sites along both rivers.   
 
Figure B.2.1 shows the location of USGS gages used in the analysis.  The locations of USGS 
gages along the Sheyenne River are Below Baldhill Dam, and at Lisbon, Kindred, and West 

Fargo.  The Below Baldhill Dam gage tracks 
releases from Lake Ashtabula.  The West 
Fargo gage is downstream from the intake for 
Fargo and West Fargo and shows the changes 
that occur as water is withdrawn from the 
Sheyenne River for Fargo. 
 
The locations of USGS gages along the Red 
River are at Wahpeton, Fargo, Grand Forks, 
and Emerson.  These gages cover the Red 
River from its beginning at the confluence of 
the Ottertail and Boise de Sioux Rivers at 
Wahpeton to the Canadian border near 
Emerson.  It should be noted that the gage at 
Fargo is upstream from the return flows and 
confluence of the Sheyenne River.  The 
Sheyenne River enters the Red River about 7 
miles north of the Fargo metro area and makes 
a considerable contribution to flows in the Red 
River.   
 
Tables B.2.1 and B.2.2 show the range of 
flows each month by gage along the Sheyenne 

and Red Rivers using 2005 water demands on the system to incorporate existing MR&I use.  
This method addresses changes in the number of times average monthly flow falls into each 
category.  It does not address changes to seasonal variability of flow which may be important to 
other resources, such as aquatic communities.   
 

 
  Figure B.2.1 – Location of Gages Analyzed Along the  
  Sheyenne and Red Rivers. 
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Table B.2.1 – The Range of Average Monthly Flows in Each Category at Sheyenne River Gages Using 2005  
Demand Data Over 71 Years. 

  Extreme Low Flow Low Flow Average Flow High Flow Extreme High Flow 
  10th Percentile or less 11th-24 Percentile 25-75 Percentile 76-89 Percentile 90th Percentile or greater 

Gage Month cfs cfs cfs cfs cfs 
Jan 0 - 13 NA(1) 13 - 25 26 - 35 36+ 
Feb 0 - 39 40 - 120 121 - 166 167 - 192 193 + 
Mar 0 - 13 NA(1) 13 - 114 115 - 327 328+ 
Apr 0 - 13 NA(1) 13 - 926 927 - 1958 1,959+ 
May 0 - 13 14 - 18 19 - 255 256 - 742 743+ 
Jun 0 - 13 13-28 29 - 193 194 - 332 333+ 
Jul 0 - 13 NA(1) 13 - 119 120 - 251 252+ 
Aug 0 - 13 NA(1) 13 - 53 54 - 136 137+ 
Sept 0 - 13 NA(1) 13 - 36 37 - 78 79+ 
Oct 0 - 13 NA(1) 13 - 40 41 - 95 96+ 
Nov 0 - 13 NA(1) 13 - 79 80 - 112 113+ 

B
el

ow
 B

al
dh

ill 
D

am
 

Dec 0 - 13 14-24 25 - 87 88 - 109 110+ 
Jan 0 - 8 9 - 10 11 - 25 26 -60 61+ 
Feb 0 - 39 40 - 118 119 - 166 167 - 199 200+ 
Mar 0 - 23 24 - 33 34 - 205 206 - 530 531+ 
Apr 0 - 39 40 - 66 67 - 1,092 1,093 - 2,314 2,315+ 
May 0 - 22 23 - 55 56 - 374 375 -875 876+ 
Jun 0 - 27 28 - 41 42 - 255 256 - 430 431+ 
Jul 0 - 10 11 - 22 23 - 168 169 - 373 374+ 
Aug 0 - 6 7 8 - 62 63 - 174 175+ 
Sept 0 - 6 NA(1) 7 - 37 38 - 92 93+ 
Oct 0 - 12 13 14 - 41 42 - 109 110+ 
Nov 0 - 12 13 - 14 15 - 81 82 - 137 138+ 

Li
sb

on
 

Dec 0 - 12 13 - 24 25 - 96 97 - 133 134+ 
Jan 0 - 14 15 - 19 20 - 43 44 - 61 62+ 
Feb 0 - 44 45 - 130 131 - 174 175 - 218 219+ 
Mar 0 - 26 17 - 45 46 - 255 256  -609 610+ 
Apr 0 - 83 84 - 155 156 - 1,119 1,120 - 2,482 2,483+ 
May 0 - 51 52 - 95 96 - 477 478 - 1,094 1,095+ 
Jun 0 - 44 45 - 78 79 - 306 307 - 589 590+ 
Jul 0 - 28 29 - 40 41 - 207 208 - 440 441+ 
Aug 0 - 17 18 - 27 28 - 90 91 - 238 239+ 
Sept 0 - 16 17 - 20 21 - 64 65 - 111 112+ 
Oct 0 - 21 22 - 31 32 - 73 74 - 148 149+ 
Nov 0 - 24 25 - 30 31 - 101 102 - 159 160+ 

K
in

dr
ed

 

Dec 0 - 21 22 - 26 27 - 116 117 - 148 149+ 
Jan 0 - 7 8 - 17 18 - 39 40 - 72 73+ 
Feb 0 - 27 28 - 127 128 - 170 171 - 219 220+ 
Mar 0 - 10 11 - 44 45 - 263 264 - 577 578+ 
Apr 0 - 88 89 - 157 158 - 1,229 1,230 - 2,141 2,142+ 
May 0 - 48 49 - 101 102 - 542 543 - 1,112 1,113+ 
Jun 0 - 38 39 - 81 82 - 343 344 - 642 643+ W

es
t F

ar
go

 

Jul 0 - 17 18 - 27 28 - 226 227 - 504 505+ 



SEDIS Appendix B.2 - Red River Basin Surface Water Quantity 
 

B.2 - 4 

  Extreme Low Flow Low Flow Average Flow High Flow Extreme High Flow 
  10th Percentile or less 11th-24 Percentile 25-75 Percentile 76-89 Percentile 90th Percentile or greater 

Gage Month cfs cfs cfs cfs cfs 
Aug 0 - 10 11 - 15 16 - 102 103 - 234 235+ 
Sept 0 - 5 6 - 14 15 - 60 61 - 133 134+ 
Oct 0 - 15 16 - 28 29 - 73 74 - 175 176+ 
Nov 0 - 14 15 - 27 28 - 108 109 - 175 176+ 
Dec 0 - 16 17 - 23 24 - 116 117 - 183 184+ 

 1 - The flow in this category is the same as another category due to the high number of occurrences of that flow 
value.   

 
 
Table B.2.2 – The Range of Average Monthly Flow in Each Category at Red River Gages Using 2005 Demand 
Data Over 71 Years. 

  
Extreme Low 

Flow Low Flow 
Average 

Flow High Flow 
Extreme High 

Flow 

  
10th Percentile or 

less 11-24 Percentile 25-75 Percentile 76-90 Percentile 
90th Percentile or 

greater 
Gage Month cfs cfs cfs cfs cfs 

Jan 0 - 30 31 - 94 95 - 385 386 - 528 529+ 
Feb 0 - 33 34 - 121 122 - 357 358 - 588 589+ 
Mar 0 - 182 183 - 326 327 - 978 979 - 1,658 1,659+ 
Apr 0 - 198 199  -477 478 - 1,873 1,874 - 3,434 3,435+ 
May 0 - 197 198 - 396 397 - 1,209 1,210 - 1,765 1,766+ 
Jun 0 - 101 102 - 312 313 - 1,302 1,303 - 1,710 1,711+ 
Jul 0 - 53 54 - 211 212 - 973 974 - 1,468 1,469+ 
Aug 0 - 32 33 - 156 157 - 506 507 - 691 692+ 
Sept 0 - 34 35 - 127 128 - 466 467 - 604 605+ 
Oct 0 - 38 39  -148 149 - 435 436 - 729 730+ 
Nov 0 - 31 32 - 120 121 - 442 443 - 601 602+ 

W
ah

pe
to

n 

Dec 0 - 33 34 - 93 94 - 426 427 - 581 582+ 
Jan 0 1 - 54 55 - 378 379 - 507 508+ 
Feb 0 - 7 8 - 80 81 - 323 324 - 530 531+ 
Mar 0 - 160 161 - 288 289 - 961 962 - 2,441 2,442+ 
Apr 0 - 276 277 - 552 553 - 3,337 3,338 - 6,618 6,619+ 
May 0 - 159 160 - 424 425 - 1,460 1,461 - 2,450 2,451+ 
Jun 0 - 47 48 - 267 268 - 1,621 1,622 - 2,447 2,448+ 
Jul 0 - 3 4 - 177 178 - 1,215 1,216 - 1,671 1,672+ 
Aug 0 - 5 6 - 119 120 - 573 574 - 822 823+ 
Sept 0 - 2 3 - 83 84 - 473 474 - 650 651+ 
Oct 0 - 2 3 - 111 112 - 471 472 - 878 879+ 
Nov 0 - 1 2 - 83 84 - 432 433 - 721 722+ 

Fa
rg

o 

Dec 0 - 1 2 - 59 60 - 376 377 - 623 624+ 
Jan 0 - 123 124 - 264 265 - 1,544 1,545 - 1,720 1,721+ 
Feb 0 - 166 167 - 438 439 - 1,529 1,530 - 1,808 1,809+ 
Mar 0 - 368 369 - 715 716 - 3,534 3,535 - 7,776 7,777+ 
Apr 0 - 1532 1,533 - 3,017 3,018 - 18,124 18,125 - 25,724 25,725+ 
May 0 - 1081 1,082 - 1,688 1,689 - 7,860 7,861 - 14,037 14,038+ 
Jun 0 - 531 532 - 1,789 1,790 - 5,995 5,996 - 9,392 9,393+ G
ra

nd
 F

or
ks

 

Jul 0 - 202 203 - 787 788 - 4,652 4,653 - 7,083 7,084+ 
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Extreme Low 

Flow Low Flow 
Average 

Flow High Flow 
Extreme High 

Flow 

  
10th Percentile or 

less 11-24 Percentile 25-75 Percentile 76-90 Percentile 
90th Percentile or 

greater 
Gage Month cfs cfs cfs cfs cfs 

Aug 0 - 143 144 - 554 555 - 2,497 2,498 - 3,238 3,239+ 
Sept 0 - 116 117 - 593 594 - 2,025 2,026 - 3,064 3,065+ 
Oct 0 - 177 178 - 453 454 - 2,295 2,296 - 3,614 3,615+ 
Nov 0 - 248 219 - 485 486 - 1,996 1,997 - 2,851 2,852+ 
Dec 0 - 189 190 - 332 333 - 1,877 1,878 - 2,276 2,277+ 
Jan 0 - 105 106 - 253 254 - 1,447 1,448 - 1,834 1,835+ 
Feb 0 - 142 143 - 409 410 - 1,497 1,498 - 1,781 1,782+ 
Mar 0 - 398 399 - 613 614 - 3,173 3,174 - 6,933 6,934+ 
Apr 0 - 2599 2,600 - 5,475 5,476 - 21,947 21,948 - 29,434 29,435+ 
May 0 - 1445 1,446 - 2,321 2,322 - 13,170 13,171 - 26,111 26,112+ 
Jun 0 - 855 856 - 2,096 2,097 - 7,607 7,608 - 11,630 11,631+ 
Jul 0 - 343 344 - 1,038 1,039 - 5,953 5,954 - 9,256 9,257+ 
Aug 0 - 155 156 - 629 630 - 3031 3,032 - 4,145 4,146+ 
Sept 0 - 163 164 - 687 688 - 2,513 2,514 - 3,049 3,050+ 
Oct 0 - 166 167 - 522 523 - 2,423 2,424 - 3,988 3,989+ 
Nov 0 - 299 300 - 597 598 - 2,178 2,179 - 3,412 3,413+ 

E
m

er
so

n 

Dec 0 - 196 197 - 403 404 - 1,905 1,906 - 2,586 2,587+ 

 
Classifying flows using 2005 demands applied to historic flows established a baseline to assess 
changes in flows.  Relative change between alternatives was determined by counting the number 
of times average monthly flows occur in each category defined above.  The number of times the 
average monthly flow occurs in each category was compared to the No Action Alternative to 
determine changes.  This was done for the 10-year drought period from 1931 – 1940 and the 71-
year period of record.  These time frames were chosen to determine if the proposed alternatives 
would cause changes to be short-term and temporary, occurring only during times of drought, or 
if the alternatives would cause long-term, permanent changes to the riverine system. 
 
To assess consequences to water quantity in the No Action Alternative, the number of months 
that occur in each category, with the 2005 demands applied to the historic record, were 
calculated.   The number of months were calculated for the 10 year drought from 1931-1940 and 
for the 71- year period of record.  This is called the 2005 condition.  It is important to note that 
the 2005 condition represents how the rivers would have flowed under historic conditions with 
2005 demands applied; it does not represent how the rivers actually flowed in 2005. 
 
Water elevations in Lake Ashtabula were also assessed for each of the two time periods (10-year 
drought and 71-year period of record) to determine the effects to the reservoir from the 
alternatives.  Changing reservoir elevations may affect other resources, such as recreation, water 
quality, historic properties, and natural resources. 
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Results 
 
Short-term Changes During a Drought 1931 – 1940 
The Red River Valley is susceptible to water shortages during drought events like that of the 
1930s.  The alternatives were formulated to supplement water supplies to water systems in the 
service area that would experience a water shortage.  Analysis of the 10-year drought shows how 
the alternatives would affect flows in the Sheyenne and Red Rivers by using the rivers as a 
primary water delivery feature. 
 
Lake Ashtabula   Stored water from Lake Ashtabula would augment low flows to meet 
downstream water supply demands and pollution abatement objectives, and reduce flooding in 
the Sheyenne River Valley.  Recreation and fish and wildlife enhancements are secondary 
objectives of the dam operation plan.  Cities holding reservoir water storage permits are Fargo, 
Grand Forks, Valley City, West Fargo, and Lisbon.  Their allocations were originally developed 
as part of the Thompson-Acker Plan.  See chapter two for operational considerations that were 
made for modeling purposes and chapter three for details on Lake Ashtabula’s storage capacity 
and history.   
 
During a drought Lake Ashtabula would be vulnerable to drawdown by serving as water supply 
source.  Table B.2.3 shows how the reservoir would respond during a drought similar to the one 
that occurred from 1931 -1940.   
 
No Action Alternative   This alternative has a total of 83 months below the top of Fish and 
Wildlife Conservation Pool, with the lowest elevation reached being just above 1250 ft msl for 4 
months.  This alternative is worse than the 2005 condition. 
 
North Dakota In-Basin Alternative   This alternative does not drop below the top of the Fish and 
Wildlife Conservation Pool and is better than the No Action Alternative. 
 
Red River Basin Alternative   This alternative does not drop below the top of the Fish and 
Wildlife Conservation Pool and is better than the No Action Alternative. 
 
GDU Import to Sheyenne River Alternative   This alternative does not drop below the top of the 
Fish and Wildlife Conservation Pool and is better than the No Action Alternative. 
 
GDU Import Pipeline Alternative   This alternative does not drop below the top of the Fish and 
Wildlife Conservation Pool and is better than the No Action Alternative. 
 
Missouri River Import to Red River Valley Alternative   This alternative does not drop below the 
top of the Fish and Wildlife Conservation Pool and is better than the No Action Alternative. 
  
Sheyenne River   Flows in the Sheyenne River were analyzed for a 10-year drought with 2050 
demands, and operations for each alternative were applied to the historic monthly flow records 
from 1931-1940.  The flow category each month falls into was assessed, and the number of 
months in each category tallied.  Each alternative was then compared to the No Action 
Alternative.   
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The four graphs (figure B.2.2 – B.2.5) show the total number of months flow occurs in each 
category for each alternative.  Each bar represents a total of 120 months or 10 years.  
 

 

Table B.2.3 – The Number of Months Water Levels Occur at Each Elevation at the Face of Baldhill Dam 
from 1931 - 1940.  Values Were Rounded to the Nearest Foot. 

 Elevation 
Feet (msl) 

2005 
Condition 

No 
Action 

North 
Dakota 

In-Basin 

Red 
River 
Basin 

GDU to 
Sheyenne 

GDU 
Import 

Missouri 
to RRV 

1265 16 3 20 14 12 12 12 

1264 20 4 25 6 5 9 17 

1263 19 4 28 23 18 33 27 

1262 21 4 10 25 22 20 21 

1261 23 0 11 17 16 20 16 

1260 11 4 12 19 9 8 15 

1259 6 5 6 7 17 11 4 

1258 4 3 4 5 7 3 4 

1257 0 6 3 4 12 4 4 

1256-1266 msl 
Between Fish and 

Wildlife 
Conservation Pool  

(28,000 ac-ft)  
and Top of 

Conservation Pool 
(65,700 ac-ft) 

1256 0 4 1 0 2 0 0 

1255 0 10 0 0 0 0 0 

1254 0 10 0 0 0 0 0 

1253 0 19 0 0 0 0 0 

1252 0 12 0 0 0 0 0 

1251 0 28 0 0 0 0 0 

1250 0 4 0 0 0 0 0 

1249 0 0 0 0 0 0 0 

1248 0 0 0 0 0 0 0 

1247 0 0 0 0 0 0 0 

1246 0 0 0 0 0 0 0 

1245 0 0 0 0 0 0 0 

1244 0 0 0 0 0 0 0 

1243 0 0 0 0 0 0 0 

1242 0 0 0 0 0 0 0 

1241 0 0 0 0 0 0 0 

1240 0 0 0 0 0 0 0 

1239 0 0 0 0 0 0 0 

1238-1255 msl  
Between Top of 

Dead Pool and Top 
of Fish and Wildlife 
Conservation Pool 

(28,000 ac-ft) 

1238 0 0 0 0 0 0 0 

1237 msl - Top of 
Dead Pool 1237 0 0 0 0 0 0 0 
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Flow Category

Extreme High Flow 1 10 11 0 44 0 0

High Flow 8 9 19 9 25 9 5

Average Flow 42 38 56 41 41 32 39

Low Flow 6 2 11 10 10 11 12

Extreme Low Flow 63 61 23 60 0 68 64

2005 
Condition No Action

North 
Dakota In 

Basin

Red River 
Basin

GDU to 
Sheyenne GDU Import

Missouri to 
RRV

  
  Figure B.2.2 – Number of Months in Each Category During a Ten Year Drought at the Below Baldhill Dam  
  Gage. 

Flow Category
Extreme High Flow 0 4 1 0 22 0 0

High Flow 8 13 27 8 47 6 4

Average Flow 58 38 57 56 40 49 53

Low Flow 29 18 26 26 11 30 29

Extreme Low Flow 25 47 9 30 0 35 34

2005 
Condition No Action

North 
Dakota In 

Basin

Red River 
Basin

GDU to 
Sheyenne GDU Import

Missouri to 
RRV

 
Figure B.2.3 – Number of Months in Each Category During a Ten Year Drought at the Lisbon Gage. 
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Flow Category

Extreme High Flow 0 0 1 0 20 0 0

High Flow 1 11 17 3 30 4 1

Average Flow 45 33 65 33 50 29 30

Low Flow 26 17 22 33 20 28 29

Extreme Low Flow 48 59 15 51 0 59 60

2005 
Condition No Action

North 
Dakota In 

Basin

Red River 
Basin

GDU to 
Sheyenne GDU Import

Missouri to 
RRV

 
  Figure B.2.4 – Number of Months in Each Category During a Ten Year Drought at the Kindred Gage. 

Flow Category

Extreme High Flow 0 0 0 0 0 0 0

High Flow 0 0 0 0 0 0 0

Average Flow 27 15 17 22 36 29 26

Low Flow 29 13 23 37 53 45 43

Extreme Low Flow 64 92 80 61 31 46 51

2005 
Condition No Action

North 
Dakota In 

Basin

Red River 
Basin

GDU to 
Sheyenne

GDU 
Import

Missouri 
to RRV

 
Figure B.2.5 – Number of Months in Each Category During a Ten Year Drought at the West Fargo Gage. 
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No Action Alternative   Comparing the No Action Alternative to the 2005 condition shows there 
are more instances of extreme low flow but also more instances of extreme high flow and high 
flow.  This occurs because Lake Ashtabula is being called on as a water supply more frequently 
during No Action than the 2005 conditions, causing flows to be higher during some months.   
 
North Dakota In-Basin Alternative   Compared to the No Action Alternative, this alternative has 
a decrease in the occurrence of extreme low flow at the four gages along the Sheyenne River 
during a drought.  Decreases in extreme low flow correspond to an increase in average flow.  
During a drought, flow increases when compared to the No Action Alternative because releases 
from Lake Ashtabula are increased to serve as the water supply to meet shortages for cities 
holding reservoir water storage permits.  Releases from the reservoir are able to be increased 
compared to the No Action Alternative, because the volume in the reservoir is replenished with 
excess water piped from the Red River downstream from Grand Forks.   
 
Red River Basin Alternative   This alternative reduces the number of months in the extreme high 
flow and high flow categories from Below Baldhill Dam through Kindred gages.  At West Fargo, 
there is a reduction in extreme low flow months with a corresponding increase in low flow and 
average flow months.   
 
GDU Import to Sheyenne River Alternative   This alternative would use the Sheyenne River as a 
means to deliver imported Missouri River water to the Red River Valley and incorporates 
minimum stream flow requirements.  As a result, extreme low flows during a drought would be 
eliminated from Below Baldhill Dam through the Kindred gages.  At West Fargo, extreme low 
flow occurs but is less frequent than during the No Action Alternative.  
 
GDU Import Pipeline Alternative   From Below Baldhill Dam through Kindred gages, this 
alternative shows a decrease in occurrence of extreme high flow when compared to the No 
Action Alternative.  This corresponds with an increase in the low flow category for these gages.  
At West Fargo, there are fewer extreme low flow and more low flow and average flow months.   
 
Missouri River Import to Red River Valley Alternative   From Below Baldhill Dam through 
Kindred gages, this alternative shows a decrease in occurrence in the extreme high flow category 
when compared to the No Action Alternative.  This corresponds with an increase in the low flow 
category for these gages.  At West Fargo, there are fewer extreme low flow and more low flow 
and average flow months.  This alternative affects flow in a similar manner to the Red River 
Basin and GDU Import Pipeline Alternatives. 
 
Red River   Flows in the Red River were analyzed for a 10-year drought with 2050 demands and 
operations for each alternative applied to the historic monthly flow records from 1931-1940.  
The flow category each month falls into was assessed and the number of months in each category 
tallied.  Each alternative was then compared to the No Action Alternative.   
 
Figures B.2.6 – B.2.9 show the total number of months average monthly flow occurs in each 
category under the alternatives.  Each bar represents a total of 120 months or 10 years.   
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Flow Category

Extreme High Flow 0 0 0 0 0 0 0

High Flow 0 0 0 0 0 0 0

Average Flow 2 1 1 1 1 1 1

Low Flow 27 27 27 27 59 23 27

Extreme Low Flow 91 92 92 92 60 96 92

2005 
Condition No Action

North 
Dakota In 

Basin

Red River 
Basin

GDU to 
Sheyenne GDU Import

Missouri to 
RRV

 
 Figure B.2.6 – Number of Months in Each Category During a Ten Year Drought at the Wahpeton Gage. 
 
 
 

Flow Category

Extreme High Flow 0 0 0 0 0 0 0

High Flow 0 0 0 0 0 0 0

Average Flow 3 2 2 2 9 3 2

Low Flow 27 8 10 11 85 46 8

Extreme Low Flow 90 110 108 107 26 71 110

2005 
Condition No Action

North 
Dakota In 

Basin

Red River 
Basin

GDU to 
Sheyenne GDU Import

Missouri to 
RRV

 
  Figure B.2.7 – Number of Months in Each Category During a Ten Year Drought at the Fargo Gage. 
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Flow Category

Extreme High Flow 0 0 0 0 0 0 0

High Flow 0 0 0 0 0 0 0

Average Flow 8 8 7 8 9 8 8

Low Flow 25 29 27 34 45 42 40

Extreme Low Flow 87 83 86 78 66 70 72

2005 
Condition No Action

North 
Dakota In 

Basin

Red River 
Basin

GDU to 
Sheyenne GDU Import

Missouri to 
RRV

 
  Figure B.2.8 – Number of Months in Each Category During a Ten Year Drought at the Grand Forks Gage. 
 
 

Flow Category

Extreme High Flow 0 0 0 0 0 0 0

High Flow 0 0 0 0 0 0 0

Average Flow 11 9 10 10 11 11 11

Low Flow 28 33 28 35 45 41 41

Extreme Low Flow 81 78 82 75 64 68 68

2005 
Condition No Action

North 
Dakota In 

Basin

Red River 
Basin

GDU to 
Sheyenne GDU Import

Missouri to 
RRV

 
  Figure B.2.9 – Number of Months in Each Category During a Ten Year Drought at the Emerson Gage. 
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No Action Alternative   On the Red River, the 2005 condition has flow similar to the No Action 
Alternative, because once flow drops into the extreme low flow and low flow categories, there is 
very little water available for supply.   
 
North Dakota In-Basin Alternative   This alternative shows nearly no flow changes when 
compared to the No Action Alternative from the Wahpeton to Emerson gages. 
 
Red River Basin Alternative   This 
alternative shows almost no flow changes 
when compared to the No Action 
Alternative from Wahpeton to Emerson 
gages. 
 
GDU Import to Sheyenne River Alternative   
This alternative shows a decrease in the 
extreme low flow category at Wahpeton and 
Fargo gages, with a corresponding increase 
in low flow category months.  The reduction 
in extreme low flow at these gages is 
primarily due to the 68 cfs minimum stream 
flow target for aquatic needs.  Under this 
alternative, when the Red River falls to 68 
cfs at Fargo, all junior water permit holders 
would be prohibited from withdrawing 
water from the Red River upstream from Fargo.  At this point, industry at Wahpeton would be 
prohibited from using this water source and water would be supplied by buried pipeline.  This 
would reduce the occurrence of extreme low flow at these two gages.  There is only a slight 
decrease in the number of extreme low flows at Grand Forks and Emerson gages when compared 
to the No Action Alternative.  
 
GDU Import Pipeline Alternative   This alternative shows almost no change to flow when 
compared to the No Action Alternative at Wahpeton, Grand Forks, and Emerson gages.   
 
There is a decrease in extreme low flow at Fargo, with a corresponding increase in low flow, and 
a slight increase in average flow at this gage.  The decrease in extreme low flow occurs because 
there is an operational difference for this alternative as compared to the others.  Operationally, 
this alternative supplies water from the buried pipeline to West Fargo and Fargo prior to surface 
water shortages occurring, preserving some of the flow in the Red River when compared to the 
No Action Alternative.   
 
Missouri River Import to Red River Valley Alternative   This alternative shows almost no change 
to flow when compared to the No Action Alternative from the Wahpeton to Emerson gages. 
 
Long-term Changes to Water Quantity - 1931-2001 
Long-term changes to water quantity were evaluated to determine if changes to water quantity 
occur during years of normal or high flows would cause long-term permanent changes to flows 
on the rivers.  River flows were analyzed for the 71-year period of record by applying the 2050 

Red River in Fargo at the Northern Pacific Bridge 
During a Drought in November 1910 (Institute for 
Regional Studies, North Dakota State University Libraries, 328-
2-20) 
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demands and operations of each alternative to the historic record from 1931 to 2001.  The 
number of times the average monthly flow falls into each category were assessed and calculated.  
Then each alternative was compared to the No Action Alternative.   
 
Lake Ashtabula   Stored water from Lake Ashtabula would augment low flows to meet 
downstream water supply demands and pollution abatement objectives, and reduce flooding in 
the Sheyenne River Valley.  Recreation and fish and wildlife enhancements are secondary 
objectives of the dam operation plan.  Cities holding reservoir water storage permits are Fargo, 
Grand Forks, Valley City, West Fargo, and Lisbon.  Their allocations were originally developed 
as part of the Thompson-Acker Plan.  See chapter two for operational considerations made for 
modeling purposes and chapter three for details on Lake Ashtabula’s storage capacity and 
history.  Table B.2.4 reports the elevation of Lake Ashtabula over the period of record under the 
proposed alternatives. 
 
No Action Alternative   This alternative has a total of 86 months below the top of the Fish and 
Wildlife Conservation Pool with the lowest elevation reached being just above 1250 ft msl for 4 
months.  This alternative would be worse than the 2005 Condition. 
 
North Dakota In-Basin Alternative   This alternative does not drop below the top of the Fish and 
Wildlife Conservation Pool and is better than the No Action Alternative. 
 
Red River Basin Alternative   This alternative does not drop below the top of the Fish and 
Wildlife Conservation Pool and is better than the No Action Alternative. 
 
GDU Import to Sheyenne River Alternative   This alternative does not drop below the top of the 
Fish and Wildlife Conservation Pool and is better than the No Action Alternative. 
 
GDU Import Pipeline Alternative   This alternative does not drop below the top of the Fish and 
Wildlife Conservation Pool and is better than the No Action Alternative. 
 
Missouri River Import to Red River Valley Alternative   This alternative does not drop below the 
top of the Fish and Wildlife Conservation Pool and is better than the No Action Alternative. 
 
Sheyenne River   Figures B.2.10 – B.2.13 show the total number of months average monthly 
flow occurs in each category under the alternatives.  Each bar represents a total of 852 months or 
71 years (the period of record).   
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Table B.2.4 – The Number of Months Water Levels Occur at Each Elevation at the Face of Baldhill Dam  
from 1931 - 2001.  Values Were Rounded to the Nearest Foot. 

 
Elevation 

Feet 
(msl) 

2005 
Condition 

No 
Action 

North 
Dakota 

In-Basin 

Red 
River 
Basin 

GDU to 
Sheyenne 

GDU 
Import 

Missouri 
to RRV 

1265 431 412 527 425 515 424 423 

1264 221 195 165 209 160 211 220 
1263 118 101 101 119 77 129 123 
1262 35 29 22 44 34 39 40 
1261 23 5 11 17 16 20 16 
1260 11 6 12 19 9 8 15 
1259 6 5 6 7 17 11 4 
1258 7 3 4 5 8 3 4 
1257 0 6 3 5 12 5 5 

1256-1266 msl 
Between Fish 
and Wildlife 

Conservation 
Pool  

(28,000 ac-ft) 
and Top of 

Conservation 
Pool  

(65,700 ac-ft) 

1256 0 4 1 2 4 2 2 
1255 0 10 0 0 0 0 0 
1254 0 10 0 0 0 0 0 
1253 0 19 0 0 0 0 0 
1252 0 12 0 0 0 0 0 
1251 0 29 0 0 0 0 0 
1250 0 6 0 0 0 0 0 
1249 0 0 0 0 0 0 0 
1248 0 0 0 0 0 0 0 
1247 0 0 0 0 0 0 0 
1246 0 0 0 0 0 0 0 
1245 0 0 0 0 0 0 0 
1244 0 0 0 0 0 0 0 
1243 0 0 0 0 0 0 0 
1242 0 0 0 0 0 0 0 
1241 0 0 0 0 0 0 0 
1240 0 0 0 0 0 0 0 
1239 0 0 0 0 0 0 0 

1238-1255 msl  
Between Top of 
Dead Pool and 
Top of Fish and 

Wildlife 
Conservation 

Pool  
(28,000 ac-ft) 

1238 0 0 0 0 0 0 0 

1237 msl - Top 
of Dead Pool 1237 0 0 0 0 0 0 0 
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Flow Category

Extreme High Flow 96 105 106 95 143 95 95

High Flow 104 111 126 105 254 104 99

Average Flow 331 333 406 344 436 355 365

Low Flow 19 17 17 21 19 30 31

Extreme Low Flow 302 286 197 287 0 268 262

2005 
Condition No Action

North 
Dakota In 

Basin

Red River 
Basin

GDU to 
Sheyenne

GDU 
Import

Missouri to 
RRV

 
  Figure B.2.10 – Number of Months in Each Category Over the Period of Record at the Below Baldhill Dam   
   Gage. 

Flow Category

Extreme High Flow 96 93 96 93 110 89 89

High Flow 106 126 137 110 255 110 108

Average Flow 462 432 490 459 455 444 448

Low Flow 70 65 51 70 31 80 78

Extreme Low Flow 118 136 78 120 1 129 129

2005 
Condition No Action

North 
Dakota In 

Basin

Red River 
Basin

GDU to 
Sheyenne

GDU 
Import

Missouri 
to RRV

 
  Figure B.2.11 – Number of Months in Each Category Over the Period of Record at the Lisbon Gage. 
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Flow Category

Extreme High Flow 97 89 95 93 123 89 89

High Flow 107 130 139 113 186 118 115

Average Flow 446 430 487 433 493 425 427

Low Flow 104 98 86 112 48 110 110

Extreme Low Flow 98 105 45 101 2 110 111

2005 
Condition No Action

North 
Dakota In 

Basin

Red River 
Basin

GDU to 
Sheyenne

GDU 
Import

Missouri 
to RRV

 
  Figure B.2.12 – Number of Months in Each Category Over the Period of Record at the Kindred Gage. 

Flow Category

Extreme High Flow 96 84 86 89 71 94 96

High Flow 107 107 118 114 82 123 122

Average Flow 453 406 444 436 471 449 449

Low Flow 99 91 77 112 184 114 109

Extreme Low Flow 97 164 127 101 44 72 76

2005 
Condition No Action

North 
Dakota In 

Basin

Red River 
Basin

GDU to 
Sheyenne

GDU 
Import

Missouri 
to RRV

 
  Figure B.2.13 – Number of Months in Each Category Over the Period of Record at the West Fargo Gage. 
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No Action Alternative   Along the Sheyenne River, the No Action Alternative has flow similar to 
the 2005 condition during the 71-year period of record. 
 
North Dakota In-Basin Alternative   During times of water shortages, releases from Lake 
Ashtabula serve downstream water needs and decrease the occurrence of extreme low flow along 
the Sheyenne River slightly when compared to the No Action Alternative.  This small change 
can be seen at all four USGS gages and corresponds with an increase in average flows.  The 
occurrence of extreme low flow is similar to that of the No Action Alternative and little change 
in flows is seen over the 71-year period of record.   
 
Red River Basin Alternative   This alternative only slightly changes the flow along the Sheyenne 
River, because it is not being used to convey new Project water to the service area, nor is the 
operation of Lake Ashtabula under this alternative notably different than operations under the No 
Action Alternative.  Over a 71-year period of record, change in flow along the Sheyenne River 
would be slight for this alternative when compared to No Action.   
 
GDU Import to Sheyenne River Alternative   This alternative shows the greatest changes in flows 
when compared to the No Action Alternative.  Few months are in the extreme low flow category 
from Below Baldhill Dam through Kindred gages.  Decreases in extreme low flow correlate 
mainly with increases in the average flow category as shown in figure B.2.10 – B.2.13.  In 
addition, the high flow category shows some increases over the 71-year period of record.   
 
The West Fargo USGS gage shows decreases in extreme low flow when compared to the No 
Action Alternative, but there are more occurrences of it happening at this gage than the upstream 
gages.  The reason for more low flow occurrences at this gage site is due to the use of the 
Sheyenne River as a water supply for the Wahpeton industrial demand as well as West Fargo and 
Fargo (figure B.2.13).  The minimum stream flow target set in this alternative is 23 cfs.  It is 
possible to meet the stream flow target and still have some months fall into the extreme low flow 
category.  This can happen during the months of February, April, May, and June and accounts 
for the 44 months of extreme low flow. 
 
GDU Import Pipeline Alternative   This alternative shows very little change in flow along the 
Sheyenne River when compared to the No Action Alternative.  This is because there is no 
addition of water to the system and operations of Lake Ashtabula are similar to operations under 
the No Action Alternative.   
 
Missouri River Import to Red River Valley Alternative   This alternative would deliver imported 
water via buried pipeline from the Missouri River to the Red River Valley.  There are slight 
changes to the number of months in each category when compared to the No Action Alternative.  
These changes are slight and do not change the general trend of flow along the Sheyenne River 
over the 71-year period of record when compared to the No Action Alternative.   
 
Red River    Figures B.2.14 – B.2.17 show the total number of months average monthly flow 
occurs in each category under the alternatives.  Each bar represents a total of 852 months or 71 
years (the period of record).   
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Flow Category

Extreme High Flow 96 84 84 84 84 84 84

High Flow 108 120 120 120 120 120 120

Average Flow 444 422 420 420 435 420 420

Low Flow 106 127 129 129 147 129 123

Extreme Low Flow 98 99 99 99 66 99 105

2005 
Condition No Action

North 
Dakota In 

Basin

Red River 
Basin

GDU to 
Sheyenne

Missouri 
to RRV

GDU 
Import

 
  Figure B.2.14 – The Number of Months in Each Category Over the Period of Record at the Wahpeton Gage. 
 
 

Flow Category

Extreme High Flow 96 75 81 81 81 96 75

High Flow 108 101 113 113 113 122 103

Average Flow 445 376 397 397 433 438 382

Low Flow 106 135 127 128 191 115 137

Extreme Low Flow 97 165 134 133 34 81 155

2005 
Condition No Action

North 
Dakota In 

Basin

Red River 
Basin

GDU to 
Sheyenne

GDU 
Import

Missouri 
to RRV

 
  Figure B.2.15 – The Number of Months in Each Category Over the Period of Record at the Fargo Gage. 
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Flow Category

Extreme High Flow 96 83 90 88 85 102 89

High Flow 108 115 119 120 114 118 119

Average Flow 444 427 427 430 439 440 431

Low Flow 108 126 118 125 140 117 132

Extreme Low Flow 96 101 98 89 74 75 81

2005 
Condition No Action

North 
Dakota In 

Basin

Red River 
Basin

GDU to 
Sheyenne

GDU 
Import

Missouri 
to RRV

 
 Figure B.2.16 – The Number of Months in Each Category Over the Period of Record at the Grand Forks Gage. 
 

Flow Category

Extreme High Flow 96 83 89 89 84 99 90

High Flow 108 115 120 119 120 125 118

Average Flow 444 432 429 435 439 441 435

Low Flow 108 125 116 120 134 111 127

Extreme Low Flow 96 97 98 89 75 76 82

2005 
Condition No Action

North 
Dakota In 

Basin

Red River 
Basin

GDU to 
Sheyenne

GDU 
Import

Missouri 
to RRV

 
  Figure B.2.17 – The Number of Months in Each Category Over the Period of Record at the Emerson Gage. 
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No Action Alternative   Along the Red River, the No Action Alternative has flow similar to the 
2005 condition during the 71-year period of record. 
 
North Dakota In-Basin Alternative   Only slight changes are shown in the number of months 
occurring in each category along the Red River when compared to the No Action Alternative. 
 
Red River Basin Alternative   Only slight changes are shown in the number of months occurring 
in each category along the Red River when compared to the No Action Alternative. 
 
GDU Import to Sheyenne River Alternative   In general, only small changes are shown in the 
number of months occurring in each category at the Grand Forks and Emerson gages.   
 
At Fargo, the number of months in the extreme low flow category are reduced to only 34 
months, as compared to the 165 months of extreme low flow for the No Action Alternative.  A 
stream flow target at Fargo would be implemented under this alternative triggering water 
withdrawals at Fargo and Moorhead from the Sheyenne River when Red River flows drop to 68 
cfs at the Fargo gage.  This measure was added at the request of the State of North Dakota to 
meet aquatic needs.   
 
At Wahpeton, the stream flow target affects how industrial demands would be served.  Industries 
would be served via buried pipeline when there is no water available in the river at Wahpeton or 
when river flows at Fargo drop below 68 cfs as a means to conserve flow for aquatic needs.  This 
causes a small decrease in the number of extreme low flow occurrences at Wahpeton from 99 
occurrences in the No Action Alternative to 66 occurrences for this alternative. 
 
GDU Import Pipeline Alternative   In general, only small changes are shown in the number of 
months occurring in each category along the Red River when compared to the No Action 
Alternative.  At Fargo, there is about a 50% decrease in the number of months in the extreme low 
flow category, from 165 occurrences to 81 occurrences and a corresponding increase in the 
average flow category.  Under this alternative, Fargo would use the import pipeline as a primary 
source of water. 
 
Missouri River Import to Red River Valley Alternative   Only small changes are shown in the 
number of months occurring in each category along the Red River when compared to the No 
Action Alternative. 
 
Summary 
One conclusion that can be drawn from these analyses is that operations of the alternatives do not 
affect isolated sections of the rivers.  When operations change flow at one location, there is often 
a ripple effect in other sections of the river.  For example, in the GDU Import to Sheyenne River 
Alternative, a minimum stream flow of 23 cfs is an aquatic flow target at the West Fargo gage on 
the Sheyenne River.  In order to meet this target, releases from of Baldhill Dam must be 
increased, which increases flow from Below Baldhill Dam through Kindred gages, resulting in 
very few instances of extreme low flow and more instances of average flow for both the 71 year 
record and a 10-year drought.  The effect this change in flow has on a resource depends on the 
specific resource.   
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In general, the No Action Alternative is similar to the 2005 condition along the Red River during 
a drought and during the 71-year period of record.  On the Sheyenne River, there are small 
differences in the amount of water flowing in the river, because in the No Action Alternative, 
Lake Ashtabula is used as a water supply more frequently than it is under the 2005 condition.  It 
should be noted that the MR&I water supply under the 2005 condition is short, but during the No 
Action Alternative, the shortage is much greater. 
 
The alternatives that do not use the Sheyenne River as a way to convey additional water into the 
Red River Valley show the least amount of change when compared to the No Action Alternative.  
These alternatives are the Red River Basin Alternative, the GDU Import Pipeline Alternative, 
and the Missouri River Import to Red River Valley Alternative.  This would be expected, 
because the only factors that would influence flow along the Sheyenne River for these 
alternatives are permit holders calling on Lake Ashtabula to supply additional water.  Since the 
water stored in the reservoir is allocated by permit, and there are only five cities that can use this 
water, the occasions when water is called upon would be similar to when the No Action 
Alternative is compared to each of these alternatives, making flows similar as well. 
 
During the 71-year period of record and a 10-year drought, all of the alternatives moderate the 
effects of drought on the amount of water stored in Lake Ashtabula when compared to the No 
Action Alternative. 
 
The GDU Import to Sheyenne River Alternative shows the most effects to flow along the 
Sheyenne and Red Rivers.  This happens because of the aquatic needs targets recommended by 
the North Dakota Game and Fish Department.  These flow targets were not applied to any other 
alternative.  For details on the aquatic flow recommendations by the North Dakota Game and 
Fish Department, see chapter one aquatic needs section, chapter two aquatic needs section, and 
Appendix B.1. 
 
The GDU Import Pipeline Alternative has operational requirements that differ from the other 
import alternatives.  The MR&I demands would be served by a buried pipeline before the surface 
water supply is depleted.  This preserves flow in the river and results in fewer instances of 
extreme low flow, when compared to the No Action Alternative over the 71-year period of 
record, as well as during a 10-year drought.   
 
The affect the alternatives have on flows is inversely proportional to the bankfull capacity of the 
river at the analyzed gage site.  The larger the bankfull capacity compared to the amount of water 
the Project delivers, the less noticeable the change in flows becomes when compared to the No 
Action Alternative.  This can be seen at the Emerson gage on the Red River.   
 
By the time Project flows reach Emerson, there is very little change among all alternatives when 
compared to the No Action Alternative.  The changes at the Fargo gage in the GDU Import to 
Sheyenne River Alternative and the GDU Import Pipeline Alternative have been diminished by 
the time they reach the international border at Emerson.  The bankfull capacity at Emerson is 
approximately 35,000 cfs—five times larger than the bankfull capacity at Fargo.  The amount of 
water added to the Red River Valley from the alternatives is a small percentage of the river 
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capacity at Emerson.  The Project likely would not affect flows at Emerson and further 
downstream.   
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Appendix C – Missouri River Depletions 
 
Introduction 
This appendix addresses whether Missouri River water withdrawals for the Project would likely 
affect river uses and resources.  It contains information on methods, analyses too detailed for 
inclusion in chapter text, and summarizes other studies (Reclamation 2005b and Corps 2006) 
relevant to this impact analysis.  These reports are located in supporting documents section of the 
SDEIS compact disk.  This appendix briefly describes how the Missouri River is managed by the 
Corps and for what purposes along with the methods used to develop the existing and future 
Missouri River depletions.  These depletions were modeled by the Corps to estimate the effects 
on the Missouri River based on “current” and No Action Alternative depletions.  The Corps also 
modeled the effects of the three Red River Valley Water Supply Project Missouri River import 
alternative depletions.  The results of the Corps modeling comparing the “current,” No Action, 
and three Missouri River import alternatives are summarized at the end of the appendix.    
 
Existing Missouri River Conditions 
The Master Manual (Missouri River Master Water Control Manual) documents the basic water 
control plan and objectives for integrated operation of Missouri River mainstem reservoirs.  It 
guides the operation of the Corps’ mainstem reservoir system (Corps 2004b).  Table C.1 shows 
annual runoff characteristics at key control points on the river. 
 
Table C.1 – Annual Runoff Characteristics at Key Control Points (Corps 2004b). 

Key Control Point 
Maximum Daily 
Discharge (cfs) 

Minimum Daily 
Discharge (cfs) 

Average Daily 
Discharge (cfs) 

Period of 
Record 

Garrison Calculated 
Inflow 180,000 1,000 23,700 1968-2001 
Garrison Calculated 
Outflow 65,200 4,100 22,500 1968-2001 
Missouri River at 
Bismarck, North Dakota 68,8000 4,000 23,000 1954-2001 
Oahe Calculated Flow 204,000 500 26,400 1968-2001 
Oahe Outflow – Pierre, 
South Dakota 59,300 0 25,100 1968-2001 

 
Water Control Plan 
The storage capacity of the Missouri River system was developed in accordance with 
congressionally authorized project purposes.  The storage capacity of each individual reservoir 
within the system is divided into distinct regulation zones to meet the objectives of the project's 
authorized purposes.  These zones include capacity for exclusive flood control, annual flood 
control and multiple use, carryover multiple use, and the permanent pool.  The carryover 
multiple use capacity zone provides a storage reserve for irrigation, navigation, power 
production, water supply, recreation, and fish and wildlife.   
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The total system multiple use storage capacity is 39.0 MAF (Corps 2004b).  The purpose of this 
storage capacity is to carry the system through critical dry periods.  Balancing reservoirs and 
flow in the Missouri River will continue to be independent of specific water supply projects and 
more in line with the Corps’ need to balance competing interests, as outlined in the Corps’ 
(2004b) Master Manual. 
 
Garrison Dam – Lake Sakakawea  
The primary water management functions for this reservoir are: 

• (1)  to capture the snowmelt runoff and localized rainfall runoffs from the large drainage 
area between Fort Peck and Garrison Dams that are then metered out at controlled release 
rates to meet system requirements, while reducing flood damages in the Garrison Dam to 
Lake Oahe reach, particularly the urban Bismarck area;  

• (2)  to serve as a secondary storage location for water accumulated in the system from 
reduced system releases due to major downstream flood control regulation, thus helping 
to alleviate large reservoir level increases in Oahe and Fort Randall; and  

• (3)  to provide the extra water needed to meet all of the system’s congressionally 
authorized project purposes that draft storage during low water years (Corps 2004b). 

 
Oahe Dam – Lake Oahe  
The primary water management functions for Oahe Dam are: 

• (1)  to capture plains snowmelt and localized rainfall runoffs from the large drainage 
area between Garrison and Oahe Dams that are metered out at controlled release rates to 
meet system requirements, while reducing flood damages in the Oahe to Big Bend 
Reach, especially in the urban Pierre and Fort Pierre areas;  

• (2)  to serve as a primary storage location for water accumulated in the system from 
reduced system releases due to major downstream flood control regulation, thus helping 
to alleviate large reservoir level increases in Big Bend, Fort Randall, and Gavins Point; 
and  

• (3)  to provide extra water to meet project purposes that draft storage during low water 
years, particularly downstream water supply and navigation (Corps 2004b). 

 
Water Supply 
The purpose of the Corps’ (2004b) Master Manual is to meet water supply requirements to the 
extent reasonably possible.  The Corps obtains necessary data and adjusts the system to assure 
that that water is supplied; however, intake access associated with obtaining Missouri River 
water is the responsibility of the entity choosing to use this source of water for its supply.  Intake 
access problems are the responsibility of the intake owner, and the Corps does not guarantee 
access, only that the supply of water is adequate to meet this project purpose (Corps 2004b). 
 
Tribes 
As the decision maker for operations of the Missouri River, the Corps acknowledges that the 
operation and maintenance of the Missouri River can and does significantly affect tribal trust 
assets.  Therefore, the Corps has a legal and trust responsibility to the affected tribes.  These 
responsibilities are described in the President’s Memorandum on Government-to-Government 
Relations with American Indian Tribal Governments signed on April 29, 1994, and the 
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Department of Defense’s American Indian and Alaska Native Policy signed by the Secretary of 
Defense on October 20, 1998.  
 
Certain Missouri River Basin tribes may be entitled to water rights in streams running through 
and along their reservations under the Winters Doctrine (see Appendix J).  As yet few tribes in 
the basin have quantified their water rights.  According to the Corps’ Master Manual (Corps 
2004b:3-113).  

“When a Tribe exercises its water rights, these consumptive uses will then be 
incorporated as an existing depletion.  Unless specifically provided for by law, these 
rights do not entail an allocation of storage.  Accordingly, water must actually be diverted 
to have an impact on the operation of the system.  Further modifications to system 
operation, in accordance with pertinent legal requirements, will be considered as Tribal 
water rights are exercised in accordance with applicable law.” 

 
This SDEIS is not an attempt to define, regulate, or quantify water rights or any other rights that 
tribes are entitled to by treaty or law.  Rather, the SDEIS attempts to establish a framework for 
future consultations with respect to the protection of tribal trust resources.  Tribal water rights are 
further discussed in SDEIS chapter three and in Appendix J. 
 
Bureau of Reclamation Missouri River Depletion Data 
Reclamation provided four types of depletion data to the Corps for use in analyzing the effects of 
the Project alternatives on Missouri River resources.  These include:  1) updated present-level 
depletions, 2) potential future water project depletions, 3) projected future depletions by 
municipal users, and 4) projected future depletions by industrial water users.  Each of these is 
described below. 
 
Updated Present-Level Missouri River Depletions    
For many years, Reclamation has been the lead federal agency in providing the Corps with 
depletion values.  These values are used in modeling studies that assist the Corps in making 
operational decisions on the Missouri River.  Reclamation also developed an historical depletion 
database for 100+ node basin within the Missouri River Basin (Missouri Basin States 
Association 1983).  This work was part of a study begun in 1982 in coordination with the 
Missouri River Basin Commission, later known as the Missouri Basin States Association 
(MBSA).   
 
Reclamation’s point of contact for these studies is the Great Plains Regional Office in Billings, 
Montana.  For this impact analysis, Reclamation initiated a study to update the historic and 
future depletions data in the Missouri River Basin.  Before this study, Reclamation's last update 
was for the Corps Missouri River Master Manual EIS dates to 1989.  The current update has 
present-level depletions through 2002, which are summarized by river reach in table C.2.  This 
new information is described in detail in a report titled, A Study to Determine the History and 
Present-Level Streamflow Depletions in the Missouri River Basin for the Period 1929 to 2002 
(Reclamation2005b), which is appended to the SDEIS as a supporting document. 
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Future Water Project 
Depletions    
Reclamation also collected 
information on potential new 
depletions within or from the 
Missouri River Basin between 
2002 and 2050.  These 
potential projects were 
identified by canvassing 
Reclamation offices throughout 
the Missouri River Basin 
inquiring about present and 
future water projects.  Future 
water projects were those 
projects that were reasonably 
certain to occur by 2050.  
Those projects identified as 
reasonably foreseeable are 

projects that have been documented by some type of planning document (see table C.3). 
 
       Table C.3 – Missouri River Withdrawals for Future Water Supply and Irrigation Projects. 

Project 
Withdrawals - Maximum 

Use to 2050 (ac-ft/yr) River Reach 
Municipal Water Supply Projects 
Mni Wiconi 12,474 Oahe to Big Bend 
Perkins County 645 Garrison to Oahe 
Mid-Dakota 5,977 Garrison to Oahe 
Crow Creek 675 Oahe to Big Bend 
Lewis and Clark 21,963 Ft. Randall to Gavins Point 
Ft. Peck RCWS 750 Above Ft. Peck 
Ft. Peck Reservation 750 Above Ft. Peck 
North Central RWS 7,633 Above Ft. Peck 
Helena 14,284 Above Ft. Peck 
Mni Wicasa 5,155 Garrison to Oahe 
Northwest Area  Water Supply 9,810 Ft. Peck to Garrison 
Pikitanoi 34,496 St. Joe to Kansas City 
Dewey/Ziebach 5,084 Garrison to Oahe 
Blackfeet 9,248 Above Ft. Peck 
Omaha 2,369 Sioux City to Omaha 
Winnebago 848 Sioux City to Omaha 
Prairie Bend 4,851 St. Joe to Kansas City 
Crow Reservation 7,482 Ft. Peck to Garrison 
Santee 7,777 Gavins Point to Sioux City 
Kickapoo 999 Nebraska City to St. Joes 
Irrigation Projects 
Lake Andes 1,000 Big Bend to Ft. Randall 
Rocky Boy’s 800 Above Ft. Peck 
Chester 40,000 Above Ft. Peck 
Tiber projects 40,000 Above Ft. Peck 
Temporary Irrigation Projects 400 Above Ft. Peck 
Standing Rock Sioux Tribe 2,380 Ft. Peck to Garrison 
Turtle Lake 13,700 Ft. Peck to Garrison 
McClusky Canal 10,000 Ft. Peck to Garrison 

      Table C.2 – Average Present-Level Missouri River Depletions  
       by Reach. 

Missouri River Reaches 
Average Annual 
Present-Level 

Depletions 
(thousands of ac-ft) 

Above Ft. Peck 2445.4 
Ft. Peck to Garrison 3882.4 
Garrison to Oahe 397.5 
Oahe to Big Bend 18.0 
Big Bend to Ft. Randall 71.9 
Ft. Randall to Gavins Point 740.6 
Gavins Point to Sioux City 299.6 
Sioux City to Omaha 338.5 
Omaha to Nebraska City 5355.8 
Nebraska City to St. Joseph 166.7 
St. Joseph to Kansas City 1168.8 
Kansas City to Boonville 403.7 
Booneville to Hermann 102.4 
Total  15,391.3 
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Table C.4 – Future Project Withdrawals by Reach in the Missouri 
River Basin. 

River Reach 
Municipal Supply 

(ac-ft/yr) 
Irrigation 
(ac-ft/yr) 

Above Ft. Peck 38,115 81,200 
Ft. Peck to Garrison 17,292 26,080 
Garrison to Oahe 16,861 0 
Oahe to Big Bend 13149 0 
Big Bend to Ft. Randall 0 1,000 
Ft. Randall to Gavins Point 21,963 0 
Gavins Point to Sioux City 7777 0 
Sioux City to Omaha 3,217 0 
Omaha to Nebraska City 0 0 
Nebraska City to St. Joseph 999 0 
St. Joseph to Kansas City 39,347 0 
Kansas City to Boonville 0 0 
Total 153,270 108,280 

 

The data in table C.3 were designated to node basins and separated by irrigation and municipal 
use.  Using this data, it was possible to determine the total anticipated withdrawals to year 2050 
for each Missouri River Basin reach as identified in the study.  These reaches conformed to 
nodes identified by the Corps for their Missouri River mainstem operations model.  These node 
data are reported in table C.4. 

 
Using the data in the MBSA 
study (1983), an average monthly 
diversion rate and monthly 
depletion rate was extracted from 
the database.  The values used 
are in Table C.5. 
 
These values were used for each 
reach in the basin to determine 
the contribution of future 
depletions by reach.  The 
depletion was calculated by 
month using the following 
equation: 
Acre-feet withdrawal  x  monthly 
diversion percentage  x  monthly 
depletion rate  =  future monthly 
depletion 

 
The irrigation depletion rates are a function of the difference between the diversion requirements 
and the return flows calculated for each node basin within the basin.  The diversion requirement 
is a calculated value based upon the crop irrigation requirement, irrigated acres, and conveyance 
and on-farm efficiencies.  The value is the amount of water to be diverted at the main canal to 
supply irrigation 
water to the crop, in 
lieu of natural rainfall, 
so the crop can grow 
to maturity.  The 
return flows are the 
portion of the 
irrigation losses that 
return to the natural 
streams and become 
available for reuse 
within the system.  
The volume of water 
are excess flows, 
operational waste, or 
canal seepage/deep percolation that naturally returns to a receiving stream.  The irrigation 
depletion is the difference between the diversion amount and the return flow amount.  The 
depletion is that portion of the diversion that is consumptively use by the crop, lost to 

Table C.5 – Municipal Diversion and Depletion Rates in the Missouri River 
Basin. 

Month 
Average Monthly 

Diversion (%) Depletion Rate (%) 
January 0.066 0.25 
February 0.067 0.25 
March 0.067 0.25 
April 0.067 0.25 
May 0.075 0.25 
June 0.095 0.35 
July 0.130 0.35 
August 0.130 0.35 
September 0.095 0.35 
October 0.075 0.25 
November 0.067 0.25 
December 0.066 0.25 
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phraetophyte use (non-beneficial consumptive users), or that portion of the canal seepage or deep 
percolation that is unavailable for reuse in the drainage basin. 
 
Diversions, return flows and depletion values, by month, were calculated for all node basins 
within the Missouri River system.  In order to determine an average depletion rate for each of the 
major reaches in the basin, it was necessary to average the depletion rates for all node basins 
within the reaches.  Average values for each month for each reach were determined.   
 
Only three reaches in the basin displayed any increased irrigation in the future, thus depletion 
rates were calculated for only the above Ft. Peck, Ft. Peck to Garrison, and Big Bend to Ft. 
Randall reaches.  These depletion rates are displayed in tables C.6, C.7, and C.8.  Negative 
depletion-rate values indicate an accretion of flows, meaning this is a condition where the return 
flows exceed the depletion for the winter months and flows are added back into the system at a 
rate greater than depletion.  The total irrigation depletion rate for each of the three river reaches 
basically is equal to 1, which means that nearly 100% of the water withdrawn for irrigation is 
consumed.  That is why the total irrigation withdrawal in table C.4 differs slightly from the total 
depletion in table C.9.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table C.6 – Irrigation Depletion Rates  
for the Reach Above Fort Peck. 

Month Depletion Rate (%) 
January -0.022 
February -0.017 
March -0.013 
April -0.008 
May 0.043 
June 0.231 
July 0.472 
August 0.328 
September 0.087 
October -0.039 
November -0.039 
December -0.026 
Total 0.997 

 

Table C.7 – Irrigation Depletion Rates  
for the Reach Fort Peck to Garrison. 

Month Depletion Rate (%) 
January -0.012 
February -0.008 
March -0.008 
April 0.025 
May 0.203 
June 0.242 
July 0.309 
August 0.233 
September 0.085 
October -0.001 
November -0.030 
December -0.016 
Total 1.022 

Table C.8 – Irrigation Depletion Rates for the Reach Big Bend to Fort 
Randall. 

Month Depletion Rate (%) 
January -0.018 
February -0.012 
March -0.012 
April -0.006 
May 0.096 
June 0.222 
July 0.373 
August 0.307 
September 0.120 
October -0.024 
November -0.030 
December -0.018 
Total 0.998 
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The numbers calculated using these depletion rates are in table C.9 and were provided to the 
Corps as the monthly flow adjustments for anticipated depletions to year 2050. 

The total Missouri River depletion for new future water supply and irrigation projects is 
155,300 ac-ft/yr.  This number was used in assessing consequences associated with the No 
Action Alternative in the DEIS.  However, commenters on the DEIS suggested that the 155,300 
ac-ft depletion was too small and lacked other future depletions, such as increases in water 
system demands due to increased population and new industries.  In response to these comments, 
Reclamation estimated future water demands of existing water systems and future industries in 
the Missouri River Basin.  The following discussion describes methods, assumptions, and results 
of estimating future water demands of existing water systems and future industries in the 
Missouri River Basin.  
 
Projected Missouri Basin Public Water System Water Demands – 2000 to 2050 
Ten states are partially or completely 
included in the Missouri River Basin 
drainage area.  These are illustrated in figure 
C.1 and listed in table C.10.  A water 
demand analysis estimated the future 2050 
water demand for the entire Missouri River 
Basin based on population projections.   
 
County level population projections are 
readily available on the internet up to 2020 
for each Missouri River Basin state, except 
for South Dakota.  In addition, county 
population projections are available to the year 2025 for six of the states and to the year 2035 for one 
state.  These county level projections are based on demographic models with variables such as birth 
rate, death rate, age, and sex.  However, 
population projections are needed to the 

Figure C.1 – Missouri River Basin (source: US Army 
Corps of Engineers). 

       Table C.9 – Future Project Depletion by Reach in the Missouri River Basin. 

River Reach 
Municipal Supply 

(ac-ft/yr) 
Irrigation 
(ac-ft/yr) 

Total 
(ac-ft/yr) 

Above Ft. Peck 11,000 81,000 92,000 
Ft. Peck to Garrison 5,000 26,000 31,000 
Garrison to Oahe 5,000 0 5,000 
Oahe to Big Bend 4,000 0 4,000 
Big Bend to Ft. Randall 0 1,000 1,000 
Ft. Randall to Gavins Point 7,000 0 7,000 
Gavins Point to Sioux City 2,000 0 2,000 
Sioux City to Omaha 1,000 0 1,000 
Omaha to Nebraska City 0 0 0 
Nebraska City to St. Joseph 300 0 300 
St. Joseph to Kansas City 12,000 0 12,000 
Kansas City to Boonville 0 0 0 

Total 47,300 108,000 155,300 
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year 2050 for the Project analysis.  Due to limited time and resources available to project future 
populations in the Missouri River Basin, an improvised procedure was used to extend the county 
level projections to 2050. 
 
Table C.10 shows the Missouri River Basin public water system demand increases from 2000 to 
2050 by state.  The total Missouri River Basin increase in water demand is 946,941 ac-ft based on 
the population increase and the per capita water use data developed by USGS.  The fourth column 
shows the new depletions, which include the return flows as discussed in the methods section above.  
The total annual net increased depletion for public water systems from 2000 to 2050 is estimated at 
279,800 ac-ft. 
 
Table C.10 – Missouri River Basin Public Water System Demand Projections: 2000-2050. 

Missouri River 
Basin State 

Population 
Change  

2000 - 2050 

Per Capita 
Water 

Demands 

Annual Municipal Water 
Demand Growth (2000 - 

2050) (ac-ft) 

Annual Municipal Missouri 
River Depletion Including 

Return Flows (ac-ft) 
Colorado 1,041,010 239.7 279,529 82,400 
Iowa 26,294 158.9 4,680 1,600 
Kansas 511,652 166.4 95,374 28,200 
Minnesota 2,046 132.6 304 0 
Missouri 1,190,380 182.8 243,762 72,000 
Montana 246,536 224.4 61,974 18,200 
Nebraska 718,281 237.4 191,020 56,600 
North Dakota -27,609 129.0 -3,990 -1,400 
South Dakota 280,625 149.3 46,934 14,000 
Wyoming 92,671 239.7 27,354 8,200 
Totals  4,081,886  946,941 279,800 

 
For all of the Colorado counties and other counties above or near 100,000 people, simple linear 
time series regressions were applied using the best available projection data to extrapolate 
projections to 2050.  Regressions were also applied for population totals for each state to identify 
larger state level trends.  Initially regressions were completed for the less populated counties as 
well, but in the vast majority of cases, there was not a statistically significant population trend 
that could be used to extrapolate the projections to 2050. 
 
The growth rate projections for the less populated counties were assumed to remain constant out 
to 2050.  Essentially, stating the same population growth rate that occurred from 2000-2025 will 
occur from 2025-2050.  The county level projections were summed for each state and compared 
to the results of state level regressions.  In those cases where the county sum and state 
regressions were significantly different, the county projections based on the assumption of 
continued growth were adjusted to match the state total regression results. 
 
Annual public water system water demands are estimated using per capita water use data 
published by the USGS in the report Estimated use of Water in the United States in 2000 (Hutson 
et al. 2004).  The report did not directly provide per capita data but was calculated based on 
water use and population data provided in the report.  The historic per capita water use for each 
state varies and is shown in table C.10. 
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Some water withdrawn from the Missouri River is later returned to the river as a return flow.  
Water demand estimates in this report are modified by a return flow factor or depletion rate to 
account for the amount water that is returned to the Missouri River.   
 
The original withdrawal minus the return flow provides the net depletion, which is used in the 
Corps operations model to evaluate cumulative impacts on the Missouri River.  The return flow 
factors or depletion rates (table C.11) used in the analysis were developed by Reclamation in the 
report Methodology to Determine Future Historic Depletions in the Missouri River Basin, 
Reclamation, May 2006.  

Table C.12 shows the Missouri River Basin population 
change for each state from 2000 through 2050.  The 
second column shows the 2000 population of each state, 
column three growth factor, column four 2050 
population projection and column five change in 
population.  The last column shows the population 
changes used to estimate future water depletions by 
applying per capita water demand.  The population for 
Colorado was modified to account for the fact that 
counties in the Denver area actually are served from the 
Colorado River Basin rather than the Missouri River 
Basin.  The total estimated population of the Missouri 
River Basin geographic area is 10,262,701.  The 2050 

population projection for the same area is 14,344,587 or an increase of 4,081,886.  This increase 
is based on the growth factors showed in column three, which were developed using the methods 
described above. 
 
Table C.12 – Missouri River Basin Population Change from 2000 - 2050. 

Missouri River 
Basin State 

2000 Missouri River 
Basin Population 

Population 
Growth Factor 
(2000 - 2050) 

2050 Missouri River 
Population Projection 

Population 
Change 

Colorado 504,988 3.06 1,545,998 1,041,010 
Iowa 567,197 1.05 593,491 26,294 
Kansas 1,489,120 1.34 2,000,772 511,652 
Minnesota 51,716 1.04 53,762 2,046 
Missouri 3,942,411 1.30 5,132,791 1,190,380 
Montana 626,387 1.39 872,923 246,536 
Nebraska 1,711,263 1.42 2,429,544 718,281 
North Dakota 250,594 0.89 222,985 -27,609 
South Dakota 736,981 1.38 1,017,606 280,625 
Wyoming 382,044 1.24 474,715 92,671 
Totals 10,262,701  14,344,587 4,081,886 

 
The assumptions used in this analysis have limitations in accurately estimating the future 
increases of Missouri River Basin water demands.  The method assumes that all of the increased 
population actually uses water from the Missouri River, its tributaries, or groundwater sources 
directly linked to surface water.  Extensive additional work would need to be performed to 

Table C.11 – Return Flow Factors or 
Depletion Rates Used in This Analysis. 
Month Return Flow Rate (%) 
January 75% 
February 75% 
March 75% 
April 75% 
May 75% 
June 65% 
July 65% 
August 65% 
September 65% 
October 75% 
November 75% 
December 75% 
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improve the accuracy of this assumption.  A quick review of the basin reveals that most of the 
major population centers in the basin are located along major rivers which supports the basic 
assumption; however, over half of the counties do not have a sustainable surface water source 
passing through them.  Overall, the water source assumption is conservative and probably over-
estimates the net increased depletion for public water systems. 
 
Projected Industrial Missouri Basin Water Demands – 2000 to 2050 
Estimating future industrial development on a regional or watershed basis (Missouri River Basin) 
from 2000 to 2050 and the water required by these industries is difficult due to lack of data.  
Unlike the estimate of public water system demands where future population estimates are 
available, no such metric is readily available for future industrial forecasts.  However, there is a 
relationship between public water system growth and industrial development.  Because the 
increased use of Missouri River Basin water was estimated for future public water systems, these 
same estimates can be used to develop future increases in industrial water use. 
 
Three different sources were used to determine the relationship between public water system and 
industrial water demands.  A composite of the three ratios is used in the future industrial water 
demand projections. 

• Source 1: Estimated Use of Water in the US in 2000, (Hutson et al. 2004)  
o Industrial/Municipal Water Demand Ratio = 5 % /11 % or a ratio of 0.455 

• Source 2: US Global Change Research Program, Water Sector 
o Industrial/Municipal Water Demand Ratio = 3 % / 7% or a ratio of 0.429 

• Source 3: Final Needs and Options Report (Reclamation 2005a, Table 5.2.2)  
The ratio is adjusted for industries that are served by municipal systems (+/- 6,664 ac-ft) 
Industrial/Municipal Water Demand Ratio = 31,703 ac-ft / 72,778 ac-ft or a ratio of 0.436 

• Average: Industrial/Municipal Demand Ratio – (using three sources) = 0.440 
 
The last column of table C.13 shows the state-by-state estimated annual industrial depletion 
through 2050 in the Missouri River Basin.  The total annual future industrial water demand in the 
Missouri Basin is 122,400 ac-ft.  The results in table C.13 do not exactly work out to a ratio of 
0.440 because of rounding, and water demands are actually calculated on a monthly basis, which 
can slightly affect the results.  
 
Table C.13 – Missouri River Basin Industrial Water Demand Projections from 2000 to 2050. 

Missouri River 
Basin State 

Annual Municipal Missouri River 
Depletion Including Return Flows  

(ac-ft)  

Annual Industrial Missouri River 
Depletion Including Return Flows  

(ac-ft) 
Colorado 82,400 36,000 
Iowa 1,600 1,200 
Kansas 28,200 12,000 
Minnesota 0 0 
Missouri 72,000 31,200 
Montana 18,200 8,400 
Nebraska 56,600 25,200 
North Dakota -1,400 -1,200 
South Dakota 14,000 6,000 
Wyoming 8,200 3,600 
Totals 279,800 122,400 

 



 SDEIS Appendix C – Missouri River Depletion 

C - 11 

Combined Municipal and Industrial Depletions 2000 - 2050 
The total Missouri River Basin annual water demand projections for existing public water 
systems and future industries through 2050 is 402,200 ac-ft which includes 279,800 ac-ft for 
future public water systems and 122,400 ac-ft for future industries.  This total will be added to 
the 155,300 ac-ft originally developed, which accounted for future water projects in the Missouri 
River Basin.  Table C.14 shows combined Missouri River Basin public water system and 
industrial demand projections through 2050 by state.  Table C.15 shows the same demand data 
except by Missouri River reach, which was the format required by the Corps for their operations 
modeling.   
 
        Table C.14 – Combined Missouri River Basin Public Water System and Industrial Demand Projections 
         from  2000 to 2050 – by State. 

State Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Annual 
Industrial 
Depletion 
including 

Return 
Flows (ac-ft)

Colorado 7,600 7,700 7,700 7,700 8,200 12,300 15,700 15,700 12,300 8,200 7,700 7,600 118,400
Iowa 200 200 200 200 200 300 300 300 300 200 200 200 2,800
Kansas 2,600 2,600 2,600 2,600 2,800 4,200 5,300 5,300 4,200 2,800 2,600 2,600 40,200
Minnesota 0 0 0 0 0 0 0 0 0 0 0 0 0
Missouri 6,600 6,700 6,700 6,700 7,200 10,700 13,700 13,700 10,700 7,200 6,700 6,600 103,200
Montana 1,700 1,700 1,700 1,700 1,900 2,800 3,500 3,500 2,800 1,900 1,700 1,700 26,600
Nebraska 5,300 5,300 5,300 5,300 5,700 8,500 10,800 10,800 8,500 5,700 5,300 5,300 81,800
North Dakota -200 -200 -200 -200 -200 -200 -300 -300 -200 -200 -200 -200 -2,600
South Dakota 1,300 1,300 1,300 1,300 1,400 2,100 2,600 2,600 2,100 1,400 1,300 1,300 20,000
Wyoming 800 800 800 800 800 1,200 1,500 1,500 1,200 800 800 800 11,800
Total 25,900 26,100 26,100 26,100 28,000 41,900 53,100 53,100 41,900 28,000 26,100 25,900 402,200  

 
 
        Table C.15 – Combined Missouri River Basin Public Water System and Industrial Demand Projections  
        2000 to 2050 – by Missouri River Reach. 

Missouri River Reach Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Annual 
Depletion 
including 

Return 
Flows (ac-ft)

Above Ft. Peck 1,700 1,700 1,700 1,700 1,900 2,800 3,500 3,500 2,800 1,900 1,700 1,700 26,600
Ft. Peck to Garrison 0 0 0 0 0 0 0 0 0 0 0 0 0
Garrison to Oahe -200 -200 -200 -200 -200 -200 -300 -300 -200 -200 -200 -200 -2,600
Oahe to Big Bend 325 325 325 325 350 525 650 650 525 350 325 325 5,000
Big Bend to Ft. Randall 325 325 325 325 350 525 650 650 525 350 325 325 5,000
Ft. Randall to Gavins Point 325 325 325 325 350 525 650 650 525 350 325 325 5,000
Gavins Point to Sioux City 325 325 325 325 350 525 650 650 525 350 325 325 5,000
Sioux City to Omaha 2,750 2,750 2,750 2,750 2,950 4,400 5,550 5,550 4,400 2,950 2,750 2,750 42,300
Omaha to Nebraska City 11,150 11,250 11,250 11,250 11,950 17,900 22,750 22,750 17,900 11,950 11,250 11,150 172,500
Nebraska City to St. Joesph 0 0 0 0 0 0 0 0 0 0 0 0 0
St. Joesph to Kansas City 4,800 4,833 4,833 4,833 5,200 7,767 9,867 9,867 7,767 5,200 4,833 4,800 74,600
Kansas City to Boonville 2,200 2,233 2,233 2,233 2,400 3,567 4,567 4,567 3,567 2,400 2,233 2,200 34,400
Boonville to Hermann 2,200 2,233 2,233 2,233 2,400 3,567 4,567 4,567 3,567 2,400 2,233 2,200 34,400
Total 25,900 26,100 26,100 26,100 28,000 41,900 53,100 53,100 41,900 28,000 26,100 25,900 402,200  
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Project Alternative Depletion Estimates 
Reclamation determined that the most efficient way to evaluate Missouri River depletions was to 
identify1930s average monthly depletions from the Missouri River for the Missouri River 
alternatives.  These include the GDU Import to Sheyenne River, GDU Import Pipeline, and the 
Missouri River Import to Red River Valley Alternatives.  These water demands were calculated 
by StateMod, the hydrologic model used in evaluating Project alternatives.  The proposed Project 
depletions are in table C.16. 
 
Table C.16 – 1930s Average Monthly Depletions from the Missouri River for Import Alternatives. 

Alternative  
GDU Import to  

Sheyenne River (ac-ft) 
GDU  

Import Pipeline (ac-ft) 
Missouri River Import to 
Red River Valley (ac-ft) 

Jan 7113 4421 5082 
Feb 5578 4001 4778 
Mar 6514 4410 3213 
Apr 5069 4914 1817 
May 5370 5166 3738 
Jun 6891 5292 5744 
Jul 7468 5712 7130 
Aug 7490 5607 7382 
Sep 7248 5240 6689 
Oct 7319 4788 4988 
Nov 7035 5019 5702 
Dec 7145 5208 6363 
Total 80,239 59,777 62,622 

 
Analysis of Missouri River Effects - Corps Study 
Reclamation initiated a study with the Northwest Division of the Corps to analyze the impacts 
from a proposed transfer of water from the Missouri River to the Project service area.  This 
study, the Red River Valley Water Supply Project Effects of Alternatives Depleting Water from 
the Missouri River on Missouri River Uses and Resources (Corps 2005b), assessed the effects of 
Project depletions on Missouri River uses and resources for the DEIS.  For this study, the Corps 
evaluated a range of depletions from two selected Project alternatives—one at Lake Sakakawea 
and the other from under the Missouri River south of Bismarck.  The Corps DRM (Daily 
Routing Model) was run to establish a baseline with updated depletion data and forecasted 
depletions out to 2050.  Next, the alternatives were modeled adding the corresponding depletions 
to the two base runs to examine hydrologic and, ultimately, economic use, and environmental 
resource differences between each of the alternative runs and their corresponding base DRM run.  
A trends analysis was conducted to evaluate the DRM run; it supported the results of the direct 
modeling.  The Corps’ report is a supporting document included on the SDEIS compact disk. 
 
During the DEIS comment period concerns were raised about what the impacts of Project 
depletions would be during a significant drought like the 1930s and that the No Action 
Alternative needed to consider more than future water projects with a forecasted 155,300 ac-ft 
depletion.  As detailed above, Reclamation reevaluated this potential and determined that the 
total Missouri River Basin annual water demand projections for existing public water systems 
and future industries through 2050 could be as high as 402,200 ac-ft.  This total was added to the 
155,300 ac-ft originally developed, which accounted for future water projects in the Missouri 
River Basin.  The numbers from tables C.9  and C.15 show the depletion data by Missouri River 
reach that was used by the Corps for their revised operations modeling.  Results from the revised 
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modeling are provided in the Corps’ September 2006 report Red River Valley Water Supply 
Project, Analysis of Missouri River Effects, that is as a supporting document on the SDEIS 
compact disk. 
 
The Corps followed the same basic process used in the initial analysis for Reclamation in that the 
Corps’ DRM was used to develop hydrologic, hydropower, and navigation data for use in the 
economic and environmental impacts models.  Several additional analyses using various 
modeling techniques were also completed to address what the Corps considered to be of special 
concern by interests in the Missouri River Basin.  The full period of analysis would be the same; 
however, major emphasis would be placed on analyzing the effects of the water withdrawals 
during a 1930s drought (1930-1941). 
 
The modeling conducted by the Corps for the analysis relied on the models developed for the 
Missouri River Master Manual Review and Update Environmental Impact Statement (Master 
Manual EIS) completed by the Corps in March 2004.  These models included the DRM 
(hydrologic, hydropower, and navigation outputs) and the many economic use and 
environmental resource models developed for the Master Manual EIS.  The report entitled Red 
River Valley Water Supply Project Effects of Alternatives Depleting Water from the Missouri 
River on Missouri River Uses and Resources (Corps 2005b) summarizes many of these models.   
 
Missouri River Reservoir Intakes 
The Corps (2006) also looked at a special analysis to identify the municipal intakes at greatest 
risk of losing water access and if there was a difference among the alternatives if this access was 
lost on Lakes Oahe and Sakakawea.  As the reservoir levels drop, some intakes are more likely to 
lose their access to water from the lake.  This analysis found that only one intake would lose its 
access, and this access was lost under current conditions and all of the Missouri River import 
2050 alternatives.  This intake is the Lake Sakakawea intake for Parshall, North Dakota, and it 
would need to be lowered so that it could be fully functional at water levels as low as 1795 feet 
mean sea level.  
 
Summary of Results of Missouri River Depletion Analysis 
Future depletions of water from the Missouri River, including a proposed Project withdrawal, 
would affect the amount of water flowing through the Missouri River Mainstem System.  To 
address this issue a study was initiated with the Northwest Division of the Corps to analyze the 
impacts of a proposed transfer of water from the Missouri River to the Red River Valley (Corps 
2005b and Corps 2006).  The report, Red River Valley Water Supply Project Analysis of Missouri 
River Effects (Corps 2006), is appended to the SDEIS as a supporting document.   
 
This study examines the effects of Project depletions and cumulative depletions on the uses and 
resources of the Missouri River.  The analysis took into account two different points of 
withdrawal for the Project:  (1) Snake Creek Pumping Plant on Lake Sakakawea and (2) a 
location south of Bismarck on Oahe Reservoir.     
 
Table C.17 compares the effects from the three Missouri River import alternatives to the No 
Action Alternative during the critical drought period of 1930-1941. The units used in the 
categories vary depending on the type of economic use and environmental resources.  Table C.18 
shows a similar comparison except the results are from the period of 1930-2002.   
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Table C.17 – Comparison of three Missouri River Import Alternatives to the No Action Alternative (1930-1941). 

Use/Resource No Action 
GDU Import 

Pipeline 
(GDUIP) 

Missouri 
River Import 

to RRV 
(MRRRIP) 

GDU Import 
to Sheyenne 

River 
(GDUISR) 

Flood Control (average annual benefits in 
$ millions) 167.27 167.25 167.25 167.25 

Navigation (average annual total benefits 
in $ millions) 2.07 2.08 2.07 2.07 

Navigation (average season lengths in 
months) 5.72 5.71 5.71 5.70 

Hydropower (average annual hydropower 
benefits in $ millions) 548.2 547.1 547.3 546.8 

Hydropower (average annual revenues in 
$ millions) -76.65 -75.17 -74.79 74.97 

Hydropower Mainstem capacity at risk 
(megawatts/gigawatt-hour) 536 533 533 534 

Thermal Mainstem capacity at risk 
(megawatts/gigawatt-hour) -320 -296 -294 -290 

Water Supply (average annual  water 
supply benefits in $ millions) 555.3 554.7 554.6 554.7 

Recreation (average annual total 
recreation benefits in $ million) 71.5 72.5 74.0 73.9 

Reservoir Coldwater Fish Habitat 
(average annual habitat in MAF) 4.28 4.20 4.18 4.21 

Riverine Coldwater Fish Habitat (average 
annual habitat in miles) 150.77 150.79 150.86 151.00 

Riverine Warmwater Fish Habitat 
(average annual habitat in miles) 72.27 73.41 73.31 73.45 

Reservoir Young Fish Production 
(average annual production as an index) 1.44 1.43 1.43 1.43

Native River Fish Physical Habitat 
(average habitat as an index) 80.78 80.95 80.99 81.03 

Riverine Tern and Plover Habitat (average 
habitat in acres) 432.3 310.9 296.4 251.9 

Wetland Habitat (average habitat in 1000 
acres) 113.82 116.72 116.46 116.39 

Riparian Habitat (average habitat in 1000 
acres) 144.28 144.15 144.47 144.47 

Historic Properties (average values as an 
index) 6968 6960 6965 6962 
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Table C.18 – Comparison of three Missouri River Import Alternatives to the No Action Alternative (1930-2002).  

Use/Resource No Action 
GDU Import 

Pipeline 
(GDUIP) 

Missouri 
River Import 

to RRV 
(MRRRIP) 

GDU Import 
to Sheyenne 

River 
(GDUISR) 

Flood Control (average annual benefits in 
$ millions) 427.31 427.28 427.50 427.42 

Navigation (average annual total benefits 
in $ millions) 8.54 8.55 8.55 8.55 

Navigation (average season lengths in 
months) NA NA NA NA

Hydropower (average annual hydropower 
benefits in $ millions) 655.7 654.5 654.7 654.2 

Hydropower (average annual revenues in 
$ millions) 79.16 77.96 78.21 77.24 

Hydropower Mainstem capacity at risk 
(megawatts/gigawatt-hour) NA NA NA NA

Thermal Mainstem capacity at risk 
(megawatts/gigawatt-hour) NA NA NA NA

Water Supply (average annual  water 
supply benefits in $ millions) 611.2 611.0 610.9 611.0 

Recreation (average annual total 
recreation benefits in $ million) 87.5 87.6 87.9 87.8 

Reservoir Coldwater Fish Habitat 
(average annual habitat in MAF) 9.65 9.57 9.55 9.58 

Riverine Coldwater Fish Habitat (average 
annual habitat in miles) 183.07 183.01 182.36 182.79 

Riverine Warmwater Fish Habitat 
(average annual habitat in miles) 50.64 50.68 51.01 50.97 

Reservoir Young Fish Production 
(average annual production as an index) 2.08 2.08 2.08 2.09 

Native River Fish Physical Habitat 
(average habitat as an index) 81.08 81.16 81.15 81.14 

Riverine Tern and Plover Habitat (average 
habitat in acres) 363.3 316.7 326.5 319.3 

Wetland Habitat (average habitat in 1000 
acres) 151.83 151.07 150.37 151.29 

Riparian Habitat (average habitat in 1000 
acres) 116.93 116.96 117.17 117.12 

Historic Properties (average values as an 
index) 5135 5156 5152 5153 

 
Tables C.19 (1930-1941) and C.20 (1930-2002) compare the three Missouri River import 
alternatives to the No Action Alternative using the percentage change from No Action as a 
metric.  The Corps analysis found that, in general, most of the effects of the water withdrawals to 
the Red River Valley for the Project are relatively small because the volume of water to be 
withdrawn is small.  Only Riverine Tern and Plover Habitat effects category showed a 
significant changed comparing No Action with the three import alternatives.  The change was  
-28% to -42% for the period of 1930-1941 and -10% to -13% for the period 1930-2002.  This 
impact is primarily related to flow events downstream of Fort Peck and Garrison dams and the 
negative effect vegetation encroachment has on sandbar habitat. The only other effects category 
with a noteworthy change was Hydropower and Thermal Energy at Risk which had a positive 
effect of 8% to 10% during the period of 1930-1941 when comparing the three import 
alternatives to No Action. 
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Even though the current conditions model simulation determined that there would be only one 
non-navigation year, the additional 557,500 acre-feet of forecasted Missouri River Basin 
depletions between 2002 and 2050 resulted in a second non-navigation year.  Adding an 
additional 62,000 ac-ft to 80,000 acre-feet of Missouri River depletion for the Red River Valley 
did not add a third non-navigation year during the 1930s drought.  Overall, the effects of the No 
Action alternative and the three alternatives diverting Missouri River water to the Red River 
Valley on Missouri River Basin uses and resources are very similar (Corps 2006). 
 
   Table C.19 – Comparison of three Missouri River Import Alternatives to the No Action  
   Alternative (1930-1941). 

No 
Action 

GDU 
Import 

Pipeline 
(GDUIP) 

Missouri 
River 

Import to 
RRV 

(MRRRIP) 

GDU 
Import to 
Sheyenne 

River 
(GDUISR) 

Missouri River Water Uses & 
Resources 

Ave. 
Ann. 

Value 1/ 
Percent Change from No Action 

Value 

Flood Control 167.3 0 0 0 

Navigation Benefits 2.07 1 0 0 

Navigation Season Length 5.72 0 0 0 

Hydropower NED 548.2 0 0 0 

Hydropower Energy Revenues -76.7 2 2 2 

Hydropower + Thermal Capacity at Risk 535.6 1 1 0 

Hydropower + Thermal Energy at Risk -320.4 8 8 10 

Water Supply 555.3 0 0 0 

Recreation 71.5 1 4 3 

Reservoir Coldwater Fish Habitat 4.3 -2 -2 -2 

Riverine Coldwater Fish Habitat 150.8 0 0 0 

Riverine Warmwater Fish Habitat 72.3 2 1 2 

Young Fish Production 1.44 -1 -1 -1 

Phy. Hab. for Native River Fish 80.8 0 0 0 

Riverine Tern and Plover Habitat 432.3 -28 -31 -42 

Wetland Habitat 113.8 3 2 2 

Riparian Habitat 144.3 0 0 0 

Historic Properties 6968.3 0 0 0 

     
1/  Units vary among the various economic use and environmental resource categories. 
Table reproduced from table 20 form the Red River Valley Water Supply Project, Analysis of 
Missouri River Effects, Corps 2006 
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    Table C.20 – Comparison of three Missouri River Import Alternatives to the No Action 
   Alternative (1930-2002). 

No 
Action 

GDU 
Import 

Pipeline 
(GDUIP) 

Missouri 
River 

Import to 
RRV 

(MRRRIP) 

GDU 
Import to 
Sheyenne 

River 
(GDUISR) 

Missouri River Water Uses & 
Resources 

Ave. 
Ann. 

Value 1/ 
Percent Change from No Action 

Value 

Flood Control 427.31 0 0 0 

Navigation Benefits 8.54 0 0 0 

Navigation Season Length NA NA NA NA 
Hydropower NED 655.7 NA NA NA 

Hydropower Energy Revenues 79.16 -2 -1 -2 

Hydropower + Thermal Capacity at Risk NA NA NA NA 
Hydropower + Thermal Energy at Risk NA NA NA NA 

Water Supply 611.2 0 0 0 

Recreation 87.5 0 0 0 

Reservoir Coldwater Fish Habitat 9.65 0 -1 0 

Riverine Coldwater Fish Habitat 183.07 0 0 0 

Riverine Warmwater Fish Habitat 50.64 0 0 0 

Young Fish Production 2.08 0 0 0 

Phy. Hab. for Native River Fish 81.08 0 0 0 

Riverine Tern and Plover Habitat 363.3 -13 -10 -12 

Wetland Habitat 151.83 -1 -1 0 

Riparian Habitat 116.93 0 0 0 

Historic Properties 5135 0 0 0 

     

1/  Units vary among the various economic use and environmental resource categories. 
 
Tables C.21 (1930-1941) and C.22 (1930-2002) compare the three Missouri River import 
alternatives to the current conditions (2002) using the percentage change from current conditions 
as a metric.  The tables list the resource categories which are related to endanger species.  ESA 
impact analysis is based on a comparison of baseline or current conditions and the proposed 
alternatives.  This is different than an EIS where under NEPA the comparisons are between the 
No Action Alternative and the action alternatives.     
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Table C.21 – Comparison of three Missouri River Import Alternatives to Current Conditions (1930-1941). 

Current 
Conditions 

(2002) 

GDU 
Import 

Pipeline 
(GDUIP) 

Missouri 
River 

Import to 
RRV 

(MRRRIP) 

GDU 
Import to 
Sheyenne 

River 
(GDUISR) 

Missouri River Water Uses & 
Resources 

Ave. Ann. 
Value 1/ 

Percent Change from No Action 
Value 

Riverine Warmwater Fish Habitat 72.8 1 1 1 

Phy. Hab. for Native River Fish 81.2 0 0 0 

Riverine Tern and Plover Habitat 392.9 -21 -25 -36 

Riparian Habitat 143.8 0 0 0 

1/  Units vary among the various economic use and environmental resource categories. 
 
 
Table C.22 – Comparison of three Missouri River Import Alternatives to Current Conditions (1930-2002). 

Current 
Conditions 

(2002) 

GDU 
Import 

Pipeline 
(GDUIP) 

Missouri 
River 

Import to 
RRV 

(MRRRIP) 

GDU 
Import to 
Sheyenne 

River 
(GDUISR) 

Missouri River Water Uses & 
Resources 

Ave. Ann. 
Value 1/ 

Percent Change from No Action 
Value 

Riverine Warmwater Fish Habitat 50.3 1 2 2 

Phy. Hab. for Native River Fish 81.1 0 0 0 

Riverine Tern and Plover Habitat 384.1 -18 -15 -17 

Riparian Habitat 116.8 0 0 0 

1/  Units vary among the various economic use and environmental resource categories. 
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Appendix D.1 - Aquatic Communities 
 
Introduction 
This appendix contains information used in the analysis of potential impacts to aquatic 
communities in the Sheyenne River and the Red River of the North that could result from 
changes in streamflow.   
 
Development of Aquatic Needs Flows 
A seasonal habitat-based flow regime that would maintain aquatic life in the Sheyenne and Red 
Rivers is explained in the final report, Aquatic Needs Assessment, Instream Flows for Aquatic 
Life and Riparian Maintenance (Reclamation 2003a).  The study focused on hydrologic and 
geomorphologic aspects of aquatic needs in the Sheyenne River from Harvey, North Dakota, to 
the confluence with the Red River of the North (Red River) just downstream of Fargo, North 
Dakota.  It also covered the Red River from upstream of Fargo, North Dakota, near Wahpeton, 
North Dakota, and downstream to the international gaging station at Emerson, Manitoba, 
Canada. 
 
One objective of the Aquatic Needs Assessment was to determine the hydrologic factor of 
aquatic need by: 

• Quantifying the habitat available for aquatic life at various flows in terms of space and 
season 

• Determining desired river flows to maintain a diverse community by establishing target 
flows for each reach of the river and for each season. 

 
This objective was addressed as follows: 
  
Step 1 – Stakeholders were interested in developing an operational definition of “aquatic needs” 
that incorporated the concept of habitat availability for the maintenance of a diverse aquatic 
community in all stream reaches during all seasons.  This interest was addressed through the 
selection of habitat-preference guild representatives for pool and riffle areas.   Fish species/life 
stages selected as guild representatives (guilds) are displayed below in table D.1.1.   
 
Aadland (MNDNR, personal communication, September 30, 2002) agreed that this list was 
acceptable for our purposes.  Several of the species selected as guild representatives came from 
both slow and fast riffle guilds.  Use of riffle guild species to evaluate instream flow needs is 
typically considered protective for species using other types of habitat.  Riffle areas are generally 
the first areas to become dewatered as stream depth declines, and species representing riffle 
guilds are most sensitive to changes in flow (both increases and decreases).  Thus, a riffle 
representative, longnose dace, was used for all seasons.  Longnose dace adults also served as a 
surrogate species for macroinvertebrates, as recommended by Aadland (MNDNR, personal 
communication, September 30, 2002). 
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Table D.1.1 – Habitat-Preference Guild Representatives Modeled for the Sheyenne River and Red River of the 
North by Season. 
 Habitat   Preference 

 
 

 
 
       Season 

 
Shallow Pool 

 

 
Medium Pool 

 

 
Deep Pool 

 

 
Raceway 

 
Slow Riffle 

 

 
Fast Riffle 

 
April 1 – May 
15 - Riffle 
spawning 

   Logperch 
spawning 

Longnose 
dace 

spawning 
    Walleye 

spawning 
Sand shiner 
spawning 

Shorthead 
redhorse 
spawning 
Longnose 
dace adult 

May 16 – June 
30 - Pool 
spawning 

Hornyhead 
chub 

spawning 

    

  

Orangespotted 
sunfish spawning 
Smallmouth bass 

spawning    Longnose 
dace adult 

July 1 – March 
31 - 
Maintenance 

Sand shiner 
adult 

Walleye 
adult 

White sucker 
juvenile  

Longnose 
dace adult 

 Longnose 
dace young 

Channel 
catfish 
adult 

Smallmouth 
bass juvenile 

 

  

Walleye young 
and juvenile 

Channel catfish 
juvenile  

White sucker 
adult 

 

Smallmouth 
bass adult 
Shorthead 
redhorse 

juvenile and 
adult 

Channel catfish 
young 

Sand shiner 
young 

 

 
Step 2 – Reclamation selected the following candidate reference sites in the Sheyenne River and 
Red River to represent general ecoregion boundaries: 
 

Warwick Site – Sheyenne River above Lake Ashtabula (near Warwick, North Dakota, 
Eddy County, T150N, R63W, NW1/4NW1/4 of Sec. 22).   

 
Norman Site – Sheyenne River through the Agassiz Lake Plain (near Norman, North 
Dakota, Cass County, T137N, R50W, SW1/4SW1/4 of Sec. 24). 
 
Lisbon Site – Sheyenne River below Lake Ashtabula (near Lisbon, North Dakota, 
Ransom County, T135N, R57W, SW1/4SE1/4 of Sec. 12). 
 
Pigeon Point Site – Sheyenne River through the Sandhills (at Pigeon Point Wildlife Area, 
North Dakota, Ransom County, T135N, R53W, NW1/4NE1/4 of Sec. 18). 

 
Moorhead Site  – Red River of the North near Moorhead, Minnesota (at Fargo, North 
Dakota, Clay County, Minnesota and Cass County, North Dakota, T140N, R48W, Sec. 
28/29).  This site is not influenced by a low-head dam. 
 
Grand Forks Site (Frog Point) – Red River of the North near Grand Forks, North Dakota, 
Traill County, North Dakota and Polk County, Minnesota,T148N, R49W,Sec23. 

 
All sites except the Warwick Site were used in the EIS aquatic resource impact analysis.  
Warwick was not used because it is located outside the area of influence from any alternative. 
 
Step 3 – Monthly stream discharge data were needed for each representative study site to 
determine an aquatic needs flow regime based on available water supply.  The following gaging 
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stations were used to compute naturalized flow duration curves for each site based on the period 
of record 1931-1999: 
 
Sheyenne River: 
Warwick site – Warwick gage No. 05056000 
Norman site – Kindred gage No. 05059000 
Pigeon Point site – Kindred gage No. 05059000 
Lisbon site – Lisbon gage 05058700 
 
Red River of the North: 
Moorhead – Fargo gage No. 05054000 
Frog Point – Halstad gage No. 05064500 
 
Step 4 – The PHABSIM (Physical Habitat Simulation System) was used to develop habitat 
(represented as WUA of weighted usable area) versus discharge relationships for the habitat 
guild representatives listed in table D.1.1 at each study site in the Sheyenne and Red Rivers.  
Streamflow significantly affects habitat availability for aquatic organisms, and PHABSIM links 
hydraulic parameters such as depth and velocities to HSC (habitat suitability criteria) for each 
guild to generate habitat units, or WUA.  Habitat suitability criteria were available for the guilds 
listed in table D.1.1 and were linked to hydraulic data by stream reach for this analysis.    
 
Step 5 – The next step involved using an optimization technique described by Bovee (1982) to 
develop the seasonal (monthly) instream flow regime.  Optimization techniques are used to 
determine combinations of conditions which yield best mix of benefits, or which minimize 
negative impacts (Bovee 1982).  For instream flow studies, these techniques involve selecting 
the flow for a particular time step (e.g., month) of the year that has the least detrimental effect on 
different aquatic organisms without imposing liabilities on other water users.  This means that a 
user-defined range of flows is identified for aquatic resources, with the assumption that 
remaining flows would be used for other purposes such as irrigation, M&I, and other 
consumptive uses.  The typical range of flow percentiles for instream flow studies addressing 
aquatic resources is from 5-10 % (dry years) to 50 % (average year) (Bovee 1982). 
 
This optimization technique consists first of determining WUA values—for each guild—for each 
month—for each study reach—at the user-defined flows of interest (e.g., 10th  and 50th  
percentile unregulated flow in this study), and constructing a matrix.   Each study reach requires 
a matrix for each month, with WUA values populating individual cells defined by flow 
increments as columns and guilds identifying rows.  Table D.1.2 provides an example of an 
optimization matrix developed for the Lisbon Site.   
 
The flow that maximizes habitat for the guild representative with the least amount of habitat 
among all guilds is the aquatic needs flow for that time step and river location.  For example, in 
table D.1.2, the guild with the lowest simulated habitat value (WUA) at this site in July is 
walleye young.  The flow that would maximize WUA for this guild is 26 cfs, which occurs at the 
20th flow percentile.  Therefore, 26 cfs has been operationally defined by this approach to be the 
aquatic needs flow for this site in July.   
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Figure D.1.1 summarizes the process used to determine aquatic needs. 
   

 
 
Figure D.1.1 – Aquatic Needs Operationally Defined as the Naturalized Flow at a User-Defined Flow Percentile 
That Maximizes Habitat for the Guild with the Lowest WUA Value at each Study Reach for Each Seasonal 
Time Step. 
 
WUA (Weighted usable area) values were used instead of normalized values to be consistent 
with Bovee’s (1982) example and two previous Red River instream flow reports (Reclamation 
1999b; Houston Engineering, Inc. 1997).  Two assumptions are inherent in the above technique.  
First, the habitat requirements for each time step were assumed independent of all other time 
steps.  Second, all life stages and species were assumed to have the same relative spatial 
requirements. This assumption can be avoided by weighting the total habitat area for each life 
stage according to its relative space requirements or for each species according to its priority 
from a management perspective (Bovee 1982).  Since this information was not available for this 
Project, Reclamation did not apply weighting for each life stage and species. 
 
This operationally defined aquatic needs flow regime will not likely be ideal for all guild 
representatives.  Certainly, “aquatic needs” could have been defined in any number of ways.   
The operational definition used for this analysis is intended to provide a high diversity of habitat 
conditions suitable to balance the needs of the entire riverine community.  Thus, the aquatic 
needs flow regime is an example of how to manage for biodiversity.  Any sustained deviation 
from this flow regime (e.g., prolonged increase in flow) would likely benefit some life stages and 
harm others, depending on location and timing.  The North Dakota Game and Fish Department 
has stated that their goal is to maximize biodiversity in the Sheyenne River (conference call, June 

Sample Reach – 
Hydraulics (depths and 

velocities) 

Representative Habitat Guilds 
Habitat Suitability Criteria 

(HSC) 

PHABSIM-Defines Relationship Between 
Streamflow and Physical Habitat As Weighted 

Usable Area (WUA) 

Optimization Technique Determines Habitat (WUA) For All 
Guild Representatives At User-Defined Flow Percentiles 

Aquatic Needs-Operationally Defined As Flow That 
Maximizes Habitat For Guild With Lowest WUA 
Value Among All Guilds 

Naturalized 
Flows 
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17, 2005).  Reclamation assumes MNDNR’s main priority is to promote higher diversity, but 
also to maximize habitat conditions for channel catfish and lake sturgeon in the Red River.  
 
Table D.1.2 – Example Optimization Table for Determining Aquatic Needs Flow in July at the Lisbon Site on 
the Sheyenne River.  The Shaded Rows Define the Guild with the Least Amount of Habitat (WUA) at this Site 
and at This Time Step. 
Lisbon Site  
 

    July 

Flow Percentile  10 20 30 40 50 
       
Flows (cfs)  16 26 38 57 74 
 Species Life Stage                      Habitat Values (ft2/1000 ft)  

Sand Shiner Adult 14430 13462 12997 12665 11177 
 Young 12011 13803 15554 16419 15673 
       
Walleye Young 908 998 903 787 717 
 Juvenile 2460 3060 2933 2342 2422 
 Adult 2348 3086 3302 2805 2732 
      
Longnose Dace Young 5382 5038 4747 4546 3954 
 Adult 3885 4820 6117 8322 9616 
      
Channel Catfish Young 21246 25344 29396 30723 30162 
 Juvenile 10480 11704 11034 9056 9008 
 Adult 1875 2365 2291 1848 1956 
       
White Sucker Juvenile 17868 20047 22048 23249 23136 
 Adult 2276 2959 3324 3490 4136 
      
Smallmouth Bass Juvenile 3791 5146 5977 5894 6591 
 Adult 2584 3438 3853 3773 4197 
      
Shorthead 
Redhorse 

Juvenile 4607 6283 7364 7984 9620 

 Adult 2197 3210 3877 4411 5744 
       
Minimum Habitat Value 908 998 903 787 717 
Flow which maximizes habitat in least supply = 26 cfs   

 
In addition, the aquatic needs flow regime provides some perspective on the “value” of the No 
Action Alternative.  No action serves as the standard against which action alternatives are 
compared to determine effects during the NEPA process.  Commonly however, the “value” of no 
action conditions to resources of interest is unknown, and we must assume that no action is either 
acceptable or “as good as it gets.”  With the approach outlined in this section, we have the 
opportunity to evaluate the strengths and weaknesses of the existing system (as compared to a 
portion of unregulated flows), and evaluate how proposed alternatives not only may differ from 
no action conditions, but also what the differences might mean to aquatic resources.  
 
Limitations to developing flows for aquatic need that are not considered by this approach 
include: 
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• Water year types; 
• Water quality; 
• Resource management goals (i.e., prioritization of species); and 
• Channel maintenance and riparian flows.  

 
Impact Assessment Methods 
The following procedures were used to assess impacts of various alternatives on aquatic 
resources in the Sheyenne River and Red River.  In Appendix D.2, available habitat—defined as 
WUA —from the PHABSIM analysis is displayed by study site for each time step, guild 
representative life stage, and each alternative in the Sheyenne River and Red River.  Habitat was 
derived by calculating the 50th and 10th  percentile monthly flows for each alternative from 
STATEMOD model runs , and converting those flows to habitat units (WUA).  Lake sturgeon 
(Red River) and mussels are also included in the Appendix D.2 tables.   
 
PHABSIM studies generate large amounts of technical data.  We have explored mechanisms that 
would reduce the amount of information that must be reviewed, while retaining the essence of 
that information, in order to facilitate decisionmaking.  For each action alternative, the WUA for 
all guild representatives was compared to the WUA for the No Action Alternative.  The 
following steps describe how Appendix D.2 data were analyzed.  
 
Step 1 – Percentage changes in WUA units were calculated for each action alternative relative to 
the No Action Alternative action at the 50th and 10th percentile flow levels.   
 
Step 2 – Relative impacts of these changes were assigned the following magnitudes of positive 
and negative gains and losses in WUA units:   

 
Examination of Appendix D.2 tables illustrates how various guilds would be affected (i.e., 
positively (+), negatively (-), or not affected (0) by the various alternatives.  As expected, 
different effects occur among habitat guild representatives.  It needs to be understood that, for 
purposes of the EIS, these habitat gains and losses relate to comparisons to the No Action 
Alternative and not to the Aquatic Needs flows.  However, all data are available in Appendix D.2 
for the reader to make any comparisons to Aquatic Needs flows.     
 
Step 3 – Once impact levels were assigned, the number of occurrences of positive, negative, and 
no change values were tallied for all time steps and guild representatives at the 50th and 10th 
percentile flow levels, respectively.   
 
Step 4 – Each alternative was “scored” based on Step 3 results as follows: 

 
The intent of “scoring” each alternative was to provide decisionmakers a quick tool for assessing 
relative impacts of each alternative on aquatic resources compared to the No Action Alternative, 

minor loss (-10.1-15%) = -; moderate loss (-15.1-20%) = --; major loss (>-20%) = ---; minor gain (10.1-15%) = +; 
moderate gain (15.1-20%) = ++; major gain (>20%) = +++; no change (-10-10%) = 0.   

Score = sum of number of weighted gains and losses (weights: + = 1; - = -1; ++ = 2;-- = -2; +++ = 3; --- = -3).    
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assist with selection of a “preferred alternative,” and to screen out less desirable alternatives 
from an aquatic resource perspective.  Summaries of alternative scores at each site are presented 
in the EIS.  Again, for purposes of this EIS, these scores are related to the No Action Alternative 
and are not related to Aquatic Needs flows.  The data used to develop these summaries are 
available in Appendix D.2 and can be used by the reader to score alternatives based on 
comparisons to Aquatic Needs flows. 
 
Because of the difficulty interpreting the volume of tabular results in Appendix D.2, we also 
attempted to capture the nature of aquatic resource impacts visually.  Thus, in addition to tabular 
analysis, graphics were used to illustrate impacts.  Figures D.1.2 and D.1.3, taken from Appendix 
D.3, are examples of graphical representations of tabular results from Appendix D.2.  The 
naturalized hydrology was developed by USGS for use in STATEMOD modeling.   
 

Lisbon Site - No Action1 and Aquatic Needs
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Figure D.1.2 – 50th Percentile Flows and Habitat for Representative Fish Species with the Least Available 
Habitat from the Aquatic Needs Analysis. 
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Figure D.1.3 – 10th percentile flows and habitat for representative fish species with the least available 
habitat from the Aquatic Needs analysis. 

 
Figures D.1.2 and D.1.3 overlay WUA units linked to corresponding flows by time steps at the 
10th and 50th percentile levels to compare No Action with Aquatic Needs.  Naturalized flows are 
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also included in these figures for reference.  Habitat guild representatives were selected based on 
those species/life stages with the minimum amount of habitat among all guild representatives 
from the Aquatic Needs analysis and vary among time steps.  Limiting the number of guild 
representatives on the graphs reduced clutter and confusion with interpretation. The figures show 
that No Action habitat is generally lower than Aquatic Needs habitat.   
 
Flows are relatively similar among No Action, Aquatic Needs, and unregulated flows during the 
summer, fall, and winter.  Most of the deviation in flow occurs in the spring, particularly at the 
10th percentile level where Aquatic Needs flows are substantially higher than No Action flows 
between April and June.  As mentioned earlier, any long-term deviation in flow from Aquatic 
Needs will likely harm some species and benefit others, which may or may not be desirable from 
a management viewpoint.  Also, the Aquatic Needs flow regime is intended to provide the 
highest diversity of habitat conditions suitable to balance the needs of the entire riverine 
community.  In contrast, the No Action Alternative is the future without the Project and does not 
consider the aquatic community. 
 
Note that this example addresses only the Lisbon Site.  As this example illustrates, flows 
beneficial to one guild may be detrimental to another guild, or as Bovee (1982) noted, more 
water does not necessarily mean more habitat (WUA).  In addition, different guilds may require 
different flows at different seasons, and a flow that maximizes WUA for a guild in one reach of 
the Sheyenne and/or Red Rivers, may not provide many WUA units in another reach of the same 
river.   
 
The fact that the figures show generally more habitat occurs with lower flows can be explained 
by the nature of the relationship between flow and habitat.  For example, the habitat (WUA) 
versus flow relationship for longnose dace spawning (April-May 15) at the Lisbon Site is 
presented in Figure D.1.4.  Examination of this graph shows that maximum habitat occurs at a 
relatively low flow of 70 cfs.  Higher or lower flows reduce habitat for this life stage.  This can 
be further explained by the HSC (habitat suitability criteria) used in the PHABSIM analysis that 
reflect longnose dace spawning in slow riffles (low velocities and shallow depths).  

                             Figure D.1.4 – Relationship between Flow and Habitat for Longnose Dace Spawning 
                                 at the Lisbon Site on the Sheyenne River. 
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Effects of Alternatives on Red River Aquatic Communities 
No Action Alternative 
Fish   Habitat for No Action was compared to Aquatic Needs flows to determine how well the 
No Action Alternative balances the needs of the entire riverine community, as defined by 
Aquatic Needs flows and habitat.  Examination of graphs in Appendix D.3 show that, in general, 
the No Action Alternative fish habitat for displayed guild representatives is less than Aquatic 
Needs habitat in the Red River.  This suggests that the No Action Alternative does not provide 
the highest diversity of habitat conditions in the Red River.  Extremely low summer, fall, and 
winter 10th percentile flows under the No Action Alternative would likely have a very negative 
affect on the fish community, particularly at the Moorhead Site.   
 
Since Aquatic Needs habitat for lake sturgeon in the Red River was not determined, a more 
qualitative approach was used to evaluate the No Action Alternative.  Extremely low summer, 
fall, and winter 10th percentile flows would likely have a very negative affect on lake sturgeon 
adults, particularly at the Moorhead Site.  
  
Mussels   Since Aquatic Needs habitat for mussels in the Red River was not determined, a more 
qualitative approach was used to evaluate No Action.  Although habitat was calculated for six 
mussel species (Appendix D.2), the creeper (squawfoot) mussel was evaluated because it 
generally had the least amount of habitat among all mussel species.  Examination of the graphs 
in Appendix D.3 show that the amount of creeper habitat is generally positively correlated with 
flow at the Moorhead Site at the 10th and 50th percentile flows and at Frog Point at the 10th  
percentile flow, but higher flows (50th  percentile) at Frog Point show a negative correlation with 
flow.  Extremely low summer, fall, and winter 10th percentile flows would likely have a very 
negative affect on mussels, particularly at the Moorhead Site.   
 
North Dakota In-Basin Alternative 
Fish   Flows under this alternative are generally higher than the No Action Alternative, 
particularly at the 50th percentile flows.  Although habitat conditions for select species appear 
similar to No Action (Appendix D.3), positive habitat conditions for all fish species occur at 
Moorhead, particularly at the 50th percentile flow (table D.1.3). Negative habitat scores at Frog 
Point are the result of habitat loss during the April-May spawning season. Lake sturgeon habitat 
increases slightly at all flow levels except a minor decrease at the 50th percentile flow at Frog 
Point due to habitat loss during the spawning season (May-June) (tables D.1.5 and D.1.6). 
  
Table D.1.3 – Summary of Action Alternative Fish Habitat Scores at Moorhead on the Red River Compared to 
the No Action Alternative. 

Moorhead Site Summary of Scores 
Alternative 50th percentile flow 10th percentile flow 
North Dakota In-Basin 43 2 

Red River Basin 43 2 

GDU Import to Sheyenne River 43 378 

GDU Import Pipeline 128 273 

Missouri River Import to Red River Valley 0 -2 
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Table D.1.4 – Summary of Action Alternative Fish Habitat Scores at Frog Point on the Red River Compared to 
the No Action Alternative. 

Frog Point Site Summary of Scores 
Alternative 50th percentile flow 10th percentile flow 
North Dakota In-Basin  -2 -10 

Red River Basin  -8 6 

GDU Import to Sheyenne River  6 150 

GDU Import Pipeline  69 72 

Missouri River Import to Red River Valley  -6 20 
 
Table D.1.5 – Summary of Action Alternative Lake Sturgeon Habitat Scores at Moorhead on the Red River 
Compared to the No Action Alternative. 

Moorhead Site Summary of Scores 
Alternative 50th percentile flow 10th percentile flow 
North Dakota In-Basin  4 8 

Red River Basin  4 8 

GDU Import to Sheyenne River  4 30 

GDU Import Pipeline  17 27 

Missouri River Import to Red River Valley  -1 -1 
 
Table D.1.6 – Summary of Action Alternative Lake Sturgeon Habitat Scores at Frog Point on the Red River 
Compared to the No Action Alternative. 

Frog Point Site Summary of Scores 
Alternative 50th percentile flow 10th percentile flow 
North Dakota In-Basin  -4 2 

Red River Basin  -4 1 

GDU Import to Sheyenne River  1 20 

GDU Import Pipeline 5 8 

Missouri River Import to Red River Valley 0 1 
 
Mussels  Since North Dakota In-Basin flows are generally higher than No Action flows, habitat 
conditions for mussels would also be higher (Appendix D.3).  This is reflected in the summary 
habitat scores that show habitat increases at all flow levels at Moorhead and Frog Point (tables 
D.1.7 and D.1.8).  
 
Table D.1.7 – Summary of Action Alternative Mussel Habitat Scores at Moorhead on the Red River Compared 
to the No Action Alternative. 

Moorhead Site Summary of Scores 
Alternative 50th percentile flow 10th percentile flow 
North Dakota In-Basin  106 51 

Red River Basin  106 51 

GDU Import to Sheyenne River  106 195 

GDU Import Pipeline  124 126 

Missouri River Import to Red River Valley  0 6 
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Table D.1.8 – Summary of Action Alternative Mussel Habitat Scores at Frog Point on the Red River Compared 
to the No Action Alternative. 

Frog Point Site Summary of Scores 
Alternative 50th percentile flow 10th percentile flow 
North Dakota In-Basin 41 119 

Red River Basin  31 164 

GDU Import to Sheyenne River  15 203 

GDU Import Pipeline  94 194 

Missouri River Import to Red River Valley  4 158 
 
Red River Basin Alternative 
Fish   Since flows at Moorhead for the Red River Basin Alternative are the same as the North 
Dakota In-Basin Alternative, impacts on fish habitat are the same (Appendix D.3; tables D.1.3 
and D.1.4).  Although habitat conditions for select species appear similar to the No Action 
Alternative (Appendix D.3), positive habitat conditions for all fish species occur at Moorhead, 
particularly at the 50th percentile flow (table D.1.3).  The negative habitat score at Frog Point 
(table D.1.4) is the result of habitat loss during the April-May spawning season.  Lake sturgeon 
habitat increases slightly at all flow levels except a minor decrease at the 50th percentile flow at 
Frog Point due to habitat loss during the spawning season (May-June) (tables D.1.5 and D.1.6). 

  
Mussels   Impacts at Moorhead are the same as the North Dakota In-Basin Alternative because 
flows are the same.  In general, habitat is improved for mussels with the Red River Basin 
Alternative compared to the No Action Alternative (Appendix D.3).  This is also reflected in the 
high positive scores at Moorhead and Frog Point (tables D.1.7 and D.1.8).     

 
GDU Import to Sheyenne River Alternative  
Fish   Since flows at Moorhead for the GDU Import to Sheyenne River Alternative are the same 
as the North Dakota In-Basin Alternative at the 50th percentile flow, impacts on fish habitat are 
the same (Appendix D.3; table D.1.3).  Positive habitat conditions for all fish species occur at 
Moorhead and Frog Point, particularly at the 10th percentile flow where this alternative shows the 
most habitat improvement among alternatives (Appendix D.3; tables 3 and 4).  Lake sturgeon 
show similar effects with most habitat improvement at the 10 percentile flow level at both 
locations (tables D.1.5 and D.1.6). 

  
Mussels   Habitat and flow graphs show mussel habitat generally is better with the GDU Import 
to Sheyenne River Alternative compared to the No Action Alternative at Moorhead and Frog 
Point in the Red River (Appendix D.3).  Positive habitat conditions occur at Moorhead and Frog 
Point, particularly at the 10th percentile flow where this alternative shows the most habitat 
improvement among alternatives (tables D.1.7 and D.1.8).   

 
GDU Import Pipeline Alternative 
Fish   Habitat graphs show that, at the Moorhead Site, fish habitat is substantially better with the 
GDU Import Pipeline Alternative than with the No Action Alternative during most months at the 
10th percentile flow (Appendix D.3).  This is primarily because of extremely low summer, fall, 
and winter flows with the No Action Alternative compared to this alternative.  At Frog Point, 
fish habitat is better with the GDU Import Pipeline Alternative compared to the No Action 
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Alternative, particularly at the 50th percentile level (Appendix D.3).  Habitat scores show greatest 
improvement in fish habitat with this alternative among other alternatives compared to the No 
Action Alternative at the 50 percentile flow at Moorhead and Frog Point (tables D.1.3- D.1.4).  
Lake sturgeon habitat also increases, with most improvement occurring at Moorhead (tables 
D.1.5- D.1.6). 
 
Mussels  Habitat graphs show that, in general, mussel habitat in the Red River is improved with 
the GDU Import Pipeline Alternative compared to the No Action Alternative (Appendix D.3).  
Habitat scores show the greatest improvement in mussel habitat with this alternative among other 
alternatives compared to the No Action Alternative at the 50th percentile flow (tables D.1.7 and 
D.1.8). 

 
Missouri River Import to Red River Valley Alternative 
Fish   Habitat graphs show that, in general, fish habitat in the Red River is similar between the 
Missouri River Import to Red River Valley Alternative and No Action Alternative (Appendix 
D.3).  Habitat scores show no change to minimal habitat change for fish except moderate 
improvement in fish habitat at the 10th percentile flow at Frog Point (tables D.1.3 and D.1.4).  
Lake sturgeon habitat is essentially not affected at Moorhead or Frog Point (tables D.1.5 and 
D.1.6). 
 
Mussels   Habitat graphs show that, in general, mussel habitat in the Red River is slightly 
improved with the Missouri River Import to Red River Valley Alternative compared to the No 
Action Alternative, particularly at the 10th percentile level (Appendix D.3).  Habitat scores show 
no to minimal habitat improvement for mussels, except for a substantial improvement at the 10th 
percentile flow at Frog Point (tables D.1.7 and D.1.8).  

 
Effects of Alternatives on Sheyenne River Aquatic Communities 
No Action Alternative 
Fish   Habitat for the No Action Alternative was compared to the aquatic needs flow regime to 
determine how well the No Action Alternative balances the needs of the entire riverine 
community, as defined by aquatic needs flows and habitat.  Examination of graphs in Appendix 
D.3 show that, in general, No Action Alternative fish habitat for displayed guild representatives 
is less than Aquatic Needs habitat at all sites most of the time in the Sheyenne River.  This 
suggests that the No Action Alternative does not provide the highest diversity of habitat 
conditions in the Sheyenne River.  Low summer, fall, and winter 10th percentile flows would 
likely have a very negative affect on the fish community.   

 
Mussels   Since Aquatic Needs habitat for mussels in the Sheyenne River was not determined, a 
more qualitative approach was used to evaluate the No Action Alternative.  Although habitat was 
calculated for six mussel species (Appendix D.2), the creeper (squawfoot) mussel was evaluated 
because it generally had the least amount of habitat among all mussel species.  Examination of 
the graphs in Appendix D.3 show that the amount of creeper habitat is generally positively 
correlated with flow at all Sheyenne River sites at the 10th and 50th percentile flows.  Low 
summer, fall, and winter 10th percentile flows would likely have a very negative affect on 
mussels.   
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North Dakota In-Basin Alternative 
Fish   Graphs in Appendix D.3 show generally positive effects on Sheyenne River fish habitat 
with the North Dakota In-Basin Alternative compared to No Action Alternative.  Noticeable 
effects include substantially improved walleye young habitat October to February at the 10th 
percentile flow at Pigeon Point.  Habitat scores show mostly increased fish habitat compared to 
the No Action Alternative, with greatest increases occurring at the 10th percentile flow level at all 
Sheyenne River sites (tables D.1.9 - D.1.11).  The only decrease in habitat occurs at the 50 
percentile flow at Norman (table D.1.11). 
 
Table D.1.9 – Summary of Action Alternative Fish Habitat Scores at Lisbon on the Sheyenne River Compared 
to the No Action Alternative. 

Lisbon Site Summary of Scores 

Alternative 50th percentile flow 
10th percentile 

flow 
North Dakota In-Basin  60 146 

Red River Basin  -17 76 

GDU Import to Sheyenne River  105 343 

GDU Import Pipeline  -9 72 

Missouri River Import to Red River Valley  -11 49 
 
Table D.1.10 – Summary of Action Alternative Fish Habitat Scores at Pigeon Point on the Sheyenne River 
Compared to the No Action Alternative. 

Pigeon Point Site Summary of Scores 

Alternative 50th percentile flow 
10th percentile 

flow 
North Dakota In-Basin 21 262 

Red River Basin  -8 87 

GDU Import to Sheyenne River  164 402 

GDU Import Pipeline  -21 45 

Missouri River Import to Red River Valley  -34 42 
 
Table D.1.11 – Summary of Action Alternative Fish Habitat Scores at Norman on the Sheyenne River 
Compared to the No Action Alternative. 

Norman Site Summary of Scores 

Alternative 50th percentile flow 
10th percentile 

flow 
North Dakota In-Basin  -3 139 

Red River Basin -5 41 

GDU Import to Sheyenne River  109 252 

GDU Import Pipeline  -3 24 

Missouri River Import to Red River Valley  -3 22 
 

Mussels   Graphs show mussel habitat generally increases compared to the No Action 
Alternative, particularly at the 10th percentile flow level (Appendix D.3).  Habitat scores also 
show that mussel habitat improves with the North Dakota In-Basin Alternative compared to the 
No Action Alternative at all locations (tables D.1.12 - D.1.14). 
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Table D.1.12 – Summary of Action Alternative Mussel Habitat Scores at Lisbon on the Sheyenne River 
Compared to the No Action Alternative. 

Lisbon Site Summary of Scores 
Alternative 50th percentile flow 10th percentile flow 
North Dakota In-Basin  88 96 

Red River Basin  -21 3 

GDU Import to Sheyenne River  141 226 

GDU Import Pipeline  -23 -10 

Missouri River Import to Red River Valley  -25 -10 
 
Table D.1.13 – Summary of Action Alternative Mussel Habitat Scores at Pigeon Point on the Sheyenne River 
Compared to the No Action Alternative. 

Norman Site Summary of Scores 
Alternative 50th percentile flow 10th percentile flow 
North Dakota In-Basin  66 144 

Red River Basin  -38 23 

GDU Import to Sheyenne River  139 234 

GDU Import Pipeline  -41 0 

Missouri River Import to Red River Valley  -44 1 
 
Table D.1.14 – Summary of Action Alternative Mussel Habitat Scores at Norman on The Sheyenne River 
Compared to the No Action Alternative. 

Norman Summary of Scores 
Alternative 50th percentile flow 10th percentile flow 
North Dakota In-Basin  52 137 

Red River Basin  -31 26 

GDU Import to Sheyenne River  124 231 

GDU Import Pipeline -32 0 

Missouri River Import to Red River Valley -36 1 
 
 
Red River Basin Alternative 
Fish   Appendix D.3 graphs show minimal seasonal effect on Sheyenne River fish habitat with 
the Red River Basin Alternative compared to the No Action Alternative.  Habitat scores show 
habitat loss compared to the No Action Alternative at the 50th percentile flow level and slight 
gains at the 10th percentile level at all Sheyenne River sites (tables D.1.9 - D.1.11). 

  
Mussels   Graphs show minor mussel habitat impacts at all Sheyenne River locations (Appendix 
D.3).  Habitat scores show moderately decreased habitat with the Red River Basin Alternative 
compared to the No Action Alternative at the 50th percentile flow level and low to moderately 
increased habitat at the 10th percentile level at all sites (tables D.1.12 - D.1.14). 

 
GDU Import to Sheyenne River Alternative 
Fish   Appendix D.3 graphs show mixed seasonal effects on Sheyenne River fish habitat with the 
GDU Import to Sheyenne River Alternative compared to the No Action Alternative.  Habitat 
generally increases at Pigeon Point and increases or decreases depending on time step at Norman 
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and Lisbon.  Habitat scores show overall highest levels of increased fish habitat among 
alternatives at all locations (tables D.1.9 - D.1.11).   

  
Mussels   Habitat graphs show major mussel habitat improvements at all locations with the GDU 
Import to Sheyenne River Alternative compared to the No Action Alternative, particularly at the 
10th percentile flow level (Appendix D.3).  Habitat scores show overall increased mussel habitat 
with this alternative compared to the No Action Alternative (tables D.1.12 - D.1.14).  In fact, this 
alternative shows the greatest improvement in habitat among the alternatives at all Sheyenne 
River sites.  
 
GDU Import Pipeline Alternative 
Fish   Appendix D.3 graphs show similar seasonal Sheyenne River fish habitat with the GDU 
Import Pipeline Alternative compared to the No Action Alternative.  Fish habitat scores show 
losses occurring at the 50th percentile flow and moderate gains at the 10th percentile flow at all 
Sheyenne River sites (tables D.1.9 - D.1.11). 

  
Mussels   Habitat graphs show similar seasonal Sheyenne River mussel habitat with the GDU 
Import Pipeline Alternative compared to the No Action Alternative (Appendix D.3).  Habitat 
scores show mostly decreased mussel habitat with this alternative compared to the No Action 
Alternative, except for no change at the 10th percentile flow level at Pigeon Point and Norman 
(tables D.1.12 - D.1.14).     

 
Missouri River Import to Red River Valley Alternative 
Fish   Appendix D.3 graphs show generally a slight increase in Sheyenne River fish habitat with 
the Missouri River Import to Red River Valley Alternative compared to the No Action 
Alternative, particularly at the 10th percentile flow level.  Habitat scores show moderate 
improvement in fish habitat at the 10th percentile level and losses in habitat at the 50th percentile 
level compared to the No Action Alternative (tables D.1.9 - D.1.11). 

  
Mussels   Habitat graphs show similar mussel habitat in the Sheyenne River at all locations when 
comparing the Missouri River Import to Red River Valley Alternative to the No Action 
Alternative (Appendix D.3).  Habitat scores generally show overall decreased habitat conditions 
for mussels at all sites and flow levels except minimal improvement at the 10th percentile flow at 
Pigeon Point and Norman (tables D.1.12 - D.1.14).  
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Appendix D.2 – 10th and 50th Percentile Flow and Fish and Mussel 
Habitat Units at Sheyenne River and Red River Sites for each 
Alternative  
 
Table D.2.1 - January 50% Flow Results of Flows and Habitat Units (WUA) for Each Alternative at the Lisbon 
Site on The Sheyenne River. 

 
No 

Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

January    
 50% flow (cfs) 15 18 15 42 14 14 11
Sand shiner 
young 14666 14197 14633 12967 14757 14757 15122
Sand shiner 
adult 11539 12479 11605 15918 11354 11354 10624
Walleye young 885 932 888 876 875 875 839
Walleye 
juvenile 2262 2656 2289 2803 2184 2184 1878
Walleye adult 2150 2543 2178 3227 2073 2073 1768
Longnose dace 
young 5439 5326 5431 4714 5462 5462 5550
Longnose dace 
adult 3668 4100 3698 6581 3584 3584 3248
Channel catfish 
young 20226 22258 20368 30050 19827 19827 18249
Channel catfish 
juvenile 10122 10835 10171 10606 9982 9982 9427
Channel catfish 
adult 1750 1999 1768 2198 1701 1701 1508
White sucker 
juvenile 17247 18484 17333 22450 17004 17004 16043
White sucker 
adult 2127 2424 2148 3358 2069 2069 1838
Smallmouth 
bass juvenile 3461 4117 3507 5995 3332 3332 2823
Smallmouth 
bass adult 2384 2782 2412 3854 2306 2306 1998
Shorthead 
redhorse 
juvenile 4229 4981 4282 7495 4081 4081 3497
Shorthead 
redhorse adult 1989 2403 2018 3973 1907 1907 1586
Fat Mucket 

1358 1586 1382 3101 1290 1290 
Giant Floater 186 227 189 335 177 177 
Plain 
Pocketbook 1961 2215 1996 3139 1863 1863 
Wabash Pigtoe 0 0 0 1 0 0 
Creeper 
(Squawfoot) 0 0 0 5 0 0 
Threeridge 0 0 0 15 0 0 
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Table D.2.2 - February 50% Flow Results of Flows and Habitat Units (WUA) for Each Alternative at the Lisbon 
Site on the Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin 

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

February    
 50% flow (cfs) 

136 143 138 128 138 138 13
Sand shiner 
young 5992 5539 5842 6530 5891 5891 14870
Sand shiner 
adult 11326 10867 11174 11869 11224 11224 11129
Walleye young 594 582 590 607 591 591 864
Walleye 
juvenile 3058 3126 3081 2977 3073 3073 2090
Walleye adult 2711 2707 2709 2716 2710 2710 1979
Longnose dace 
young 2383 2245 2338 2548 2353 2353 5489
Longnose dace 
adult 10036 9961 10011 10126 10019 10019 3480
Channel catfish 
young 24445 23783 24226 25231 24298 24298 19341
Channel catfish 
juvenile 9609 9654 9624 9555 9619 9619 9811
Channel catfish 
adult 2564 2623 2584 2495 2577 2577 1642
White sucker 
juvenile 19337 18872 19183 19888 19233 19233 16708
White sucker 
adult 6668 6933 6756 6352 6727 6727 1998
Smallmouth 
bass juvenile 8603 8773 8659 8401 8641 8641 3175
Smallmouth 
bass adult 5829 5993 5883 5634 5865 5865 2211
Shorthead 
redhorse 
juvenile 14984 15498 15154 14375 15099 15099 3901
Shorthead 
redhorse adult 11556 12196 11768 10798 11698 11698 1808
Fat Mucket 

7693 7912 7765 7434 7742 7742 
Giant Floater 

1054 1117 1075 980 1068 1068 
Plain 
Pocketbook 4995 5076 5022 4900 5013 5013 
Wabash Pigtoe 

294 350 313 227 307 307 
Creeper 
(Squawfoot) 239 274 251 197 247 247 
Threeridge 

391 440 408 334 402 402 
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Table D.2.3 - March 50% Flow Results of Flows and Habitat Units (WUA) for Each Alternative at the Lisbon 
Site on the Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

March        

 50% flow (cfs) 76 76 76 99 76 76 37 
Sand shiner 

young 10951 10911 10911 8512 10951 10951 13058 
Sand shiner 

adult 15526 15500 15500 13843 15526 15526 15413 
Walleye young 712 711 711 656 712 712 913 

Walleye 
juvenile 2446 2451 2451 2687 2446 2446 2943 

Walleye adult 2734 2734 2734 2734 2734 2734 3289 
Longnose dace 
young 3882 3870 3870 3151 3882 3882 4782 
Longnose dace 
adult 9699 9713 9713 10417 9699 9699 5985 
Channel catfish 
young 30005 29978 29978 28070 30005 30005 29053 
Channel catfish 
juvenile 9040 9046 9046 9355 9040 9040 11082 
Channel catfish 
adult 1981 1986 1986 2241 1981 1981 2292 
White sucker 
juvenile 23044 23028 23028 21871 23044 23044 21887 
White sucker 
adult 4226 4242 4242 5210 4226 4226 3280 
Smallmouth 
bass juvenile 6683 6699 6699 7656 6683 6683 5900 
Smallmouth 
bass adult 4260 4271 4271 4927 4260 4260 3810 
Shorthead 
redhorse 
juvenile 9834 9871 9871 12149 9834 9834 7247 
Shorthead 
redhorse adult 5933 5967 5967 8057 5933 5933 3798 
Fat Mucket 

5126 5143 5143 6259 5126 5126  
Giant Floater 

530 533 533 728 530 530  
Plain 
Pocketbook 4023 4030 4030 4471 4023 4023  
Wabash Pigtoe 

24 25 25 71 24 24  
Creeper 
(Squawfoot) 46 47 47 89 46 46  
Threeridge 

78 80 80 167 78 78  
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Table D.2.4 - April 50% Flow Results of Flows and Habitat Units (WUA) for each Alternative at the Lisbon Site 
on the Sheyenne River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

April        
 50% flow (cfs) 407 440 439 459 438 438 134 
Logperch 
spawning 5351 4535 4558 4079 4575 4575 1879 
Longnose dace 
spawning 0 0 0 0 0 0 177 
Longnose dace 
adult 3536 3184 3194 2987 3201 3201 10061 
Shorthead 
readhorse 
spawning 1242 1152 1155 1102 1157 1157 2549 
Walleye 
spawning 8569 7649 7676 7136 7695 7695 14946 
Sandshiner 
spawning 3887 3487 3498 3263 3507 3507 16379 
Fat Mucket 9865 9724 9729 9635 9731 9731  
Giant Floater 3020 3133 3130 3191 3128 3128  
Plain 
Pocketbook 6029 6001 6002 5981 6003 6003  
Wabash Pigtoe 

5100 5591 5577 5836 5567 5567  
Creeper 
(Squawfoot) 5273 6229 6202 6742 6182 6182  
Threeridge 3076 3361 3353 3501 3347 3347  
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Table D.2.5 - May 1-15 50% flow results of flows and habitat units (WUA) for each alternative at the Lisbon 
Site on the Sheyenne River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

May 1-15        
 50% flow (cfs) 126 132 131 122 130 130 100 
Logperch 
spawning 1582 1799 1778 1456 1748 1748 631 
Walleye 
spawning 14198 14745 14692 13882 14616 14616 11811 
Longnose dace 
adult 10151 10085 10091 10189 10101 10101 10437 
Longnose dace 
spawning 

227 191 194 248 199 199 387 
Sand shiner 
spawning 16992 16544 16587 17251 16649 16649 18951 
Shorthead 
redhorse 
spawning 2404 2510 2500 2343 2485 2485 1940 
Fat Mucket 7363 7552 7534 7231 7507 7507  
Giant Floater 959 1014 1008 929 1001 1001  
Plain 
Pocketbook 4873 4943 4937 4825 4927 4927  
Wabash Pigtoe 

209 258 253 189 246 246  
Creeper 
(Squawfoot) 186 216 213 172 209 209  
Threeridge 318 360 356 298 350 350  
 
Table D.2.6 - May 16-31 50% flow results of flows and habitat units (WUA) for each alternative at the Lisbon 
Site on the Sheyenne River. 
 No 

Action  
North 

Dakota 
In-Basin  

Red 
River 
Basin  

GDU Import 
to Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

May 16-31        
 50% flow (cfs) 126 132 131 122 130 130 148 

Hornyhead chub 
spawning 7142 6778 6813 7352 6864 6864 5786 

Orangespotted 
sunfish spawning 7869 7725 7739 7951 7759 7759 7334 
Smallmouth bass 

spawning 33 33 33 33 33 33 34 
Longnose dace 
adult 10151 10085 10091 10189 10101 10101 9906 
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Table D.2.7 - June 50% Flow Results of Flows and Habitat Units (WUA) for Each Alternative at the Lisbon Site 
on the Sheyenne River. 
 
 
 

No 
Action  

North 
Dakota 

In-Basin  

Red 
River 
Basin  

GDU Import 
to Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

June        
 50% flow (cfs) 127 129 108 160 106 106 

129 
Hornyhead chub 
spawning 

7058 6979 8269 5310 8351 8351 6951 
Orangespotted 
sunfish spawning 

7836 7805 8313 7056 8345 8345 7794 
Smallmouth bass 
spawning 

33 33 32 34 32 32 33 
Longnose dace 
adult 10136 10121 10354 9600 10369 10369 10116 
Fat Mucket 7406 7447 6621 8321 6567 6567  
Giant Floater 972 983 801 1262 790 790  
Plain Pocketbook 

4890 4905 4604 5218 4584 4584  
Wabash Pigtoe 220 231 112 537 105 105  
Creeper 
(Squawfoot) 193 199 118 399 114 114  
Threeridge 328 337 213 584 206 206  
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Table D.2.8 - July 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Lisbon 
Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

July        
 50% flow (cfs) 

72 77 49 118 66 62 26 
Sand shiner 
young 11356 10885 13142 7227 11948 12223 13460 
Sand shiner 
adult 15790 15483 16517 12573 16104 16224 13825 
Walleye young 721 710 827 625 746 762 997 
Walleye 
juvenile 2402 2454 2411 2873 2364 2356 3058 
Walleye adult 2731 2734 2910 2722 2754 2773 3090 
Longnose dace 
young 4010 3861 4759 2762 4237 4355 5037 
Longnose dace 
adult 9551 9723 7557 10242 9093 8798 4832 
Channel catfish 
young 30286 29959 30708 26249 30545 30613 25392 
Channel catfish 
juvenile 8982 9050 9376 9485 8981 9010 11695 
Channel catfish 
adult 1937 1988 1885 2404 1889 1873 2364 
White sucker 
juvenile 23208 23017 23083 20602 23290 23275 20072 
White sucker 
adult 4065 4252 3276 5944 3812 3689 2962 
Smallmouth 
bass juvenile 6517 6710 5703 8139 6247 6112 5155 
Smallmouth 
bass adult 4148 4278 3665 5382 3980 3901 3442 
Shorthead 
redhorse 
juvenile 9451 9896 7404 13586 8818 8499 6292 
Shorthead 
redhorse adult 5595 5989 3943 9815 5071 4819 3214 
Fat Mucket 

4930 5155 3536 7034 4545 4342  
Giant Floater 

503 535 355 888 460 438  
Plain 
Pocketbook 3932 4034 3363 4754 3777 3696  
Wabash Pigtoe 

17 25 1 164 12 10  
Creeper 
(Squawfoot) 39 47 7 155 30 25  
Threeridge 

64 81 20 270 51 44 
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Table D.2.9 - August 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Lisbon 
Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

August        
 50% flow (cfs) 

19 25 20 76 19 19 25 
Sand shiner 
young 14100 13485 13947 10963 14100 14100 13477 
Sand shiner 
adult 12674 13521 12926 15534 12674 12674 13620 
Walleye young 942 1009 959 712 942 942 1005 
Walleye 
juvenile 2738 3081 2856 2445 2738 2738 3074 
Walleye adult 2625 3043 2743 2734 2625 2625 3058 
Longnose dace 
young 5302 5060 5258 3886 5302 5302 5052 
Longnose dace 
adult 4189 4671 4311 9694 4189 4189 4723 
Channel catfish 
young 22678 24732 23241 30014 22678 22678 24946 
Channel catfish 
juvenile 10983 11823 11223 9038 10983 10983 11782 
Channel catfish 
adult 2050 2388 2136 1980 2050 2050 2380 
White sucker 
juvenile 18740 19725 19065 23049 18740 18740 19838 
White sucker 
adult 2486 2931 2587 4221 2486 2486 2941 
Smallmouth 
bass juvenile 4253 5034 4453 6678 4253 4253 5074 
Smallmouth 
bass adult 2864 3391 2992 4256 2864 2864 3408 
Shorthead 
redhorse 
juvenile 5137 6176 5381 9822 5137 5137 6214 
Shorthead 
redhorse adult 2489 3157 2632 5923 2489 2489 3175 
Fat Mucket 

1630 1955 1697 5120 1630 1630  
Giant Floater 

235 282 248 529 235 235  
Plain 
Pocketbook 2262 2549 2331 4021 2262 2262  
Wabash Pigtoe 

0 0 0 24 0 0  
Creeper 
(Squawfoot) 0 0 0 46 0 0  
Threeridge 

0 2 0 78 0 0 
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Table D.2.10 - September 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Lisbon Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

September        
 50% flow (cfs) 

14 19 14 52 13 13 21 
Sand shiner 
young 14790 14165 14734 12990 14900 14900 13829 
Sand shiner 
adult 11289 12543 11402 16563 11069 11069 13002 
Walleye young 872 935 878 805 861 861 976 
Walleye 
juvenile 2157 2683 2204 2332 2064 2064 2923 
Walleye adult 2046 2570 2093 2828 1954 1954 2811 
Longnose dace 
young 5470 5318 5456 4686 5496 5496 5211 
Longnose dace 
adult 3553 4129 3606 7972 3453 3453 4364 
Channel catfish 
young 19685 22394 19931 30803 19210 19210 23461 
Channel catfish 
juvenile 9932 10883 10018 9090 9765 9765 11421 
Channel catfish 
adult 1684 2016 1714 1829 1626 1626 2211 
White sucker 
juvenile 16917 18567 17067 23231 16628 16628 19147 
White sucker 
adult 2048 2444 2084 3344 1979 1979 2671 
Smallmouth 
bass juvenile 3287 4161 3366 5734 3133 3133 4577 
Smallmouth 
bass adult 2279 2809 2327 3679 2186 2186 3086 
Shorthead 
redhorse 
juvenile 4029 5032 4120 7606 3853 3853 5564 
Shorthead 
redhorse adult 1879 2431 1929 4112 1782 1782 2758 
Fat Mucket 

1266 1600 1308 3772 1185 1185  
Giant Floater 

174 230 179 375 162 162  
Plain 
Pocketbook 1828 2230 1889 3468 1712 1712  
Wabash Pigtoe 

0 0 0 3 0 0  
Creeper 
(Squawfoot) 0 0 0 11 0 0  
Threeridge 

0 0 0 25 0 0  
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Table D.2.11 - October 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Lisbon Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

October        
 50% flow (cfs) 

21 26 18 41 18 18 23 
Sand shiner 
young 13786 13452 14205 12935 14262 14262 13511 
Sand shiner 
adult 13030 13922 12464 15809 12348 12348 13209 
Walleye young 982 993 931 885 925 925 1021 
Walleye 
juvenile 2947 3051 2650 2875 2601 2601 3104 
Walleye adult 2836 3105 2537 3284 2488 2488 2995 
Longnose dace 
young 5194 5029 5327 4706 5342 5342 5084 
Longnose dace 
adult 4383 4883 4093 6405 4039 4039 4506 
Channel catfish 
young 23541 25602 22225 29931 21974 21974 24053 
Channel catfish 
juvenile 11493 11654 10823 10829 10735 10735 11955 
Channel catfish 
adult 2238 2356 1995 2255 1964 1964 2413 
White sucker 
juvenile 19177 20182 18464 22335 18311 18311 19369 
White sucker 
adult 2702 2971 2419 3373 2383 2383 2900 
Smallmouth 
bass juvenile 4622 5193 4107 6048 4025 4025 4911 
Smallmouth 
bass adult 3120 3458 2776 3889 2726 2726 3340 
Shorthead 
redhorse 
juvenile 5631 6328 4969 7512 4876 4876 6058 
Shorthead 
redhorse adult 2804 3232 2396 3979 2345 2345 3097 
Fat Mucket 

1755 2083 1583 3022 1556 1556 
 

Giant Floater 
259 288 226 331 221 221 

 

Plain 
Pocketbook 2393 2615 2211 3098 2183 2183 

 

Wabash Pigtoe 
0 0 0 1 0 0 

 

Creeper 
(Squawfoot) 0 1 0 5 0 0 

 

Threeridge 
0 3 0 14 0 0 

 

 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 11 

Table D.2.12 - November 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Lisbon Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

November    
 50% flow (cfs) 

36 62 35 59 34 34 25
Sand shiner 
young 13118 12202 13132 12503 13187 13187 13477
Sand shiner 
adult 15277 16215 15245 16348 15118 15118 13620
Walleye young 922 761 924 778 933 933 1005
Walleye 
juvenile 2952 2356 2955 2347 2964 2964 3074
Walleye adult 3276 2772 3273 2793 3261 3261 3058
Longnose dace 
young 4817 4346 4825 4476 4856 4856 5052
Longnose dace 
adult 5857 8820 5827 8496 5708 5708 4723
Channel catfish 
young 28718 30608 28640 30683 28329 28329 24946
Channel catfish 
juvenile 11130 9008 11141 9039 11185 11185 11782
Channel catfish 
adult 2293 1874 2293 1857 2294 2294 2380
White sucker 
juvenile 21730 23276 21694 23259 21549 21549 19838
White sucker 
adult 3238 3698 3228 3562 3189 3189 2941
Smallmouth 
bass juvenile 5825 6122 5808 5973 5738 5738 5074
Smallmouth 
bass adult 3769 3906 3759 3819 3721 3721 3408
Shorthead 
redhorse 
juvenile 7132 8522 7105 8172 6999 6999 6214
Shorthead 
redhorse adult 3722 4837 3704 4560 3633 3633 3175
Fat Mucket 

2693 4357 2674 4133 2598 2598 
Giant Floater 

316 440 315 415 312 312 
Plain 
Pocketbook 2929 3702 2919 3612 2880 2880 
Wabash Pigtoe 

0 10 0 7 0 0 
Creeper 
(Squawfoot) 4 25 4 20 3 3 
Threeridge 

10 45 10 37 9 9 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 12 

Table D.2.13 - December 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Lisbon Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

December        
 50% flow (cfs) 72 75 73 77 72 72 15 
Sand shiner 
young 11342 11103 11298 10861 11342 11342 14618 
Sand shiner 
adult 15780 15625 15751 15468 15780 15780 11635 
Walleye young 721 715 720 710 721 721 890 
Walleye 
juvenile 2404 2430 2409 2456 2404 2404 2302 
Walleye adult 2731 2733 2731 2735 2731 2731 2190 
Longnose dace 
young 4006 3930 3992 3854 4006 4006 5428 
Longnose dace 
adult 9556 9643 9572 9731 9556 9556 3712 
Channel catfish 
young 30276 30111 30246 29943 30276 30276 20434 
Channel catfish 
juvenile 8984 9018 8990 9053 8984 8984 10194 
Channel catfish 
adult 1938 1964 1943 1991 1938 1938 1776 
White sucker 
juvenile 23202 23106 23184 23008 23202 23202 17373 
White sucker 
adult 4071 4165 4088 4262 4071 4071 2157 
Smallmouth 
bass juvenile 6523 6621 6541 6720 6523 6523 3528 
Smallmouth 
bass adult 4152 4217 4164 4284 4152 4152 2425 
Shorthead 
redhorse 
juvenile 9465 9690 9506 9918 9465 9465 4306 
Shorthead 
redhorse adult 5607 5806 5644 6008 5607 5607 2031 
Fat Mucket 

4938 5055 4959 5166 4938 4938  
Giant Floater 

504 519 507 537 504 504  
Plain 
Pocketbook 3936 3993 3946 4039 3936 3936  
Wabash Pigtoe 

18 21 18 26 18 18  
Creeper 
(Squawfoot) 40 44 40 48 40 40  
Threeridge 

64 73 66 82 64 64  
 
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 13 

Table D.2.14 - January 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Lisbon Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

January    
 10% flow (cfs) 5 8 8 23 8 8 11
Sand shiner 
young 15541 15479 15479 13513 15500 15500 15122
Sand shiner 
adult 7976 9591 9591 13208 9397 9395 10624
Walleye young 784 820 820 1021 816 816 839
Walleye 
juvenile 754 1419 1419 3103 1327 1326 1878
Walleye adult 981 1415 1415 2994 1359 1358 1768
Longnose 
dace young 5067 5434 5434 5084 5379 5379 5550
Longnose 
dace adult 2373 2864 2864 4506 2802 2802 3248
Channel 
catfish young 13714 16333 16333 24050 16007 16004 18249
Channel 
catfish juvenile 7717 8733 8733 11952 8616 8615 9427
Channel 
catfish adult 1023 1292 1292 2412 1259 1259 1508
White sucker 
juvenile 12851 14775 14775 19368 14543 14541 16043
White sucker 
adult 1312 1594 1594 2899 1558 1558 1838
Smallmouth 
bass juvenile 1684 2279 2279 4909 2201 2200 2823
Smallmouth 
bass adult 1274 1666 1666 3338 1615 1615 1998
Shorthead  
redhorse 
juvenile 2233 2901 2901 6055 2815 2814 3497
Shorthead 
redhorse adult 938 1266 1266 3096 1222 1222 1586
Fat Mucket 

474 754 754 1854 716 716 
Giant Floater 

65 103 103 277 98 98 
Plain 
Pocketbook 685 1088 1088 2497 1034 1034 
Wabash 
Pigtoe 0 0 0 0 0 0 
Creeper 
(Squawfoot) 0 0 0 0 0 0 
Threeridge 

0 0 0 0 0 0 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 14 

Table D.2.15 - February 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Lisbon Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

February    
 10% flow (cfs) 9 96 22 101 20 20 13
Sand shiner 
young 15349 8830 13670 8329 13951 13992 14870
Sand shiner 
adult 10028 14085 13106 13688 12923 12890 11129
Walleye young 823 663 998 652 958 952 864
Walleye 
juvenile 1616 2662 3014 2707 2853 2829 2090
Walleye adult 1553 2738 2903 2732 2740 2715 1979
Longnose dace 
young 5516 3238 5147 3099 5260 5276 5489
Longnose dace 
adult 3014 10362 4435 10426 4309 4288 3480
Channel catfish 
young 17101 28379 23757 27861 23233 23145 19341
Channel catfish 
juvenile 9015 9322 11688 9374 11215 11146 9811
Channel catfish 
adult 1376 2209 2312 2262 2133 2108 1642
White sucker 
juvenile 15299 22066 19258 21732 19061 19024 16708
White sucker 
adult 1686 5078 2786 5297 2583 2554 1998
Smallmouth 
bass juvenile 2485 7534 4744 7725 4448 4403 3175
Smallmouth 
bass adult 1792 4841 3213 4982 2989 2956 2211
Shorthead 
redhorse 
juvenile 3121 11843 5811 12336 5374 5310 3901
Shorthead 
redhorse adult 1383 7760 2928 8259 2627 2584 1808
Fat Mucket 

852 6102 1797 6357 1695 1680  
Giant Floater 

117 700 266 746 247 245  
Plain 
Pocketbook 1230 4408 2437 4508 2330 2313  
Wabash Pigtoe 

0 65 0 79 0 0  
Creeper 
(Squawfoot) 0 83 0 95 0 0  
Threeridge 

0 154 0 177 0 0  
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 15 

Table D.2.16 - March 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Lisbon 
Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

March    
 10% flow (cfs) 24 25 21 37 20 20 37
Sand shiner 
young 13502 13480 13877 13038 13990 13934 13058
Sand shiner 
adult 13321 13588 12971 15460 12894 12934 15413
Walleye young 1017 1006 969 910 953 961 913
Walleye 
juvenile 3096 3076 2896 2939 2830 2863 2943
Walleye adult 3012 3053 2783 3293 2717 2750 3289
Longnose dace 
young 5075 5055 5230 4771 5275 5253 4782
Longnose dace 
adult 4565 4706 4342 6030 4290 4317 5985
Channel catfish 
young 24297 24877 23372 29168 23153 23265 29053
Channel catfish 
juvenile 11908 11795 11340 11066 11150 11244 11082
Channel catfish 
adult 2404 2383 2181 2292 2109 2144 2292
White sucker 
juvenile 19497 19802 19113 21941 19029 19074 21887
White sucker 
adult 2911 2938 2637 3295 2555 2596 3280
Smallmouth 
bass juvenile 4955 5061 4527 5926 4406 4467 5900
Smallmouth 
bass adult 3358 3402 3048 3825 2957 3003 3810
Shorthead 
redhorse 
juvenile 6100 6202 5490 7286 5313 5401 7247
Shorthead 
redhorse adult 3119 3169 2707 3825 2586 2646 3798
Fat Mucket 

1890 1976 1722 2804 1681 1701 
Giant Floater 

279 283 252 321 245 249 
Plain 
Pocketbook 2516 2560 2358 2986 2314 2336 
Wabash Pigtoe 

0 0 0 1 0 0 
Creeper 
(Squawfoot) 0 1 0 4 0 0 
Threeridge 

1 2 0 11 0 0 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 16 

Table D.2.17 - April 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Lisbon 
Site On The Sheyenne River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

April        
 10% flow (cfs) 38 38 38 109 38 38 134
Logperch 
spawning 3 3 3 946 3 3 1879
Longnose dace 
spawning 274 283 283 334 274 274 177
Longnose dace 
adult 6043 6114 6114 10342 6043 6043 10061
Shorthead 
readhorse 
spawning 179 186 186 2093 179 179 2549
Walleye 
spawning 3976 4055 4055 12601 3976 3976 14946
Sandshiner 
spawning 15520 15619 15619 18303 15519 15520 16379
Fat Mucket 2812 2858 2858 6665 2812 2812  
Giant Floater 322 324 324 811 321 322  
Plain 
Pocketbook 2990 3014 3014 4620 2990 2990 

 

Wabash Pigtoe 
1 1 1 118 1 1 

 

Creeper 
(Squawfoot) 4 4 4 122 4 4 

 

Threeridge 11 12 12 219 11 11  
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 17 

Table D.2.18 - May 1-15 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Lisbon Site On The Sheyenne River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

May 1-15        
 10% flow (cfs) 

25 28 22 61 21 21 100
Logperch 
spawning 0 0 0 90 0 0 631
Walleye 
spawning 2701 2970 2337 6097 2248 2249 11811
Longnose dace 
adult 4676 5059 4416 8663 4384 4384 10437
Longnose dace 
spawning 

128 155 103 571 98 98 387
Sand shiner 
spawning 13273 14024 12901 18733 12887 12888 18951
Shorthead 
redhorse 
spawning 51 82 32 715 30 30 1940
Fat Mucket 1958 2190 1782 4249 1755 1756  
Giant Floater 282 293 264 428 259 259  
Plain 
Pocketbook 2551 2670 2421 3658 2393 2394 

 

Wabash Pigtoe 
0 0 0 9 0 0 

 

Creeper 
(Squawfoot) 0 1 0 23 0 0 

 

Threeridge 2 4 0 41 0 0  
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 18 

Table D.2.19 - May 16-31 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Lisbon Site On The Sheyenne River. 
 No 

Action  
North 

Dakota 
In-Basin  

Red 
River 
Basin  

GDU Import 
to Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

May 16-31        
 10% flow (cfs) 

25 28 22 61 21 21 148
Hornyhead chub 
spawning 

7688 9051 6870 11806 6792 6793 5786
Orangespotted 
sunfish spawning 

4957 5503 4319 7871 4175 4176 7334
Smallmouth bass 
spawning 

30 29 30 26 29 29 34
Longnose dace 
adult 4676 5059 4416 8663 4384 4384 9906
 
 
Table D.2.20 - June 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Lisbon 
Site On The Sheyenne River. 
 No 

Action  
North 

Dakota 
In-Basin  

Red 
River 
Basin  

GDU Import 
to Sheyenne 

River 
 

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

June        
 10% flow (cfs) 27 27 27 82 25 25 129
Hornyhead chub 
spawning 8572 8475 8475 10240 7967 7968 6951
Orangespotted 
sunfish spawning 

5311 5272 5272 8482 5068 5069 7794
Smallmouth bass 
spawning 

29 29 29 29 30 30 33
Longnose dace 
adult 4924 4897 4897 9937 4755 4755 10116
Fat Mucket 2108 2092 2092 5419 2005 2005  
Giant Floater 289 288 288 581 284 284  
Plain Pocketbook 

2628 2620 2620 4139 2575 2575 
 

Wabash Pigtoe 0 0 0 36 0 0  
Creeper 
(Squawfoot) 1 1 1 57 1 1 

 

Threeridge 3 3 3 101 2 2  
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 19 

Table D.2.21 - July 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Lisbon 
Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

July    
 10% flow (cfs) 13 14 10 67 10 9 26
Sand shiner 
young 14848 14697 15305 11859 15231 15431 13460
Sand shiner 
adult 11173 11477 10176 16064 10404 9753 13825
Walleye young 866 882 825 741 828 821 997
Walleye 
juvenile 2108 2236 1683 2367 1785 1492 3058
Walleye adult 1997 2124 1600 2747 1676 1466 3090
Longnose dace 
young 5484 5447 5544 4198 5577 5464 5037
Longnose dace 
adult 3500 3640 3065 9190 3147 2920 4832
Channel catfish 
young 19435 20092 17360 30523 17774 16616 25392
Channel catfish 
juvenile 9844 10074 9110 8972 9260 8837 11695
Channel catfish 
adult 1653 1734 1404 1894 1450 1323 2364
White sucker 
juvenile 16765 17165 15476 23296 15753 14969 20072
White sucker 
adult 2011 2107 1717 3852 1768 1628 2962
Smallmouth 
bass juvenile 3206 3418 2554 6291 2669 2355 5155
Smallmouth 
bass adult 2230 2358 1834 4006 1905 1713 3442
Shorthead 
redhorse 
juvenile 3936 4179 3196 8922 3321 2982 6292
Shorthead 
redhorse adult 1827 1961 1422 5154 1489 1309 3214
Fat Mucket 

1224 1335 885 4612 941 790 
Giant Floater 

168 183 121 468 129 108 
Plain 
Pocketbook 1767 1928 1278 3804 1359 1141 
Wabash Pigtoe 

0 0 0 13 0 0 
Creeper 
(Squawfoot) 0 0 0 32 0 0 
Threeridge 

0 0 0 53 0 0 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 20 

Table D.2.22 - August 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Lisbon Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

August    
 10% flow (cfs) 

6 6 6 61 6 6 25
Sand shiner 
young 15538 15538 15538 12335 15537 15538 13477
Sand shiner 
adult 8668 8668 8668 16274 8670 8668 13620
Walleye young 799 799 799 768 799 799 1005
Walleye 
juvenile 977 977 977 2352 978 977 3074
Walleye adult 1157 1157 1157 2781 1157 1157 3058
Longnose dace 
young 5152 5152 5152 4403 5152 5152 5052
Longnose dace 
adult 2575 2575 2575 8677 2576 2575 4723
Channel catfish 
young 14805 14805 14805 30641 14809 14805 24946
Channel catfish 
juvenile 8189 8189 8189 9022 8190 8189 11782
Channel catfish 
adult 1140 1140 1140 1867 1140 1140 2380
White sucker 
juvenile 13674 13674 13674 23268 13677 13674 19838
White sucker 
adult 1430 1430 1430 3638 1430 1430 2941
Smallmouth 
bass juvenile 1924 1924 1924 6056 1925 1924 5074
Smallmouth 
bass adult 1432 1432 1432 3868 1432 1432 3408
Shorthead 
redhorse 
juvenile 2510 2510 2510 8368 2511 2510 6214
Shorthead 
redhorse adult 1070 1070 1070 4715 1071 1070 3175
Fat Mucket 6 6 6 61 6 6 
Giant Floater 

583 583 583 4258 583 583 
Plain 
Pocketbook 80 80 80 429 80 80 
Wabash Pigtoe 

842 842 842 3662 842 842 
Creeper 
(Squawfoot) 0 0 0 9 0 0 
Threeridge 

0 0 0 23 0 0 
 

0 0 0 41 0 0 
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 21 

 
Table D.2.23 - September 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Lisbon Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

September    
 10% flow (cfs) 

6 6 6 36 6 6 21
Sand shiner 
young 15545 15537 15537 13086 15537 15537 13829
Sand shiner 
adult 8518 8673 8673 15350 8675 8673 13002
Walleye young 795 799 799 917 799 799 976
Walleye 
juvenile 907 979 979 2947 980 979 2923
Walleye adult 1115 1158 1158 3283 1159 1158 2811
Longnose dace 
young 5107 5153 5153 4798 5154 5153 5211
Longnose dace 
adult 2529 2577 2577 5926 2577 2577 4364
Channel catfish 
young 14558 14814 14814 28897 14817 14814 23461
Channel catfish 
juvenile 8100 8192 8192 11105 8193 8192 11421
Channel catfish 
adult 1115 1141 1141 2293 1141 1141 2211
White sucker 
juvenile 13494 13680 13680 21814 13683 13680 19147
White sucker 
adult 1403 1430 1430 3261 1431 1430 2671
Smallmouth 
bass juvenile 1867 1926 1926 5865 1927 1926 4577
Smallmouth 
bass adult 1394 1433 1433 3791 1434 1433 3086
Shorthead 
redhorse 
juvenile 2447 2512 2512 7193 2513 2512 5564
Shorthead 
redhorse adult 1039 1071 1071 3763 1072 1071 2758
Fat Mucket 

556 584 584 2737 584 584 
Giant Floater 

76 80 80 318 80 80 
Plain 
Pocketbook 803 843 843 2952 844 843 
Wabash Pigtoe 

0 0 0 0 0 0 
Creeper 
(Squawfoot) 0 0 0 4 0 0 
Threeridge 

0 0 0 11 0 0 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 22 

Table D.2.24 - October 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Lisbon Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

October    
 10% flow (cfs) 

11 13 12 30 11 11 23
Sand shiner 
young 15157 14932 15036 13386 15103 15084 13511
Sand shiner 
adult 10552 11004 10794 14662 10662 10700 13209
Walleye young 835 858 847 964 841 843 1021
Walleye 
juvenile 1847 2037 1949 2996 1894 1910 3104
Walleye adult 1738 1927 1839 3218 1784 1799 2995
Longnose dace 
young 5559 5504 5530 4970 5546 5541 5084
Longnose dace 
adult 3215 3423 3327 5279 3266 3283 4506
Channel catfish 
young 18093 19070 18618 27212 18331 18413 24053
Channel catfish 
juvenile 9373 9716 9557 11344 9456 9485 11955
Channel catfish 
adult 1489 1609 1553 2297 1518 1528 2413
White sucker 
juvenile 15948 16543 16267 21026 16093 16143 19369
White sucker 
adult 1815 1958 1892 3048 1850 1862 2900
Smallmouth 
bass juvenile 2773 3088 2942 5488 2849 2876 4911
Smallmouth 
bass adult 1967 2158 2070 3582 2014 2030 3340
Shorthead 
redhorse 
juvenile 3439 3801 3633 6615 3527 3558 6058
Shorthead 
redhorse adult 1554 1753 1661 3377 1602 1619 3097
Fat Mucket 

995 1162 1085 2324 1036 1050 
Giant Floater 

136 159 149 299 142 144 
Plain 
Pocketbook 1437 1677 1566 2739 1496 1516 
Wabash Pigtoe 

0 0 0 0 0 0 
Creeper 
(Squawfoot) 0 0 0 2 0 0 
Threeridge 

0 0 0 6 0 0 
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 23 

Table D.2.25 - November 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Lisbon Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

November    
 10% flow (cfs) 

10 34 12 36 11 11 25
Sand shiner 
young 15307 13216 15019 13125 15067 15067 13477
Sand shiner 
adult 10170 15052 10830 15260 10732 10732 13620
Walleye young 825 938 849 923 844 844 1005
Walleye 
juvenile 1680 2968 1964 2954 1923 1923 3074
Walleye adult 1598 3255 1854 3274 1813 1813 3058
Longnose dace 
young 5543 4873 5525 4821 5537 5537 5052
Longnose dace 
adult 3063 5646 3343 5841 3298 3298 4723
Channel catfish 
young 17349 28168 18694 28678 18484 18483 24946
Channel catfish 
juvenile 9106 11208 9584 11136 9510 9510 11782
Channel catfish 
adult 1403 2295 1563 2293 1537 1537 2380
White sucker 
juvenile 15469 21473 16314 21712 16186 16185 19838
White sucker 
adult 1716 3169 1903 3233 1872 1872 2941
Smallmouth 
bass juvenile 2552 5702 2966 5816 2899 2898 5074
Smallmouth 
bass adult 1833 3700 2085 3764 2044 2043 3408
Shorthead 
redhorse 
juvenile 3193 6943 3662 7118 3584 3584 6214
Shorthead 
redhorse adult 1420 3596 1676 3712 1633 1633 3175
Fat Mucket 

884 2558 1098 2683 1062 1062 
Giant Floater 

121 310 150 316 145 145 
Plain 
Pocketbook 1276 2860 1585 2924 1533 1533 
Wabash Pigtoe 

0 0 0 0 0 0 
Creeper 
(Squawfoot) 0 3 0 4 0 0 
Threeridge 

0 9 0 10 0 0 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 24 

Table D.2.26 - December 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Lisbon Site On The Sheyenne River. 
 No 

Action  
North 
Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 
River  

GDU 
Import 
Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

December        
 10% flow (cfs) 

8 57 11 53 11 10 15
Sand shiner 
young 15477 12630 15161 12910 15075 15215 14618
Sand shiner 
adult 9598 16404 10544 16528 10717 10437 11635
Walleye young 820 785 835 801 844 829 890
Walleye 
juvenile 1422 2343 1844 2334 1917 1799 2302
Walleye adult 1417 2802 1734 2823 1807 1689 2190
Longnose dace 
young 5435 4531 5560 4652 5539 5573 5428
Longnose dace 
adult 2866 8359 3212 8058 3291 3163 3712
Channel catfish 
young 16344 30714 18076 30784 18451 17845 20434
Channel catfish 
juvenile 8737 9052 9367 9082 9498 9285 10194
Channel catfish 
adult 1293 1850 1487 1833 1533 1459 1776
White sucker 
juvenile 14783 23251 15937 23235 16166 15797 17373
White sucker 
adult 1595 3505 1813 3379 1867 1779 2157
Smallmouth 
bass juvenile 2282 5911 2767 5773 2888 2692 3528
Smallmouth 
bass adult 1668 3783 1964 3702 2037 1918 2425
Shorthead 
redhorse 
juvenile 2904 8024 3433 7698 3572 3347 4306
Shorthead 
redhorse adult 1268 4443 1550 4185 1627 1503 2031
Fat Mucket 

755 4039 993 3831 1056 953 
Giant Floater 

103 404 136 381 145 131 
Plain 
Pocketbook 1091 3574 1433 3491 1525 1376 
Wabash Pigtoe 

0 6 0 3 0 0 
Creeper 
(Squawfoot) 0 18 0 13 0 0 
Threeridge 

0 34 0 27 0 0 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 25 

Table D.2.27 - January 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Pigeon Point Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

January    
 50% flow (cfs) 

30 34 28 51 27 27 24
Sand shiner 
young 18313 19847 17020 16945 16816 16816 15174
Sand shiner 
adult 3064 3310 2886 4293 2858 2858 2637
Walleye young 554 560 527 608 522 522 483
Walleye 
juvenile 2567 2776 2353 3521 2319 2319 2040
Walleye adult 1542 1694 1429 2136 1411 1411 1270
Longnose dace 
young 1545 1600 1452 1351 1436 1436 1310
Longnose dace 
adult 794 845 756 1082 750 750 702
Channel catfish 
young 22059 23892 20738 29185 20534 20534 18895
Channel catfish 
juvenile 9289 9846 8764 11758 8680 8680 8003
Channel catfish 
adult 1802 1911 1706 2317 1691 1691 1568
White sucker 
juvenile 10604 11485 10013 13401 9923 9923 9197
White sucker 
adult 1965 2179 1800 3119 1775 1775 1568
Smallmouth 
bass juvenile 1594 1700 1503 2130 1488 1488 1373
Smallmouth 
bass adult 2619 2872 2410 3895 2378 2378 2114
Shorthead 
redhorse 
juvenile 2002 2134 1880 2743 1861 1861 1704
Shorthead 
redhorse adult 1883 2072 1726 2954 1701 1701 1502
Fat Mucket 

2419 2646 2219 3837 2188 2188 
Giant Floater 

693 813 606 1457 592 592 
Plain 
Pocketbook 1743 1905 1605 2616 1583 1583 
Wabash Pigtoe 

7 13 5 55 5 5 
Creeper 
(Squawfoot) 9 13 7 31 7 7 
 
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 26 

Table D.2.28 - February 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Pigeon Point Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

February    
 50% flow (cfs) 

147 153 148 141 149 149 29
Sand shiner 
young 7609 7204 7525 7943 7454 7454 17662
Sand shiner 
adult 5282 5259 5283 5277 5284 5284 2973
Walleye young 1094 1137 1101 1066 1108 1108 542
Walleye 
juvenile 5841 5991 5866 5740 5888 5888 2462
Walleye adult 3115 3170 3125 3077 3133 3133 1484
Longnose dace 
young 791 765 786 810 782 782 1501
Longnose dace 
adult 1060 1038 1056 1073 1053 1053 774
Channel catfish 
young 27922 27616 27857 28182 27801 27801 21379
Channel catfish 
juvenile 15992 16169 16026 15852 16056 16056 9028
Channel catfish 
adult 3307 3342 3314 3279 3320 3320 1754
White sucker 
juvenile 11689 11510 11658 11817 11630 11630 10297
White sucker 
adult 7804 8107 7868 7550 7922 7922 1881
Smallmouth 
bass juvenile 2879 2878 2880 2874 2882 2882 1548
Smallmouth 
bass adult 7774 7989 7820 7590 7859 7859 2514
Shorthead 
redhorse 
juvenile 4604 4615 4616 4557 4626 4626 1942
Shorthead 
redhorse adult 7525 7769 7586 7283 7637 7637 1804
Fat Mucket 

10884 11350 10983 10486 11068 11068 
Giant Floater 

7298 7813 7388 6934 7466 7466 
Plain 
Pocketbook 6013 6236 6057 5833 6096 6096 
Wabash Pigtoe 

1704 1908 1738 1568 1767 1767 
Creeper 
(Squawfoot) 329 359 334 307 339 339 
Threeridge 

1237 1382 1260 1145 1279 1279 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 27 

Table D.2.29 - March 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Pigeon 
Point Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

March    
 50% flow (cfs) 

88 90 88 104 85 85 116
Sand shiner 
young 11425 11243 11424 10218 11706 11706 9504
Sand shiner 
adult 5087 5121 5087 5244 5034 5034 5254
Walleye young 790 800 791 871 776 776 932
Walleye 
juvenile 4692 4740 4693 5053 4620 4620 5268
Walleye adult 2671 2690 2671 2819 2642 2642 2900
Longnose dace 
young 1036 1021 1036 943 1059 1059 901
Longnose dace 
adult 1197 1197 1197 1163 1195 1195 1135
Channel catfish 
young 30462 30438 30462 29952 30485 30485 29396
Channel catfish 
juvenile 14273 14362 14273 14902 14139 14139 15200
Channel catfish 
adult 2945 2968 2945 3090 2909 2909 3150
White sucker 
juvenile 13026 12990 13026 12682 13077 13077 12411
White sucker 
adult 5028 5126 5029 5819 4885 4885 6362
Smallmouth 
bass juvenile 2751 2771 2751 2836 2717 2717 2848
Smallmouth 
bass adult 5707 5791 5707 6337 5580 5580 6730
Shorthead 
redhorse 
juvenile 3920 3974 3920 4237 3836 3836 4338
Shorthead 
redhorse adult 4846 4946 4847 5638 4699 4699 6154
Fat Mucket 

6581 6730 6582 7782 6359 6359 
Giant Floater 

3474 3589 3475 4459 3304 3304 
Plain 
Pocketbook 4062 4134 4063 4612 3954 3954 
Wabash Pigtoe 

364 388 365 642 332 332 
Creeper 
(Squawfoot) 113 118 113 159 106 106 
Threeridge 

327 344 327 519 303 303 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 28 

Table D.2.30 - April 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Pigeon 
Point Site On The Sheyenne River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

April        
 50% flow (cfs) 

601 664 602 646 601 601 742
Logperch 
spawning 84 115 84 106 84 84 110
Longnose dace 
spawning 12 35 12 29 12 12 52
Longnose dace 
adult 282 258 282 265 282 282 251
Shorthead 
readhorse 
spawning 68 64 68 65 68 68 59
Walleye 
spawning 4164 3679 4159 3816 4165 4165 2853
Sandshiner 
spawning 1660 1593 1659 1612 1660 1660 1586
Fat Mucket 25874 25834 25874 25845 25875 25875  
Giant Floater 21368 19136 21346 19764 21371 21371  
Plain 
Pocketbook 13493 13285 13491 13343 13493 13493 

 

Wabash Pigtoe 
17938 17938 17938 17938 17938 17938 

 

Creeper 
(Squawfoot) 5279 5711 5283 5590 5278 5278 

 

Threeridge 16633 17620 16643 17342 16632 16632  
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 29 

Table D.2.31 - May 1-15 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Pigeon Point Site On The Sheyenne River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

May 1-15        
 50% flow (cfs) 

198 199 199 193 199 199 144
Logperch 
spawning 476 479 479 463 477 477 333
Walleye 
spawning 10489 10482 10482 10520 10487 10487 10424
Longnose dace 
adult 838 833 833 862 836 836 1066
Longnose dace 
spawning 

26 24 24 30 25 25 69
Sand shiner 
spawning 6698 6653 6653 6890 6683 6683 8610
Shorthead 
redhorse 
spawning 102 102 102 103 102 102 103
Fat Mucket 14604 14692 14692 14223 14634 14634  
Giant Floater 12081 12197 12197 11582 12120 12120  
Plain 
Pocketbook 7897 7942 7942 7703 7912 7912 

 

Wabash Pigtoe 
3671 3719 3719 3465 3687 3687 

 

Creeper 
(Squawfoot) 606 613 613 577 608 608 

 

Threeridge 2677 2712 2712 2525 2689 2689  
 
 
Table D.2.32 - May 16-31 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Pigeon Point Site On The Sheyenne River. 
 No 

Action  
North 

Dakota 
In-Basin  

Red 
River 
Basin  

GDU Import 
to Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

May 16-31        
 50% flow (cfs) 

198 199 199 193 199 199 234
Hornyhead chub 
spawning 

148 146 146 155 147 147 115
Orangespotted 
sunfish spawning 

2923 2870 2870 3151 2905 2905 2374
Smallmouth bass 
spawning 

21 21 21 22 21 21 35
Longnose dace 
adult 838 833 833 862 836 836 697
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 30 

Table D.2.33 - June 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Pigeon 
Point Site On The Sheyenne River. 
 No 

Action  
North 

Dakota 
In-Basin  

Red 
River 
Basin  

GDU Import 
to Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

June        
 50% flow (cfs) 

182 202 183 191 182 182 120
Hornyhead chub 
spawning 

169 143 167 158 169 169 259
Orangespotted 
sunfish spawning 

3619 2812 3564 3241 3621 3621 5241
Smallmouth bass 
spawning 

25 22 24 23 25 25 32
Longnose dace 
adult 910 821 904 871 910 910 1125
Fat Mucket 13441 14890 13533 14072 13437 13437  
Giant Floater 10555 12481 10676 11384 10551 10551  
Plain Pocketbook 

7303 8050 7350 7626 7302 7302  
Wabash Pigtoe 3041 3854 3091 3383 3039 3039  
Creeper 
(Squawfoot) 518 632 525 566 517 517  
Threeridge 2214 2819 2250 2465 2213 2213  
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 31 

Table D.2.34 - July 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Pigeon 
Point Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

July    
 50% flow (cfs) 

92 82 69 143 76 75 104
Sand shiner 
young 11147 12004 13260 7852 12606 12678 10245
Sand shiner 
adult 5136 4977 4746 5279 4862 4849 5244
Walleye young 806 760 699 1074 729 725 869
Walleye 
juvenile 4770 4544 4229 5767 4389 4370 5044
Walleye adult 2703 2611 2483 3087 2550 2542 2816
Longnose dace 
young 1013 1084 1182 805 1133 1139 944
Longnose dace 
adult 1194 1193 1182 1069 1189 1188 1164
Channel catfish 
young 30403 30508 30554 28111 30557 30563 29973
Channel catfish 
juvenile 14417 13997 13402 15890 13710 13676 14890
Channel catfish 
adult 2981 2870 2711 3287 2793 2783 3088
White sucker 
juvenile 12964 13131 13339 11782 13241 13254 12692
White sucker 
adult 5188 4733 4120 7619 4425 4389 5798
Smallmouth 
bass juvenile 2779 2681 2531 2875 2608 2599 2836
Smallmouth 
bass adult 5842 5445 4899 7640 5173 5140 6322
Shorthead 
redhorse 
juvenile 4003 3748 3389 4570 3569 3547 4233
Shorthead 
redhorse adult 5009 4543 3916 7349 4227 4189 5618
Fat Mucket 

6823 6123 5181 10595 5647 5590  
Giant Floater 

3662 3123 2404 7033 2758 2714  
Plain 
Pocketbook 4177 3838 3374 5882 3605 3577  
Wabash Pigtoe 

406 297 161 1605 227 218  
Creeper 
(Squawfoot) 121 98 67 313 82 80  
Threeridge 

357 278 177 1170 226 220  



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 32 

Table D.2.35 - August 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Pigeon Point Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

August    
 50% flow (cfs) 

51 56 49 105 52 49 66
Sand shiner 
young 16909 15958 17395 10200 16711 17395 13929
Sand shiner 
adult 4298 4415 4226 5244 4322 4226 4664
Walleye young 608 632 601 872 613 601 682
Walleye 
juvenile 3528 3710 3455 5058 3566 3455 4100
Walleye adult 2140 2229 2101 2821 2158 2101 2420
Longnose dace 
young 1349 1306 1370 942 1340 1370 1213
Longnose dace 
adult 1083 1109 1065 1162 1089 1065 1164
Channel catfish 
young 29199 29552 28893 29938 29272 28893 30306
Channel catfish 
juvenile 11774 12199 11598 14909 11862 11598 13103
Channel catfish 
adult 2321 2422 2281 3092 2342 2281 2639
White sucker 
juvenile 13400 13384 13334 12676 13397 13334 13351
White sucker 
adult 3129 3387 3027 5832 3182 3027 3939
Smallmouth 
bass juvenile 2134 2238 2091 2837 2156 2091 2458
Smallmouth 
bass adult 3905 4164 3799 6346 3959 3799 4717
Shorthead 
redhorse 
juvenile 4003 3748 3389 4570 3569 3547 4233
Shorthead 
redhorse adult 5009 4543 3916 7349 4227 4189 5618
Fat Mucket 

6823 6123 5181 10595 5647 5590  
Giant Floater 

3662 3123 2404 7033 2758 2714  
Plain 
Pocketbook 4177 3838 3374 5882 3605 3577  
Wabash Pigtoe 

406 297 161 1605 227 218  
Creeper 
(Squawfoot) 121 98 67 313 82 80  
Threeridge 

357 278 177 1170 226 220  
Shorthead 
redhorse 
juvenile 2749 2916 2683 4240 2784 2683 3272



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 33 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

Shorthead 
redhorse adult 2964 3212 2865 5650 3015 2865 3741
Fat Mucket 

3850 4197 3712 7803 3923 3712 
Giant Floater 

1466 1710 1381 4478 1517 1381 
Plain 
Pocketbook 2623 2819 2545 4622 2664 2545 
Wabash Pigtoe 

56 83 48 649 62 48 
Creeper 
(Squawfoot) 31 41 29 160 33 29 
Threeridge 

87 111 79 524 92 79 
 
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 34 

Table D.2.36 - September 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Pigeon Point Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin 

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

September    
 50% flow (cfs) 

36 43 32 75 30 28 41
Sand shiner 
young 20396 19200 19249 12706 18071 17125 19761
Sand shiner 
adult 3486 3936 3214 4843 3028 2900 3845
Walleye young 565 583 558 724 552 529 578
Walleye 
juvenile 2913 3235 2694 4363 2531 2371 3166
Walleye adult 1787 1977 1635 2539 1519 1438 1938
Longnose dace 
young 1595 1442 1579 1141 1533 1460 1464
Longnose dace 
adult 882 983 825 1188 786 759 958
Channel catfish 
young 25063 27475 23177 30565 21787 20843 27035
Channel catfish 
juvenile 10208 11032 9629 13662 9196 8807 10857
Channel catfish 
adult 1984 2160 1868 2780 1785 1714 2123
White sucker 
juvenile 12017 12921 11142 13259 10477 10059 12793
White sucker 
adult 2325 2715 2096 4374 1933 1813 2618
Smallmouth 
bass juvenile 1771 1952 1659 2596 1577 1510 1908
Smallmouth 
bass adult 3041 3466 2774 5128 2579 2427 3363
Shorthead 
redhorse 
juvenile 2226 2479 2083 3539 1981 1890 2416
Shorthead 
redhorse adult 2202 2562 1998 4174 1853 1738 2468
Fat Mucket 

2806 3284 2558 5568 2382 2235 
Giant Floater 

898 1155 766 2697 675 613 
Plain 
Pocketbook 2015 2307 1842 3566 1717 1616 
Wabash Pigtoe 

17 32 10 215 6 5 
Creeper 
(Squawfoot) 15 23 11 80 9 8 
Threeridge 

41 60 32 217 26 23 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 35 

Table D.2.37 - October 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Pigeon Point Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

October    
 50% flow (cfs) 

44 48 44 72 43 43 45
Sand shiner 
young 18866 17665 18996 12954 19109 19109 18575
Sand shiner 
adult 3990 4183 3969 4796 3950 3950 4036
Walleye young 587 598 585 711 584 584 589
Walleye 
juvenile 3276 3422 3260 4299 3246 3246 3311
Walleye adult 2000 2083 1991 2514 1983 1983 2020
Longnose dace 
young 1429 1381 1434 1162 1438 1438 1417
Longnose dace 
adult 999 1053 993 1186 988 988 1012
Channel catfish 
young 27738 28681 27636 30585 27547 27547 27966
Channel catfish 
juvenile 11137 11513 11096 13544 11061 11061 11228
Channel catfish 
adult 2183 2263 2174 2748 2166 2166 2202
White sucker 
juvenile 12998 13273 12968 13304 12942 12942 13064
White sucker 
adult 2773 2980 2750 4247 2731 2731 2823
Smallmouth 
bass juvenile 1977 2070 1967 2566 1959 1959 2000
Smallmouth 
bass adult 3528 3749 3504 5015 3483 3483 3582
Shorthead 
redhorse 
juvenile 2517 2652 2502 3465 2490 2490 2550
Shorthead 
redhorse adult 2618 2820 2596 4044 2577 2577 2667
Fat Mucket 

3363 3648 3333 5371 3306 3306 
Giant Floater 

1197 1347 1181 2547 1166 1166 
Plain 
Pocketbook 2351 2510 2334 3470 2319 2319 
Wabash Pigtoe 

35 46 34 186 33 33 
Creeper 
(Squawfoot) 24 28 24 73 23 23 
Threeridge 

64 76 63 196 61 61 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 36 

Table D.2.38 - November 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Pigeon Point Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

November    
 50% flow (cfs) 

57 83 56 80 55 55 48
Sand shiner 
young 15641 11939 15974 12223 16049 16049 17686
Sand shiner 
adult 4454 4989 4413 4935 4403 4403 4180
Walleye young 640 764 632 749 630 630 598
Walleye 
juvenile 3771 4560 3707 4487 3693 3693 3420
Walleye adult 2259 2618 2228 2589 2221 2221 2081
Longnose dace 
young 1291 1078 1306 1102 1310 1310 1381
Longnose dace 
adult 1117 1194 1109 1192 1106 1106 1052
Channel catfish 
young 29670 30503 29546 30526 29518 29518 28665
Channel catfish 
juvenile 12340 14028 12191 13893 12158 12158 11507
Channel catfish 
adult 2456 2879 2421 2842 2413 2413 2261
White sucker 
juvenile 13379 13120 13385 13171 13386 13386 13268
White sucker 
adult 3473 4766 3383 4621 3363 3363 2976
Smallmouth 
bass juvenile 2272 2689 2236 2654 2228 2228 2068
Smallmouth 
bass adult 4250 5474 4160 5346 4139 4139 3746
Shorthead 
redhorse 
juvenile 2971 3767 2913 3683 2900 2900 2650
Shorthead 
redhorse adult 3294 4577 3208 4428 3188 3188 2816
Fat Mucket 

4313 6174 4192 5950 4164 4164 
Giant Floater 

1792 3162 1706 2990 1687 1687 
Plain 
Pocketbook 2884 3863 2815 3753 2800 2800 
Wabash Pigtoe 

92 304 83 271 81 81 
Creeper 
(Squawfoot) 44 100 40 92 40 40 
Threeridge 

118 283 110 259 108 108 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 37 

Table D.2.39 - December 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Pigeon Point Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

December    
 50% flow (cfs) 

83 88 85 99 85 85 33
Sand shiner 
young 11962 11435 11719 10539 11757 11757 19551
Sand shiner 
adult 4985 5085 5031 5233 5024 5024 3263
Walleye young 763 790 775 844 773 773 559
Walleye 
juvenile 4554 4690 4617 4956 4607 4607 2735
Walleye adult 2616 2670 2641 2781 2637 2637 1664
Longnose dace 
young 1080 1037 1060 963 1063 1063 1590
Longnose dace 
adult 1193 1197 1195 1175 1195 1195 835
Channel catfish 
young 30505 30463 30486 30182 30489 30489 23537
Channel catfish 
juvenile 14017 14268 14133 14760 14115 14115 9738
Channel catfish 
adult 2876 2944 2907 3061 2902 2902 1890
White sucker 
juvenile 13124 13028 13080 12799 13086 13086 11314
White sucker 
adult 4754 5024 4879 5580 4859 4859 2138
Smallmouth 
bass juvenile 2686 2749 2715 2828 2711 2711 1680
Smallmouth 
bass adult 5464 5702 5574 6161 5557 5557 2823
Shorthead 
redhorse 
juvenile 3760 3917 3833 4185 3821 3821 2108
Shorthead 
redhorse adult 4565 4841 4692 5409 4672 4672 2036
Fat Mucket 

6156 6573 6349 7411 6318 6318 
Giant Floater 

3148 3468 3296 4125 3273 3273 
Plain 
Pocketbook 3854 4058 3949 4445 3934 3934 
Wabash Pigtoe 

302 363 330 522 326 326 
Creeper 
(Squawfoot) 99 113 106 140 105 105 
Threeridge 

281 327 302 438 299 299 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 38 

Table D.2.40 - January 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Pigeon Point Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

January    
 10% flow (cfs) 

9 18 14 38 13 13 24
Sand shiner 
young 12279 13022 12708 20234 12632 12599 15174
Sand shiner 
adult 1667 2246 2007 3635 1949 1924 2637
Walleye young 324 415 376 570 366 362 483
Walleye 
juvenile 977 1574 1322 3017 1261 1234 2040
Walleye adult 623 1014 850 1850 810 793 1270
Longnose dace 
young 1054 1136 1096 1538 1086 1082 1310
Longnose dace 
adult 451 610 545 912 529 522 702
Channel catfish 
young 11819 16021 14294 25896 13873 13693 18895
Channel catfish 
juvenile 4777 6756 5924 10474 5721 5634 8003
Channel catfish 
adult 853 1320 1127 2041 1080 1059 1568
White sucker 
juvenile 6343 7976 7310 12356 7148 7079 9197
White sucker 
adult 654 1198 966 2441 909 885 1568
Smallmouth 
bass juvenile 727 1143 970 1826 927 909 1373
Smallmouth 
bass adult 932 1640 1340 3169 1267 1236 2114
Shorthead 
redhorse 
juvenile 827 1392 1156 2301 1098 1074 1704
Shorthead 
redhorse adult 541 1131 880 2306 818 792 1502
Fat Mucket 

885 1492 1234 2938 1171 1144 
Giant Floater 

119 310 227 970 207 198 
Plain 
Pocketbook 680 1103 921 2100 877 858 
Wabash Pigtoe 

0 0 0 20 0 0 
Creeper 
(Squawfoot) 0 2 1 18 1 1 
Threeridge 

0 6 3 46 3 2 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 39 

Table D.2.41 - February 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Pigeon Point Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

February    
 10% flow (cfs) 

11 103 23 103 33 36 29
Sand shiner 
young 12462 10293 14564 10281 19722 20383 17662
Sand shiner 
adult 1820 5243 2555 5243 3290 3498 2973
Walleye young 345 864 468 865 560 566 542
Walleye 
juvenile 1124 5030 1937 5033 2759 2922 2462
Walleye adult 721 2810 1217 2811 1681 1792 1484
Longnose dace 
young 1065 947 1263 947 1596 1590 1501
Longnose dace 
adult 493 1166 684 1165 841 884 774
Channel catfish 
young 12938 30010 18286 30001 23742 25131 21379
Channel catfish 
juvenile 5270 14870 7752 14875 9800 10230 9028
Channel catfish 
adult 975 3084 1522 3085 1902 1988 1754
White sucker 
juvenile 6787 12711 8928 12706 11413 12044 10297
White sucker 
adult 784 5762 1491 5770 2162 2335 1881
Smallmouth 
bass juvenile 833 2835 1330 2835 1692 1776 1548
Smallmouth 
bass adult 1104 6296 2016 6302 2852 3051 2514
Shorthead 
redhorse 
juvenile 970 4227 1646 4228 2123 2232 1942
Shorthead 
redhorse adult 682 5584 1427 5592 2057 2210 1804
Fat Mucket 

1032 7693 1838 7706 2628 2817 
Giant Floater 

162 4377 444 4390 803 904 
Plain 
Pocketbook 779 4572 1343 4578 1892 2022 
Wabash Pigtoe 

0 612 2 616 12 17 
Creeper 
(Squawfoot) 0 154 4 155 13 16 
Threeridge 

1 499 13 502 34 41 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 40 

Table D.2.42 - March 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Pigeon 
Point Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

March    
 10% flow (cfs) 

26 27 20 40 19 19 116
Sand shiner 
young 16145 16614 13162 20025 13132 13132 9504
Sand shiner 
adult 2768 2831 2353 3803 2330 2330 5254
Walleye young 506 517 433 575 429 429 932
Walleye 
juvenile 2205 2285 1687 3134 1663 1663 5268
Walleye adult 1353 1394 1088 1920 1072 1072 2900
Longnose dace 
young 1385 1421 1154 1475 1150 1150 901
Longnose dace 
adult 730 744 640 946 633 633 1135
Channel catfish 
young 19864 20333 16794 26828 16630 16629 29396
Channel catfish 
juvenile 8403 8597 7129 10774 7050 7050 15200
Channel catfish 
adult 1641 1676 1406 2105 1388 1388 3150
White sucker 
juvenile 9626 9834 8275 12733 8211 8211 12411
White sucker 
adult 1690 1749 1302 2573 1280 1279 6362
Smallmouth 
bass juvenile 1441 1474 1221 1888 1204 1204 2848
Smallmouth 
bass adult 2270 2345 1774 3314 1746 1746 6730
Shorthead 
redhorse 
juvenile 1797 1842 1498 2386 1476 1476 4338
Shorthead 
redhorse adult 1619 1676 1243 2424 1219 1219 6154
Fat Mucket 

2083 2156 1607 3089 1583 1583 
Giant Floater 

548 579 347 1052 339 339 
Plain 
Pocketbook 1512 1562 1184 2198 1166 1166 
Wabash Pigtoe 

4 4 0 25 0 0 
Creeper 
(Squawfoot) 6 7 2 20 2 2 
Threeridge 

19 21 8 52 7 7 
 
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 41 

Table D.2.43 - April 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Pigeon 
Point Site On The Sheyenne River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

April        
 10% flow (cfs) 

83 95 82 152 81 81 742
Logperch 
spawning 91 122 89 366 88 88 110
Longnose dace 
spawning 124 83 128 67 130 130 52
Longnose dace 
adult 1194 1185 1193 1041 1193 1193 251
Shorthead 
readhorse 
spawning 66 77 65 106 64 64 59
Walleye 
spawning 6695 7533 6625 10759 6580 6583 2853
Sandshiner 
spawning 10458 9961 10498 8367 10524 10521 1586
Fat Mucket 6195 7105 6116 11299 6065 6069  
Giant Floater 3178 3884 3118 7746 3078 3082  
Plain 
Pocketbook 3874 4305 3835 6210 3810 3812  
Wabash Pigtoe 

308 462 296 1881 288 289  
Creeper 
(Squawfoot) 101 130 98 355 96 96  
Threeridge 286 396 277 1362 271 272  
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 42 

Table D.2.44 - May 1-15 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Pigeon Point Site On The Sheyenne River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

May 1-15        
 10% flow (cfs) 

52 61 51 91 50 50 144
Logperch 
spawning 36 49 34 111 34 34 333
Walleye 
spawning 4671 5230 4597 7241 4568 4568 10424
Longnose dace 
adult 1087 1134 1081 1195 1079 1079 1066
Longnose dace 
spawning 

169 169 169 96 169 169 69
Sand shiner 
spawning 10448 10688 10417 10143 10405 10404 8610
Shorthead 
redhorse 
spawning 32 42 30 74 30 30 103
Fat Mucket 3906 4541 3823 6801 3791 3790  
Giant Floater 1505 1953 1447 3645 1424 1423  
Plain 
Pocketbook 2655 3013 2608 4167 2589 2589  
Wabash Pigtoe 

60 110 54 402 51 51  
Creeper 
(Squawfoot) 33 50 31 121 30 30  
Threeridge 91 134 85 354 83 83  
 
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 43 

Table D.2.45 - May 16-31 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Pigeon Point Site On The Sheyenne River. 
 No 

Action  
North 

Dakota 
In-Basin  

Red 
River 
Basin  

GDU Import 
to Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

May 16-31        
 10% flow (cfs) 

52 61 51 91 50 50 234
Hornyhead chub 
spawning 

361 380 359 322 358 358 115
Orangespotted 
sunfish spawning 

3920 4300 3870 5252 3850 3850 2374
Smallmouth bass 
spawning 

25 27 24 32 24 24 35
Longnose dace 
adult 1087 1134 1081 1195 1079 1079 697
 
 
 
Table D.2.46 - June 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Pigeon 
Point Site On The Sheyenne River. 
 No 

Action  
North 

Dakota 
In-Basin  

Red 
River 
Basin  

GDU Import 
to Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

June        
 10% flow (cfs) 60 60 48 119 56 56 

120
Hornyhead chub 
spawning 

379 378 341 260 370 370 259
Orangespotted 
sunfish spawning 

4283 4272 3746 5245 4091 4110 5241
Smallmouth bass 
spawning 

27 27 24 32 26 26 32
Longnose dace 
adult 1132 1131 1047 1126 1109 1111 1125
Fat Mucket 4512 4494 3619 8879 4193 4225  
Giant Floater 1932 1919 1332 5463 1707 1730  
Plain Pocketbook 

2996 2986 2494 5108 2816 2834 
 

Wabash Pigtoe 108 107 45 1018 83 86  
Creeper 
(Squawfoot) 49 49 27 219 41 41 

 

Threeridge 132 131 75 773 110 112  
 
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 44 

Table D.2.47 - July 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Pigeon 
Point Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

July    
 10% flow (cfs) 35 35 30 85 32 32 

104
Sand shiner 
young 20398 20398 18095 11707 18916 18914 10245
Sand shiner 
adult 3399 3399 3031 5034 3161 3161 5244
Walleye young 562 562 552 776 557 557 869
Walleye 
juvenile 2850 2850 2536 4620 2649 2649 5044
Walleye adult 1748 1748 1522 2642 1602 1602 2816
Longnose dace 
young 1620 1620 1535 1059 1567 1567 944
Longnose dace 
adult 864 864 787 1195 814 814 1164
Channel catfish 
young 24550 24550 21812 30485 22779 22777 29973
Channel catfish 
juvenile 10046 10046 9206 14139 9507 9507 14890
Channel catfish 
adult 1949 1949 1787 2909 1845 1845 3088
White sucker 
juvenile 11801 11801 10488 13077 10950 10949 12692
White sucker 
adult 2256 2256 1936 4885 2049 2049 5798
Smallmouth 
bass juvenile 1738 1738 1579 2717 1636 1635 2836
Smallmouth 
bass adult 2963 2963 2583 5579 2718 2718 6322
Shorthead 
redhorse 
juvenile 2181 2181 1983 3836 2054 2054 4233
Shorthead 
redhorse adult 2140 2140 1856 4699 1957 1957 5618
Fat Mucket 

2728 2728 2386 6358 2508 2508  
Giant Floater 

856 856 677 3303 740 740  
Plain 
Pocketbook 1963 1963 1720 3953 1807 1806  
Wabash Pigtoe 

15 15 6 332 9 9  
Creeper 
(Squawfoot) 14 14 9 106 11 11  
Threeridge 

38 38 26 303 30 30  



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 45 

Table D.2.48 - August 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Pigeon Point Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

August    
 10% flow (cfs) 19 18 17 72 17 17 

66
Sand shiner 
young 13076 13050 12955 12945 12955 12955 13929
Sand shiner 
adult 2287 2268 2195 4798 2195 2195 4664
Walleye young 422 419 407 712 407 407 682
Walleye 
juvenile 1618 1597 1520 4302 1520 1520 4100
Walleye adult 1043 1029 979 2515 979 979 2420
Longnose dace 
young 1143 1140 1128 1161 1127 1128 1213
Longnose dace 
adult 622 616 596 1186 596 596 1164
Channel catfish 
young 16321 16179 15653 30584 15651 15653 30306
Channel catfish 
juvenile 6901 6833 6579 13548 6578 6579 13103
Channel catfish 
adult 1354 1338 1279 2749 1278 1279 2639
White sucker 
juvenile 8092 8037 7835 13302 7834 7835 13351
White sucker 
adult 1238 1219 1148 4252 1148 1148 3939
Smallmouth 
bass juvenile 1173 1159 1106 2567 1106 1106 2458
Smallmouth 
bass adult 1692 1667 1576 5019 1576 1576 4717
Shorthead 
redhorse 
juvenile 1433 1414 1342 3468 1342 1342 3272
Shorthead 
redhorse adult 1175 1154 1077 4049 1077 1077 3741
Fat Mucket 

1537 1515 1437 5379 1437 1437 
Giant Floater 

325 318 293 2552 292 293 
Plain 
Pocketbook 1134 1119 1064 3474 1064 1064 
Wabash Pigtoe 

0 0 0 187 0 0 
Creeper 
(Squawfoot) 2 2 2 73 2 2 
Threeridge 

7 7 6 197 6 6 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 46 

Table D.2.49 - September 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Pigeon Point Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

September    
 10% flow (cfs) 12 18 13 49 10 10 

41
Sand shiner 
young 12537 13023 12560 17428 12333 12324 19761
Sand shiner 
adult 1877 2247 1894 4221 1720 1711 3845
Walleye young 354 415 357 601 329 328 578
Walleye 
juvenile 1185 1575 1203 3451 1021 1014 3166
Walleye adult 760 1015 772 2099 653 648 1938
Longnose dace 
young 1074 1136 1077 1371 1051 1051 1464
Longnose dace 
adult 509 611 514 1063 465 463 958
Channel catfish 
young 13353 16030 13476 28867 12210 12146 27035
Channel catfish 
juvenile 5470 6761 5529 11587 4927 4902 10857
Channel catfish 
adult 1021 1321 1035 2279 894 887 2123
White sucker 
juvenile 6947 7980 6995 13327 6505 6478 12793
White sucker 
adult 840 1199 856 3021 690 684 2618
Smallmouth 
bass juvenile 875 1144 888 2088 761 756 1908
Smallmouth 
bass adult 1177 1642 1198 3793 982 974 3363
Shorthead 
redhorse 
juvenile 1027 1394 1044 2679 872 865 2416
Shorthead 
redhorse adult 743 1132 761 2860 580 574 2468
Fat Mucket 

1093 1493 1112 3704 926 919  
Giant Floater 

182 311 188 1377 129 127  
Plain 
Pocketbook 823 1104 836 2541 706 702  
Wabash Pigtoe 

0 0 0 48 0 0  
Creeper 
(Squawfoot) 1 2 1 28 0 0  
Threeridge 

2 6 2 79 0 0  



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 47 

Table D.2.50 - October 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Pigeon Point Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

October    
 10% flow (cfs) 19 28 21 49 19 19 

45
Sand shiner 
young 13059 17294 13830 17268 13079 13098 18575
Sand shiner 
adult 2274 2923 2456 4247 2289 2304 4036
Walleye young 420 533 451 602 422 425 589
Walleye 
juvenile 1603 2400 1813 3471 1620 1635 3311
Walleye adult 1033 1452 1154 2110 1044 1054 2020
Longnose dace 
young 1141 1473 1206 1365 1143 1146 1417
Longnose dace 
adult 618 764 663 1070 622 626 1012
Channel catfish 
young 16223 21012 17553 28993 16334 16441 27966
Channel catfish 
juvenile 6854 8876 7450 11637 6908 6959 11228
Channel catfish 
adult 1343 1727 1468 2289 1355 1367 2202
White sucker 
juvenile 8054 10134 8604 13363 8097 8139 13064
White sucker 
adult 1225 1835 1398 3049 1240 1254 2823
Smallmouth 
bass juvenile 1164 1522 1278 2101 1175 1185 2000
Smallmouth 
bass adult 1675 2454 1898 3823 1694 1713 3582
Shorthead 
redhorse 
juvenile 1420 1907 1576 2697 1435 1450 2550
Shorthead 
redhorse adult 1160 1759 1338 2886 1176 1192 2667
Fat Mucket 

1522 2262 1724 3742 1539 1555 
Giant Floater 

320 624 395 1397 325 330 
Plain 
Pocketbook 1124 1634 1265 2562 1135 1147 
Wabash Pigtoe 

0 5 1 49 0 0 
Creeper 
(Squawfoot) 2 8 3 29 2 2 
Threeridge 

7 23 10 81 7 7 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 48 

Table D.2.51 - November 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Pigeon Point Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

November    
 10% flow (cfs) 21 48 24 52 22 22 

48
Sand shiner 
young 13567 17815 15207 16707 14193 14195 17686
Sand shiner 
adult 2420 4159 2641 4323 2504 2505 4180
Walleye young 445 597 484 613 459 459 598
Walleye 
juvenile 1768 3404 2046 3566 1874 1875 3420
Walleye adult 1131 2072 1273 2159 1185 1185 2081
Longnose dace 
young 1186 1387 1312 1340 1234 1234 1381
Longnose dace 
adult 655 1046 703 1089 673 673 1052
Channel catfish 
young 17291 28563 18928 29274 17916 17917 28665
Channel catfish 
juvenile 7342 11466 8017 11864 7600 7601 11507
Channel catfish 
adult 1448 2253 1571 2342 1495 1495 2261
White sucker 
juvenile 8488 13238 9212 13397 8764 8765 13268
White sucker 
adult 1365 2954 1572 3184 1444 1444 2976
Smallmouth 
bass juvenile 1259 2058 1375 2156 1303 1304 2068
Smallmouth 
bass adult 1856 3722 2119 3960 1956 1956 3746
Shorthead 
redhorse 
juvenile 1550 2635 1707 2784 1610 1610 2650
Shorthead 
redhorse adult 1306 2795 1506 3016 1382 1383 2816
Fat Mucket 

1684 3612 1938 3924 1781 1781  
Giant Floater 

378 1328 486 1518 419 420  
Plain 
Pocketbook 1237 2490 1412 2665 1303 1304  
Wabash Pigtoe 

1 44 3 62 1 1  
Creeper 
(Squawfoot) 3 27 5 33 4 4  
Threeridge 

9 75 15 92 12 12  



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 49 

Table D.2.52 - December 10% Flow Results Of Flows And Habitat Units (Wua) For Each Alternative At The 
Pigeon Point Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

December    
 10% flow (cfs) 15 64 21 65 18 18 

33
Sand shiner 
young 12786 14360 13878 14154 13046 13044 19551
Sand shiner 
adult 2066 4611 2462 4636 2264 2262 3263
Walleye young 385 671 452 676 418 418 559
Walleye 
juvenile 1384 4018 1821 4057 1593 1591 2735
Walleye adult 891 2380 1158 2399 1027 1025 1664
Longnose dace 
young 1106 1233 1210 1223 1139 1139 1590
Longnose dace 
adult 561 1152 664 1158 615 615 835
Channel catfish 
young 14722 30146 17601 30222 16154 16141 23537
Channel catfish 
juvenile 6130 12911 7470 13003 6821 6814 9738
Channel catfish 
adult 1175 2593 1471 2615 1335 1333 1890
White sucker 
juvenile 7475 13358 8625 13354 8028 8023 11314
White sucker 
adult 1023 3822 1404 3877 1216 1214 2138
Smallmouth 
bass juvenile 1013 2411 1281 2433 1157 1155 1680
Smallmouth 
bass adult 1414 4599 1906 4655 1663 1661 2823
Shorthead 
redhorse 
juvenile 1214 3196 1580 3232 1411 1409 2108
Shorthead 
redhorse adult 942 3629 1344 3682 1150 1148 2036
Fat Mucket 

1298 4780 1732 4855 1512 1510  
Giant Floater 

248 2121 399 2174 317 316  
Plain 
Pocketbook 966 3148 1270 3190 1117 1115  
Wabash Pigtoe 

0 129 1 135 0 0  
Creeper 
(Squawfoot) 1 56 3 58 2 2  
Threeridge 

4 150 10 155 7 7  



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 50 

Table D.2.53 - January 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Norman Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

January     
 50% flow (cfs) 30 34 28 51 27 27 

12
Sand shiner 
young 2472 2462 2505 2769 2511 2511 2749
Sand shiner 
adult 3024 3049 2991 3343 2985 2985 2733
Walleye young 2343 2347 2334 2327 2332 2332 2155
Walleye 
juvenile 4769 4759 4634 4875 4610 4610 2442
Walleye adult 1052 1118 987 1367 976 976 520
Longnose dace 
young 318 310 330 296 332 332 424
Longnose dace 
adult 985 998 950 998 944 944 600
Channel catfish 
young 4822 4981 4676 5800 4653 4653 3678
Channel catfish 
juvenile 9411 9455 9354 9510 9344 9344 8705
Channel catfish 
adult 1287 1286 1284 1266 1284 1284 1215
White sucker 
juvenile 3061 3070 3039 3156 3035 3035 2759
White sucker 
adult 2957 3066 2867 3571 2853 2853 2269
Smallmouth 
bass juvenile 789 803 771 853 768 768 599
Smallmouth 
bass adult 3872 4019 3719 4599 3694 3694 2560
Shorthead 
redhorse 
juvenile 970 1012 939 1214 934 934 730
Shorthead 
redhorse adult 2450 2551 2365 3060 2352 2352 1804
Fat Mucket 

2353 2544 2204 3569 2181 2181  
Giant Floater 

5860 6273 5540 8206 5490 5490  
Plain 
Pocketbook 2811 2998 2666 3924 2643 2643  
Wabash Pigtoe 

4 8 2 40 2 2  
Creeper 
(Squawfoot) 3 4 3 12 3 3  
Threeridge 

25 31 21 64 21 21  
 
 
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 51 

Table D.2.54 - February 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Norman Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

February    
 10% flow (cfs) 147 153 148 141 149 149 

10
Sand shiner 
young 2692 2653 2694 2687 2695 2695 2783
Sand shiner 
adult 4503 4488 4503 4502 4503 4503 2694
Walleye young 2319 2318 2319 2320 2319 2319 2118
Walleye 
juvenile 4737 4780 4742 4721 4745 4745 2008
Walleye adult 1811 1825 1814 1796 1817 1817 453
Longnose dace 
young 297 289 295 307 293 293 438
Longnose dace 
adult 706 688 700 728 696 696 540
Channel catfish 
young 7707 7686 7709 7702 7710 7710 3538
Channel catfish 
juvenile 10103 10140 10112 10065 10121 10121 8588
Channel catfish 
adult 1367 1377 1370 1355 1373 1373 1200
White sucker 
juvenile 3748 3734 3746 3753 3745 3745 2707
White sucker 
adult 5901 6030 5931 5780 5957 5957 2186
Smallmouth 
bass juvenile 1118 1134 1121 1103 1125 1125 571
Smallmouth 
bass adult 5825 5872 5838 5776 5848 5848 2387
Shorthead 
redhorse 
juvenile 1961 1968 1968 1932 1974 1974 700
Shorthead 
redhorse adult 5465 5576 5495 5344 5520 5520 1726
Fat Mucket 

10013 10357 10098 9673 10171 10171  
Giant Floater 

11013 10913 11002 11060 10992 10992  
Plain 
Pocketbook 7793 7939 7836 7621 7873 7873  
Wabash Pigtoe 

708 772 720 658 731 731  
Creeper 
(Squawfoot) 83 89 84 79 85 85  
Threeridge 

603 653 612 564 621 621  



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 52 

Table D.2.55 - March 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Norman Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

March    
 50% flow (cfs) 88 90 88 104 85 85 

90
Sand shiner 
young 2860 2764 2859 2650 3031 3031 2769
Sand shiner 
adult 4472 4478 4472 4495 4461 4461 4478
Walleye young 2368 2367 2368 2328 2366 2366 2369
Walleye 
juvenile 4651 4643 4651 4606 4662 4662 4645
Walleye adult 1661 1670 1661 1699 1644 1644 1670
Longnose dace 
young 384 377 384 375 397 397 377
Longnose dace 
adult 918 914 918 878 923 923 915
Channel catfish 
young 7471 7527 7472 7665 7377 7377 7521
Channel catfish 
juvenile 9772 9790 9772 9804 9737 9737 9791
Channel catfish 
adult 1260 1262 1260 1271 1256 1256 1262
White sucker 
juvenile 3820 3824 3820 3789 3810 3810 3826
White sucker 
adult 4605 4656 4605 4954 4524 4524 4648
Smallmouth 
bass juvenile 955 963 955 1004 942 942 961
Smallmouth 
bass adult 5296 5323 5297 5441 5251 5251 5320
Shorthead 
redhorse 
juvenile 1638 1656 1638 1742 1609 1609 1654
Shorthead 
redhorse adult 4146 4200 4147 4526 4063 4063 4191
Fat Mucket 

6297 6443 6298 7364 6075 6075  
Giant Floater 

11077 11168 11078 11373 10927 10927  
Plain 
Pocketbook 5863 5957 5864 6454 5715 5715  
Wabash Pigtoe 

197 210 197 318 179 179  
Creeper 
(Squawfoot) 41 42 41 52 39 39  
Threeridge 

206 216 206 299 191 191  



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 53 

Table D.2.56 - April 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Norman 
Site On The Sheyenne River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

April        
 50% flow (cfs) 601 664 602 646 601 601 

190
Logperch 
spawning 415 283 414 320 415 415 423
Longnose dace 
spawning 0 0 0 0 0 0 1
Longnose dace 
adult 200 169 199 178 200 200 639
Shorthead 
readhorse 
spawning 23 19 23 20 23 23 82
Walleye 
spawning 672 428 670 497 673 673 1348
Sandshiner 
spawning 907 842 906 860 907 907 3111
Fat Mucket 11594 11232 11590 11334 11594 11594  
Giant Floater 6382 7103 6389 6900 6381 6381  
Plain 
Pocketbook 7077 6913 7075 6959 7077 7077  
Wabash Pigtoe 

1219 1014 1217 1072 1219 1219  
Creeper 
(Squawfoot) 935 1043 936 1012 934 934  
Threeridge 922 705 919 766 922 922  
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 54 

Table D.2.57 - May 1-15 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Norman Site On The Sheyenne River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

May 1-15        
 50% flow (cfs) 198 199 199 193 199 199 

104
Logperch 
spawning 404 401 401 416 403 403 580
Walleye 
spawning 1371 1375 1375 1356 1372 1372 1208
Longnose dace 
adult 628 626 626 635 627 627 880
Longnose dace 
spawning 

0 0 0 0 0 0 19
Sand shiner 
spawning 3180 3190 3190 3136 3184 3184 3188
Shorthead 
redhorse 
spawning 78 78 78 80 78 78 181
Fat Mucket 12345 12400 12400 12113 12364 12364  
Giant Floater 9861 9832 9832 9984 9851 9851  
Plain 
Pocketbook 8538 8554 8554 8468 8543 8543 

 

Wabash Pigtoe 
1252 1265 1265 1195 1256 1256 

 

Creeper 
(Squawfoot) 137 139 139 132 138 138 

 

Threeridge 1043 1054 1054 998 1047 1047  
 
 
 
Table D.2.58 - May 16-31 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Norman Site On The Sheyenne River. 
 No 

Action  
North 

Dakota 
In-Basin  

Red 
River 
Basin  

GDU Import 
to Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

May 16-31        
 50% flow (cfs) 198 199 199 193 199 199 

104
Hornyhead chub 
spawning 

1731 1744 1744 1675 1736 1736 1473
Orangespotted 
sunfish spawning 

1201 1186 1186 1263 1196 1196 1112
Smallmouth bass 
spawning 

0 0 0 0 0 0 9
Longnose dace 
adult 628 626 626 635 627 627 880
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 55 

Table D.2.59 - June 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Norman 
Site On The Sheyenne River. 
 No 

Action  
North 

Dakota 
In-Basin  

Red 
River 
Basin  

GDU Import 
to Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

June        
 50% flow (cfs) 182 202 183 191 182 182 

64
Hornyhead chub 
spawning 

1560 1744 1574 1653 1560 1560 377
Orangespotted 
sunfish spawning 

1392 1157 1377 1288 1392 1392 1038
Smallmouth bass 
spawning 

1 0 1 0 1 1 24
Longnose dace 
adult 650 624 648 638 650 650 957
Fat Mucket 11635 12479 11691 12021 11632 11632  
Giant Floater 10237 9783 10207 10033 10238 10238  
Plain Pocketbook 

8324 8563 8341 8440 8323 8323 
 

Wabash Pigtoe 1080 1292 1094 1173 1079 1079  
Creeper 
(Squawfoot) 120 143 121 129 120 120 

 

Threeridge 904 1077 915 979 903 903  
 
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 56 

Table D.2.60 - July 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Norman 
Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

July     
 50% flow (cfs) 92 82 69 143 76 75 

89
Sand shiner 
young 2748 3212 3510 2688 3488 3516 2825
Sand shiner 
adult 4480 4449 4077 4502 4305 4281 4474
Walleye young 2362 2364 2376 2320 2373 2375 2368
Walleye 
juvenile 4636 4674 4787 4725 4725 4733 4649
Walleye adult 1672 1626 1550 1800 1591 1587 1664
Longnose dace 
young 378 411 444 305 442 445 381
Longnose dace 
adult 912 929 940 722 935 935 917
Channel catfish 
young 7544 7277 6762 7703 7033 7001 7490
Channel catfish 
juvenile 9788 9699 9671 10075 9677 9678 9779
Channel catfish 
adult 1262 1251 1254 1358 1249 1249 1260
White sucker 
juvenile 3820 3800 3578 3751 3713 3698 3822
White sucker 
adult 4681 4439 4114 5813 4274 4255 4621
Smallmouth 
bass juvenile 966 928 897 1107 908 906 957
Smallmouth 
bass adult 5333 5204 5017 5790 5112 5102 5305
Shorthead 
redhorse 
juvenile 1664 1578 1456 1940 1514 1506 1644
Shorthead 
redhorse adult 4230 3975 3627 5377 3797 3776 4163
Fat Mucket 

6525 5840 4925 9766 5373 5318  
Giant Floater 

11199 10768 9977 11047 10409 10364  
Plain 
Pocketbook 6003 5559 4942 7668 5256 5221  
Wabash Pigtoe 

218 159 99 672 126 122  
Creeper 
(Squawfoot) 43 36 27 80 31 30  
Threeridge 

222 175 123 574 147 144  



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 57 

Table D.2.61 - August 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Norman Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

August     
 50% flow (cfs) 51 56 49 105 52 49 

66
Sand shiner 
young 2776 2967 2708 2650 2816 2708 3376
Sand shiner 
adult 3350 3539 3291 4495 3389 3291 3944
Walleye young 2328 2340 2328 2328 2330 2328 2367
Walleye 
juvenile 4874 4851 4864 4607 4869 4864 4803
Walleye adult 1369 1416 1348 1700 1379 1348 1517
Longnose dace 
young 297 335 290 375 305 290 417
Longnose dace 
adult 998 983 1003 877 995 1003 951
Channel catfish 
young 5810 6058 5713 7665 5861 5713 6587
Channel catfish 
juvenile 9511 9553 9507 9806 9520 9507 9642
Channel catfish 
adult 1266 1263 1269 1272 1266 1269 1256
White sucker 
juvenile 3160 3269 3134 3789 3183 3134 3502
White sucker 
adult 3577 3717 3522 4960 3606 3522 4015
Smallmouth 
bass juvenile 853 865 849 1005 856 849 889
Smallmouth 
bass adult 4603 4711 4554 5443 4625 4554 4941
Shorthead 
redhorse 
juvenile 1217 1279 1193 1743 1230 1193 1412
Shorthead 
redhorse adult 3065 3212 3007 4532 3096 3007 3524
Fat Mucket 

3582 3932 3453 7382 3655 3453  
Giant Floater 

8223 8680 8026 11370 8318 8026  
Plain 
Pocketbook 3933 4196 3829 6463 3988 3829  
Wabash Pigtoe 

41 56 36 320 44 36  
Creeper 
(Squawfoot) 12 16 11 52 13 11  
Threeridge 

64 79 59 301 67 59  



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 58 

Table D.2.62 - September 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Norman Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

September     
 50% flow (cfs) 36 43 32 75 30 28 

16
Sand shiner 
young 2454 2528 2466 3527 2475 2502 2682
Sand shiner 
adult 3067 3161 3039 4271 3019 2993 2810
Walleye young 2350 2346 2345 2376 2342 2334 2229
Walleye 
juvenile 4753 4781 4763 4736 4759 4647 3310
Walleye adult 1164 1278 1092 1585 1041 992 654
Longnose dace 
young 304 293 313 447 319 329 397
Longnose dace 
adult 1008 1017 993 936 981 953 719
Channel catfish 
young 5094 5425 4919 6989 4796 4688 3958
Channel catfish 
juvenile 9485 9528 9438 9678 9403 9359 8940
Channel catfish 
adult 1285 1279 1286 1249 1286 1285 1246
White sucker 
juvenile 3076 3101 3066 3693 3059 3041 2863
White sucker 
adult 3142 3354 3023 4248 2940 2874 2434
Smallmouth 
bass juvenile 812 835 798 905 787 773 656
Smallmouth 
bass adult 4122 4383 3962 5097 3846 3731 2906
Shorthead 
redhorse 
juvenile 1042 1125 996 1503 964 942 790
Shorthead 
redhorse adult 2623 2830 2512 3768 2434 2372 1959
Fat Mucket 

2679 3086 2470 5296 2323 2216  
Giant Floater 

6565 7377 6112 10347 5797 5566  
Plain 
Pocketbook 3129 3509 2925 5207 2782 2677  
Wabash Pigtoe 

11 23 6 121 3 3  
Creeper 
(Squawfoot) 5 8 4 30 3 3  
Threeridge 

35 47 28 143 24 22  
 
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 59 

Table D.2.63 - October 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Norman Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

October     
 50% flow (cfs) 44 48 44 72 43 43 

19
Sand shiner 
young 2561 2681 2548 3564 2537 2537 2631
Sand shiner 
adult 3185 3272 3175 4170 3167 3167 2868
Walleye young 2343 2331 2344 2402 2345 2345 2285
Walleye 
juvenile 4796 4852 4790 4807 4785 4785 3961
Walleye adult 1291 1338 1286 1576 1281 1281 755
Longnose dace 
young 292 291 293 454 293 293 377
Longnose dace 
adult 1015 1005 1016 944 1017 1017 808
Channel catfish 
young 5478 5670 5458 6865 5440 5440 4169
Channel catfish 
juvenile 9524 9510 9526 9750 9527 9527 9116
Channel catfish 
adult 1277 1270 1278 1259 1279 1279 1269
White sucker 
juvenile 3107 3129 3105 3622 3103 3103 2941
White sucker 
adult 3385 3497 3373 4191 3363 3363 2559
Smallmouth 
bass juvenile 838 847 837 893 836 836 699
Smallmouth 
bass adult 4414 4528 4402 5069 4391 4391 3166
Shorthead 
redhorse 
juvenile 1138 1183 1133 1456 1129 1129 835
Shorthead 
redhorse adult 2863 2981 2850 3677 2839 2839 2076
Fat Mucket 

3154 3398 3128 5087 3105 3105  
Giant Floater 

7497 7929 7450 10239 7410 7410  
Plain 
Pocketbook 3568 3781 3545 5088 3525 3525  
Wabash Pigtoe 

25 34 24 108 23 23  
Creeper 
(Squawfoot) 8 10 8 29 8 8  
Threeridge 

50 58 49 132 48 48  



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 60 

Table D.2.64 - November 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Norman Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

November     
 50% flow (cfs) 57 83 56 80 55 55 

17
Sand shiner 
young 3031 3173 2964 3342 2949 2949 2665
Sand shiner 
adult 3603 4452 3536 4436 3521 3521 2829
Walleye young 2344 2365 2340 2363 2339 2339 2248
Walleye 
juvenile 4844 4672 4851 4684 4853 4853 3527
Walleye adult 1432 1630 1416 1613 1412 1412 688
Longnose dace 
young 348 408 335 422 332 332 390
Longnose dace 
adult 978 928 983 933 984 984 749
Channel catfish 
young 6140 7299 6054 7202 6034 6034 4029
Channel catfish 
juvenile 9567 9707 9552 9673 9549 9549 8998
Channel catfish 
adult 1262 1252 1263 1248 1263 1263 1254
White sucker 
juvenile 3305 3802 3267 3790 3259 3259 2889
White sucker 
adult 3763 4457 3714 4376 3703 3703 2476
Smallmouth 
bass juvenile 869 931 865 918 864 864 670
Smallmouth 
bass adult 4747 5214 4709 5169 4701 4701 2993
Shorthead 
redhorse 
juvenile 1300 1584 1278 1555 1273 1273 805
Shorthead 
redhorse adult 3260 3994 3209 3910 3198 3198 1998
Fat Mucket 

4049 5890 3926 5667 3898 3898  
Giant Floater 

8832 10802 8673 10650 8637 8637  
Plain 
Pocketbook 4284 5593 4192 5444 4171 4171  
Wabash Pigtoe 

61 163 56 145 55 55  
Creeper 
(Squawfoot) 17 37 16 34 16 16  
Threeridge 

85 178 79 163 78 78  



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 61 

Table D.2.65 - December 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Norman Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

December    
 50% flow (cfs) 83 88 85 99 85 85 

11
Sand shiner 
young 3186 2866 3038 2652 3062 3062 2766
Sand shiner 
adult 4451 4471 4460 4493 4459 4459 2714
Walleye young 2365 2368 2366 2331 2366 2366 2136
Walleye 
juvenile 4672 4651 4663 4596 4664 4664 2225
Walleye adult 1629 1660 1643 1686 1641 1641 487
Longnose dace 
young 409 384 398 383 400 400 431
Longnose dace 
adult 928 918 924 897 924 924 570
Channel catfish 
young 7291 7468 7373 7652 7360 7360 3608
Channel catfish 
juvenile 9704 9771 9735 9774 9730 9730 8646
Channel catfish 
adult 1252 1259 1255 1261 1255 1255 1208
White sucker 
juvenile 3801 3820 3810 3795 3809 3809 2733
White sucker 
adult 4451 4602 4520 4842 4510 4510 2227
Smallmouth 
bass juvenile 930 954 941 990 939 939 585
Smallmouth 
bass adult 5210 5295 5249 5396 5243 5243 2474
Shorthead 
redhorse 
juvenile 1582 1637 1607 1715 1604 1604 715
Shorthead 
redhorse adult 3987 4144 4059 4413 4048 4048 1765
Fat Mucket 

5873 6289 6065 7046 6035 6035  
Giant Floater 

10790 11072 10920 11395 10900 10900  
Plain 
Pocketbook 5581 5858 5709 6291 5689 5689  
Wabash Pigtoe 

162 196 178 273 175 175  
Creeper 
(Squawfoot) 36 41 38 48 38 38  
Threeridge 

177 205 190 264 188 188  



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 62 

Table D.2.66 - January 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Norman Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

January     
 10% flow (cfs) 9 18 14 38 13 13 

12
Sand shiner 
young 2808 2646 2710 2448 2725 2731 2749
Sand shiner 
adult 2657 2850 2778 3082 2760 2753 2733
Walleye young 2095 2268 2199 2352 2182 2174 2155
Walleye 
juvenile 1828 3762 2950 4747 2753 2668 2442
Walleye adult 429 724 599 1203 568 555 520
Longnose dace 
young 441 383 408 299 414 417 424
Longnose dace 
adult 513 781 669 1016 642 631 600
Channel catfish 
young 3468 4104 3842 5187 3778 3751 3678
Channel catfish 
juvenile 8533 9062 8842 9511 8789 8766 8705
Channel catfish 
adult 1191 1262 1233 1285 1226 1223 1215
White sucker 
juvenile 2661 2917 2820 3081 2796 2786 2759
White sucker 
adult 2151 2521 2366 3206 2328 2312 2269
Smallmouth 
bass juvenile 556 686 633 820 620 614 599
Smallmouth 
bass adult 2313 3086 2763 4208 2684 2650 2560
Shorthead 
redhorse 
juvenile 686 821 765 1066 751 746 730
Shorthead 
redhorse adult 1695 2040 1895 2682 1859 1844 1804
Fat Mucket 

1204 1667 1470 2791 1422 1402  
Giant Floater 

3344 4378 3938 6806 3831 3785  
Plain 
Pocketbook 1640 2133 1924 3238 1873 1851  
Wabash Pigtoe 

0 0 0 14 0 0  
Creeper 
(Squawfoot) 0 1 1 5 0 0  
Threeridge 

6 11 9 38 8 8  



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 63 

Table D.2.67 - February 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Norman Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

February     
 10% flow (cfs) 11 103 23 103 33 36 

10
Sand shiner 
young 2759 2648 2575 2649 2462 2454 2783
Sand shiner 
adult 2721 4495 2925 4495 3047 3069 2694
Walleye young 2144 2328 2315 2328 2346 2350 2118
Walleye 
juvenile 2313 4603 4342 4603 4760 4752 2008
Walleye adult 500 1696 859 1696 1113 1167 453
Longnose dace 
young 428 378 356 377 310 304 438
Longnose dace 
adult 582 883 878 882 997 1008 540
Channel catfish 
young 3636 7664 4396 7664 4968 5101 3538
Channel catfish 
juvenile 8670 9796 9239 9797 9451 9487 8588
Channel catfish 
adult 1211 1268 1280 1269 1286 1285 1200
White sucker 
juvenile 2743 3790 2993 3790 3069 3076 2707
White sucker 
adult 2244 4927 2696 4931 3057 3148 2186
Smallmouth 
bass juvenile 591 1001 734 1001 802 813 571
Smallmouth 
bass adult 2509 5430 3420 5432 4007 4129 2387
Shorthead 
redhorse 
juvenile 721 1735 882 1736 1009 1044 700
Shorthead 
redhorse adult 1781 4499 2205 4503 2543 2627 1726
Fat Mucket 

1316 7288 1925 7300 2529 2688  
Giant Floater 

3593 11383 4941 11382 6240 6584  
Plain 
Pocketbook 1760 6416 2393 6421 2982 3138  
Wabash Pigtoe 

0 307 1 308 8 11  
Creeper 
(Squawfoot) 0 51 2 51 4 5  
Threeridge 

7 290 16 292 30 35  



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 64 

Table D.2.68 - March 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Norman Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

March     
 10% flow (cfs) 26 27 20 40 19 19 

90
Sand shiner 
young 2530 2517 2618 2445 2624 2624 2769
Sand shiner 
adult 2967 2980 2883 3101 2876 2876 4478
Walleye young 2327 2330 2299 2354 2293 2293 2369
Walleye 
juvenile 4530 4586 4125 4743 4048 4048 4645
Walleye adult 941 966 780 1246 768 768 1670
Longnose dace 
young 339 334 372 294 374 374 377
Longnose dace 
adult 925 938 831 1024 820 820 915
Channel catfish 
young 4576 4630 4222 5293 4197 4197 7521
Channel catfish 
juvenile 9313 9335 9160 9538 9139 9139 9791
Channel catfish 
adult 1283 1284 1275 1284 1272 1272 1262
White sucker 
juvenile 3022 3031 2961 3086 2951 2951 3826
White sucker 
adult 2806 2839 2590 3278 2576 2575 4648
Smallmouth 
bass juvenile 758 765 710 829 704 704 961
Smallmouth 
bass adult 3612 3669 3231 4305 3200 3200 5320
Shorthead 
redhorse 
juvenile 919 930 846 1094 841 841 1654
Shorthead 
redhorse adult 2308 2338 2105 2749 2091 2091 4191
Fat Mucket 

2105 2158 1755 2919 1737 1736  
Giant Floater 

5327 5441 4575 7080 4533 4533  
Plain 
Pocketbook 2569 2621 2227 3362 2207 2207  
Wabash Pigtoe 

2 2 0 17 0 0  
Creeper 
(Squawfoot) 2 3 1 6 1 1  
Threeridge 

19 20 12 42 12 12  



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 65 

Table D.2.69 - April 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Norman 
Site On The Sheyenne River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

April        
 10% flow (cfs) 83 95 82 152 81 81 

190
Logperch 
spawning 481 556 474 514 470 470 423
Longnose dace 
spawning 5 16 4 3 3 3 1
Longnose dace 
adult 927 905 929 689 931 930 639
Shorthead 
readhorse 
spawning 230 197 234 96 237 236 82
Walleye 
spawning 1081 1183 1069 1241 1061 1062 1348
Sandshiner 
spawning 2950 3209 2912 2793 2888 2890 3111
Fat Mucket 5912 6775 5832 10326 5781 5785  
Giant Floater 10817 11293 10763 10929 10729 10732  
Plain 
Pocketbook 5607 6141 5554 7929 5520 5523 

 

Wabash Pigtoe 
165 244 159 764 154 155 

 

Creeper 
(Squawfoot) 37 46 36 88 35 36 

 

Threeridge 180 242 174 647 171 171  
 
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 66 

Table D.2.70 - May 1-15 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Norman Site On The Sheyenne River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

May 1-15        
 10% flow (cfs) 52 61 51 91 50 50 

104
Logperch 
spawning 159 256 147 530 142 142 580
Walleye 
spawning 756 843 745 1163 741 741 1208
Longnose dace 
adult 995 968 999 913 1000 1000 880
Longnose dace 
spawning 

13 7 13 12 14 14 19
Sand shiner 
spawning 2270 2415 2251 3197 2243 2243 3188
Shorthead 
redhorse 
spawning 271 268 271 204 271 271 181
Fat Mucket 3638 4279 3554 6506 3521 3521  
Giant Floater 8297 9133 8187 11191 8144 8144  
Plain 
Pocketbook 3976 4457 3913 5992 3888 3888 

 

Wabash Pigtoe 
43 71 40 216 38 38 

 

Creeper 
(Squawfoot) 13 20 12 43 11 11 

 

Threeridge 67 95 63 221 62 62  
 
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 67 

Table D.2.71 - May 16-31 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Norman Site On The Sheyenne River. 
 No 

Action  
North 

Dakota 
In-Basin  

Red 
River 
Basin  

GDU Import 
to Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

May 16-31        
 10% flow (cfs) 52 61 51 91 50 50 

104
Hornyhead chub 
spawning 

309 358 303 980 300 300 1473
Orangespotted 
sunfish spawning 

1109 1058 1115 1009 1118 1118 1112
Smallmouth bass 
spawning 

30 26 30 13 31 31 9
Longnose dace 
adult 995 968 999 913 1000 1000 880
 
 
 
Table D.2.72 - June 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Norman 
Site On The Sheyenne River. 
 No 

Action  
North 

Dakota 
In-Basin  

Red 
River 
Basin  

GDU Import 
to Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

June        
 10% flow (cfs) 60 60 48 119 56 56 

64
Hornyhead chub 
spawning 

355 354 281 1388 331 334 377
Orangespotted 
sunfish spawning 

1060 1062 1135 1332 1086 1083 1038
Smallmouth bass 
spawning 

26 26 32 7 28 28 24
Longnose dace 
adult 969 970 1006 817 983 982 957
Fat Mucket 4250 4231 3373 8301 3928 3960  
Giant Floater 9095 9071 7886 11246 8675 8716  
Plain Pocketbook 

4435 4421 3760 6928 4193 4217 
 

Wabash Pigtoe 70 69 33 456 56 57  
Creeper 
(Squawfoot) 20 19 10 63 16 16 

 

Threeridge 93 92 57 406 79 81  
 
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 68 

Table D.2.73 - July 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Norman 
Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

July     
 50% flow (cfs) 35 35 30 85 32 32 

89
Sand shiner 
young 2458 2458 2475 3031 2468 2468 2825
Sand shiner 
adult 3059 3059 3019 4461 3034 3034 4474
Walleye young 2348 2348 2342 2366 2344 2344 2368
Walleye 
juvenile 4756 4756 4762 4662 4765 4765 4649
Walleye adult 1142 1142 1042 1644 1078 1078 1664
Longnose dace 
young 307 307 319 397 315 315 381
Longnose dace 
adult 1003 1003 982 923 990 990 917
Channel catfish 
young 5039 5039 4799 7377 4884 4884 7490
Channel catfish 
juvenile 9470 9470 9404 9736 9428 9428 9779
Channel catfish 
adult 1286 1286 1287 1256 1286 1286 1260
White sucker 
juvenile 3073 3073 3059 3810 3064 3064 3822
White sucker 
adult 3105 3105 2941 4524 2999 2999 4621
Smallmouth 
bass juvenile 808 808 787 942 795 795 957
Smallmouth 
bass adult 4072 4072 3849 5251 3929 3929 5305
Shorthead 
redhorse 
juvenile 1027 1027 964 1609 986 986 1644
Shorthead 
redhorse adult 2588 2588 2435 4063 2489 2489 4163
Fat Mucket 

2613 2613 2326 6074 2428 2428  
Giant Floater 

6422 6422 5803 10927 6022 6022  
Plain 
Pocketbook 3065 3065 2785 5715 2884 2884  
Wabash Pigtoe 

10 10 3 179 5 5  
Creeper 
(Squawfoot) 5 5 3 39 4 4  
Threeridge 

33 33 24 191 27 27  



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 69 

Table D.2.74 - August 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Norman Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

August     
 10% flow (cfs) 19 18 17 72 17 17 

66
Sand shiner 
young 2635 2641 2660 3565 2660 2660 3376
Sand shiner 
adult 2863 2857 2835 4173 2835 2835 3944
Walleye young 2280 2275 2253 2404 2253 2253 2367
Walleye 
juvenile 3903 3836 3589 4808 3588 3589 4803
Walleye adult 746 735 697 1577 697 697 1517
Longnose dace 
young 379 381 388 454 388 388 417
Longnose dace 
adult 800 791 757 944 757 757 951
Channel catfish 
young 4150 4128 4049 6869 4048 4049 6587
Channel catfish 
juvenile 9100 9082 9015 9754 9015 9015 9642
Channel catfish 
adult 1267 1265 1256 1259 1256 1256 1256
White sucker 
juvenile 2934 2926 2896 3624 2896 2896 3502
White sucker 
adult 2548 2535 2488 4194 2488 2488 4015
Smallmouth 
bass juvenile 695 691 674 893 674 674 889
Smallmouth 
bass adult 3142 3116 3017 5071 3017 3017 4941
Shorthead 
redhorse 
juvenile 831 826 809 1455 809 809 1412
Shorthead 
redhorse adult 2065 2053 2009 3679 2009 2009 3524
Fat Mucket 

1701 1685 1625 5092 1625 1625  
Giant Floater 

4454 4418 4284 10250 4284 4284  
Plain 
Pocketbook 2169 2152 2088 5094 2088 2088  
Wabash Pigtoe 

0 0 0 109 0 0  
Creeper 
(Squawfoot) 1 1 1 29 1 1  
Threeridge 

12 11 11 132 11 11  
 
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 70 

Table D.2.75 - September 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Norman Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

September     
 10% flow (cfs) 12 18 13 49 10 10 

16
Sand shiner 
young 2744 2646 2739 2705 2787 2790 2682
Sand shiner 
adult 2739 2851 2744 3289 2688 2683 2810
Walleye young 2161 2269 2166 2329 2114 2111 2229
Walleye 
juvenile 2508 3766 2566 4863 1978 1953 3310
Walleye adult 530 724 539 1347 449 446 654
Longnose dace 
young 422 383 420 290 438 439 397
Longnose dace 
adult 609 781 617 1003 535 532 719
Channel catfish 
young 3699 4106 3718 5708 3526 3516 3958
Channel catfish 
juvenile 8723 9063 8738 9507 8578 8571 8940
Channel catfish 
adult 1218 1262 1220 1269 1198 1197 1246
White sucker 
juvenile 2767 2917 2773 3133 2699 2693 2863
White sucker 
adult 2281 2522 2292 3519 2180 2175 2434
Smallmouth 
bass juvenile 604 686 607 849 568 566 656
Smallmouth 
bass adult 2586 3088 2609 4550 2375 2364 2906
Shorthead 
redhorse 
juvenile 734 821 738 1192 698 696 790
Shorthead 
redhorse adult 1816 2041 1826 3004 1721 1717 1959
Fat Mucket 

1363 1668 1377 3446 1236 1231  
Giant Floater 

3698 4380 3730 8014 3414 3402  
Plain 
Pocketbook 1810 2134 1825 3823 1674 1668  
Wabash Pigtoe 

0 0 0 36 0 0  
Creeper 
(Squawfoot) 0 1 0 11 0 0  
Threeridge 

8 11 8 59 6 6  



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 71 

Table D.2.76 - October 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Norman Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

October     
 10% flow (cfs) 19 28 21 49 19 19 

19
Sand shiner 
young 2639 2497 2596 2721 2635 2631 2631
Sand shiner 
adult 2859 2998 2905 3300 2863 2868 2868
Walleye young 2276 2336 2309 2327 2281 2285 2285
Walleye 
juvenile 3857 4667 4255 4870 3909 3959 3961
Walleye adult 738 1001 822 1353 747 754 755
Longnose dace 
young 380 327 363 290 378 377 377
Longnose dace 
adult 794 958 857 1002 801 808 808
Channel catfish 
young 4135 4707 4313 5734 4152 4168 4169
Channel catfish 
juvenile 9087 9367 9204 9505 9101 9115 9116
Channel catfish 
adult 1266 1285 1278 1268 1267 1269 1269
White sucker 
juvenile 2928 3044 2979 3136 2935 2941 2941
White sucker 
adult 2539 2886 2645 3533 2549 2559 2559
Smallmouth 
bass juvenile 692 775 723 850 695 699 699
Smallmouth 
bass adult 3124 3752 3331 4566 3145 3165 3166
Shorthead 
redhorse 
juvenile 828 946 865 1198 831 835 835
Shorthead 
redhorse adult 2057 2383 2157 3020 2066 2075 2076
Fat Mucket 

1690 2235 1842 3478 1703 1715  
Giant Floater 

4429 5607 4762 8072 4458 4485  
Plain 
Pocketbook 2157 2696 2312 3852 2171 2184  
Wabash Pigtoe 

0 3 1 37 0 0  
Creeper 
(Squawfoot) 1 3 2 11 1 1  
Threeridge 

11 22 14 60 12 12  
 
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 72 

Table D.2.77 - November 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Norman Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

November     
 10% flow (cfs) 21 48 24 52 22 22 

17
Sand shiner 
young 2603 2666 2557 2816 2585 2585 2665
Sand shiner 
adult 2898 3261 2942 3390 2915 2915 2829
Walleye young 2307 2333 2320 2330 2312 2312 2248
Walleye 
juvenile 4224 4845 4419 4869 4298 4299 3527
Walleye adult 808 1332 893 1379 840 840 688
Longnose dace 
young 366 291 349 305 359 359 390
Longnose dace 
adult 849 1006 897 994 868 868 749
Channel catfish 
young 4283 5646 4469 5862 4354 4354 4029
Channel catfish 
juvenile 9192 9512 9269 9520 9221 9222 8998
Channel catfish 
adult 1278 1271 1281 1266 1279 1279 1254
White sucker 
juvenile 2974 3126 3005 3183 2986 2986 2889
White sucker 
adult 2627 3483 2741 3606 2671 2671 2476
Smallmouth 
bass juvenile 719 846 744 856 728 728 670
Smallmouth 
bass adult 3299 4514 3498 4626 3375 3375 2993
Shorthead 
redhorse 
juvenile 859 1177 897 1230 873 873 805
Shorthead 
redhorse adult 2139 2966 2247 3096 2180 2180 1998
Fat Mucket 

1812 3367 1998 3656 1883 1883  
Giant Floater 

4697 7875 5098 8320 4850 4851  
Plain 
Pocketbook 2283 3754 2465 3989 2352 2352  
Wabash Pigtoe 

1 33 2 44 1 1  
Creeper 
(Squawfoot) 1 10 2 13 2 2  
Threeridge 

13 57 17 67 15 15  



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 73 

Table D.2.78 - December 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Norman Site On The Sheyenne River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

December     
 10% flow (cfs) 15 64 21 65 18 18 

11
Sand shiner 
young 2694 3289 2594 3330 2642 2642 2766
Sand shiner 
adult 2796 3858 2906 3899 2856 2855 2714
Walleye young 2216 2361 2309 2364 2274 2273 2136
Walleye 
juvenile 3151 4813 4261 4808 3824 3818 2225
Walleye adult 630 1496 824 1506 733 733 487
Longnose dace 
young 402 400 363 408 381 381 431
Longnose dace 
adult 697 958 858 954 789 789 570
Channel catfish 
young 3907 6475 4318 6529 4125 4123 3608
Channel catfish 
juvenile 8897 9623 9207 9632 9079 9077 8646
Channel catfish 
adult 1241 1257 1278 1257 1264 1264 1208
White sucker 
juvenile 2844 3452 2980 3476 2924 2924 2733
White sucker 
adult 2404 3952 2649 3982 2533 2532 2227
Smallmouth 
bass juvenile 646 884 723 886 690 689 585
Smallmouth 
bass adult 2843 4892 3337 4915 3111 3109 2474
Shorthead 
redhorse 
juvenile 779 1384 866 1397 825 825 715
Shorthead 
redhorse adult 1931 3458 2160 3489 2051 2050 1765
Fat Mucket 

1519 4521 1847 4596 1682 1681  
Giant Floater 

4047 9448 4773 9547 4412 4408  
Plain 
Pocketbook 1976 4638 2317 4695 2149 2147  
Wabash Pigtoe 

0 82 1 85 0 0  
Creeper 
(Squawfoot) 1 23 2 23 1 1  
Threeridge 

9 105 14 108 11 11  
 
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 74 

Table D.2.79 - January 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

January        
 50% flow (cfs) 115 134 134 134 182 121 

161
Sand shiner 
young 8326 8474 8474 8474 6984 8369 8041
Sand shiner 
adult 12833 13492 13492 13492 13018 13025 13699
Walleye young 1336 1552 1552 1552 1939 1399 1808
Walleye 
juvenile 3490 3906 3906 3906 4781 3611 4444
Walleye adult 554 626 626 626 789 575 723
Longnose dace 
young 429 432 432 432 379 430 416
Longnose dace 
adult 155 160 160 160 155 156 161
Channel catfish 
young 12955 14041 14041 14041 15500 13272 15159
Channel catfish 
juvenile 7921 8691 8691 8691 10391 8146 9715
Channel catfish 
adult 950 1046 1046 1046 1280 978 1181
White sucker 
juvenile 7134 7542 7542 7542 7609 7253 7795
White sucker 
adult 4346 5027 5027 5027 6626 4545 5966
Smallmouth 
bass juvenile 1520 1631 1631 1631 1848 1552 1769
Smallmouth 
bass adult 5956 6693 6693 6693 8318 6171 7672
Shorthead 
redhorse 
juvenile 1168 1220 1220 1220 1357 1183 1297
Shorthead 
redhorse adult 4902 5382 5382 5382 6514 5042 6046
Fat Mucket 

8564 10112 10112 10112 14026 9016 
 

Giant Floater 
8835 11222 11222 11222 17016 9531 

 

Plain 
Pocketbook 2746 3782 3782 3782 6444 3049 

 

Wabash Pigtoe 
198 278 278 278 494 221 

 

Creeper 
(Squawfoot) 30 38 38 38 57 32 

 

Threeridge 
190 263 263 263 482 211 

 

Lake Sturgeon 
adult 518 601 601 601 788 542 161



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 75 

Table D.2.80 - February 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

February        
 50% flow (cfs) 155 173 173 173 219 160 

145
Sand shiner 
young 8369 7423 7423 7423 5541 8085 8563
Sand shiner 
adult 13911 13301 13301 13301 11956 13727 13885
Walleye young 1767 1884 1884 1884 2166 1802 1681
Walleye 
juvenile 4339 4641 4641 4641 5363 4430 4154
Walleye adult 702 762 762 762 900 720 668
Longnose dace 
young 428 394 394 394 320 418 435
Longnose dace 
adult 163 157 157 157 142 161 163
Channel catfish 
young 15053 15358 15358 15358 15894 15145 14688
Channel catfish 
juvenile 9505 10110 10110 10110 11430 9687 9151
Channel catfish 
adult 1150 1239 1239 1239 1432 1177 1103
White sucker 
juvenile 7853 7687 7687 7687 7249 7803 7786
White sucker 
adult 5761 6352 6352 6352 7741 5938 5434
Smallmouth 
bass juvenile 1744 1815 1815 1815 1927 1766 1697
Smallmouth 
bass adult 7471 8049 8049 8049 9349 7645 7133
Shorthead 
redhorse 
juvenile 1278 1332 1332 1332 1425 1294 1251
Shorthead 
redhorse adult 5900 6320 6320 6320 7272 6026 5669
Fat Mucket 

11819 13327 13327 13327 16937 12272 
 

Giant Floater 
13820 16003 16003 16003 20820 14476 

 

Plain 
Pocketbook 4976 5979 5979 5979 8548 5278 

 

Wabash Pigtoe 
369 455 455 455 659 394 

 

Creeper 
(Squawfoot) 46 54 54 54 70 48 

 

Threeridge 
348 440 440 440 670 375 

 

Lake Sturgeon 
adult 690 757 757 757 938 710 163



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 76 

Table D.2.81 - March 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

March        
 50% flow (cfs) 456 475 475 475 524 462 

210
Sand shiner 
young 4360 4184 4184 4184 3987 4306 5776
Sand shiner 
adult 9901 9790 9790 9790 9624 9867 12168
Walleye young 3334 3373 3373 3373 3425 3346 2115
Walleye 
juvenile 7818 7889 7889 7889 8033 7840 5232
Walleye adult 1362 1382 1382 1382 1426 1368 876
Longnose dace 
young 227 218 218 218 207 224 332
Longnose dace 
adult 88 88 88 88 86 88 146
Channel catfish 
young 15599 15497 15497 15497 15245 15568 15851
Channel catfish 
juvenile 14149 14221 14221 14221 14379 14171 11226
Channel catfish 
adult 1747 1758 1758 1758 1784 1750 1402
White sucker 
juvenile 5755 5659 5659 5659 5454 5725 7339
White sucker 
adult 12664 12883 12883 12883 13389 12731 7496
Smallmouth 
bass juvenile 1540 1523 1523 1523 1478 1534 1923
Smallmouth 
bass adult 12289 12310 12310 12310 12303 12295 9137
Shorthead 
redhorse 
juvenile 1064 1048 1048 1048 1017 1059 1418
Shorthead 
redhorse adult 9196 9220 9220 9220 9294 9204 7113
Fat Mucket 

30881 31457 31457 31457 32669 31058 
 

Giant Floater 
28606 28771 28771 28771 28965 28656 

 

Plain 
Pocketbook 18795 18898 18898 18898 19388 18827 

 

Wabash Pigtoe 
1446 1489 1489 1489 1586 1460 

 

Creeper 
(Squawfoot) 140 145 145 145 155 142 

 

Threeridge 
1627 1666 1666 1666 1751 1639 

 

Lake Sturgeon 
adult 2177 2285 2285 2285 2577 2210 146
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 77 

Table D.2.82 - April 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

April        
 50% flow 
(cfs) 

969 1006 1006 1006 1047 976 
329

Longnose 
dace adult 83 82 82 82 80 83 99
Walleye 
spawning 1579 1600 1600 1600 1460 1588 2557
Sand shiner 
spawning 1433 1440 1440 1440 1396 1436 1838
Fat Mucket 31762 31205 31205 31205 30471 31664  
Giant Floater 18186 17624 17624 17624 17440 18069  
Plain 
Pocketbook 17530 18665 18665 18665 18108 17485 

 

Wabash 
Pigtoe 1814 1815 1815 1815 1814 1814 

 

Creeper 
(Squawfoot) 197 200 200 200 201 198 

 

Threeridge 1781 1748 1748 1748 1719 1775  
Lake 
Sturgeon 
adult 5113 5278 5278 5278 5423 5145 99
 
Table D.2.83 - May 1-15 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

May 1-15        
 50% flow (cfs) 772 813 813 813 849 778 

204
Walleye 
spawning 1612 1458 1458 1458 1470 1578 2644
Longnose 
dace adult 85 84 84 84 84 85 148
Sand shiner 
spawning 1703 1620 1620 1620 1531 1692 2788
Fat Mucket 34093 33735 33735 33735 33333 34048  
Giant Floater 23742 22216 22216 22216 21049 23507  
Plain 
Pocketbook 19013 19433 19433 19433 19032 18986 

 

Wabash 
Pigtoe 1810 1816 1816 1816 1815 1812 

 

Creeper 
(Squawfoot) 185 189 189 189 190 185 

 

Threeridge 1921 1901 1901 1901 1877 1918  
Lake Sturgeon 
spawning 1 0 0 0 0 1 148
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 78 

 
Table D.2.84 - May 16-31 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota 
In-Basin  

Red 
River 
Basin  

GDU Import 
to Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

May 16-31        
 50% flow (cfs) 772 813 813 813 849 778 

516
Orangespotted 
sunfish spawning 

2373 2433 2433 2433 2644 2369 2748
Smallmouth bass 
spawning 

1 1 1 1 2 1 5
Longnose dace 
adult 85 84 84 84 84 85 86
 
 
 
Table D.2.85 - June 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota 
In-Basin  

Red 
River 
Basin  

GDU Import 
to Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

June        
 50% flow (cfs) 683 742 742 742 760 689 

320
Orangespotted 
sunfish spawning 

2731 2378 2378 2378 2381 2689 4358
Smallmouth bass 
spawning 

1 1 1 1 1 1 10
Longnose dace 
adult 84 85 85 85 85 84 102
Fat Mucket 34378 34280 34280 34280 34176 34402  
Giant Floater 26828 24844 24844 24844 24179 26677  
Plain Pocketbook 

20029 19380 19380 19380 19063 19964 
 

Wabash Pigtoe 1777 1804 1804 1804 1808 1782  
Creeper 
(Squawfoot) 176 181 181 181 183 176 

 

Threeridge 1908 1928 1928 1928 1925 1913  
Lake Sturgeon 
spawning 1 1 1 1 1 1 10
 
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 79 

Table D.2.86 - July 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

July        
 50% flow (cfs) 467 523 523 523 544 473 

191
Sand shiner 
young 4253 3985 3985 3985 4023 4201 6510
Sand shiner 
adult 9834 9625 9625 9625 9611 9801 12712
Walleye young 3357 3425 3425 3425 3425 3369 1997
Walleye 
juvenile 7861 8030 8030 8030 8072 7882 4932
Walleye adult 1374 1425 1425 1425 1441 1380 819
Longnose dace 
young 221 207 207 207 208 219 362
Longnose dace 
adult 88 86 86 86 85 88 152
Channel catfish 
young 15537 15251 15251 15251 15151 15507 15653
Channel catfish 
juvenile 14192 14376 14376 14376 14430 14214 10694
Channel catfish 
adult 1753 1784 1784 1784 1794 1757 1324
White sucker 
juvenile 5697 5458 5458 5458 5392 5668 7526
White sucker 
adult 12797 13379 13379 13379 13563 12862 6922
Smallmouth 
bass juvenile 1529 1479 1479 1479 1459 1524 1884
Smallmouth 
bass adult 12301 12304 12304 12304 12274 12308 8607
Shorthead 
redhorse 
juvenile 1054 1017 1017 1017 1008 1050 1384
Shorthead 
redhorse adult 9211 9292 9292 9292 9328 9218 6724
Fat Mucket 

31229 32648 32648 32648 33027 31401 
 

Giant Floater 
28706 28967 28967 28967 28941 28755 

 

Plain 
Pocketbook 18858 19385 19385 19385 19440 18888 

 

Wabash Pigtoe 
1472 1584 1584 1584 1618 1485 

 

Creeper 
(Squawfoot) 143 154 154 154 157 144 

 

Threeridge 
1651 1749 1749 1749 1777 1663 

 

Lake Sturgeon 
adult 2242 2570 2570 2570 2698 2274 152
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 80 

Table D.2.87 - August 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

August        
 50% flow (cfs) 160 207 207 207 236 165 

148
Sand shiner 
young 8084 5854 5854 5854 5066 7845 8586
Sand shiner 
adult 13727 12239 12239 12239 11528 13573 13991
Walleye young 1802 2097 2097 2097 2270 1832 1715
Walleye 
juvenile 4430 5189 5189 5189 5628 4506 4220
Walleye adult 720 868 868 868 948 735 680
Longnose dace 
young 418 336 336 336 296 409 435
Longnose dace 
adult 161 147 147 147 135 160 163
Channel catfish 
young 15145 15837 15837 15837 15980 15222 14862
Channel catfish 
juvenile 9687 11158 11158 11158 11842 9840 9274
Channel catfish 
adult 1177 1392 1392 1392 1493 1199 1118
White sucker 
juvenile 7803 7369 7369 7369 7067 7761 7851
White sucker 
adult 5939 7414 7414 7414 8235 6088 5543
Smallmouth 
bass juvenile 1766 1922 1922 1922 1935 1784 1715
Smallmouth 
bass adult 7646 9066 9066 9066 9779 7791 7250
Shorthead 
redhorse 
juvenile 1294 1416 1416 1416 1438 1308 1259
Shorthead 
redhorse adult 6027 7060 7060 7060 7592 6132 5746
Fat Mucket 

12274 16063 16063 16063 18262 12654 
 

Giant Floater 
14478 19806 19806 19806 22357 15028 

 

Plain 
Pocketbook 5279 7973 7973 7973 9419 5531 

 

Wabash Pigtoe 
395 610 610 610 732 416 

 

Creeper 
(Squawfoot) 48 66 66 66 74 50 

 

Threeridge 
375 610 610 610 760 399 

 

Lake Sturgeon 
adult 710 887 887 887 1017 727 163
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 81 

Table D.2.88 - September 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

September        
 50% flow (cfs) 158 190 190 190 236 165 

174
Sand shiner 
young 8202 6576 6576 6576 5053 7821 7378
Sand shiner 
adult 13803 12755 12755 12755 11516 13557 13271
Walleye young 1788 1989 1989 1989 2273 1835 1890
Walleye 
juvenile 4392 4911 4911 4911 5635 4514 4655
Walleye adult 713 815 815 815 949 737 765
Longnose dace 
young 422 364 364 364 296 408 393
Longnose dace 
adult 162 153 153 153 135 160 157
Channel catfish 
young 15107 15632 15632 15632 15983 15230 15373
Channel catfish 
juvenile 9612 10651 10651 10651 11854 9855 10139
Channel catfish 
adult 1166 1318 1318 1318 1495 1201 1243
White sucker 
juvenile 7824 7538 7538 7538 7062 7757 7679
White sucker 
adult 5865 6881 6881 6881 8250 6103 6380
Smallmouth 
bass juvenile 1757 1879 1879 1879 1935 1785 1819
Smallmouth 
bass adult 7574 8567 8567 8567 9791 7806 8077
Shorthead 
redhorse 
juvenile 1287 1381 1381 1381 1438 1309 1335
Shorthead 
redhorse adult 5974 6695 6695 6695 7601 6143 6340
Fat Mucket 

12086 14676 14676 14676 18300 12693 
 

Giant Floater 
14206 17957 17957 17957 22401 15085 

 

Plain 
Pocketbook 5154 6876 6876 6876 9445 5557 

 

Wabash Pigtoe 
384 532 532 532 735 418 

 

Creeper 
(Squawfoot) 47 60 60 60 75 50 

 

Threeridge 
364 522 522 522 763 401 

 

Lake Sturgeon 
adult 702 817 817 817 1019 729 157



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 82 

Table D.2.89 - October 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

October        
 50% flow (cfs) 203 225 225 225 276 210 

129
Sand shiner 
young 5981 5360 5360 5360 4384 5779 8437
Sand shiner 
adult 12353 11793 11793 11793 10586 12171 13324
Walleye young 2069 2206 2206 2206 2484 2114 1497
Walleye 
juvenile 5118 5464 5464 5464 6205 5230 3799
Walleye adult 855 918 918 918 1051 876 607
Longnose dace 
young 342 311 311 311 255 332 432
Longnose dace 
adult 149 139 139 139 119 146 158
Channel catfish 
young 15814 15927 15927 15927 15975 15851 13764
Channel catfish 
juvenile 11048 11587 11587 11587 12609 11223 8494
Channel catfish 
adult 1376 1455 1455 1455 1600 1402 1021
White sucker 
juvenile 7418 7179 7179 7179 6620 7341 7438
White sucker 
adult 7282 7930 7930 7930 9293 7492 4853
Smallmouth 
bass juvenile 1919 1930 1930 1930 1904 1923 1603
Smallmouth 
bass adult 8951 9513 9513 9513 10621 9133 6505
Shorthead 
redhorse 
juvenile 1413 1430 1430 1430 1419 1418 1206
Shorthead 
redhorse adult 6975 7394 7394 7394 8197 7111 5260
Fat Mucket 

15709 17444 17444 17444 21174 16272 
 

Giant Floater 
19396 21408 21408 21408 24976 20048 

 

Plain 
Pocketbook 7740 8881 8881 8881 11591 8110 

 

Wabash Pigtoe 
590 687 687 687 887 621 

 

Creeper 
(Squawfoot) 65 71 71 71 84 67 

 

Threeridge 
586 704 704 704 963 625 

 

Lake Sturgeon 
adult 866 968 968 968 1216 899 158
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 83 

 
Table D.2.90 - November 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

November        
 50% flow (cfs) 155 181 181 181 234 163 

158
Sand shiner 
young 8358 7013 7013 7013 5119 7946 8194
Sand shiner 
adult 13903 13037 13037 13037 11576 13638 13798
Walleye young 1769 1935 1935 1935 2259 1820 1789
Walleye 
juvenile 4342 4772 4772 4772 5598 4474 4395
Walleye adult 703 788 788 788 942 729 713
Longnose dace 
young 427 380 380 380 299 413 421
Longnose dace 
adult 163 155 155 155 136 160 162
Channel catfish 
young 15056 15491 15491 15491 15971 15189 15109
Channel catfish 
juvenile 9512 10372 10372 10372 11796 9775 9617
Channel catfish 
adult 1151 1277 1277 1277 1486 1190 1167
White sucker 
juvenile 7851 7614 7614 7614 7087 7779 7822
White sucker 
adult 5768 6608 6608 6608 8180 6025 5870
Smallmouth 
bass juvenile 1745 1846 1846 1846 1934 1776 1757
Smallmouth 
bass adult 7478 8300 8300 8300 9731 7730 7578
Shorthead 
redhorse 
juvenile 1278 1356 1356 1356 1436 1302 1288
Shorthead 
redhorse adult 5905 6501 6501 6501 7556 6088 5978
Fat Mucket 

11837 13980 13980 13980 18114 12493 
 

Giant Floater 
13846 16949 16949 16949 22185 14796 

 

Plain 
Pocketbook 4988 6413 6413 6413 9322 5425 

 

Wabash Pigtoe 
370 492 492 492 724 407 

 

Creeper 
(Squawfoot) 46 57 57 57 74 49 

 

Threeridge 
349 479 479 479 750 389 

 

Lake Sturgeon 
adult 691 786 786 786 1008 720 162



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 84 

Table D.2.91 - December 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

December        
 50% flow (cfs) 115 141 141 141 192 121 

137
Sand shiner 
young 8327 8528 8528 8528 6473 8372 8500
Sand shiner 
adult 12835 13729 13729 13729 12689 13039 13605
Walleye young 1337 1630 1630 1630 2002 1404 1589
Walleye 
juvenile 3491 4055 4055 4055 4944 3620 3977
Walleye adult 554 651 651 651 822 576 638
Longnose dace 
young 429 434 434 434 361 430 433
Longnose dace 
adult 155 161 161 161 152 156 160
Channel catfish 
young 12959 14431 14431 14431 15665 13294 14226
Channel catfish 
juvenile 7924 8968 8968 8968 10717 8161 8823
Channel catfish 
adult 950 1080 1080 1080 1327 980 1062
White sucker 
juvenile 7135 7689 7689 7689 7519 7261 7612
White sucker 
adult 4349 5272 5272 5272 6945 4559 5143
Smallmouth 
bass juvenile 1520 1671 1671 1671 1886 1555 1650
Smallmouth 
bass adult 5959 6958 6958 6958 8630 6186 6819
Shorthead 
redhorse 
juvenile 1168 1238 1238 1238 1387 1184 1228
Shorthead 
redhorse adult 4904 5555 5555 5555 6740 5052 5464
Fat Mucket 

8570 10668 10668 10668 14841 9047 
 

Giant Floater 
8843 12079 12079 12079 18195 9580 

 

Plain 
Pocketbook 2750 4154 4154 4154 6985 3070 

 

Wabash Pigtoe 
198 307 307 307 541 223 

 

Creeper 
(Squawfoot) 30 40 40 40 61 32 

 

Threeridge 
191 289 289 289 532 213 

 

Lake Sturgeon 
adult 518 631 631 631 824 544 160
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 85 

Table D.2.92 - January 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

January        
 10% flow (cfs) 0 0 0 65 10 0 

161
Sand shiner 
young 301 301 301 6545 7743 301 8041
Sand shiner 
adult 336 336 336 10531 8661 336 13699
Walleye young 12 12 12 782 299 12 1808
Walleye 
juvenile 22 22 22 2245 558 22 4444
Walleye adult 3 3 3 356 85 3 723
Longnose dace 
young 13 13 13 372 329 13 416
Longnose dace 
adult 4 4 4 154 92 4 161
Channel catfish 
young 181 181 181 9704 4648 181 15159
Channel catfish 
juvenile 75 75 75 5701 1938 75 9715
Channel catfish 
adult 7 7 7 678 181 7 1181
White sucker 
juvenile 145 145 145 5853 3733 145 7795
White sucker 
adult 14 14 14 2411 353 14 5966
Smallmouth 
bass juvenile 13 13 13 1192 325 13 1769
Smallmouth 
bass adult 27 27 27 3703 691 27 7672
Shorthead 
redhorse 
juvenile 8 8 8 966 209 8 1297
Shorthead 
redhorse adult 15 15 15 3130 395 15 6046
Fat Mucket 

34 34 34 4589 879 34 
 

Giant Floater 
5 5 5 3413 136 5 

 

Plain 
Pocketbook 22 22 22 455 564 22 

 

Wabash Pigtoe 
0 0 0 46 0 0 

 

Creeper 
(Squawfoot) 0 0 0 11 0 0 

 

Threeridge 
0 0 0 52 0 0 

 

Lake Sturgeon 
adult 4 4 4 322 99 4 161



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 86 

Table D.2.93 - February 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

February        
 10% flow (cfs) 1 1 1 66 14 1 

145
Sand shiner 
young 696 696 696 6601 7677 696 8563
Sand shiner 
adult 778 778 778 10590 9295 778 13885
Walleye young 27 27 27 795 333 27 1681
Walleye 
juvenile 50 50 50 2275 716 50 4154
Walleye adult 8 8 8 361 112 8 668
Longnose dace 
young 30 30 30 373 348 30 435
Longnose dace 
adult 8 8 8 154 111 8 163
Channel catfish 
young 418 418 418 9784 5427 418 14688
Channel catfish 
juvenile 174 174 174 5755 2375 174 9151
Channel catfish 
adult 16 16 16 685 232 16 1103
White sucker 
juvenile 335 335 335 5885 4200 335 7786
White sucker 
adult 32 32 32 2458 489 32 5434
Smallmouth 
bass juvenile 29 29 29 1200 441 29 1697
Smallmouth 
bass adult 62 62 62 3759 942 62 7133
Shorthead 
redhorse 
juvenile 19 19 19 972 294 19 1251
Shorthead 
redhorse adult 36 36 36 3177 588 36 5669
Fat Mucket 

79 79 79 4681 1135 79 
 

Giant Floater 
12 12 12 3531 239 12 

 

Plain 
Pocketbook 51 51 51 514 349 51 

 

Wabash Pigtoe 
0 0 0 49 0 0 

 

Creeper 
(Squawfoot) 0 0 0 11 0 0 

 

Threeridge 
0 0 0 55 0 0 

 

Lake Sturgeon 
adult 9 9 9 326 118 9 163
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 87 

 
Table D.2.94 - March 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

March        
 10% flow (cfs) 124 119 119 99 168 110 210
Sand shiner 
young 8397 8357 8357 8158 7669 8286 5776
Sand shiner 
adult 13148 12971 12971 12252 13460 12652 12168
Walleye young 1440 1382 1382 1152 1854 1277 2115
Walleye 
juvenile 3689 3577 3577 3130 4562 3376 5232
Walleye adult 588 569 569 492 746 534 876
Longnose dace 
young 431 429 429 424 403 428 332
Longnose dace 
adult 157 156 156 151 159 153 146
Channel catfish 
young 13475 13183 13183 12015 15279 12658 15851
Channel catfish 
juvenile 8289 8083 8083 7257 9952 7710 11226
Channel catfish 
adult 996 970 970 868 1216 924 1402
White sucker 
juvenile 7329 7219 7219 6778 7730 7022 7339
White sucker 
adult 4672 4489 4489 3759 6198 4159 7496
Smallmouth 
bass juvenile 1573 1543 1543 1424 1797 1490 1923
Smallmouth 
bass adult 6309 6111 6111 5317 7899 5754 9137
Shorthead 
redhorse 
juvenile 1192 1178 1178 1121 1318 1153 1418
Shorthead 
redhorse adult 5132 5003 5003 4476 6210 4770 7113
Fat Mucket 

9304 8889 8889 7244 12934 8140 
 

Giant Floater 
9976 9335 9335 6819 15435 8180 

 

Plain 
Pocketbook 3242 2964 2964 2155 5718 2462 

 

Wabash Pigtoe 
236 214 214 131 432 176 

 

Creeper 
(Squawfoot) 33 31 31 23 52 28 

 

Threeridge 
225 205 205 130 416 170 

 

Lake Sturgeon 
adult 558 535 535 447 739 495 146



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 88 

Table D.2.95 - April 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

April        
 10% flow 
(cfs) 

205 243 243 243 283 212 
329

Longnose 
dace adult 148 132 132 132 116 145 99
Walleye 
spawning 2653 2920 2920 2920 2858 2702 2557
Sand shiner 
spawning 2778 2483 2483 2483 2130 2724 1838
Fat Mucket 15920 18778 18778 18778 21685 16447  
Giant Floater 19641 22955 22955 22955 25357 20251  
Plain 
Pocketbook 7879 9759 9759 9759 11914 8225 

 

Wabash 
Pigtoe 602 761 761 761 914 631 

 

Creeper 
(Squawfoot) 66 76 76 76 85 68 

 

Threeridge 601 795 795 795 999 636  
Lake 
Sturgeon 
adult 878 1048 1048 1048 1254 909 99
 
 
Table D.2.96 - May 1-15 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

May 1-15        
 10% flow (cfs) 75 116 116 116 152 81 

204
Walleye 
spawning 2218 2419 2419 2419 2384 2272 2644
Longnose 
dace adult 153 155 155 155 163 153 148
Sand shiner 
spawning 2659 2800 2800 2800 3076 2659 2788
Fat Mucket 5379 8675 8675 8675 11597 5849  
Giant Floater 4427 9005 9005 9005 13499 5030  
Plain 
Pocketbook 961 2820 2820 2820 4829 1262 

 

Wabash 
Pigtoe 71 203 203 203 356 86 

 

Creeper 
(Squawfoot) 14 30 30 30 45 17 

 

Threeridge 75 195 195 195 334 89  
Lake Sturgeon 
spawning 0 1 1 1 2 0 148



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 89 

 
Table D.2.97 - May 16-31 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota 
In-Basin  

Red 
River 
Basin  

GDU Import 
to Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

May 16-31        
 10% flow (cfs) 75 116 116 116 152 81 

516
Orangespotted 
sunfish spawning 

3727 3640 3640 3640 4226 3642 2748
Smallmouth bass 
spawning 

0 0 0 0 1 0 5
Longnose dace 
adult 153 155 155 155 163 153 86
 
 
Table D.2.98 - June 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota 
In-Basin  

Red 
River 
Basin  

GDU Import 
to Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

June        
 10% flow (cfs) 0 0 0 68 12 0 

320
Orangespotted 
sunfish spawning 

0 0 0 3820 1079 0 4358
Smallmouth bass 
spawning 

0 0 0 0 0 0 10
Longnose dace 
adult 0 0 0 154 105 0 102
Fat Mucket 0 0 0 4859 1044 0  
Giant Floater 0 0 0 3759 199 0  
Plain Pocketbook 

0 0 0 628 291 0 
 

Wabash Pigtoe 0 0 0 55 0 0  
Creeper 
(Squawfoot) 0 0 0 12 0 0 

 

Threeridge 0 0 0 60 0 0  
Lake Sturgeon 
spawning 0 0 0 0 0 0 10
 
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 90 

Table D.2.99 - July 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

July        
 10% flow (cfs) 0 0 0 68 0 0 

191
Sand shiner 
young 0 0 0 6708 0 0 6510
Sand shiner 
adult 0 0 0 10705 0 0 12712
Walleye young 0 0 0 820 0 0 1997
Walleye 
juvenile 0 0 0 2334 0 0 4932
Walleye adult 0 0 0 370 0 0 819
Longnose dace 
young 0 0 0 377 0 0 362
Longnose dace 
adult 0 0 0 154 0 0 152
Channel catfish 
young 0 0 0 9937 0 0 15653
Channel catfish 
juvenile 0 0 0 5859 0 0 10694
Channel catfish 
adult 0 0 0 697 0 0 1324
White sucker 
juvenile 0 0 0 5947 0 0 7526
White sucker 
adult 0 0 0 2547 0 0 6922
Smallmouth 
bass juvenile 0 0 0 1215 0 0 1884
Smallmouth 
bass adult 0 0 0 3866 0 0 8607
Shorthead 
redhorse 
juvenile 0 0 0 982 0 0 1384
Shorthead 
redhorse adult 0 0 0 3266 0 0 6724
Fat Mucket 

0 0 0 4857 0 0 
 

Giant Floater 
0 0 0 3757 0 0 

 

Plain 
Pocketbook 0 0 0 627 0 0 

 

Wabash Pigtoe 
0 0 0 55 0 0 

 

Creeper 
(Squawfoot) 0 0 0 12 0 0 

 

Threeridge 
0 0 0 60 0 0 

 

Lake Sturgeon 
adult 0 0 0 335 0 0 152



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 91 

Table D.2.100 - August 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

August        
 10% flow (cfs) 3 3 3 65 4 3 

148
Sand shiner 
young 2811 2811 2811 6580 2814 2811 8586
Sand shiner 
adult 3144 3144 3144 10568 3148 3144 13991
Walleye young 109 109 109 790 109 109 1715
Walleye 
juvenile 203 203 203 2264 203 203 4220
Walleye adult 31 31 31 359 31 31 680
Longnose dace 
young 119 119 119 373 119 119 435
Longnose dace 
adult 33 33 33 154 33 33 163
Channel catfish 
young 1687 1687 1687 9754 1689 1687 14862
Channel catfish 
juvenile 703 703 703 5735 704 703 9274
Channel catfish 
adult 66 66 66 682 66 66 1118
White sucker 
juvenile 1355 1355 1355 5873 1357 1355 7851
White sucker 
adult 128 128 128 2441 128 128 5543
Smallmouth 
bass juvenile 118 118 118 1197 118 118 1715
Smallmouth 
bass adult 251 251 251 3738 251 251 7250
Shorthead 
redhorse 
juvenile 76 76 76 970 76 76 1259
Shorthead 
redhorse adult 144 144 144 3159 144 144 5746
Fat Mucket 

319 319 319 4647 320 319 
 

Giant Floater 
49 49 49 3487 50 49 

 

Plain 
Pocketbook 205 205 205 492 205 205 

 

Wabash Pigtoe 
0 0 0 48 0 0 

 

Creeper 
(Squawfoot) 0 0 0 11 0 0 

 

Threeridge 
0 0 0 54 0 0 

 

Lake Sturgeon 
adult 36 36 36 325 36 36 163



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 92 

Table D.2.101 - September 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

September        
 10% flow (cfs) 2 2 2 62 2 2 

174
Sand shiner 
young 1365 1365 1365 6433 1367 1365 7378
Sand shiner 
adult 1526 1526 1526 10411 1529 1526 13271
Walleye young 53 53 53 756 53 53 1890
Walleye 
juvenile 98 98 98 2183 99 98 4655
Walleye adult 15 15 15 347 15 15 765
Longnose dace 
young 58 58 58 368 58 58 393
Longnose dace 
adult 16 16 16 154 16 16 157
Channel catfish 
young 819 819 819 9543 821 819 15373
Channel catfish 
juvenile 341 341 341 5593 342 341 10139
Channel catfish 
adult 32 32 32 665 32 32 1243
White sucker 
juvenile 658 658 658 5789 659 658 7679
White sucker 
adult 62 62 62 2317 62 62 6380
Smallmouth 
bass juvenile 57 57 57 1176 57 57 1819
Smallmouth 
bass adult 122 122 122 3590 122 122 8077
Shorthead 
redhorse 
juvenile 37 37 37 955 37 37 1335
Shorthead 
redhorse adult 70 70 70 3036 70 70 6340
Fat Mucket 

155 155 155 4404 155 155 
 

Giant Floater 
24 24 24 3175 24 24 

 

Plain 
Pocketbook 99 99 99 337 100 99 

 

Wabash Pigtoe 
0 0 0 40 0 0 

 

Creeper 
(Squawfoot) 0 0 0 10 0 0 

 

Threeridge 
0 0 0 46 0 0 

 

Lake Sturgeon 
adult 17 17 17 313 18 17 157
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Table D.2.102 - October 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

October        
 10% flow (cfs) 1 1 1 68 20 1 

129
Sand shiner 
young 798 798 798 6708 7089 798 8437
Sand shiner 
adult 892 892 892 10705 9780 892 13324
Walleye young 31 31 31 820 369 31 1497
Walleye 
juvenile 57 57 57 2334 936 57 3799
Walleye adult 9 9 9 370 150 9 607
Longnose dace 
young 34 34 34 377 360 34 432
Longnose dace 
adult 10 10 10 154 137 10 158
Channel catfish 
young 479 479 479 9937 6395 479 13764
Channel catfish 
juvenile 200 200 200 5859 2960 200 8494
Channel catfish 
adult 19 19 19 697 302 19 1021
White sucker 
juvenile 385 385 385 5947 4721 385 7438
White sucker 
adult 36 36 36 2547 687 36 4853
Smallmouth 
bass juvenile 33 33 33 1215 607 33 1603
Smallmouth 
bass adult 71 71 71 3866 1304 71 6505
Shorthead 
redhorse 
juvenile 22 22 22 982 418 22 1206
Shorthead 
redhorse adult 41 41 41 3266 875 41 5260
Fat Mucket 

91 91 91 4857 1493 91 
 

Giant Floater 
14 14 14 3757 397 14 

 

Plain 
Pocketbook 58 58 58 627 579 58 

 

Wabash Pigtoe 
0 0 0 55 0 0 

 

Creeper 
(Squawfoot) 0 0 0 12 0 0 

 

Threeridge 
0 0 0 60 0 0 

 

Lake Sturgeon 
adult 10 10 10 335 142 10 158
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Table D.2.103 - November 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

November        
 10% flow (cfs) 1 1 1 68 16 1 

158
Sand shiner 
young 878 878 878 6709 7458 878 8194
Sand shiner 
adult 982 982 982 10706 9475 982 13798
Walleye young 34 34 34 820 346 34 1789
Walleye 
juvenile 63 63 63 2335 798 63 4395
Walleye adult 10 10 10 370 126 10 713
Longnose dace 
young 37 37 37 377 353 37 421
Longnose dace 
adult 10 10 10 154 121 10 162
Channel catfish 
young 527 527 527 9939 5787 527 15109
Channel catfish 
juvenile 220 220 220 5860 2592 220 9617
Channel catfish 
adult 21 21 21 697 258 21 1167
White sucker 
juvenile 423 423 423 5947 4394 423 7822
White sucker 
adult 40 40 40 2548 563 40 5870
Smallmouth 
bass juvenile 37 37 37 1216 503 37 1757
Smallmouth 
bass adult 78 78 78 3867 1077 78 7578
Shorthead 
redhorse 
juvenile 24 24 24 982 340 24 1288
Shorthead 
redhorse adult 45 45 45 3267 695 45 5978
Fat Mucket 

100 100 100 4859 1268 100 
 

Giant Floater 
15 15 15 3759 298 15 

 

Plain 
Pocketbook 64 64 64 628 434 64 

 

Wabash Pigtoe 
0 0 0 55 0 0 

 

Creeper 
(Squawfoot) 0 0 0 12 0 0 

 

Threeridge 
0 0 0 60 0 0 

 

Lake Sturgeon 
adult 11 11 11 335 127 11 162
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Table D.2.104 - December 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Moorhead Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

December        
 10% flow (cfs) 1 1 1 66 13 1 

137
Sand shiner 
young 693 693 693 6601 7782 693 8500
Sand shiner 
adult 775 775 775 10590 9208 775 13605
Walleye young 27 27 27 795 326 27 1589
Walleye 
juvenile 50 50 50 2275 677 50 3977
Walleye adult 8 8 8 361 105 8 638
Longnose dace 
young 29 29 29 373 346 29 433
Longnose dace 
adult 8 8 8 154 107 8 160
Channel catfish 
young 416 416 416 9784 5254 416 14226
Channel catfish 
juvenile 173 173 173 5755 2270 173 8823
Channel catfish 
adult 16 16 16 685 219 16 1062
White sucker 
juvenile 334 334 334 5885 4107 334 7612
White sucker 
adult 32 32 32 2458 454 32 5143
Smallmouth 
bass juvenile 29 29 29 1200 411 29 1650
Smallmouth 
bass adult 62 62 62 3759 878 62 6819
Shorthead 
redhorse 
juvenile 19 19 19 972 272 19 1228
Shorthead 
redhorse adult 35 35 35 3177 537 35 5464
Fat Mucket 

79 79 79 4681 1071 79 
 

Giant Floater 
12 12 12 3531 211 12 

 

Plain 
Pocketbook 51 51 51 514 308 51 

 

Wabash Pigtoe 
0 0 0 49 0 0 

 

Creeper 
(Squawfoot) 0 0 0 11 0 0 

 

Threeridge 
0 0 0 55 0 0 

 

Lake Sturgeon 
adult 9 9 9 326 114 9 160
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Table D.2.105 - January 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Frog Point Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

January        
 50% flow (cfs) 271 299 301 305 351 290 

316
Sand shiner 
young 16870 16911 16914 16917 16932 16898 16926
Sand shiner 
adult 25918 27328 27412 27521 28598 26884 27780
Walleye young 1148 1147 1148 1153 1206 1148 1166
Walleye 
juvenile 6482 6485 6488 6509 6721 6484 6558
Walleye adult 7025 7113 7121 7144 7381 7085 7200
Longnose dace 
young 3492 3377 3376 3411 3752 3413 3495
Longnose dace 
adult 6269 6409 6416 6422 6478 6365 6436
Channel catfish 
young 29778 31932 32083 32410 35718 31254 33193
Channel catfish 
juvenile 10412 10761 10789 10872 11715 10651 11071
Channel catfish 
adult 1407 1444 1447 1457 1559 1432 1481
White sucker 
juvenile 20053 21062 21132 21278 22742 20745 21627
White sucker 
adult 15160 16241 16322 16523 18567 15900 17006
Smallmouth 
bass juvenile 2509 2676 2689 2723 3066 2624 2804
Smallmouth 
bass adult 8702 9217 9255 9348 10286 9055 9569
Shorthead 
redhorse 
juvenile 7430 7920 7957 8051 9009 7766 8278
Shorthead 
redhorse adult 13561 14599 14676 14866 16788 14272 15321
Fat Mucket 

15181 16787 16905 17190 20070 16281 
 

Giant Floater 
10501 11277 11330 11439 12542 11032 

 

Plain 
Pocketbook 8218 9057 8952 9102 11426 8793 

 

Wabash Pigtoe 
5040 6140 6218 6387 8101 5794 

 

Creeper 
(Squawfoot) 1767 1966 1979 2003 2246 1904 

 

Threeridge 
3462 4227 4285 4438 5985 3986 

 

Lake Sturgeon 
adult 1346 1387 1390 1397 1467 1374 6436
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Table D.2.106 - February 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Frog Point Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

February        
 50% flow (cfs) 403 452 437 425 488 421 

323
Sand shiner 
young 15948 15761 15818 15864 15624 15879 16931
Sand shiner 
adult 28819 28439 28555 28648 28160 28677 27947
Walleye young 1307 1410 1378 1353 1485 1345 1174
Walleye 
juvenile 7135 7726 7546 7401 8158 7355 6590
Walleye adult 7620 7903 7817 7747 8110 7725 7237
Longnose dace 
young 3390 3104 3191 3261 2894 3283 3550
Longnose dace 
adult 6409 5977 6108 6214 5660 6248 6445
Channel catfish 
young 39286 40964 40452 40041 42193 39910 33698
Channel catfish 
juvenile 12804 13947 13599 13319 14785 13230 11200
Channel catfish 
adult 1706 1875 1823 1782 1998 1769 1497
White sucker 
juvenile 23793 23920 23881 23850 24013 23840 21852
White sucker 
adult 21066 23799 22966 22296 25802 22083 17318
Smallmouth 
bass juvenile 3466 3781 3685 3608 4012 3583 2856
Smallmouth 
bass adult 11473 12700 12326 12025 13599 11930 9712
Shorthead 
redhorse 
juvenile 10148 11023 10756 10542 11665 10474 8424
Shorthead 
redhorse adult 18966 20986 20370 19875 22467 19717 15614
Fat Mucket 

23585 27100 26029 25167 29676 24893 
 

Giant Floater 
13777 14863 14532 14266 15659 14181 

 

Plain 
Pocketbook 10480 12231 11697 11268 13514 11132 

 

Wabash Pigtoe 
9958 11632 11122 10712 12860 10581 

 

Creeper 
(Squawfoot) 2478 2567 2540 2518 2632 2511 

 

Threeridge 
7759 9497 8968 8542 10771 8406 

 

Lake Sturgeon 
adult 1576 1718 1675 1640 1823 1629 6445
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Table D.2.107 - March 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Frog 
Point Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

March        
 50% flow (cfs) 810 838 840 835 892 830 

638
Sand shiner 
young 6940 6828 6820 6844 6613 6862 9924
Sand shiner 
adult 16570 16313 16294 16348 15817 16389 22901
Walleye young 2735 2841 2849 2827 3047 2810 2021
Walleye 
juvenile 13047 13394 13419 13347 14062 13291 10430
Walleye adult 10423 10650 10666 10619 11087 10583 9098
Longnose dace 
young 1220 1149 1144 1159 1013 1170 1775
Longnose dace 
adult 2516 2361 2350 2383 2064 2407 4035
Channel catfish 
young 40363 39964 39935 40019 39196 40082 42652
Channel catfish 
juvenile 21272 21636 21662 21586 22336 21528 18245
Channel catfish 
adult 2954 2997 3001 2992 3081 2985 2520
White sucker 
juvenile 17375 16883 16848 16950 15936 17029 21382
White sucker 
adult 43656 44835 44919 44673 47101 44485 34572
Smallmouth 
bass juvenile 4205 4120 4114 4132 3958 4145 4422
Smallmouth 
bass adult 20774 21164 21191 21110 21912 21048 17304
Shorthead 
redhorse 
juvenile 10158 9739 9709 9797 8934 9864 12066
Shorthead 
redhorse adult 29968 30080 30088 30065 30294 30047 27286
Fat Mucket 

51276 52767 52873 52562 55633 52325 
 

Giant Floater 
28095 29817 29940 29580 33127 29306 

 

Plain 
Pocketbook 24872 25680 25737 25569 27231 25440 

 

Wabash Pigtoe 
24362 25235 25297 25115 26912 24976 

 

Creeper 
(Squawfoot) 2872 2886 2887 2884 2913 2882 

 

Threeridge 
18897 19403 19439 19334 20376 19253 

 

Lake Sturgeon 
adult 3037 3179 3189 3159 3452 3137 4035
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Table D.2.108 - April 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Frog 
Point Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

April        
 50% flow (cfs) 3916 3963 3966 3976 4010 3939 

1139
Logperch 
spawning 0 0 0 0 0 0 185
Longnose dace 
spawning 

0 0 0 0 0 0 21
Longnose dace 
adult 62 61 61 60 60 61 1321
Shorthead 
redhorse 
spawning 0 0 0 0 0 0 217
Walleye 
spawning 825 735 728 711 667 781 8625
Sand shiner 
spawning 859 852 852 850 843 855 5637
Fat Mucket 18688 18332 18308 18239 18016 18516  
Giant Floater 16083 16444 16469 16539 16756 16257  
Plain 
Pocketbook 13525 13312 13297 13255 11090 13422 

 

Wabash Pigtoe 3217 3098 3090 3067 2993 3159  
Creeper 
(Squawfoot) 378 361 360 356 345 370 

 

Threeridge 1706 1667 1664 1656 1637 1687  
Lake Sturgeon 
adult 21943 22073 22082 22107 22194 22006 1321
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Table D.2.109 - May 1-15 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Frog Point Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

May 1-15        
 50% flow (cfs) 1952 2005 2007 1951 2046 1975 

755
Logperch 
spawning 16 15 15 16 13 16 638
Walleye 
spawning 3039 3002 2984 3039 2741 3035 20143
Longnose dace 
adult 271 232 231 272 225 252 2929
Longnose dace 
spawning 

1 0 0 1 0 1 54
Sand shiner 
spawning 2437 2255 2253 2443 2234 2349 10772
Shorthead 
redhorse 
spawning 29 22 22 29 20 26 462
Fat Mucket 60236 59060 58950 60267 57422 59751  
Giant Floater 28580 27132 27116 28624 26888 27888  
Plain 
Pocketbook 41845 36576 36538 41881 36015 41264 

 

Wabash Pigtoe 21566 20596 20546 21594 19864 21132  
Creeper 
(Squawfoot) 2304 2255 2252 2306 2214 2282 

 

Threeridge 16917 15844 15788 16947 15010 16439  
Lake Sturgeon 
spawning 27 22 22 27 21 24 2929
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Table D.2.110 - May 16-31 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Frog Point Site On The Red River. 
 No 

Action  
North 

Dakota 
In-Basin  

Red 
River 
Basin  

GDU Import 
to Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

May 16-31        
 50% flow (cfs) 1952 2005 2007 1951 2046 1975 

2103
Hornyhead chub 
spawning 

959 766 762 965 705 868 623
Orangespotted 
sunfish spawning 

1583 1355 1361 1590 1440 1467 1554
Smallmouth bass 
spawning 

3 1 2 3 11 1 25
Longnose dace 
adult 271 232 231 272 225 252 216
 
 
 
Table D.2.111 - June 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Frog 
Point Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

June        
 50% flow (cfs) 1453 1526 1530 1471 1550 1480

1573
Hornyhead chub 
spawning 

2863 2616 2602 2809 2523 2780 2434
Orangespotted 
sunfish spawning 

3963 3682 3665 3907 3564 3876 3451
Smallmouth bass 
spawning 

24 25 25 25 24 25 22
Longnose dace 
adult 719 608 605 685 589 667 571
Fat Mucket 68764 69076 69001 69080 68579 69253  
Giant Floater 41727 41193 41086 41815 40483 41863  
Plain Pocketbook 

32206 52420 52330 32474 51825 32620
 

Wabash Pigtoe 29921 29467 29400 29932 29022 29938  
Creeper 
(Squawfoot) 2746 2702 2699 2739 2680 2735

 

Threeridge 25798 25631 25557 25934 25140 26008  
Lake Sturgeon 
spawning 73 64 64 71 62 69 22
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Table D.2.112 - July 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Frog 
Point Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

July        
 50% flow (cfs) 1157 1226 1230 1217 1253 1183 

732
Sand shiner 
young 5917 5543 5526 5593 5403 5778 7905
Sand shiner 
adult 15639 15538 15534 15552 15501 15602 18758
Walleye young 3828 3958 3964 3941 4007 3877 2426
Walleye 
juvenile 16049 16440 16457 16388 16586 16194 11919
Walleye adult 12674 13028 13044 12981 13161 12806 9807
Longnose dace 
young 715 670 668 676 654 699 1410
Longnose dace 
adult 1288 1154 1148 1172 1104 1238 3111
Channel catfish 
young 36198 35521 35491 35611 35268 35947 41208
Channel catfish 
juvenile 24522 24991 25012 24928 25166 24696 20024
Channel catfish 
adult 3363 3430 3433 3421 3455 3388 2786
White sucker 
juvenile 13040 12451 12425 12530 12231 12821 18970
White sucker 
adult 52068 52665 52692 52586 52888 52290 39745
Smallmouth 
bass juvenile 3322 3184 3177 3202 3132 3270 4377
Smallmouth 
bass adult 22783 22716 22713 22725 22691 22758 19329
Shorthead 
redhorse 
juvenile 6183 5614 5589 5689 5401 5971 11200
Shorthead 
redhorse adult 29016 28523 28501 28589 28339 28833 29072
Fat Mucket 

63350 64624 64681 64455 65101 63823 
 

Giant Floater 
40217 40572 40588 40525 40705 40349 

 

Plain 
Pocketbook 27624 28702 28750 28559 29106 28024 

 

Wabash Pigtoe 
29731 29776 29778 29770 29792 29748 

 

Creeper 
(Squawfoot) 2871 2842 2840 2845 2831 2860 

 

Threeridge 
23476 24022 24046 23950 24227 23679 

 

Lake Sturgeon 
adult 5186 5678 5700 5613 5862 5369 3111
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Table D.2.113 - August 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Frog 
Point Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

August        
 50% flow (cfs) 414 474 476 473 509 439 

632
Sand shiner 
young 15907 15677 15668 15680 15170 15812 10077
Sand shiner 
adult 28735 28268 28250 28275 27784 28542 23206
Walleye young 1330 1456 1461 1454 1540 1382 1994
Walleye 
juvenile 7266 7991 8019 7980 8438 7565 10332
Walleye adult 7683 8030 8043 8025 8236 7826 9053
Longnose dace 
young 3326 2975 2961 2980 2746 3181 1803
Longnose dace 
adult 6313 5782 5762 5790 5455 6094 4101
Channel catfish 
young 39658 41718 41797 41687 42679 40506 42760
Channel catfish 
juvenile 13058 14461 14515 14440 15282 13636 18124
Channel catfish 
adult 1744 1950 1958 1947 2072 1829 2502
White sucker 
juvenile 23821 23977 23983 23975 23907 23886 21552
White sucker 
adult 21672 25027 25157 24977 27005 23054 34229
Smallmouth 
bass juvenile 3536 3922 3937 3917 4119 3695 4420
Smallmouth 
bass adult 11745 13251 13310 13229 14128 12366 17168
Shorthead 
redhorse 
juvenile 10342 11416 11458 11401 11925 10785 12110
Shorthead 
redhorse adult 19414 21894 21990 21857 23277 20436 27152
Fat Mucket 

24365 28680 28846 28616 31191 26143 
 

Giant Floater 
14018 15351 15402 15331 16166 14567 

 

Plain 
Pocketbook 10869 13018 13101 12986 14331 11754 

 

Wabash Pigtoe 
10329 12385 12464 12355 13583 11176 

 

Creeper 
(Squawfoot) 2497 2607 2611 2605 2663 2542 

 

Threeridge 
8145 10278 10361 10247 11477 9024 

 

Lake Sturgeon 
adult 1607 1783 1789 1780 1883 1680 4101
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Table D.2.114 - September 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Frog Point Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

September        
 50% flow (cfs) 475 516 520 516 570 499 

609
Sand shiner 
young 15672 14823 14646 14828 12280 15579 10664
Sand shiner 
adult 28257 27544 27422 27548 25792 28068 24378
Walleye young 1459 1565 1578 1565 1750 1510 1891
Walleye 
juvenile 8007 8549 8605 8547 9363 8300 9954
Walleye adult 8037 8283 8307 8283 8628 8178 8883
Longnose dace 
young 2967 2682 2649 2683 2210 2825 1910
Longnose dace 
adult 5771 5373 5332 5374 4774 5556 4350
Channel catfish 
young 41763 42733 42760 42732 43123 42596 43174
Channel catfish 
juvenile 14491 15460 15551 15457 16765 15059 17659
Channel catfish 
adult 1955 2099 2112 2098 2294 2039 2429
White sucker 
juvenile 23980 23789 23729 23791 22925 24043 22200
White sucker 
adult 25101 27444 27667 27437 30653 26458 32917
Smallmouth 
bass juvenile 3931 4142 4154 4142 4315 4087 4413
Smallmouth 
bass adult 13284 14316 14412 14313 15690 13894 16644
Shorthead 
redhorse 
juvenile 11440 11959 11976 11958 12207 11875 12276
Shorthead 
redhorse adult 21948 23534 23664 23530 25413 22952 26638
Fat Mucket 

28774 31729 32001 31720 35657 30520 
 

Giant Floater 
15380 16366 16467 16362 17824 15919 

 

Plain 
Pocketbook 13065 14593 14726 14589 16505 13934 

 

Wabash Pigtoe 
12430 13841 13972 13837 15723 13262 

 

Creeper 
(Squawfoot) 2609 2670 2674 2670 2723 2653 

 

Threeridge 
10325 11705 11821 11702 13375 11188 

 

Lake Sturgeon 
adult 1786 1904 1915 1904 2058 1857 4350
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Table D.2.115 - October 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Frog Point Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

October        
 50% flow (cfs) 475 515 510 500 564 498 

529
Sand shiner 
young 15671 14883 15129 15578 12586 15585 14219
Sand shiner 
adult 28256 27586 27755 28067 26003 28080 27128
Walleye young 1459 1561 1543 1510 1728 1506 1609
Walleye 
juvenile 8010 8529 8451 8302 9265 8281 8742
Walleye adult 8039 8275 8242 8178 8587 8169 8365
Longnose dace 
young 2966 2693 2739 2824 2266 2834 2570
Longnose dace 
adult 5769 5387 5445 5555 4846 5570 5231
Channel catfish 
young 41771 42723 42686 42601 43076 42543 42826
Channel catfish 
juvenile 14497 15429 15303 15062 16608 15023 15770
Channel catfish 
adult 1956 2094 2075 2039 2271 2033 2145
White sucker 
juvenile 23981 23809 23893 24044 23029 24039 23583
White sucker 
adult 25114 27367 27057 26466 30267 26372 28206
Smallmouth 
bass juvenile 3932 4138 4122 4088 4295 4077 4183
Smallmouth 
bass adult 13290 14283 14151 13897 15525 13855 14643
Shorthead 
redhorse 
juvenile 11444 11953 11929 11877 12177 11847 12018
Shorthead 
redhorse adult 21958 23489 23308 22957 25187 22888 23980
Fat Mucket 

28791 31635 31256 30530 35185 30409 
 

Giant Floater 
15385 16331 16190 15923 17649 15885 

 

Plain 
Pocketbook 13073 14547 14363 13939 16275 13879 

 

Wabash Pigtoe 
12438 13796 13614 13267 15497 13209 

 

Creeper 
(Squawfoot) 2610 2669 2664 2654 2717 2651 

 

Threeridge 
10333 11665 11504 11193 13175 11133 

 

Lake Sturgeon 
adult 1787 1901 1886 1858 2039 1853 5231



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 106 

Table D.2.116 - November 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Frog Point Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

November        
 50% flow (cfs) 450 506 509 476 562 496 

501
Sand shiner 
young 15769 15290 15175 15669 12660 15590 15530
Sand shiner 
adult 28454 27866 27787 28252 26054 28091 28031
Walleye young 1406 1532 1540 1460 1722 1503 1514
Walleye 
juvenile 7702 8399 8436 8015 9241 8265 8323
Walleye adult 7891 8220 8236 8041 8577 8161 8188
Longnose dace 
young 3115 2768 2747 2963 2280 2842 2813
Longnose dace 
adult 5994 5483 5456 5765 4864 5582 5540
Channel catfish 
young 40896 42661 42679 41787 43065 42495 42624
Channel catfish 
juvenile 13901 15220 15279 14508 16570 14990 15097
Channel catfish 
adult 1868 2063 2072 1957 2265 2029 2044
White sucker 
juvenile 23915 23948 23909 23982 23054 24036 24029
White sucker 
adult 23689 26854 26999 25140 30174 26294 26551
Smallmouth 
bass juvenile 3768 4111 4118 3935 4290 4068 4094
Smallmouth 
bass adult 12651 14064 14126 13302 15485 13820 13934
Shorthead 
redhorse 
juvenile 10988 11913 11925 11453 12170 11822 11890
Shorthead 
redhorse adult 20905 23189 23273 21977 25132 22831 23011
Fat Mucket 

26959 31007 31184 28825 35071 30309 
 

Giant Floater 
14819 16097 16163 15396 17607 15854 

 

Plain 
Pocketbook 12160 14242 14328 13090 16219 13829 

 

Wabash Pigtoe 
11565 13495 13580 12454 15442 13161 

 

Creeper 
(Squawfoot) 2563 2660 2663 2610 2716 2648 

 

Threeridge 
9428 11398 11474 10350 13126 11084 

 

Lake Sturgeon 
adult 1713 1876 1883 1788 2035 1849 5540
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D.2 - 107 

Table D.2.117 - December 50% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Frog Point Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

December        
 50% flow (cfs) 403 454 440 421 494 423 

405
Sand shiner 
young 15949 15753 15806 15878 15600 15872 15942
Sand shiner 
adult 28821 28422 28530 28677 28111 28664 28805
Walleye young 1307 1414 1385 1346 1498 1349 1311
Walleye 
juvenile 7132 7751 7584 7356 8234 7376 7157
Walleye adult 7619 7915 7835 7726 8146 7736 7631
Longnose dace 
young 3391 3091 3172 3283 2857 3273 3379
Longnose dace 
adult 6411 5958 6081 6247 5604 6232 6393
Channel catfish 
young 39278 41035 40560 39913 42409 39971 39347
Channel catfish 
juvenile 12799 13996 13672 13231 14932 13271 12846
Channel catfish 
adult 1706 1882 1834 1769 2020 1775 1713
White sucker 
juvenile 23793 23925 23890 23841 24029 23845 23798
White sucker 
adult 21053 23915 23141 22087 26154 22182 21166
Smallmouth 
bass juvenile 3465 3794 3705 3584 4052 3595 3478
Smallmouth 
bass adult 11468 12752 12405 11932 13757 11974 11518
Shorthead 
redhorse 
juvenile 10144 11060 10813 10475 11777 10506 10180
Shorthead 
redhorse adult 18956 21072 20500 19721 22727 19791 19040
Fat Mucket 

23569 27249 26255 24899 30129 25021 
 

Giant Floater 
13772 14909 14601 14183 15799 14220 

 

Plain 
Pocketbook 10472 12305 11810 11135 13739 11195 

 

Wabash Pigtoe 
9950 11704 11230 10584 13076 10642 

 

Creeper 
(Squawfoot) 2477 2570 2545 2511 2643 2514 

 

Threeridge 
7751 9571 9079 8409 10995 8469 

 

Lake Sturgeon 
adult 1575 1724 1684 1629 1841 1634 6393
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D.2 - 108 

Table D.2.118 - January 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Frog Point Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

January        
 10% flow (cfs) 58 65 73 148 88 75 

316
Sand shiner 
young 13796 13855 13910 13986 14025 13929 16926
Sand shiner 
adult 17387 17909 18401 20805 19425 18565 27780
Walleye young 1152 1152 1151 1160 1151 1151 1166
Walleye 
juvenile 6119 6309 6488 6867 6861 6548 6558
Walleye adult 4075 4328 4567 6228 5065 4647 7200
Longnose dace 
young 3099 2989 2886 2174 2669 2851 3495
Longnose dace 
adult 3958 4120 4272 5155 4589 4323 6436
Channel catfish 
young 21361 21769 22154 23302 22954 22282 33193
Channel catfish 
juvenile 9954 9938 9923 9687 9891 9918 11071
Channel catfish 
adult 1383 1386 1389 1374 1394 1389 1481
White sucker 
juvenile 14010 14288 14550 15824 15096 14638 21627
White sucker 
adult 7104 7462 7801 10793 8505 7914 17006
Smallmouth 
bass juvenile 1700 1742 1782 2033 1865 1795 2804
Smallmouth 
bass adult 4350 4584 4804 6575 5263 4878 9569
Shorthead 
redhorse 
juvenile 4548 4722 4886 6010 5227 4941 8278
Shorthead 
redhorse adult 4927 5330 5710 9080 6502 5837 15321
Fat Mucket 

4492 4875 5237 8811 5990 5358 
 

Giant Floater 
3775 4052 4314 6826 4858 4401 

 

Plain 
Pocketbook 2140 2375 2596 4832 3056 2670 

 

Wabash Pigtoe 
47 88 128 997 210 141 

 

Creeper 
(Squawfoot) 86 121 155 659 225 166 

 

Threeridge 
157 205 251 929 345 266 

 

Lake Sturgeon 
adult 913 943 971 1193 1028 980 6436
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D.2 - 109 

Table D.2.119 - February 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Frog Point Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

February        
 10% flow (cfs) 60 141 108 140 119 131 

323
Sand shiner 
young 13816 14003 14091 14006 14062 14030 16931
Sand shiner 
adult 17566 20726 20308 20711 20444 20596 27947
Walleye young 1152 1159 1152 1159 1154 1157 1174
Walleye 
juvenile 6184 6904 7097 6910 7034 6964 6590
Walleye adult 4162 6124 5577 6105 5755 5954 7237
Longnose dace 
young 3062 2218 2448 2226 2373 2290 3550
Longnose dace 
adult 4013 5112 4886 5104 4959 5041 6445
Channel catfish 
young 21501 23336 23518 23343 23459 23393 33698
Channel catfish 
juvenile 9949 9711 9836 9715 9795 9750 11200
Channel catfish 
adult 1384 1378 1395 1378 1389 1383 1497
White sucker 
juvenile 14105 15782 15564 15775 15635 15714 21852
White sucker 
adult 7226 10560 9341 10518 9738 10182 17318
Smallmouth 
bass juvenile 1715 2019 1945 2016 1969 1996 2856
Smallmouth 
bass adult 4430 6448 5777 6425 5996 6239 9712
Shorthead 
redhorse 
juvenile 4607 5940 5577 5928 5695 5827 8424
Shorthead 
redhorse adult 5065 8818 7443 8770 7891 8391 15614
Fat Mucket 

4623 8513 6949 8459 7458 8027 
Giant Floater 

3869 6620 5539 6583 5891 6284 
Plain 
Pocketbook 2220 4653 3710 4620 4017 4360 
Wabash Pigtoe 

61 901 397 884 561 745 
Creeper 
(Squawfoot) 98 608 344 599 430 526 
Threeridge 

174 861 504 848 620 750 
Lake Sturgeon 
adult 924 1177 1093 1174 1120 1151 6445



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 110 

Table D.2.120 - March 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Frog 
Point Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

March        
 10% flow (cfs) 152 177 180 224 226 191 

638
Sand shiner 
young 14044 14826 14933 16159 16227 15278 9924
Sand shiner 
adult 20905 21744 21859 23634 23760 22229 22901
Walleye young 1160 1148 1146 1143 1143 1141 2021
Walleye 
juvenile 6841 6703 6684 6530 6525 6623 10430
Walleye adult 6286 6511 6541 6832 6845 6640 9098
Longnose dace 
young 2197 2681 2747 3340 3364 2960 1775
Longnose dace 
adult 5193 5458 5495 5922 5947 5612 4035
Channel catfish 
young 23353 24142 24250 26438 26615 24598 42652
Channel catfish 
juvenile 9683 9743 9751 9967 9986 9778 18245
Channel catfish 
adult 1372 1362 1360 1365 1366 1356 2520
White sucker 
juvenile 15906 16715 16826 18335 18433 17183 21382
White sucker 
adult 10953 11806 11923 13430 13524 12299 34572
Smallmouth 
bass juvenile 2044 2113 2122 2275 2286 2152 4422
Smallmouth 
bass adult 6660 7092 7152 7885 7929 7342 17304
Shorthead 
redhorse 
juvenile 6054 6268 6298 6751 6783 6392 12066
Shorthead 
redhorse adult 9256 10160 10284 11846 11942 10682 27286
Fat Mucket 

9028 10253 10421 12620 12759 10962 
Giant Floater 

6970 7747 7853 9157 9235 8196 
Plain 
Pocketbook 5015 5695 5789 6952 7026 6089 
Wabash Pigtoe 

1093 1800 1898 3292 3387 2210 
Creeper 
(Squawfoot) 697 928 960 1368 1393 1061 
Threeridge 

989 1405 1462 2313 2372 1645 
Lake Sturgeon 
adult 1202 1233 1237 1288 1291 1251 4035
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D.2 - 111 

Table D.2.121 - April 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Frog 
Point Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

April        
 10% flow (cfs) 873 968 972 1025 1033 962 

1139
Logperch 
spawning 360 269 267 236 232 274 185
Longnose dace 
spawning 

60 37 35 22 22 40 21
Longnose dace 
adult 2170 1725 1711 1540 1526 1755 1321
Shorthead 
redhorse 
spawning 340 283 281 257 255 287 217
Walleye 
spawning 14635 11565 11479 10365 10249 11742 8625
Sand shiner 
spawning 8259 6718 6665 6111 6079 6827 5637
Fat Mucket 54609 59081 59229 60946 61085 58775 
Giant Floater 31944 37575 37769 39546 39585 37175 
Plain 
Pocketbook 26677 30158 30175 25589 25706 30122 
Wabash Pigtoe 26312 28845 28927 29647 29652 28674 
Creeper 
(Squawfoot) 2904 2931 2931 2926 2923 2929 
Threeridge 20028 21700 21757 22444 22504 21580 
Lake Sturgeon 
adult 3354 3895 3915 4258 4312 3855 1321
 
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 112 

Table D.2.122 - May 1-15 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Frog Point Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

May 1-15        
 10% flow (cfs) 587 722 702 671 733 693 

755
Logperch 
spawning 1883 756 829 1073 716 894 638
Walleye 
spawning 25001 21584 22463 23380 21089 22750 20143
Longnose dace 
adult 4592 3189 3348 3683 3100 3441 2929
Longnose dace 
spawning 

229 63 68 114 60 80 54
Sand shiner 
spawning 16726 11711 12284 13529 11389 12629 10772
Shorthead 
redhorse 
spawning 771 511 541 601 494 558 462
Fat Mucket 36853 45924 44685 42574 46621 44081 
Giant Floater 18268 23439 22402 21218 24022 22038 
Plain 
Pocketbook 17086 21952 21331 20097 22302 20830 
Wabash Pigtoe 

16296 21225 20498 19345 21633 20164 
Creeper 
(Squawfoot) 2740 2863 2863 2830 2864 2855 
Threeridge 13884 17192 16800 16033 17412 16584 
Lake Sturgeon 
spawning 582 412 442 483 395 454 2929
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D.2 - 113 

Table D.2.123 - May 16-31 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Frog Point Site On The Red River. 
 No 

Action  
North 

Dakota 
In-Basin  

Red 
River 
Basin  

GDU Import 
to Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

May 16-31        
 10% flow (cfs) 587 722 702 671 733 693 

2103
Hornyhead chub 
spawning 

13319 8814 9391 10527 8489 9710 623
Orangespotted 
sunfish spawning 

10801 9586 9793 10161 9470 9898 1554
Smallmouth bass 
spawning 

11 12 13 13 12 13 25
Longnose dace 
adult 4592 3189 3348 3683 3100 3441 216
 
 
 
Table D.2.122 - June 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Frog 
Point Site On The Red River. 
 No 

Action  
North 

Dakota 
In-Basin  

Red 
River 
Basin  

GDU Import 
to Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

June        
 10% flow (cfs) 201 244 248 293 252 253 

1573
Hornyhead chub 
spawning 

4160 6840 7078 8913 7271 7288 2434
Orangespotted 
sunfish spawning 

2555 2716 2730 3170 2758 2763 3451
Smallmouth bass 
spawning 

0 0 0 0 0 0 22
Longnose dace 
adult 5714 6115 6150 6381 6177 6179 571
Fat Mucket 11445 13708 13909 16468 14123 14148 
Giant Floater 8498 9766 9879 11122 9989 10001 
Plain Pocketbook 

6319 7537 7645 8890 7666 7679 
Wabash Pigtoe 2494 4032 4168 5922 4314 4331 
Creeper 
(Squawfoot) 1152 1567 1604 1927 1636 1639 
Threeridge 1813 2776 2861 4075 2958 2970 
Lake Sturgeon 
spawning 185 256 262 346 269 270 22
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D.2 - 114 

Table D.2.123 - July 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Frog 
Point Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

July        
 10% flow (cfs) 104 118 120 197 120 120 

732
Sand shiner 
young 14103 14065 14059 15471 14059 14059 7905
Sand shiner 
adult 20250 20429 20460 22436 20460 20460 18758
Walleye young 1151 1154 1155 1138 1155 1155 2426
Walleye 
juvenile 7123 7040 7026 6589 7026 7026 11919
Walleye adult 5502 5736 5776 6696 5776 5776 9807
Longnose dace 
young 2480 2381 2364 3079 2364 2364 1410
Longnose dace 
adult 4854 4951 4968 5677 4968 4968 3111
Channel catfish 
young 23544 23465 23452 24792 23452 23452 41208
Channel catfish 
juvenile 9853 9799 9790 9792 9790 9790 20024
Channel catfish 
adult 1397 1390 1388 1353 1388 1388 2786
White sucker 
juvenile 15534 15628 15644 17382 15644 15644 18970
White sucker 
adult 9172 9696 9784 12509 9785 9784 39745
Smallmouth 
bass juvenile 1935 1967 1972 2169 1972 1972 4377
Smallmouth 
bass adult 5684 5972 6021 7449 6021 6021 19329
Shorthead 
redhorse 
juvenile 5526 5682 5709 6445 5709 5709 11200
Shorthead 
redhorse adult 7252 7843 7943 10905 7943 7943 29072
Fat Mucket 

6731 7404 7517 11264 7518 7517 
Giant Floater 

5389 5854 5932 8388 5932 5932 
Plain 
Pocketbook 3579 3984 4053 6257 4053 4053 
Wabash Pigtoe 

327 544 580 2384 581 580 
Creeper 
(Squawfoot) 307 421 440 1118 440 440 
Threeridge 

455 608 634 1747 634 634 
Lake Sturgeon 
adult 1081 1117 1123 1259 1123 1123 3111
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D.2 - 115 

Table D.2.124 - August 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The Frog 
Point Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

August        
 10% flow (cfs) 67 69 74 105 74 62 

632
Sand shiner 
young 13865 13879 13920 14101 13918 13827 10077
Sand shiner 
adult 18002 18120 18487 20262 18471 17663 23206
Walleye young 1152 1152 1151 1151 1151 1152 1994
Walleye 
juvenile 6343 6386 6520 7118 6514 6220 10332
Walleye adult 4374 4431 4609 5517 4601 4209 9053
Longnose dace 
young 2970 2945 2867 2473 2871 3041 1803
Longnose dace 
adult 4148 4185 4299 4861 4294 4044 4101
Channel catfish 
young 21842 21934 22221 23538 22209 21577 42760
Channel catfish 
juvenile 9935 9932 9920 9850 9921 9946 18124
Channel catfish 
adult 1386 1387 1389 1396 1389 1384 2502
White sucker 
juvenile 14338 14400 14596 15540 14588 14157 21552
White sucker 
adult 7526 7607 7860 9207 7849 7293 34229
Smallmouth 
bass juvenile 1750 1759 1789 1937 1788 1723 4420
Smallmouth 
bass adult 4625 4678 4843 5704 4836 4474 17168
Shorthead 
redhorse 
juvenile 4753 4792 4915 5537 4909 4640 12110
Shorthead 
redhorse adult 5401 5493 5777 7292 5764 5140 27152
Fat Mucket 

4943 5030 5300 6776 5288 4694 
Giant Floater 

4101 4164 4360 5420 4351 3921 
Plain 
Pocketbook 2416 2469 2635 3606 2627 2264 
Wabash Pigtoe 

96 105 135 342 134 69 
Creeper 
(Squawfoot) 128 136 161 315 160 105 
Threeridge 

214 225 258 465 257 183 
Lake Sturgeon 
adult 948 955 975 1084 974 929 4101
 
 



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 116 

Table D.2.125 - September 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Frog Point Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

September        
 10% flow (cfs) 70 79 79 149 108 81 

609
Sand shiner 
young 13888 13952 13952 13983 14092 13971 10664
Sand shiner 
adult 18208 18775 18775 20819 20301 18941 24378
Walleye young 1152 1151 1151 1161 1152 1151 1891
Walleye 
juvenile 6418 6624 6624 6861 7100 6685 9954
Walleye adult 4474 4749 4749 6245 5569 4829 8883
Longnose dace 
young 2926 2806 2806 2167 2452 2772 1910
Longnose dace 
adult 4212 4388 4388 5162 4882 4439 4350
Channel catfish 
young 22003 22446 22446 23296 23521 22576 43174
Channel catfish 
juvenile 9929 9911 9911 9683 9838 9906 17659
Channel catfish 
adult 1387 1391 1391 1374 1395 1392 2429
White sucker 
juvenile 14448 14750 14750 15831 15561 14838 22200
White sucker 
adult 7668 8058 8058 10831 9322 8172 32917
Smallmouth 
bass juvenile 1766 1812 1812 2035 1944 1825 4413
Smallmouth 
bass adult 4718 4972 4972 6597 5767 5046 16644
Shorthead 
redhorse 
juvenile 4822 5010 5010 6021 5571 5066 12276
Shorthead 
redhorse adult 5561 5999 5999 9123 7421 6127 26638
Fat Mucket 

5095 5512 5512 8861 6923 5634 
Giant Floater 

4211 4513 4513 6860 5522 4601 
Plain 
Pocketbook 2509 2764 2764 4862 3695 2838 
Wabash Pigtoe 

113 158 158 1013 389 171 
Creeper 
(Squawfoot) 142 181 181 667 339 192 
Threeridge 

233 285 285 940 498 300 
Lake Sturgeon 
adult 960 992 992 1196 1091 1001 4350
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D.2 - 117 

Table D.2.126 - October 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Frog Point Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

October    
 10% flow (cfs) 91 99 111 169 159 116 

529
Sand shiner 
young 14047 14105 14083 14582 14264 14070 14219
Sand shiner 
adult 19616 20139 20347 21482 21142 20409 27128
Walleye young 1151 1150 1153 1152 1157 1154 1609
Walleye 
juvenile 6930 7120 7079 6746 6802 7050 8742
Walleye adult 5157 5411 5628 6441 6350 5710 8365
Longnose dace 
young 2629 2519 2427 2529 2333 2392 2570
Longnose dace 
adult 4648 4810 4907 5376 5268 4940 5231
Channel catfish 
young 23103 23512 23501 23895 23576 23474 42826
Channel catfish 
juvenile 9885 9869 9824 9724 9700 9805 15770
Channel catfish 
adult 1395 1398 1393 1365 1369 1390 2145
White sucker 
juvenile 15197 15476 15585 16462 16134 15617 23583
White sucker 
adult 8636 8995 9454 11539 11193 9637 28206
Smallmouth 
bass juvenile 1880 1922 1952 2091 2063 1963 4183
Smallmouth 
bass adult 5348 5582 5840 6957 6782 5940 14643
Shorthead 
redhorse 
juvenile 5291 5465 5610 6201 6115 5665 12018
Shorthead 
redhorse adult 6649 7053 7571 9877 9510 7776 23980
Fat Mucket 

6130 6514 7094 9870 9373 7328 
Giant Floater 

4960 5237 5640 7504 7189 5801 
Plain 
Pocketbook 3142 3377 3797 5483 5207 3938 
Wabash Pigtoe 

226 268 444 1579 1292 519 
Creeper 
(Squawfoot) 238 274 368 856 762 408 
Threeridge 

362 410 537 1275 1106 591 
Lake Sturgeon 
adult 1039 1068 1101 1223 1210 1113 5231
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D.2 - 118 

Table D.2.127 - November 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Frog Point Site On The Red River. 
 No 

Action  
North 

Dakota In-
Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

November        
 10% flow (cfs) 116 126 146 207 162 150 

501
Sand shiner 
young 14071 14044 13991 15731 14369 13980 15530
Sand shiner 
adult 20404 20531 20781 22850 21254 20832 28031
Walleye young 1154 1156 1160 1139 1155 1161 1514
Walleye 
juvenile 7052 6993 6878 6562 6784 6854 8323
Walleye adult 5703 5870 6196 6752 6380 6263 8188
Longnose dace 
young 2395 2325 2188 3191 2398 2160 2813
Longnose dace 
adult 4938 5007 5141 5769 5304 5169 5540
Channel catfish 
young 23477 23421 23313 25335 23681 23290 42624
Channel catfish 
juvenile 9807 9769 9694 9848 9708 9679 15097
Channel catfish 
adult 1391 1385 1375 1356 1368 1373 2044
White sucker 
juvenile 15614 15681 15811 17722 16243 15838 24029
White sucker 
adult 9621 9993 10721 12842 11308 10871 26551
Smallmouth 
bass juvenile 1962 1985 2029 2205 2072 2038 4094
Smallmouth 
bass adult 5931 6136 6536 7609 6840 6618 13934
Shorthead 
redhorse 
juvenile 5660 5771 5988 6550 6143 6033 11890
Shorthead 
redhorse adult 7759 8178 8999 11248 9632 9168 23011
Fat Mucket 

7308 7786 8719 11753 9538 8912 
Giant Floater 

5787 6117 6762 8671 7293 6895 
Plain 
Pocketbook 3926 4214 4777 6485 5298 4893 
Wabash Pigtoe 

513 667 968 2703 1387 1029 
Creeper 
(Squawfoot) 405 485 643 1208 793 676 
Threeridge 

586 695 908 1944 1162 952 
Lake Sturgeon 
adult 1112 1138 1188 1270 1215 1198 5540



SDEIS Appendix D.2 – Fish and Mussel Habitat Tables 

D.2 - 119 

Table D.2.128 - December 10% Flow Results Of Flows And Habitat Units (WUA) For Each Alternative At The 
Frog Point Site On The Red River. 

 No 
Action  

North 
Dakota In-

Basin  

Red 
River 
Basin  

GDU Import to 
Sheyenne 

River  

GDU 
Import 

Pipeline  

Missouri River 
to Red River 
Valley Import  

Aquatic 
Needs 

December    
 10% flow (cfs) 71 83 88 151 110 92 

405
Sand shiner 
young 13895 13986 14021 14026 14085 14052 15942
Sand shiner 
adult 18265 19075 19391 20886 20335 19668 28805
Walleye young 1152 1151 1151 1160 1153 1151 1311
Walleye 
juvenile 6439 6733 6848 6844 7084 6949 7157
Walleye adult 4501 4895 5048 6281 5612 5182 7631
Longnose dace 
young 2914 2743 2677 2186 2433 2618 3379
Longnose dace 
adult 4230 4480 4578 5187 4900 4664 6393
Channel catfish 
young 22047 22680 22927 23335 23507 23144 39347
Channel catfish 
juvenile 9927 9902 9892 9681 9828 9883 12846
Channel catfish 
adult 1388 1392 1394 1372 1393 1396 1713
White sucker 
juvenile 14478 14909 15077 15888 15578 15225 23798
White sucker 
adult 7707 8264 8481 10933 9419 8672 21166
Smallmouth 
bass juvenile 1771 1836 1862 2042 1950 1884 3478
Smallmouth 
bass adult 4743 5106 5248 6651 5820 5372 11518
Shorthead 
redhorse 
juvenile 4840 5110 5216 6049 5600 5308 10180
Shorthead 
redhorse adult 5605 6231 6475 9235 7531 6689 19040
Fat Mucket 

5137 5732 5965 9000 7049 6168 
 

Giant Floater 
4241 4672 4840 6952 5608 4987 

 

Plain 
Pocketbook 2535 2899 3041 5000 3770 3165 

 

Wabash Pigtoe 
117 182 208 1076 429 230 

 

Creeper 
(Squawfoot) 146 201 223 692 361 242 

 

Threeridge 
238 312 341 980 527 367 

 

Lake Sturgeon 
adult 963 1008 1026 1201 1098 1042 6393
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Figure D.3.1 - Red River Moorhead Site 50th and 10th Percentile No Action Flows, Aquatic Needs Flows, and Naturalized Flows, plus No Action 
and Aquatic Needs Fish Habitat. 
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Figure D.3.2 - Red River Frog Point Site 50th and 10th Percentile No Action Flows, Aquatic Needs Flows, and Naturalized Flows, plus No Action 
and Aquatic Needs Fish Habitat. 
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Figure D.3.3 - Red River Moorhead Site 50th and 10th Percentile No Action Flows, Aquatic Needs Flows, and Naturalized Flows, plus No Action 
Lake Sturgeon Habitat. 
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 10 percentile flows and habitat

0

500

1000

1500

2000

2500

3000

3500

4000

Jan Feb Mar April May 1-
15

May
16-31

June July Aug Sept Oct Nov Dec

Time Step

W
ei

gh
te

d 
Us

ab
le

 A
re

a 
(s

q 
ft)

0

500

1000

1500

2000

2500

Di
sc

ha
rg

e 
(c

fs
)

No Action Habitat
Aquatic Needs Habitat
Aquatic Needs Flow s
Naturalized Flow s
No Action Flow s

May-June - Lake sturgeon spaw ning
July-April - Lake sturgeon adult

 
 
Figure D.3.4 - Red River Frog Point Site 50th and 10th Percentile No Action Flows, Aquatic Needs Flows, and Naturalized Flows, plus No Action  
Lake Sturgeon Habitat. 
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Figure D.3.5 - Red River Moorhead Site 50th and 10th Percentile North Dakota In-Basin Alternative Flows, No Action Flows, and Naturalized 
Flows, plus North Dakota In-Basin  and No Action Fish Habitat. 
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Figure D.3.6 - Red River Frog Point Site 50th and 10th Percentile North Dakota In-Basin Alternative Flows, No Action Flows, and Naturalized 
Flows, plus North Dakota In-Basin and No Action Fish Habitat. 
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Figure D.3.7 -  Red River Moorhead Site 50th and 10th Percentile North Dakota In-Basin Alternative Flows, No Action Flows, and Naturalized 
Flows, plus North Dakota In-Basin and No Action Lake Sturgeon Habitat. 
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Figure D.3.8 -  Red River Frog Point Site 50th and 10th Percentile North Dakota In-Basin Alternative Flows, No Action Flows, and Naturalized 
Flows, plus North Dakota In-Basin and No Action Lake Sturgeon Habitat. 
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Figure D.3.9 -  Red River Moorhead Site 50th and 10th Percentile North Dakota In-Basin Alternative Flows, No Action Flows, and Naturalized 
Flows, plus North Dakota In-Basin and No Action Mussel Habitat. 
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Figure D.3.10 -  Red River Frog Point Site 50th and 10th Percentile North Dakota In-Basin Alternative Flows, No Action Flows, and Naturalized 
Flows, plus North Dakota In-Basin and No Action Mussel Habitat. 
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Figure D.3.11 -  Red River Moorhead Site 50th and 10th Percentile Red River Basin Alternative Flows, No Action Flows, and Naturalized Flows, 
plus Red River Basin and No Action Fish Habitat. 
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Figure D.3.12 -  Red River Frog Point  Site 50th and 10th Percentile Red River Basin Alternative Flows, No Action Flows, and Naturalized Flows, 
plus Red River Basin and No Action Fish Habitat. 
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Figure D.3.13 -  Red River Moorhead Site 50th and 10th Percentile Red River Basin Alternative Flows, No Action Flows, and Naturalized Flows, 
plus Red River Basin and No Action Lake Sturgeon Habitat. 
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Figure D.3.14 -  Red River Frog Point Site 50th and 10th Percentile Red River Basin Alternative Flows, No Action Flows, and Naturalized Flows, 
plus Red River Basin and No Action Lake Sturgeon Habitat. 
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Figure D.3.15 - Red River Moorhead Site 50th and 10th Percentile Red River Basin Alternative Flows, No Action Flows, and Naturalized Flows, 
plus Red River Basin and No Action Mussel Habitat. 
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Figure D.3.16 -  Red River Frog Point Site 50th and 10th Percentile Red River Basin Alternative Flows, No Action Flows, and Naturalized Flows, 
plus Red River Basin and No Action  Mussel Habitat. 
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Figure D.3.17 -  Red River Moorhead Site 50th and 10th Percentile GDU Import to Sheyenne River Alternative Flows, No Action Flows, and 
Naturalized Flows, plus GDU Import to Sheyenne River and No Action Fish Habitat. 
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Figure D.3.18 -  Red River Frog Point Site 50th and 10th Percentile GDU Import to Sheyenne River Alternative Flows, No Action Flows, and 
Naturalized Flows, plus GDU Import to Sheyenne River and No Action Fish Habitat. 
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Figure D.3.19 -  Red River Moorhead Site 50th and 10th Percentile GDU Import to Sheyenne River Alternative Flows, No Action Flows, and 
Naturalized Flows, plus GDU Import to Sheyenne River and No Action Lake Sturgeon Habitat. 



SDEIS Appendix D.3 – Alternative Flows and Aquatic Habitat Graphs 
 
 
 

D.3 - 20 

Frog Point Site - GDU Import to Sheyenne River
 50 percentile flows and habitat

0

5000

10000

15000

20000

25000

Jan Feb Mar April May 1-
15

May
16-31

June July Aug Sept Oct Nov Dec

Time Step

W
ei

gh
te

d 
Us

ab
le

 A
re

a 
 

(s
q 

ft)

0

500

1000

1500

2000

2500

3000

3500

4000

4500

D
is

ch
ar

ge
 (c

fs
)

No Action Habitat

GDU Import to Sheyenne River
Habitat
GDU Import to Sheyenne River
Flow s
Naturalized Flow s

No Action Flow s

May-June - Lake sturgeon spaw ning
July-April - Lake sturgeon adult

 

Frog Point Site - GDU Import to Sheyenne River
 10 percentile flows and habitat

0

500

1000

1500

2000

2500

3000

3500

4000

4500

Jan Feb Mar April May 1-
15

May
16-31

June July Aug Sept Oct Nov Dec

Time Step

W
ei

gh
te

d 
Us

ab
le

 A
re

a 
(s

q 
ft)

0

200

400

600

800

1000

1200

1400

D
is

ch
ar

ge
 (c

fs
)

No Action Habitat

GDU Import to Sheyenne River
Habitat
GDU Import to Sheyenne River
Flow s
Naturalized Flow s

No Action Flow s

May-June - Lake sturgeon spaw ning
July-April - Lake sturgeon adult

 
Figure D.3.20 -  Red River Frog Point Site 50th and 10th Percentile GDU Import to Sheyenne River Alternative Flows, No Action Flows, and 
Naturalized Flows, plus GDU Import to Sheyenne River and No Action Lake Sturgeon Habitat. 
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Figure D.3.21 -  Red River Moorhead Site 50th and 10th Percentile GDU Import to Sheyenne River Flows, No Action Flows, and Naturalized 
Flows, plus GDU Import to Sheyenne River and No Action Mussel Habitat. 
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Figure D.3.22 -  Red River Frog Point Site 50th and 10th Percentile GDU Import to Sheyenne River Flows, No Action Flows, and Naturalized 
Flows, plus GDU Import to Sheyenne River and No Action Mussel Habitat. 
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Figure D.3.23 -  Red River Moorhead Site 50th and 10th Percentile GDU Import Pipeline Alternative Flows, No Action Flows, and Naturalized 
Flows, plus GDU Import Pipeline and No Action Fish Habitat. 
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Figure D.3.24 -  Red River Frog Point Site 50th and 10th Percentile GDU Import Pipeline Alternative Flows, No Action Flows, and Naturalized 
Flows, plus GDU Import Pipeline and No Action Fish Habitat. 
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Figure D.3.25 -  Red River Moorhead Site 50th and 10th Percentile GDU Import Pipeline Alternative Flows, No Action Flows, and Naturalized 
Flows, plus GDU Import Pipeline and No Action Lake Sturgeon Habitat. 
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Figure D.3.26 -  Red River Frog Point Site 50th and 10th Percentile GDU Import Pipeline Alternative Flows, No Action Flows, and Naturalized 
Flows, plus GDU Import Pipeline and No Action Lake Sturgeon Habitat. 
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Figure D.3.27 -  Red River Moorhead Site 50th and 10th Percentile GDU Import Pipeline Alternative Flows, No Action Flows, and Naturalized 
Flows, plus GDU Import Pipeline and No Action Mussel Habitat. 
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Figure D.3.28 -  Red River Frog Point Site 50th and 10th Percentile GDU Import Pipeline Alternative Flows, No Action Flows, and Naturalized 
Flows, plus GDU Import Pipeline and No Action Mussel Habitat. 
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Figure D.3.29 -  Red River Moorhead Site 50th and 10th Percentile Missouri River Import to Red River Valley Alternative Flows, No Action Flows, 
and Naturalized Flows, plus Missouri River Import to Red River Valley and No Action Fish Habitat. 
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Figure D.3.30 -  Red River Frog Point Site 50th and 10th Percentile Missouri River Import to Red River Valley Alternative Flows, No Action Flows, 
and Naturalized Flows, plus Missouri River Import to Red River Valley and No Action Fish Habitat. 
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Figure D.3.31 -  Red River Moorhead Site 50th and 10th Percentile  Missouri River Import to Red River Valley Alternative Flows, No Action Flows, 
and Naturalized Flows, plus Missouri River Import to Red River Valley and No Action Lake Sturgeon Habitat. 



SDEIS Appendix D.3 – Alternative Flows and Aquatic Habitat Graphs 
 
 
 

D.3 - 32 

Frog Point Site - Missouri River Import to Red River Valley
 50 percentile flows and habitat
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Figure D.3.32 -  Red River Frog Point Site 50th and 10th Percentile  Missouri River Import to Red River Valley Alternative Flows, No Action 
Flows, and Naturalized Flows, plus Missouri River Import to Red River Valley and No Action Lake Sturgeon Habitat. 
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Figure D.3.33 -  Red River Moorhead Site 50th and 10th Percentile Missouri River Import to Red River Valley Alternative Flows, No Action Flows, 
and Naturalized Flows, plus Missouri River Import to Red River Valley and No Action Mussel Habitat. 
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Figure D.3.34 -  Red River Frog Point Site 50th and 10th Percentile Missouri River Import to Red River Valley Alternative Flows, No Action Flows, 
and Naturalized Flows, plus Missouri River Import to Red River Valley and No Action Mussel Habitat. 
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Figure D.3.35 -  Sheyenne River Lisbon Site 50th and 10th Percentile No Action Flows, Aquatic Needs Flows, and Naturalized Flows, plus No 
Action and Aquatic Needs Fish Habitat. 
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Figure D.3.36 -  Sheyenne River Pigeon Point Site 50th and 10th Percentile No Action Flows, Aquatic Needs Flows, and Naturalized Flows, plus 
No Action and Aquatic Needs Fish Habitat. 
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Figure D.3.37 -  Sheyenne River Norman Site 50th and 10th Percentile No Action Flows, Aquatic Needs Flows, and Naturalized Flows, plus No 
Action and Aquatic Needs Fish Habitat. 
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Figure D.3.38 -  Sheyenne River Lisbon Site 50th and 10th Percentile North Dakota In-Basin Alternative Flows, No Action Flows, and Naturalized 
Flows, plus North Dakota In-Basin and No Action Fish Habitat. 
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Figure D.3.39 -  Sheyenne River Pigeon Point Site 50th and 10th Percentile North Dakota In-Basin Alternative Flows, No Action Flows, and 
Naturalized Flows, plus North Dakota In-Basin  and No Action Fish Habitat. 
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Figure D.3.40 -  Sheyenne River Norman Point Site 50th and 10th Percentile North Dakota In-Basin Alternative Flows, No Action Flows, and 
Naturalized Flows, plus North Dakota In-Basin and No Action Fish Habitat. 
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Figure D.3.41 -  Sheyenne River Lisbon Site 50th and 10th Percentile North Dakota In-Basin Alternative Flows, No Action Flows, and Naturalized 
Flows, plus North Dakota In-Basin and No Action Mussel Habitat. 
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Figure D.3.42 -  Sheyenne River Pigeon Point Site 50th and 10th Percentile North Dakota In-Basin Alternative Flows, No Action Flows, and 
Naturalized Flows, plus North Dakota In-Basin and No Action  Mussel Habitat. 
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Figure D.3.43 -  Sheyenne River Norman Site 50th and 10th Percentile North Dakota In-Basin Alternative Flows, No Action Flows, and Naturalized 
Flows, plus North Dakota In-Basin and No Action Mussel Habitat. 
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Figure D.3.44 -  Sheyenne River Lisbon Site 50th and 10th Percentile Red River Basin Alternative Flows, No Action Flows, and Naturalized 
Flows, plus Red River Basin and No Action Fish Habitat. 
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Figure D.3.45 -  Sheyenne River Pigeon Point Site 50th and 10th Percentile Red River Basin Alternative Flows, No Action Flows, and Naturalized 
Flows, plus Red River Basin  and No Action Fish Habitat. 



SDEIS Appendix D.3 – Alternative Flows and Aquatic Habitat Graphs 
 
 
 

D.3 - 46 

Norman Site - Red River Basin 
 10 percentile flows and habitat

0
50

100
150
200
250
300
350
400
450
500

Jan Feb Mar April May 1-
15

May
16-31

June July Aug Sept Oct Nov Dec

Time Step

W
ei

gh
te

d 
Us

ab
le

  A
re

a 
(s

q 
ft)

0

50

100

150

200

250

Di
sc

ha
rg

e 
(c

fs
)

No Action Habitat
Red River Basin Habitat
Red River Basin Flow s
Naturalized Flow s
No Action Flow s

Habitat guild representatives w ith 
minimum habitat:
April-May 15 - Longnose dace 
spaw ning
May 16-June - Smallmouth bass 
spaw ning
July-March - Longnose dace young

Norman Site - Red River Basin 
 50 percentile flows and habitat

0
50

100
150
200
250
300
350
400
450
500

Jan Feb Mar April May 1-
15

May
16-31

June July Aug Sept Oct Nov Dec

Time Step

W
ei

gh
te

d 
Us

ab
le

 A
re

a 
 

(s
q 

ft)

0

100

200

300

400

500

600

700

800

Di
sc

ha
rg

e 
(c

fs
) No Action Habitat

Red River Basin Habitat
Red River Basin Flow s
Naturalized Flow s
No Action Flow s

Habitat guild representatives w ith 
minimum habitat:
April-May 15 - Longnose dace 
spaw ning
May 16-June - Smallmouth bass 
spaw ning
July-March - Longnose dace young  

  
Figure D.3.46 -  Sheyenne River Norman Site 50th and 10th Percentile Red River Basin Alternative Flows, No Action Flows, and Naturalized 
Flows, plus Red River Basin and No Action Fish Habitat. 
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Figure D.3.47 -  Sheyenne River Lisbon Site 50th and 10th Percentile Red River Basin Alternative Flows, No Action Flows, and Naturalized 
Flows, plus Red River Basin and No Action Mussel Habitat. 
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Figure D.3.48 -  Sheyenne River Pigeon Point Site 50th and 10th Percentile Red River Basin Alternative Flows, No Action Flows, and Naturalized 
Flows, plus Red River Basin  and No Action  Mussel Habitat. 
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Figure D.3.49 -  Sheyenne River Norman Site 50th and 10th Percentile Red River Basin Alternative  Flows, No Action  Flows, and Naturalized 
Flows, plus Red River Basin  and No Action  Mussel Habitat. 
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Figure D.3.50 -  Sheyenne River Lisbon Site 50th and 10th Percentile GDU Import to Sheyenne River Alternative  Flows, No Action  Flows, and 
Naturalized Flows, plus GDU Import to Sheyenne River  and No Action  Fish Habitat. 
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Figure D.3.51 -  Sheyenne River Pigeon Point Site 50th and 10th Percentile GDU Import to Sheyenne River Alternative Flows, No Action Scenario 
2 Flows, and Naturalized Flows, plus GDU Import to Sheyenne River  and No Action  Fish Habitat. 
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Figure D.3.52 -  Sheyenne River Norman Site 50th and 10th Percentile GDU Import to Sheyenne River Alternative Flows, No Action  Flows, and 
Naturalized Flows, plus GDU Import to Sheyenne River  and No Action  Fish Habitat. 
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Figure D.3.53 -  Sheyenne River Lisbon Site 50th and 10th Percentile GDU Import to Sheyenne River Alternative  Flows, No Action  Flows, and 
Naturalized Flows, plus GDU Import to Sheyenne River  and No Action  Mussel Habitat. 
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Figure D.3.54 -  Sheyenne River Pigeon Point Site 50th and 10th Percentile GDU Import to Sheyenne River Alternative  Flows, No Action  Flows, 
and Naturalized Flows, plus GDU Import to Sheyenne River  and No Action  Mussel Habitat. 



SDEIS Appendix D.3 – Alternative Flows and Aquatic Habitat Graphs 
 
 
 

D.3 - 55 

Norman Site - GDU Import to Sheyenne River
 50 percentile flows and habitat

0

200

400

600

800

1000

1200

Jan Feb Mar April May 1-
15

May
16-31

June July Aug Sept Oct Nov Dec

Time Step

W
ei

gh
te

d 
Us

ab
le

 A
re

a 
 

(s
q 

ft)

0

100

200

300

400

500

600

700

800

D
is

ch
ar

ge
 (c

fs
)

No Action Habitat

GDU to Sheyenne River Import
Habitat
GDU to Sheyenne River Import
Flow s
Naturalized Flow s

No Action Flow s

Mussel w ith minimum habitat:
Creeper (squaw foot)

 
Norman Site - GDU Import to Sheyenne River

 10 percentile flows and habitat

0
10
20
30
40
50
60
70
80
90

100

Jan Feb Mar April May 1-
15

May
16-31

June July Aug Sept Oct Nov Dec

Time Step

W
ei

gh
te

d 
Us

ab
le

 A
re

a 
 

(s
q 

ft)

0

50

100

150

200

250

D
is

ch
ar

ge
 (c

fs
)

No Action Habitat

GDU to Sheyenne River Import
Habitat
GDU to Sheyenne River Import
Flow s
Naturalized Flow s

No Action Flow s

Mussel w ith minimum habitat:
Creeper (squaw foot)

 
Figure D.3.55 -  Sheyenne River Norman Site 50th and 10th Percentile GDU Import to Sheyenne River Alternative  Flows, No Action  Flows, and 
Naturalized Flows, plus GDU Import to Sheyenne River  and No Action  Mussel Habitat. 
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Figure D.3.56 -  Sheyenne River Lisbon Site 50th and 10th Percentile GDU Import Pipeline Alternative  Flows, No Action  Flows, and Naturalized 
Flows, plus GDU Import Pipeline  and No Action  Fish Habitat. 
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Figure D.3.57 -  Sheyenne River Pigeon Point Site 50th and 10th Percentile GDU Import Pipeline Alternative  Flows, No Action  Flows, and 
Naturalized Flows, plus GDU Import Pipeline  and No Action  Fish Habitat. 



SDEIS Appendix D.3 – Alternative Flows and Aquatic Habitat Graphs 
 
 
 

D.3 - 58 

Norman Site - GDU Import Pipeline
 50 percentile flows and habitat
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Figure D.3.58 -  Sheyenne River Norman Site 50th and 10th Percentile GDU Import Pipeline Alternative  Flows, No Action  Flows, and Naturalized 
Flows, plus GDU Import Pipeline  and No Action  Fish Habitat. 
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Lisbon Site - GDU Import Pipeline
 50 percentile flows and habitat
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Figure D.3.59 -  Sheyenne River Lisbon Site 50th and 10th Percentile GDU Import Pipeline Alternative Flows, No Action  Flows, and Naturalized 
Flows, plus GDU Import Pipeline  and No Action  Mussel Habitat. 
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Pigeon Point Site - GDU Import Pipeline
 50 percentile flows and habitat
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Figure D.3.60 -  Sheyenne River Pigeon Point Site 50th and 10th Percentile GDU Import Pipeline Alternative Flows, No Action  Flows, and 
Naturalized Flows, plus GDU Import Pipeline  and No Action  Mussel Habitat. 
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Norman Site - GDU Import Pipeline
 50 percentile flows and habitat
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Figure D.3.61 -  Sheyenne River Norman Site 50th and 10th Percentile GDU Import Pipeline Alternative Flows, No Action  Flows, and Naturalized 
Flows, plus GDU Import Pipeline  and No Action  Mussel Habitat. 
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Lisbon Site - Missouri River Import to Red River Valley
 50 percentile flows and habitat
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Figure D.3.62 -  Sheyenne River Lisbon Site 50th and 10th Percentile Missouri River Import to Red River Valley Alternative  Flows, No Action  
Flows, and Naturalized Flows, plus Missouri River Import to Red River Valley  and No Action  Fish Habitat. 



SDEIS Appendix D.3 – Alternative Flows and Aquatic Habitat Graphs 
 
 
 

D.3 - 63 

Pigeon Point Site - Missouri River Import to Red River Valley
 50 percentile flows and habitat
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Figure D.3.63 -  Sheyenne River Pigeon Point Site 50th and 10th Percentile Missouri River Import to Red River Valley Alternative Flows, No 
Action  Flows, and Naturalized Flows, plus Missouri River Import to Red River Valley  and No Action  Fish Habitat. 
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Norman Site - Missouri River Import to Red River Valley
 50 percentile flows and habitat
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Figure D.3.64 -  Sheyenne River Norman Site 50th and 10th Percentile Missouri River Import to Red River Valley Alternative Flows, No Action  
Flows, and Naturalized Flows, plus Missouri River Import to Red River Valley  and No Action  Fish Habitat. 
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Lisbon Site - Missouri River Import to Red River Valley 
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Figure D.3.65 -  Sheyenne River Lisbon Site 50th and 10th Percentile Missouri River Import to Red River Valley Alternative Flows, No Action  
Flows, and Naturalized Flows, plus Missouri River Import to Red River Valley  and No Action  Mussel Habitat. 
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Pigeon Point Site - Missouri River Import to Red River Valley
 50 percentile flows and habitat
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Figure D.3.66 -  Sheyenne River Pigeon Point Site 50th and 10th Percentile Missouri River Import to Red River Valley Alternative Flows, No 
Action  Flows, and Naturalized Flows, plus Missouri River Import to Red River Valley  and No Action  Mussel Habitat. 
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Norman Site - Missouri River Import to Red River Valley
 50 percentile flows and habitat
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Figure D.3.67 -  Sheyenne River Norman Site 50th and 10th Percentile Missouri River Import to Red River Valley Alternative Flows, No Action  
Flows, and Naturalized Flows, plus Missouri River Import to Red River Valley  and No Action  Mussel Habitat. 
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Appendix E – Natural Resource Lands Impacts 
 
Introduction 
This appendix contains information and analysis used in determining potential Project impacts to 
natural resource lands - wetlands, grasslands – including native prairie, woodlands, and riparian 
areas.  The focus is on data and methods used to estimate impacts to natural resource lands, 
including palustrine, lacustrine and riverine wetlands, woodland acres, native prairie, and stream 
crossings.  Wetland crossings are estimated as another measure of wetland impacts.  The sources 
of natural resource land data are identified and the results are summarized. 
 
Impacts to natural resource lands can be temporary or permanent.  Temporary impacts generally 
are associated with buried pipeline construction after which land reverts to its previous use, 
although structures cannot be built over the buried pipeline.  Permanent impacts are associated 
with construction of above-ground permanent facilities, such as biota water treatment plants, 
pumping stations, reservoirs, and groundwater well sites.  The following analysis shows that over 
90% of natural resource land impacts would be temporary and would result from buried pipeline 
construction.  
 
Scientific Names 
Table E.1 lists the scientific names of plants used in the Natural Resources sections of chapters 3 
and 4.  Appendix L.2 compiles all of the scientific names used throughout the document and all 
appendixes. 
 
Table E.1 – Scientific Names for Plants Used in the Natural Resource Lands Section of the Project EIS. 
________________________________________________________________________ 
Common Name      Scientific Name 
 
Plants 
Alder       Alnus spp. 
American elm      Ulmus americanus 
American plum      Prunus americana  
Aspen       Populus tremula 
Balsam poplar      Populus balsamifera  
Basswood      Tilia americana  
Big bluestem      Andropogon gerardii  
Blue gramma      Bouteloua gracilis 
Bog Birch       Betula pumila 
Box elder      Acer segunda 
Butternut      Juglans cinerea  
Chinese elm      Ulmus parvifolia  
Chokecherry      Prunus virginiana  
Cottonwood       Populus deltoides 
Green ash      Fraxinus americana 
Hackberry      Celtis occidentalis  
Hawthorne      Crataegus sp. 
Hickory       Carya sp. 
Indian grass       Sorghastrum nutans 
Ironwood       Carpinus caroliniana 
Juneberry      Amelanchier alnifolia 
Little blue stem       Schizachyrium scoparium 
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Needlegrass      Achnatherum occidentale 
Paper birch       Betula papyrifera 
________________________________________________________________________ 
Common Name      Scientific Name 
 
Pinchberry      Amelanchier sp. 
Prairie sandreed      Calamovilfa longifolia 
Red mulberry      Morus rubra 
Red-stemmed dogwood     Cornus sericea 
Russian olive       Elaeagnus angustifolia 
Side-oats gramma     Bouteloua curtipendula 
Silver berry      Elaeagnus commutata 
Silver maple      Acer saccharinum 
Slippery elm      Ulmus fulva 
Sugar maple      Acer saccharum 
Switch grass      Panicum virgatum 
Trembling aspen       Populus tremuloides 
Wheat grass       Agropyron smithii 
Willows       Salix spp. 
 
Method of Analysis and Data Used to Assess Impacts 
To analyze impacts of the proposed Project, GIS land use databases, developed by various state 
and federal agencies, were used to identify land cover types within the area of potential effects.  
GIS layers of alternative features, such as buried pipelines, were developed to superimpose over 
land cover layers.  This identified potentially impacted areas.  In addition, a method was 
developed to analyze the effects of the alternatives on stream flow and to quantify the impacts of 
modified flows on riparian habitat. 
 
National Hydrography Dataset 
The National Hydrography Dataset is a comprehensive set of digital spatial data that contains 
information about surface water features such as lakes, ponds, streams, rivers, springs and wells 
developed in cooperation by the USGS and EPA.  This information was used to determine which 
streams may be crossed by Project alternatives. 
 
National Land Cover Database  
Land cover was determined using the National Land Cover 
Dataset developed by the USGS in cooperation with the EPA.  
These data represent the land cover during 1992 and is the 
most current data available at this time.  The National Land 
Cover Dataset consists of 21 land cover categories with a 
spatial resolution of 30 meters.   
 
The 21 land cover categories are combined into six groups 
representing similar cover types.  These groups are Water, 
Commercial/Industrial/Residential, Woodlands, Grasslands, 
Agriculture, and Wetlands.    

• Water – Open water, Perennial Ice/Snow 
• Commercial/Industrial/Residential – Low Intensity 

Residential, High Intensity  
Residential, Commercial/Industrial/Transportation,  
Bare  

Land Cover Type Categories in the 
National Land Cover Database 
 
Open Water  
Perennial Ice/Snow  
Low Intensity Residential 
High Intensity Residential 
Commercial/Industrial/Transportation 
Bare Rock/Sand/Clay 
Quarries/Strip Mines/Gravel Pits 
Deciduous Forest 
Evergreen Forest 
Mixed Forest 
Shrubland 
Grasslands/Herbaceous 
Pasture/Hay 
Row Crops 
Small Grains 
Fallow – None in project area. 
Urban/Recreational Grasses  
Woody Wetlands 
Emergent Herbaceous Wetlands 
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Rock/Sand/Clay, Quarries/Strip Mines/Gravel Pits 
• Woodlands – Deciduous Forest, Evergreen Forest, Mixed Forest, Shrubland 
• Grasslands – Grasslands/Herbaceous 
• Agriculture – Pasture/Hay, Row Crops, Small Grains, Fallow, Urban/Recreation Grasses 
• Wetlands – Woody Wetlands, Emergent Herbaceous Wetlands 

 
National Wetlands Inventory  
The inventory of wetlands affected by Project features and within the riparian area was done 
using the US Fish and Wildlife Service National Wetlands Inventory. The goal of the inventory 
is to provide the citizens of the United States and its Trust Territories with current geospatially 
referenced information on the status, extent, characteristics and functions of wetland, riparian, 
deepwater and related aquatic habitats in priority areas to promote the understanding and 
conservation of these resources.  For the purposes of this SDEIS, the inventory was the best 
available data for making a fair comparison between the alternatives in regards to wetlands. 
 
North Dakota Natural Heritage Inventory  
Data were provided by the North Dakota Parks and Recreation Department to assist in the 
inventory of natural resource lands and protected areas within Barnes, Griggs, Nelson, Ransom, 
Richland, and Sargent Counties in North Dakota.   
 
Minnesota Natural Heritage Information System  
This data set is a GIS polygon shapefile derived from the Natural Heritage Biotics Database. 
Data in the Biotics Database are maintained according to established Natural Heritage 
Methodology developed by NatureServe and The Nature Conservancy.  Uses of the data can 
include natural resource management, conservation planning, environmental review, biological 
and ecological research, land acquisition, and economic development. This data set was used to 
determine impacts to Natural Resource Lands, Protected Areas, and Minnesota Species of 
Concern.  Data are available by request from the MNDNR Ecological Resources Division. 
 
Buried Pipeline Corridors 
Table E.2 lists the eight features used in alternatives for which GIS layers were developed to 
assist in quantifying natural resource land impacts.  The table lists major buried pipeline features 
and identifies each feature number, which is based upon table 2.6 in chapter two of the SDEIS.  
Table 2.6 lists 19 water supply features, which in combination compose the five action 
alternatives described in chapter two.  GIS layers for other features, such as groundwater well 
fields or minor features, were not developed.  Project-wide averages were used to estimate 
impacts for those features, as described below. 
 
A GIS layer was created for each of the buried pipeline features listed in Table E.2 using a 400 
foot-wide corridor (typically 200 feet either side of the section line) to determine typical land use 
types.  A 400 foot-wide corridor represents where the buried pipeline most likely would be sited 
along a road right-of-way or section line.  The actual placement of the buried pipeline within the 
corridor will be determined during the final engineering phase.  Therefore, analysis of a 400 
foot-wide corridor accounts for habitat types on both sides of the section line, although the 
construction zone would disturb a smaller area within the corridor.  Analyzing an area larger than 
the area to be disturbed results in a more comprehensive estimate of potential impacts. 
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Table E.2 – Alternative Features for which GIS Layers Were Developed. 

Feature Feature 
Number Alternative Using Feature 

Bismarck to Fargo to Grand Forks Pipeline 2 Missouri River Import to Red River 
Valley  

Grand Forks-Traill Water District Interconnection with Grand 
Forks 5 Used in Multiple Alternatives 

Grand Forks to Lake Ashtabula Pipeline 6 North Dakota In-Basin 
McClusky Canal to Fargo Pipeline 7 GDU Import Pipeline 
McClusky Canal to Lake Ashtabula Pipeline 8 GDU Import to Sheyenne River 
Minnesota Groundwater and Pipeline 9 Red River Basin 
New Groundwater to Serve Industries 13 Used in Multiple Alternatives 
Pipeline to Industries in Southeast North Dakota  15 Used in Multiple Alternatives 
 
The diameter of the pipe to be installed determines the size of the disturbed area.  For example, 
excavation for installation of a 48 inch diameter pipe under normal excavated conditions would 
disturb about 190 feet, or less than half the width of the construction corridor.  The potential 
construction area of a 400 foot-wide corridor one mile in length is 48.5 acres.  However, the 
actual disturbed area to install one mile of 48 inch diameter pipe is 23.0 acres, assuming a 190 
foot disturbed width.  This means that in one hypothetical mile, 47.5% of the original 
construction corridor would be impacted to install a 48 inch diameter pipe. 
 
To approximate impacted natural resource lands, the acreage of land types within the buried 
pipeline corridor was estimated using GIS layers.  Using the 48 inch diameter pipeline example 
above, and assuming that within the 400 foot-wide one mile long corridor 5 acres of woodlands 
are identified, not all of the 5 acres would be disturbed.  Approximately 47.5% of the corridor 
would be impacted.  In this case the estimated acres of impacts would be 2.38 acres (47.5% of 
five acres).  The tables in the following section estimate the impacted acres using this method. 
 
GIS layers were not developed for 11 Project features for a variety of reasons (features 1, 3, 4, 
10, 11, 12, 14, 16 - 19 in table 2-6, chapter two).  Some, like water conservation, would not 
disturb acres of land.  For other features and the No Action Alternative the specific location 
could not be determined except for a general location within a geographic area, such as an 
aquifer in a proposed well field.  Impacts for these features were estimated using Project area 
averages. This method was used for all impact acreage estimates if GIS layers were not 
available.   
 
The following is an example of how this method was applied to determine impacts to natural 
resources overlying an aquifer being proposed for future development.  The Buffalo Aquifer is 
estimated to underlie 35,459 acres.  The GIS land cover database shows 562 acres of palustrine 
wetlands within that same boundary, which is 1.6% of the aquifer area.  While the exact location 
of the wellfield and buried pipelines (Buffalo Aquifer – Partial Development) in the aquifer area 
are unknown, 121 acres of land would be purchased for construction right-of-way.  Assuming 
that palustrine wetlands and feature right-of-ways are uniformly distributed within the Buffalo 
Aquifer, 1.9 acres (121 acres x 1.6% = 1.9 acres) of palustrine wetlands would be the impact 
estimate.  It should be noted that in general, construction would avoid wetlands and other 
construction challenges, so assuming uniform distribution of impacts across a large area is not 
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River 
Floodplain 
Wetlands 
Groundwater 
influence and 
buffer ¼ mile 
on either side 
of the river. 

 

necessarily accurate.  Similarly, wells that would be developed as part of a Project feature would 
avoid wetlands because of inconvenience, cost, maintenance, and installation difficulties.  This 
method over-estimates the number of wetlands that would be impacted but does give a relative 
value for the comparison of alternatives. 
 
Riparian Areas  
Riparian buffers were created to evaluate environmental resources adjacent to the Sheyenne 
River below the point where water is added.  The entire length of the Red River in the United 
States is also being evaluated.  The ½ mile riparian buffer (¼ mile on each side of the river) was 
chosen because the floodplain for the Sheyenne is approximately that wide in the sections of the 
river potentially impacted by the Project, and the maximum influence of groundwater surface 
interaction extends ¼ mile from the banks of the Sheyenne River (West Consultants, Inc 2001).  
The Red River riparian buffer is ½  mile for consistency.   
 
To quantify the number of natural resource land acres within the area of potential effects, the 
National Land Cover Dataset was used.  Wetlands, grasslands and woodlands were further 
characterized by National Wetlands Inventory data and North Dakota Natural Heritage Inventory 
data where available. 
 
GIS data layers were also used to identify riparian acres of the Sheyenne and Red Rivers.  Within 
riparian areas, GIS data layers were also used to identify wetlands, grasslands and woodlands. 
Riparian areas are transitional areas between a river and upland communities where vegetation is 
influenced by water.  Because riparian areas are important to local ecology, the Interdisciplinary 
Team decided that the riparian area where impacts would be assessed would exclude farmed land 
such as row crops, small grains, and fallow land covers and developed areas.  Riparian areas can 
include wetlands, grasslands, and woodlands.   
 
Riparian areas analyzed for this Project cover the area from the river to an outermost boundary 
that includes all of the following areas (figure E.1): 

• the streambank 
• zone of wetlands and vegetation adjacent to the 

stream bank extending to the groundwater or 
floodplain zone of influence. 

• the zone of groundwater influence, 
defined as a ¼ mile on either side of 
the Sheyenne and Red Rivers. 

 
 
 
 
 
 
     
 
Figure E.1 – Riparian Area Diagram. 
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To quantify the number of riparian acres within the area of potential effects, the National Land 
Cover Dataset was used. Once the riparian data were collected and these areas were identified, a 
method to consider any potential impacts had to be established.  Reclamation conducted a review 
of the following best available scientific literature to provide insight on a potential impact 
analysis method. 
 
Riparian Areas and Flow Transitions   Natural streamflow variability is a primary driving 
force within native riverine ecosystems.  Flow regimes structure both aquatic and riparian 
communities (Richter and Richter 2000).  Flow thresholds seasonally affect riverine landscape or 
riparian areas (Church 2002).  However, there are relatively few data to predict impacts of 
hydrological changes on riparian biota (Stromberg et al. 1996).   
 
Constructing ecosystem flow prescriptions generally focuses on key components of flow 
regimes, including natural ranges of variability.  Such variability addresses wet and dry season 
base flows, normal high flows, extreme drought, and flood conditions that do not occur every 
year, and rates of flood rise and fall as well as the interannual variability in each of these 
elements (Richter et. al. 2003).  Of great importance is evaluating flow conditions (particularly 
drought and floods) that structure river and floodplain ecosystems.   
 
Short-term hydrologic conditions, such as extreme low or high flows, can have tremendous 
ecological influence; therefore, hydrologic simulation models based on a daily or shorter time 
step are preferred (Richter et. al. 2003).  Daily-time step modeling was not possible for this 
project given cost and time restraints.  The monthly-step hydrologic modeling that was 
completed for this Project was appropriate for modeling water supply and aquatic communities 
and provided some insight to compare potential impacts to riparian areas by the proposed action 
alternatives.   
 
Riparian vegetation is especially sensitive to changes in minimum and maximum flows.  It is 
possible to cause substantial changes in riparian vegetation without changing mean annual flow 
(Auble et al. 1994).  Hydrologic modeling, as described in chapter 4 and Appendix B.1, are used 
to compare alternatives.   
 
From this review of the scientific literature, it was apparent that an impact analysis based on 
available flow information would provide insight into potential riparian impacts (see water 
quantity information in chapter four and Appendix B.2).  A water quantity analysis of flow 
events that could impact riparian areas, including extreme low flow and extreme high flow 
events, was completed.  For example, extreme low flow events would potentially impact riparian 
areas during a 1930s-type drought.  Increases in flows during extreme low flow times, especially 
during a 1930s-type drought would expose the root zone of riparian vegetation to much needed 
water, while decreases in extreme low flows would further degrade riparian vegetation.  Extreme 
high flows can also change riparian areas if flows are large enough to go out of the riverbanks.  
Evaluations were made looking at extreme low flow over 71 years (1931 - 2001), extreme low 
flow during a 10 year drought (1931 – 1940) and extreme high flows.  Action alternatives were 
then ranked according to the reduction or increase in percent occurrence from No Action. 
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GDU Mitigation Ledger 
A GDU Mitigation and Enhancement Ledger was developed according to the 1985 
Memorandum of Understanding among Reclamation, the Service, and the North Dakota Game 
and Fish Department.  The ledger establishes mitigation and enhancement debits and credits for 
wildlife purposes.  The ledger documents impacts of GDU projects as well as mitigation 
requirements and concurrence for planning purposes and for review by other agencies and the 
public.  Projected impacts listed were first presented in the GDU Commission Report.  The GDU 
Reformulation Act of 1986 adjusted projected impacts to reflect modifications to the overall 
GDU project.  Impacts to date reflect modifications to the GDU project.  The ledger will be used 
by this Project to ensure that impacts are mitigated according to the Memorandum of 
Understanding. 
 
Temporary Impacts on Natural Resource Lands  
 
No Action Alternative Temporary Effects 
Table E.3 shows all of the identified No Action Alternative projects proposed within the service 
area.  Chapter two and Appendix A.2 describe this alternative and its associated projects in more 
detail.  The total acreage that would be disturbed by the No Action Alternative is 52 acres.  This 
is a minor amount, because there are very few No Action water supply related projects that can 
be identified (see Appendix A.2).  Specific locations of the affected areas are unknown.  Those 
projects that communities have planned for are identified, but additional projects would be likely 
in order to meet all future needs.  Therefore the total amount of  No Action Alternative effects 
probably is underestimated but based on the best available information, gives a relative value for 
comparison of alternatives. 
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    Table E.3 – No Action Alternative - Anticipated Projects or Improvements (see Appendix A.2) 

System Proposed Improvement Area of Affect 
(acres) 

Cass Rural Water Users 
District Water System Expansion 3 
Drayton Red River Low-Head Dam Improvements 2 
Enderlin 4 New Wells 4 
Fargo - Moorhead 
Metropolitan Area 

Low Head Dam Construction, Raw Water Intakes, 2 on Red 
River, 1 on Sheyenne 6 

Fargo - Moorhead 
Metropolitan Area Raw Water Intake Expansion 0 
Grafton Red River Low-Head Dam 2 
Gwinner New Well 1 
Langdon/Langdon Rural 
Water District Mount Carmel Intake Improvements 0 
Moorhead Well Field Improvements 2 
Park River Fordville Aquifer Development 5 

Southeast Water User District 
Service to Wyndemere, Lidgerwood, Hankinson, and 550 
rural users 6 

Traill Rural Water 
District/Hillsboro Galesburg Aquifer Development 8 
Valley City Sheyenne River Low-Head Dam Improvements 2 
Drayton Intake Improvements/Replacement 0 
Grand Forks-Traill Water 
District Additional Groundwater Appropriations 5 
Grafton Red River Intake Replacement 3 
Wahpeton New Wells 3 
Total  52 

 
Table E.4 summarizes the No Action Alternative wetland and woodland effects.  The second 
column lists the percent of crossings per acre of right-of-way.  All of these percentages are 
derived from a composite average of effects calculated for the five action alternatives.  The third 
column shows the percent of effected acreage for the three wetland types and for woodland 
resources.  Since the exact location of the No Action Alternative features are unknown, Project-
wide averages were used to estimate effects.  Columns four and five show the estimated affected 
acres for No Action and Infrastructure projects, respectively.   
 
Table E.4 – Estimated No Action Natural Land Resource Effects. 

Resource Affected 
Acres (%) 

Wetland Crossings per 
Acre of Right-of-way (%) 

No Action Affected 
Acreage (acres) 

Infrastructure Affected 
Acreage (acres) 

Column No. 2 3 4 5 
Wetlands         

Palustrine 4.6%  2.4 247.5 
Lacustrine 0.3%  0.1 13.5 
Riverine 0.1%  0.1 7.7 
Wetland 

Crossings   14.2% 7 763 

Woodland 1.0%  0.5 54.6 
 
Action Alternative Temporary Impacts 
The tables in this section disclose natural resource land impacts estimated by feature and by 
alternative.  Impacts are characterized as temporary and permanent.  It is understood that 
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temporary impacts are short in time and areas disturbed can be restored to pre-Project conditions. 
Permanent impacts are quantified in the next section.  
 
Wetlands Temporary Impacts  Tables E.5 through E.8 estimate impacted wetland acres, 
including crossings, for each major buried pipeline feature in each alternative.  Table E.5 shows 
the number of acres of each type of wetland found within that feature’s 400 foot-wide corridor, 
based upon GIS analysis.   
 
Table E.5 – Potential Wetland Acres Impacted by a 400 Foot-wide Pipeline Corridor. 

Pipeline Feature Alternative Palustrine 
(acres) 

Lacustrine 
(acres) 

Riverine 
(acres) 

Total 
Wetlands 

(acres) 
Wetlands 
Crossed 

Grand Forks to 
Lake Ashtabula 
Pipeline 

North Dakota In-
Basin 102 27 0 128.6 156 

Minnesota 
Groundwater and 
Pipeline 

Red River Basin 98 0 3 100.8 126 

McClusky Canal to 
Lake Ashtabula 
Pipeline 

GDU Import to 
Sheyenne River 419 5 11 434.9 737 

McClusky Canal to 
Fargo Pipeline 

GDU Import 
Pipeline 419 18 17 453.7 735 

Bismarck to Fargo 
to Grand Forks 
Pipeline 

Missouri River 
Import to Red 
River Valley  

622 44 21 686.4 732 

 
Table E.6 shows the percent of the 400 foot-wide corridor that would be disturbed during 
construction of a Project feature.  The impacted acres shown in table E.7 were estimated by 
multiplying percentages from table E.6 by the wetland acres from table E.5. 
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Table E.6 – Percent of Corridor Acreage Impacted. 

Pipeline Feature Alternative Pipeline 
Length (feet) 

Corridor 
Acreage  

Pipeline Right-
of-way 

Acreage 

Percent 
Corridor 

Impacted (%) 
Grand Forks to Lake 
Ashtabula Pipeline 

North Dakota In-
Basin 416,343 3,823 1,720 45.0% 

Minnesota 
Groundwater and 
Pipeline 

Red River Basin 194,142 1,783 680 38.1% 

McClusky Canal to 
Lake Ashtabula 
Pipeline 

GDU Import to 
Sheyenne River 679,008 6,235 3,262 52.3% 

McClusky Canal to 
Fargo Pipeline GDU Import Pipeline 1,144,622 10,511 5,352 50.9% 

Bismarck to Fargo to 
Grand Forks Pipeline 

Missouri River 
Import to Red River 
Valley  

1,499,180 13,767 6,435 46.7% 

NOTE:  The No Action Alternative has no proposed buried pipelines, so no right-of-way was estimated. 
 
Table E.7 – Potential Wetland Acres Impacted within Pipeline Right-of-way. 

Pipeline Feature Alternative Palustrine 
(acres) 

Lacustrine 
(acres) 

Riverine 
(acres) 

Total 
Wetlands 

(acres) 
Grand Forks to Lake 
Ashtabula Pipeline 

North Dakota         In-
Basin 45.9 12.0 0.0 57.9 

Minnesota Groundwater 
and Pipeline Red River Basin 37.3 0.0 1.1 38.4 

McClusky Canal to Lake 
Ashtabula Pipeline 

GDU Import to 
Sheyenne River 219.3 2.4 5.8 227.6 

McClusky Canal to 
Fargo Pipeline GDU Import Pipeline 213.3 9.0 8.7 231.0 

Bismarck to Fargo to 
Grand Forks Pipeline 

Missouri River Import 
to Red River Valley  290.7 20.5 9.6 320.8 

 
Table E.8 relates wetland crossings to stream crossings to assist in estimating stream crossings 
for some Project features.  Project-wide averages for wetland crossings and stream crossings 
were used where the site specific data was not available, e.g. aquifers. 
 
Tables E.9 through E.11 estimate temporary wetland impacts from groundwater features based 
upon Project area averages.  Table E.9 shows the number of wetland acres and crossings in each 
aquifer area.  Table E.10 discloses the total number of acres in each aquifer plus the percentage 
of that aquifer area covered by the three types of wetlands.  Table E.11 displays estimated 
impacted acres for each of the wetland types plus the wetland and stream crossings.  The Project-
wide average for wetlands crossings was 3.34 crossings per mile, so that was used in the aquifer 
area estimates.  The Project-wide average for stream crossings is 15.8 wetland crossings per 
stream crossing, which was used to estimate groundwater feature impacts. 
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Table E.8 – Comparison Between Wetlands Crossed and Stream Crossings - All Alternatives. 

Pipeline Feature Alternative Wetlands 
Crossed 

Streams 
Crossed 

Ratio Wetland to 
Stream Crossings 

Grand Forks to Lake 
Ashtabula Pipeline 

North Dakota In-Basin 156 30 5.2 

Minnesota Groundwater 
and Pipeline 

Red River Basin 126 33 3.8 

McClusky Canal to Lake 
Ashtabula Pipeline 

GDU Import to Sheyenne 
River 737 19 38.8 

McClusky Canal to Fargo 
Pipeline 

GDU Import Pipeline 735 39 18.8 

Bismarck to Fargo to Grand 
Forks Pipeline 

Missouri River Import to 
Red River Valley  732 36 20.3 

 
Table E.9 – Wetland Acres per Aquifer. 

Groundwater Feature Palustrine 
(acres) 

Lacustrine 
(acres) 

Riverine 
(acres) 

Total Wetlands 
(acres) 

Wetlands 
Crossed 

Moorhead ASR 87 81 23 191 48 
Buffalo Aquifer – Partial 
Development 562 0 53 614 448 

Buffalo Aquifer – Full 
Development 562 0 53 614 448 

Otter Tail Surficial Aquifer 37,075 70,574 767 108,416 9,023 
Pelican River Sand-Plain 
Aquifer 16,918 20,648 12 37,578 5,413 

West Fargo North ASR 168 0 234 402 80 
West Fargo South ASR 135 0 0 135 165 
Brightwood, Gwinner, Milnor 
Channel, Spiritwood 35,580 9,429 94 45,103 16,909 

 
Table E.10 – Percent of Aquifer Covered by Wetlands. 

Groundwater Feature 
Total Aquifer 
Area (acres) 

Palustrine 
(%) 

Lacustrine 
(%) 

Riverine 
(%) 

Total 
Wetlands (%) 

Moorhead ASR 5,419 1.6% 1.5% 0.4% 3.5% 
Buffalo Aquifer – Partial 
Development 35,459 1.6% 0.0% 0.1% 1.7% 

Buffalo Aquifer – Full 
Development 35,459 1.6% 0.0% 0.1% 1.7% 

Otter Tail Surficial and  Pelican 
River Sand-Plain Aquifers 453,238 11.9% 20.1% 0.2% 32.2% 

West Fargo North ASR 17,118 1.0% 0.0% 1.4% 2.3% 
West Fargo South ASR 8,009 1.7% 0.0% 0.0% 1.7% 
Brightwood, Gwinner, Milnor 
Channel, Spiritwood 229,748 15.5% 4.1% 0.0% 19.6% 

 
Woodlands Temporary Impacts  Table E.12 displays the estimated the number of temporarily 
impacted woodland acres.  The first column identifies the feature, and the second column lists 
woodland acres in the 400 foot-wide corridor, based upon GIS analysis.  The third column 
reveals the percent of corridor that would be impacted by each feature, and the last column 
shows the estimated number of woodland acres that would be impacted. 
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Table E.11 – Estimated Impact Area of Right-of-Way. 

Groundwater 
Feature 

Total 
Right-of-

way 
Area 

(acres) 

Palustrine 
(acres) 

Lacustrine 
(acres) 

Riverine 
(acres) 

Total 
Wetlands 

(acres) 
Wetlands 
Crossed 3 

Stream 
Crossings4 

Moorhead ASR 1 25 0.4 0.4 0.1 0.9 13 1 
Buffalo Aquifer – 
Partial 
Development 2 

121 1.9 0.0 0.2 2.1 33 2 

Buffalo Aquifer – 
Full Development 254 4.0 0.0 0.4 4.4 283 18 

Otter Tail Surficial 
Aquifer + Pelican 
River Sand-Plain 
Aquifer 

2,088 248.7 420.2 3.6 672.4 542 34 

West Fargo North 
ASR 253 2.5 0.0 3.5 5.9 50 3 

West Fargo South 
ASR 499 8.4 0.0 0.0 8.4 80 5 

Brightwood, 
Gwinner, Milnor 
Channel, 
Spiritwood 

1,531 237.1 62.8 0.6 300.6 152 10 

1  No right-of-way estimate was done for the Moorhead ASR feature, so 25 acres or 4 miles of buried pipeline are 
assumed for impacts.  
2  No right-of-way estimated in Buffalo Aquifer, so 10 miles at 100' width totals 121 acres of impacts.   
3  Wetland crossings are based on the assumption of  3.34 crossings per mile of buried pipeline.    
4  Stream crossings are based on the assumption of  15.8 wetland crossings for each stream crossing. 
Note:  Assumptions are based on averages.   
 
Table E.12 – Woodland Impact Area. 

Feature Corridor Woodland 
Acreage 

Percent Corridor 
Impacted (%) 

Impacted Woodland 
Acreage 

Main Conveyance Features    
   Grand Forks to Lake Ashtabula Pipeline 32 45.0% 14.5 
   Minnesota Groundwater and Pipeline 36 38.1% 13.8 
   McClusky Canal to Lake Ashtabula 
Pipeline 49 52.3% 25.7 

   McClusky Canal to Fargo Pipeline 126 50.9% 63.9 
   Bismarck to Fargo to Grand Forks 
Pipeline 129 46.7% 60.1 

Groundwater Features    
   Moorhead ASR 166 0.5% 0.8 
   Buffalo Aquifer – Partial Development 439 0.3% 1.5 
   Buffalo Aquifer – Full Development 439 0.7% 3.1 
   Otter Tail Surficial and Pelican River 
Sand-                Plain Aquifers 65,847 0.5% 303.3 

   West Fargo North ASR 853 1.5% 12.6 
   West Fargo South ASR 7 6.2% 0.4 
   Brightwood, Gwinner, Milnor Channel, 
Spiritwood Aquifers 5,298 0.7% 35.3 

 
Stream Crossing Temporary Impacts  Table E.13 estimates the number of stream crossings for 
each major buried pipeline feature and identifies the most significant streams or rivers.  The 
results were developed by counting the number of intersections of major buried pipeline features 
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with known streams and rivers in the GIS database.  Stream crossings for groundwater features 
are shown in table E.11, as discussed previously. 
 
Table E.13 – Rivers and Streams Crossed by Proposed Features. 

Feature Alternative Number of 
Crossings Rivers Crossed 

Grand Forks to Lake 
Ashtabula Pipeline 

North Dakota In-
Basin 30 

Antelope Creek, Buffalo Coulee, Cole Creek, Elm 
Coulee, Fresh Water Coulee, Goose River, Maple River, 
Red Lake River, Red River, Salt Water Coulee, 
Sheyenne River, Wild Rice River 

Minnesota 
Groundwater and 
Pipeline 

Red River Basin 33 

Antelope Creek, Buffalo River, Fresh Water Coulee, Hay 
Creek, Otter Tail River, Pelican River, Red Lake River, 
Red River, Salt Water Coulee, Sheyenne River, Wild 
Rice River 

McClusky Canal to 
Lake Ashtabula 
Pipeline 

GDU Import to 
Sheyenne River 19 

Baldhill Creek, Fresh Water Coulee, Red River, Salt 
Water Coulee, Sheyenne River, Wild Rice River 

McClusky Canal to 
Fargo and Grand 
Forks Pipeline 

GDU Import 
Pipeline 39 

Baldhill Creek, Buffalo Coulee, Cole Creek, Elm Coulee, 
Elm River, Fresh Water Coulee, Goose River, Maple 
River, Pipestem Creek, Red River, Rush River, Salt 
Water Coulee, Sheyenne River, Wild Rice River 

Bismarck to Fargo 
Pipeline 

Missouri River 
Import to Red 
River Valley  

36 

Apple Creek, Buffalo Coulee, Buffalo Creek, Cole Creek, 
Elm Coulee, Elm River, Fresh Water Coulee, Goose 
River, James River, Maple River, Ransom Creek, Red 
Lake River, Red River, Rush River, Salt Water Coulee, 
Sheyenne River, Swan Creek 

 
Native Prairie Temporary Impacts  No  native prairie acres were disturbed on the five main  
buried pipeline features.  Native prairie was intentional avoided during buried pipeline layouts 
for the main conveyance features.   
 
Table E.14 quantifies temporarily impacted native prairie acres for each of the groundwater 
features.  The fourth column shows the percentage of the overall aquifer area impacted by the 
features, and the fifth column shows how many acres of native prairie currently exist in the 
aquifer area.  The acreage of native prairie in the Minnesota and southeastern groundwater areas 
was provided by the Service.  The last column shows the estimated native prairie impacted by 
each groundwater feature. 
 
Table E.14 – Native Prairie Temporary Impacts - Groundwater Features. 

Groundwater Feature 
Total 

Aquifer 
Area (acres) 

Total ROW 
Area (acres) 

Percent of 
Aquifer Area 
Impacted (%) 

Native Prairie 
Area (acres) 1 

Estimated 
Native Prairie 

Impacted 
(acres) 

Moorhead Aquifer 5,419 25 0.46% 0 0.0 
Buffalo Aquifer - Partial 
Develop. 35,459 121 0.34% 0 0.0 

Buffalo Aquifer - Full 
Develop. 35,459 254 0.72% 0 0.0 

Otter Tail Surficial Aquifer 
+ Pelican River 453,238 2,088 0.46% 862 4.0 

West Fargo North 17,118 253 1.48% 0 0.0 
West Fargo South 8,009 499 6.23% 0 0.0 
Brightwood, Gwinner, 
Milnor Channel, 
Spiritwood 

229,748 1,531 0.67% 26,523 176.8 

1  Native prairie acreage provided by Terri Thorn, Service, e-mail of September 14, 2006. 
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Summary of Temporary Impacts for Each Project Feature  Table E.15 summarizes impacted 
acres for each of the features in the action alternatives.  All of these impacts would be temporary.  
Some features lack and estimate of impact acres, because these features were either included in 
other features, would not impact natural resource acres in an urban setting, or the impact acres 
would be small. 
 
Table E.15 – Temporary Impacts by Feature. 

Features 
Total 

Disturbed 
Areas 
(acres) 

Palustrine 
(acres) 

Lacustrine 
(acres) 

Riverine 
(acres) 

Total 
Wetlands 

(acres) 
Wetlands 
Crossed 

Woodland 
(acres) 

Streams 
Crossed 

Native 
Prairie  
(acres) 

Biota WTP Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 
Bismarck to 
Fargo Pipeline  6,435 290.7 20.5 9.6 320.8 732 60.1 36 0 

Cass Rural 
Water User 
District 
Interconnection 
with Fargo 1 

NA NA NA NA NA NA NA NA NA 

GDU – 
Assigned 
Costs Related 
to Principal 
Supply Works 

NA NA NA NA NA NA NA NA NA 

Grand Forks-
Traill Water 
District 
Interconnection 
with Grand 
Forks 

Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 

Grand Forks to 
Lake 
Ashtabula 
Pipeline 

1,720 45.9 12.0 0.0 57.9 156 14.5 30 0 

McClusky 
Canal to Fargo 
and Grand 
Forks Pipeline  

5,352 213.3 9.0 8.7 231.0 735 63.9 39 0 

McClusky 
Canal to Lake 
Ashtabula 
Pipeline  

3,262 219.3 2.4 5.8 227.6 668 25.7 19 0 

Minnesota 
Groundwater 
and Pipeline 

2,767 286.0 420.2 4.7 710.9 608 317.0 67 4.0 

Moorhead ASR 25 0.4 0.4 0.1 0.9 13.3 0.8 1 0 
Buffalo Aquifer 
– Partial 
Development 

121 1.9 0.0 0.2 2.1 33 1.5 2 0 

Buffalo Aquifer 
– Partial 
Development 

254 4.0 0.0 0.4 4.4 283 3.1 18 0 

Brightwood, 
Gwinner, 
Milnor 
Channel, 
Spiritwood  

1,531 237.1 62.8 0.6 300.6 152 35.3 10 176.8 

Storage 
Reservoirs for 
Peak-day 
Water Demand  

NA NA NA NA NA NA NA NA NA 
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Features 
Total 

Disturbed 
Areas 
(acres) 

Palustrine 
(acres) 

Lacustrine 
(acres) 

Riverine 
(acres) 

Total 
Wetlands 

(acres) 

Wetlands 
Crossed 

Woodland 
(acres) 

Streams 
Crossed 

Native 
Prairie  
(acres) 

Pipeline to 
Industries in 
Southeast 
North Dakota  

Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 Note 1 

Relocate 
Grafton River 
Intake 2 

NA NA NA NA NA NA NA NA NA 

Water 
Conservation 2 NA NA NA NA NA NA NA NA NA 

Features 
Total 

Disturbed 
Areas 
(acres) 

Palustrine 
(acres) 

Lacustrine 
(acres) 

Riverine 
(acres) 

Total 
Wetlands 

(acres) 
Wetlands 
Crossed 

Woodland 
(acres) 

Streams 
Crossed 

Native 
Prairie  
(acres) 

West Fargo 
North ASR  253 2.5 0.0 3.5 5.9 50 12.6 3 NA 

West Fargo 
South ASR 499 8.4 0.0 0.0 8.4 80 0.4 5 NA 

Note 1 -  Included in pipeline feature.     NA - data not available.  
1  No impact acres because work is in an urban area.  2  Minor or no impact area, so it was not estimated. 
 
Summary of Temporary Effects or Impacts by Alternative  Table E.16 quantifies the total 
temporarily effected acres for the No Action Alternative or impacted acres for each action 
alternative.     
 
Table E.16 – Summary of Temporary Effects/Impacts by Alternative. 

Alternative 
Total 

Disturbed 
Areas 
(acres) 

Palustrine 
(acres) 

Lacustrine 
(acres) 

Riverine 
(acres) 

Total 
Wetlands 

(acres) 

Wetlands 
Crossed 

Woodland 
(acres) 

Streams 
Crossed 

Native 
Prairie 
(acres) 

No Action 52 2 0 0 2 7 1 0 0 
North 
Dakota     
In-Basin 

4,149 296 75 4 376 484 65 51 
177 

Red River 
Basin 5,196 536 483 9 1,029 996 368 88 181 
GDU 
Import to 
Sheyenne 
River 

3,262 219 2 6 228 737 26 19 

0 
GDU 
Import 
Pipeline 

5,352 455 72 10 537 1,183 103 67 
177 

Missouri 
River 
Import to 
Red River 
Valley  

8,863 541 84 14 639 1,060 62 57 

0 

 
 
Permanent Impacts to Natural Resource Lands  
Permanent impacts are those that would eliminate the present use of the existing land by 
replacing it with a permanent structure or are Project-related changes in flows in rivers that 
would affect riparian habitats.  
 
No Action Alternative Permanent Effects 
Specific locations of the affected areas of the no action projects are unknown (see Appendix 
A.2).   Along the Sheyenne River, there would be a negative effect to riparian natural resource 
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lands during a 10-year drought due to extreme low flows.  Over the 71-year period of record, two 
gages show a positive effect and two gages show a minimal effect to the riparian zone.  Along 
the Red River, there was a minimal effect to riparian natural resource lands during both the 10-
year drought and the 71-year period of record. 
  
Action Alternative Permanent Impacts 
Construction of above-ground permanent facilities, such as biota water treatment plants, 
pumping stations, reservoirs and groundwater well sites, could result in a permanent impact to a 
resource.  Table E.17 shows the permanent right-of-way acres required to build above-ground 
facilities for features included in each alternative.  The right-of-water acres estimated for 
groundwater related features, highlighted in blue, are relatively high, because five acres was 
estimated for each well site disturbance zone.  Because we do not know precisely how much land 
will actually be disturbed, we estimated on the high side to account for all impacts.  The actual 
disturbed area with an above-ground facility likely would be less, because most of the land 
would return to its previous use after construction. 
 
Table E.17 – Permanent Right-of-Way Acres for Above-Ground Facilities. 

Alternative or Feature Permanent Right-of-way Acreage 
North Dakota In-Basin Alternative 20 
Red River Basin Alternative 423 
GDU Import to Sheyenne River Alternative 32 
GDU Import Pipeline Alternative 56 
Missouri River Import to Red River Valley Alternative 54 
Storage Reservoirs for Peak Day 20 
Moorhead ASR NA 
Buffalo Aquifer – Partial Development  NA 
Buffalo Aquifer – Full Development 60 
Otter Tail Surficial Aquifer + Pelican River Sand-Plain Aquifer Included in the Red River Basin Alternative Above 
West Fargo North ASR 80 
West Fargo South ASR 185 
Brightwood, Gwinner, Milnor Channel, Spiritwood 115 

 
Construction of storage features would cause a permanent impact.  Chapter two proposes to use a 
feature called “peak day water demand using storage” to store water to meet the peak day water 
demands in Drayton, East Grand Forks, Grafton, Langdon, and Langdon Rural Water District.  
This feature is used in two alternatives: North Dakota In-Basin and Red River Basin.  The total 
storage capacity required would be 15 Mgal.   
 
Table E.19 (table 4.2.4 in the Final Needs and Options Report) lists storage capacity 
requirements for each city or water system.  The supplemental alternatives were designed to 
meet the monthly surface water shortage estimated by hydrology modeling.  Hydrologic surface 
water modeling on a daily time-step was not performed, so these communities could experience 
inadequate water supply for brief periods of time on a daily basis without the storage capacity 
listed in table E.18.   
 
The type and location of the storage reservoirs are unknown and not included in the information 
in the Final Needs and Options Report (Reclamation 2005a).  For impact analysis purposes 
buried concrete reservoirs were assumed because these generally have a larger disturbed area due 
to their configuration.  Some of the smaller steel reservoirs could be located above-ground, 
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which generally has a smaller disturbance area.  The cost per storage unit would be a factor when 
deciding what type of tank to construct.  
 
The location of each tank was also not described in the Final Needs and Options Report 
(Reclamation 2005a).  Storage reservoirs could reside next to the community’s water treatment 
plant or adjacent to the source of water depending on whether treated or raw water is stored in 
the reservoirs.  Table E.18 also identifies the approximate surface area disturbed during the 
construction of the storage reservoirs.  There is flexibility in the selection of the location of these 
reservoirs so major environmental areas of concern, such as wetlands or cultural resource sites 
could be avoided. 
 
Table E.18 – Water Systems Requiring Storage Reservoirs and the Estimated 
 Disturbed Surface Area. 

 
 
 
 
 
 
 

 
Wetlands and Stream Crossing Permanent Impacts   No permanent impacts to wetlands are 
estimated, because building permanent above-ground facilities in wetlands is difficult and can 
easily be avoided during construction.  There would be no permanent facilities constructed on a 
stream crossing.  
 
Woodlands and Native Prairie Permanent Impacts   Table E.19 quantifies impacts to 
woodland and native prairie lands for each of the alternatives.  The second column in Table E.19 
shows the number of right-of-way acres with permanent above-ground facilities for each 
alternative.  The third and fifth columns display the percent of woodland and native prairie that 
typically are in each alternative’s geographic area.  This percentage was calculated by dividing 
the area of woodland or native prairie from table E.16 by the total number of disturbed acres.  
The fourth and sixth columns show the estimated permanently impacted woodland and native 
prairie, respectively. 
 
Table E.19 – Impacted Lands on Permanent ROW for Above-Ground Facilities. 

Alternative 

Permanent 
Right-of-way 

for Above 
Ground 

Facilities 
(acres) 

Percentage of 
Permanent 

Right-of-way 
with Woodland 

Impacts 

Impacted 
Woodlands on 

Permanent 
Right-of-way     

(acres) 

Percentage of 
Permanent 

Right-of-way 
with Native 

Prairie Impacts 

Impacted Native 
Prairie Lands on 

Permanent 
Right-of-way      

(acres) 

No Action 52 1.02% 0.5 0.00% 0.0 
North Dakota 
In-Basin 420 1.57% 6.6 4.29% 17.9 
Red River 
Basin 823 7.08% 58.2 0.08% 28.6 
GDU Import to 
Sheyenne 
River 

32 0.79% 0.3 23.90% 
0.0 

Water Systems Storage Capacity Requirement (Mgal) Disturbed Area 
(acres) 

Drayton 1.9 3.9
East Grand Forks  7.9 6.4
Grafton 2.7 4.3
Langdon (city and RWS) 2.5 4.2
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Alternative 

Permanent 
Right-of-way 

for Above 
Ground 

Facilities 
(acres) 

Percentage of 
Permanent 

Right-of-way 
with Woodland 

Impacts 

Impacted 
Woodlands on 

Permanent 
Right-of-way     

(acres) 

Percentage of 
Permanent 

Right-of-way 
with Native 

Prairie Impacts 

Impacted Native 
Prairie Lands on 

Permanent 
Right-of-way      

(acres) 

GDU Import 
Pipeline 116 1.87% 2.2 17.47% 3.8 
Missouri River 
Import to Red 
River Valley  

454 1.25% 5.7 12.17% 
0.0 

 
 
Riparian Area Permanent Impacts  Based on available GIS data, acres of riparian areas within 
the Sheyenne River and Red River were calculated.  Table E.20 shows there are 27,293 acres of 
riparian areas along the Sheyenne River and 33,295 acres along the Red River. 
 
Table E.20 – Riparian Area Acres in the Red River Valley Water Supply Project Area 

 
 
 
 
 
 

 
Of the riparian areas along the Sheyenne River, approximately 11,275 acres, or 41% of the 
riparian areas, are considered wetlands by the National Wetlands Inventory, while there are 
14,735 wetland acres (44%) in the riparian areas of the Red River (table E.21).   
 
Additional characterizations of riparian areas are in  North Dakota Natural Heritage Inventory.1  
These data identify approximately, 6,688 acres in the riparian area of the Sheyenne River 
including 3,658 acres of woody community, 18 acres of fen, and 3,012 acres of tallgrass 
community types.  The North Dakota Natural Heritage Inventory lacks data for the Red River.   
 
The National Land Cover Dataset for the Red River includes 19,042 acres of woodlands and no 
grasslands within the riparian buffer area (table E.22).  These data are from the early 1990s.  
According to land cover type data (table E.22), woodlands represent about 54% of the Sheyenne 
River riparian buffer area, while grasslands include about 12%.  On the Red River, woodlands 
represent about 57% of the riparian buffer area, but grasslands are non-existent.  
 
 
 
 

                                                 
1 1North Dakota Natural Heritage Inventory Biological and Conservation Data Disclaimer.  The quantity and quality of data collected 
by the North Dakota Natural Heritage Inventory are dependent on the research and observations of many individuals and 
organizations. In most cases, this information is not the result of comprehensive or site-specific field surveys; many natural areas in 
North Dakota have never been thoroughly surveyed, and new species are still being discovered.  For these reasons, the Natural 
Heritage Inventory cannot provide a definite statement on the presence, absence, or condition of biological elements in any part of 
North Dakota.  Natural Heritage data summarize the existing information known at the time of the request.  Our data are continually 
upgraded and information is continually being added to the database.  This data should never be regarded as final statements on 
the elements or areas that are being considered, nor should they be substituted for on-site surveys. 
 

River Total Acres Agricultural Acres 

Commercial 
/Industrial 

/Residential 
Acres 

Riparian Acres

Sheyenne River  74,202 44,519 2,390 27,293
Red River 106,016 67,870 4,851 33,295
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Table E.21 – Riparian Area Wetlands.  

 
 
 
 
 
 

 
Table E.22 – Land Cover Types in Riparian Areas. 

 
 
 
 
 

 
The surface water quantity analysis in chapter four provides information about how flows in the 
Sheyenne and Red Rivers would change with each alternative.  In this analysis, flows were 
divided into five flow categories, ranging from extreme low flow to extreme high flow.  Extreme 
low flow events could negatively impact riparian areas, especially during a severe 1930s-type 
drought.  
 
Impacts to riparian areas were assessed by noting the change in the number of months that would 
occur in the extreme low flow category for each alternative.  Table E.23 shows the number of 
months in the extreme low flow category during the 71-year period of record.  Using these data, 
impacts were assessed by determining if the number of months in the extreme low flow category 
decreased creating a positive effect, increased creating a negative effect, or stayed similar 
enough to have a minimal effect on Riparian areas.  Table E.24 shows the effects each alternative 
would have on riparian areas over the 71-year period of record.   
 
Table E.25 shows the number of months in the extreme low flow category during a 1930s-type 
drought.  Impacts were assessed by determining if the number of months in the extreme low flow 
category decreased creating a positive effect, increased creating a negative effect, or stayed 
similar enough to have a minimal effect on Riparian areas.  Table E.26 shows the effects each 
alternative would have on riparian areas during a 1930s-type drought.   
 
A geomorphology analysis on the Sheyenne River was completed and is described in chapter 
four of the SDEIS.  This analysis was done to assure that the proposed alternatives would not 
increase flooding and erosion, as compared to the No Action Alternative.  This analysis 
concluded that operational flows along the Sheyenne River from the alternatives would not 
increase the potential for erosion.  Therefore impacts to riparian areas due to erosion are not 
anticipated for any of the alternatives.   
 
Summary of Permanent Impacts   Permanent impacts by Project feature and alternatives are 
summarized in tables E.23 – E.26 and in chapter four. 

 
River 

Palustrine 
(acres) 

Lacustrine 
(acres) 

Riverine 
(acres) 

Total 
(acres) Wetlands Basins

Sheyenne River 3,028 5,118 3,129 11,275 1,874
Red River 2,721 399 11,615 14,735 974

River Woodland 
(acres) 

Grasslands
(acres) 

Sheyenne River 14,788 3,374
Red River 19,042 0
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Table E.23 – The Number of Months in the Extreme Low Flow Category during the 71-year Period of Record 
(852 months).   

 
 
 

Location 2005 
Condition 

No 
Action 

North 
Dakota 

In-Basin 

Red 
River 
Basin 

GDU Import 
to Sheyenne 

River 
GDU  

Import 
Missouri River 
Import to Red 
River Valley 

Sheyenne 
River        

Below 
Baldhill 
Dam 

302 286 197 287 0 268 262 

Lisbon 118 136 78 120 1 129 129 
Kindred 98 105 45 101 2 110 111 
West Fargo 97 164 127 101 44 72 76 
Red River        

Wahpeton 98 99 99 99 66 99 105 
Fargo 97 165 134 133 34 81 155 
Grand 
Forks 96 101 98 89 74 75 81 

Emerson 96 97 98 89 75 76 82 
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Table E.24 – Summary of Effects to Riparian Areas by Alternatives during a 71-year Period of Record.   

Location No 
Action* 

North 
Dakota In-

Basin 

Red 
River 
Basin 

GDU Import to 
Sheyenne River

GDU  
Import 

Missouri River 
Import to Red 
River Valley 

Sheyenne 
River       

Below 
Baldhill Dam # + # + # # 

Lisbon + + + + # # 

Kindred # + # + # # 

West Fargo + + + + + + 
Red River       

Wahpeton # # # + # # 

Fargo + + + + + # 

Grand Forks # # + + + + 
Emerson # # # + + + 

* To assess the effects of the No Action Alternative, data were compared to the 2005 Current Condition.  All Action 
Alternatives were only compared to the No Action Alternative. 

+ Positive Effect (at least 10% fewer months in the Extreme Low Flow category) 

- Negative Effect (at least 10% more months in the Extreme Low Flow Category) 

# Minimal Effect (less than +/-10% change in the number of months in the Extreme Low Flow Category) 
 
 
Table E.25 – The Number of Months in the Extreme Low Flow Category during a 1930s-type (120 months) 
Drought.   

Location 2005 
Condition 

No 
Action 

North 
Dakota 

In-Basin 

Red 
River 
Basin 

GDU Import 
to Sheyenne 

River 
GDU  

Import 
Missouri River 
Import to Red 
River Valley 

Sheyenne 
River        

Below 
Baldhill 
Dam 

63 61 23 60 0 68 64 

Lisbon 25 47 9 30 0 35 34 
Kindred 48 59 15 51 0 59 60 
West Fargo 64 92 80 61 61 46 51 
Red River        

Wahpeton 91 92 92 92 60 96 92 
Fargo 90 110 108 107 26 71 110 
Grand 
Forks 87 83 86 78 66 70 72 

Emerson 81 78 82 75 64 68 68 
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Table E.26 – Summary of Effects to Riparian Areas by Alternatives during a 1930s-type Drought (1931 -1940).   

Location No 
Action* 

North 
Dakota In-

Basin 

Red 
River 
Basin 

GDU Import to 
Sheyenne River

GDU  
Import 

Missouri River 
Import to Red 
River Valley 

Sheyenne 
River       

Below 
Baldhill Dam # + # + - # 

Lisbon - + + + + + 
Kindred - + + + # # 

West Fargo - + + + + + 
Red River       

Wahpeton # # # + # # 

Fargo - # # + + # 

Grand Forks # # # + + + 
Emerson # # # + + + 

* To assess the effects of the No Action Alternative, data was compared to the 2005 Current Condition.  All Action 
Alternatives were only compared to the No Action Alternative. 

+ Positive Effect (at least 10% fewer months in the Extreme Low Flow category) 

- Negative Effect (at least 10% more months in the Extreme Low Flow Category) 

# Minimal Effect (less than +/-10% change in the number of months in the Extreme Low Flow Category) 
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Appendix F.1 – Selected Statistics for Unsteady-Flow Water Quality 
Modeling  
 
Introduction 
The results of the water quality model used to simulate water quality under unsteady low-flows 
include literally thousands of individual numbers.  Using descriptive statistics to summarize 
results is one of the most commonly accepted methods to summarize results.  Tables F.1.1 - 
F.1.5 display more detailed results of the unsteady-flow water quality modeling discussed in 
chapter four.  A historic value for the same statistic is also presented to represent current 
conditions.   
 
While these results are not intended to predict actual water quality (because of the high 
uncertainty associated with boundary conditions) the results are useful for comparing 
alternatives, based on relative differences at a specific reporting location. 
 
Several general trends are apparent:   

• There would appear to be an overall lessening of water quality due to a drought, given the 
assumptions and boundary conditions discussed in chapter four. 

• Alternatives can be divided into two groups based on general water quality:  1) those that 
rely solely on in-basin resources; and 2) those that import Missouri River water.  While 
this was not as apparent on the Sheyenne River, there are distinctions between the two 
types of alternatives on the Red River.  

• The interquartile range (between the 25th and 75th percentiles) often had less variability 
than the in-basin action alternatives.  This may be considered a positive with respect to 
water treatment. 

• The import alternatives tend to have lower concentrations of total phosphorus, a nutrient 
associated with increased eutrophication. 

 
The following tables use percentiles as representative statistics.  Percentiles indicate the 
percentage of the data that are equal to or less than that value.  For example, the 75th percentile 
means that 75% of the data were equal to or below this value, and 25% of the data would be 
higher than this value.      
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Table F.1.1 – Simulated Total Dissolved Solids Based Upon Nustad and Bales (2006) and Historical TDS at 
Select Locations From Macek-Rowland and Dressler (2002). 

River/Gage 
No 

Action 

North 
Dakota 

In-
Basin 

Red 
River 
Basin 

GDU 
Import to 
Sheyenne 

River 

GDU 
Import 

Pipeline 

Missouri 
River 

Import to 
Red 

River 
Valley Historicala 

Sheyenne River TDS in mg/L 
Below 
Baldhill Dam Maximum nc nc nc nc nc nc 764.0 

 Minimum nc nc nc nc nc nc 196.0 

 95th 
percentile 767.4 1021.4 767.4 683.0 767.4 767.4 699.8 

 75th 
percentile 597.2 715.0 597.2 591.5 597.2 597.2 524.8 

 
50th 

percentile 
(Median) 

508.4 647.5 508.4 544.0 508.4 508.4 447.5 

 25th 
percentile 430.7 580.0 430.7 498.0 430.7 430.7 378.3 

 5th 
percentile 308.9 468.2 308.9 434.2 308.9 308.9 278.8 

At West 
Fargo Maximum nc nc nc nc nc nc 820.0 

 Minimum nc nc nc nc nc nc 222.0 

 95th 
percentile 738.2 781.1 739.0 677.4 739.2 738.3 673.6 

 75th 
percentile 634.5 684.5 635.3 605.5 636.8 634.5 576.8 

 
50th 

percentile 
(Median) 

576.5 632.6 571.0 565.9 573.4 570.3 504.5 

 25th 
percentile 540.2 601.1 530.2 540.8 535.0 532.1 401.5 

 5th 
percentile 466.9 518.1 469.6 503.6 476.3 472.8 246.7 

Red River TDS in mg/L 
Below 
Wahpeton Maximum nc nc nc nc nc nc 601.0 b 

 Minimum nc nc nc nc nc nc 177.0 b 

 95th 
percentile 503.8 1484.4 1484.4 968.2 1090.7 839.0 464.2 b 

 75th 
percentile 391.1 1062.7 1062.7 810.8 758.2 709.7 344.0 b 

 
50th 

percentile 
(Median) 

357.0 670.5 670.5 692.8 618.0 603.0 293.0 b 

 25th 
percentile 321.5 508.0 508.0 572.0 497.4 504.9 252.0 b 

 5th 
percentile 272.0 367.1 367.1 384.2 367.1 362.6 202.6 b 

At Fargo Maximum nc nc nc nc nc nc 650.0 
 Minimum nc nc nc nc nc nc 134.0 

 95th 
percentile 496.8 1153.9 1162.8 821.1 1048.0 728.7 460.8 

 75th 
percentile 433.0 871.9 875.8 722.7 687.4 687.4 375.8 
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River/Gage 
No 

Action 

North 
Dakota 

In-
Basin 

Red 
River 
Basin 

GDU 
Import to 
Sheyenne 

River 

GDU 
Import 

Pipeline 

Missouri 
River 

Import to 
Red 

River 
Valley Historicala 

 
50th 

percentile 
(Median) 

405.6 620.9 621.9 654.3 587.0 572.2 317.0 

 25th 
percentile 373.4 507.5 508.5 552.3 513.0 509.7 278.3 

 5th 
percentile 339.5 395.9 395.3 421.6 401.2 408.0 219.0 

At Grand 
Forks Maximum nc nc nc nc nc nc 570.0 

 Minimum nc nc nc nc nc nc 158.0 

 95th 
percentile 438.3 442.7 451.5 527.5 503.0 481.7 460.1 

 75th 
percentile 389.2 384.9 392.3 480.9 461.7 443.0 385.8 

 
50th 

percentile 
(Median) 

368.8 360.4 369.4 449.7 431.6 419.1 336.5 

 25th 
percentile 341.0 329.7 342.4 405.8 398.0 390.5 303.0 

 5th 
percentile 281.1 273.2 271.0 333.3 306.1 302.7 234.9 

At Emerson, 
Manitoba Maximum nc nc nc nc nc nc 1100.0 

 Minimum nc nc nc nc nc nc 245.0 

 95th 
percentile 606.9 607.0 603.4 640.6 627.6 594.9 729.8 

 75th 
percentile 522.2 502.1 505.1 572.9 561.2 526.9 503.8 

 
50th 

percentile 
(Median) 

476.8 457.9 462.0 529.6 515.8 485.1 438.0 

 25th 
percentile 418.1 414.2 418.0 445.9 441.0 428.6 373.5 

 5th 
percentile 356.8 342.2 343.4 382.8 363.8 350.0 287.5 

a - Only the measured TDS data is included from table 3.5 for comparative purposes. 
b - For comparative purposes, historical data from the Hickson Gage is the closest available data to reflect water  
    quality downstream of Wahpeton. 
na - Not applicable as this data were not available in the historic record. 
nc - These are values that were not collected from the simulated data. 
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Table F.1.2 – Simulated Sulfate Based Upon Nustad and Bales (2006) and Historical Sulfate at Select 
Locations From Macek-Rowland and Dressler (2002). 

River/Gage 
No 

Action 

North 
Dakota 

In-
Basin 

Red 
River 
Basin 

GDU 
Import to 
Sheyenne 

River 

GDU 
Import 

Pipeline 

Missouri 
River 

Import to 
Red 

River 
Valley Historical 

Sheyenne River Sulfate in mg/L 
Below 
Baldhill Dam Maximum nc nc nc nc nc nc 240.0 

 Minimum nc nc nc nc nc nc 48.0 

 95th 
percentile 239.5 175.5 239.5 247.8 239.5 239.5 210.0 

 75th 
percentile 191.6 124.9 191.6 223.9 191.6 191.6 150.0 

 
50th 

percentile 
(Median) 

152.6 96.3 152.6 204.3 152.6 152.6 120.0 

 25th 
percentile 125.9 77.4 125.9 188.0 125.9 125.9 93.8 

 5th 
percentile 90.6 56.5 90.6 167.7 90.6 90.6 69.8 

At West 
Fargo Maximum nc nc nc nc nc nc 310.0 

 Minimum nc nc nc nc nc nc 8.6 

 95th 
percentile 239.5 175.5 239.5 247.8 239.5 239.5 219.5 

 75th 
percentile 191.6 124.9 191.6 223.9 191.6 191.6 170.0 

 
50th 

percentile 
(Median) 

152.6 96.3 152.6 204.3 152.6 152.6 140.0 

 25th 
percentile 125.9 77.4 125.9 188.0 125.9 125.9 104.0 

 5th 
percentile 90.6 56.5 90.6 167.7 90.6 90.6 64.3 

Red River Sulfate in mg/L 
Below 
Wahpeton Maximum nc nc nc nc nc nc 340.0b 

 Minimum nc nc nc nc nc nc 5.4b 

 95th 
percentile 129.4 383.2 383.2 271.6 259.3 233.8 200.0b 

 75th 
percentile 90.7 243.7 243.7 214.3 144.6 180.0 110.8b 

 
50th 

percentile 
(Median) 

65.6 132.4 132.4 174.2 104.8 138.0 64.0b 

 25th 
percentile 52.7 85.5 85.5 123.0 79.0 98.0 34.5b 

 5th 
percentile 38.7 53.0 53.0 65.4 53.0 56.2 17.8b 

At Fargo Maximum nc nc nc nc nc nc 267.0 
 Minimum nc nc nc nc nc nc 13.0 

 95th 
percentile 130.2 296.7 300.3 255.0 251.8 207.2 163.1 

 75th 
percentile 109.4 209.8 212.7 211.8 158.1 179.9 100.8 

 
50th 

percentile 
(Median) 

95.5 136.1 136.7 185.8 139.2 146.5 60.5 
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River/Gage 
No 

Action 

North 
Dakota 

In-
Basin 

Red 
River 
Basin 

GDU 
Import to 
Sheyenne 

River 

GDU 
Import 

Pipeline 

Missouri 
River 

Import to 
Red 

River 
Valley Historical 

 25th 
percentile 85.2 106.6 107.6 151.7 118.2 124.1 39.0 

 5th 
percentile 62.3 70.8 72.2 95.4 78.3 92.6 27.0 

At Grand 
Forks Maximum nc nc nc nc nc nc 200.0 

 Minimum nc nc nc nc nc nc 18.0 

 95th 
percentile 177.9 117.7 149.5 273.1 265.6 226.3 130.0 

 75th 
percentile 134.8 91.0 116.4 234.3 235.3 189.5 96.0 

 
50th 

percentile 
(Median) 

117.8 78.5 101.6 194.3 186.9 165.9 70.0 

 25th 
percentile 97.0 66.9 87.8 134.2 150.8 137.3 51.6 

 5th 
percentile 68.2 47.7 54.6 98.6 101.9 93.8 34.0 

At Emerson, 
Manitoba Maximum nc nc nc nc nc nc 230.0 

 Minimum nc nc nc nc nc nc 6.0 

 95th 
percentile 360.2 267.3 271.7 350.0 411.8 336.8 160.0 

 75th 
percentile 235.7 161.2 187.0 315.8 315.1 246.5 120.0 

 
50th 

percentile 
(Median) 

193.2 144.2 163.8 262.3 283.0 227.7 93.5 

 25th 
percentile 153.8 128.3 137.3 181.3 185.6 167.2 69.3 

 5th 
percentile 117.0 104.7 107.5 124.0 140.1 128.6 44.5 

b - For comparative purposes, historical data from the Hickson gage is the closest available data to reflect water  
     quality downstream of Wahpeton. 
na - Not applicable as this data were not available in the historic record. 
nc - These are values that were not collected from the simulated data. 
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Table F.1.3 – Simulated Chloride Based Upon Nustad and Bales (2006) and Historical Chloride at Select 
Locations From Macek-Rowland and Dressler (2002). 

River/Gage 
No 

Action 

North 
Dakota 

In-
Basin 

Red 
River 
Basin 

GDU 
Import to 
Sheyenne 

River 

GDU 
Import 

Pipeline 

Missouri 
River 

Import to 
Red 

River 
Valley Historical 

Sheyenne River Chloride in mg/L 
Below 
Baldhill Dam Maximum nc nc nc nc nc nc 26.0 

 Minimum nc nc nc nc nc nc 4.7 

 95th 
percentile 54.3 245.1 245.2 134.6 146.7 107.6 22.8 

 75th 
percentile 38.0 141.9 142.3 103.2 122.3 83.4 17.0 

 
50th 

percentile 
(Median) 

33.1 90.8 90.8 89.0 96.4 65.9 13.0 

 25th 
percentile 23.6 60.3 59.6 64.0 67.3 50.1 11.0 

 5th 
percentile 13.4 39.4 39.1 41.1 41.0 31.6 7.9 

At West 
Fargo Maximum nc nc nc nc nc nc 57.0 

 Minimum nc nc nc nc nc nc 7.8 

 95th 
percentile 63.3 63.4 63.2 44.9 63.1 62.9 48.8 

 75th 
percentile 42.8 42.9 42.6 26.8 42.5 42.5 36.0 

 
50th 

percentile 
(Median) 

33.0 34.9 34.3 22.0 34.2 34.1 27.0 

 25th 
percentile 25.6 28.8 28.8 18.7 28.5 28.5 18.3 

 5th 
percentile 15.9 17.5 15.7 15.0 16.2 16.0 8.8 

Red River Chloride in mg/L 
Below 
Wahpeton Maximum nc nc nc nc nc nc 44.0 b 

 Minimum nc nc nc nc nc nc 1.0 b 

 95th 
percentile 30.0 345.6 345.6 170.8 206.6 122.0 23.1 b 

 75th 
percentile 19.1 170.4 170.4 125.7 138.3 87.8 13.5 b 

 
50th 

percentile 
(Median) 

12.1 94.0 94.0 98.5 114.8 61.9 10.0 b 

 25th 
percentile 10.3 54.2 54.2 66.1 71.4 42.2 7.6 b 

 5th 
percentile 8.1 33.6 33.6 34.0 34.0 23.6 4.6 b 

At Fargo Maximum nc nc nc nc nc nc 39.0 
 Minimum nc nc nc nc nc nc 0.0 

 95th 
percentile 54.3 245.1 245.2 134.6 146.7 107.6 17.6 

 75th 
percentile 38.0 141.9 142.3 103.2 122.3 83.4 8.0 

 50th 
percentile 33.1 90.8 90.8 89.0 96.4 65.9 6.2 
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River/Gage 
No 

Action 

North 
Dakota 

In-
Basin 

Red 
River 
Basin 

GDU 
Import to 
Sheyenne 

River 

GDU 
Import 

Pipeline 

Missouri 
River 

Import to 
Red 

River 
Valley Historical 

(Median) 

 25th 
percentile 23.6 60.3 59.6 64.0 67.3 50.1 4.5 

 5th 
percentile 13.4 39.4 39.1 41.1 41.0 31.6 1.7 

At Grand 
Forks Maximum nc nc nc nc nc nc 34.0 

 Minimum nc nc nc nc nc nc 0.1 

 95th 
percentile 21.9 29.7 24.3 35.1 35.1 25.4 19.0 

 75th 
percentile 17.2 23.8 19.7 30.4 31.4 21.9 12.0 

 
50th 

percentile 
(Median) 

15.4 20.1 16.5 24.5 24.8 19.8 9.1 

 25th 
percentile 12.8 15.9 12.5 19.8 18.3 17.6 6.9 

 5th 
percentile 8.5 9.1 7.7 13.8 10.5 9.8 3.9 

At Emerson, 
Manitoba Maximum nc nc nc nc nc nc 240.0 

 Minimum nc nc nc nc nc nc 9.8 

 95th 
percentile 76.2 84.2 76.9 80.7 79.2 68.1 147.5 

 75th 
percentile 55.9 60.8 55.9 60.2 60.9 49.5 61.8 

 
50th 

percentile 
(Median) 

42.6 45.7 42.7 47.2 46.0 38.7 34.5 

 25th 
percentile 34.9 37.9 34.7 36.5 36.2 31.8 24.3 

 5th 
percentile 24.8 24.5 21.8 25.4 23.2 20.9 12.3 

b - For comparative purposes, historical data from the Hickson gage is the closest available data to reflect water 
    quality downstream of Wahpeton. 
na - Not applicable as this data were not available in the historic record. 
nc - These are values that were not collected from the simulated data. 
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Table F.1.4 – Simulated Sodium Based Upon Nustad and Bales (2006) and Historical Sodium at Select 
Locations From Macek-Rowland and Dressler (2002). 

River/Gage 
No 

Action 

North 
Dakota 

In-
Basin 

Red 
River 
Basin 

GDU 
Import to 
Sheyenne 

River 

GDU 
Import 

Pipeline 

Missouri 
River 

Import to 
Red 

River 
Valley Historical 

Sheyenne River Sodium in mg/L 
Below 
Baldhill Dam Maximum nc nc nc nc nc nc 120.0 

 Minimum nc nc nc nc nc nc 20.0 

 95th 
percentile 92.1 105.9 92.1 102.5 92.1 92.1 100.0 

 75th 
percentile 79.8 83.4 79.8 91.8 79.8 79.8 77.0 

 
50th 

percentile 
(Median) 

67.0 71.0 67.0 86.2 67.0 67.0 65.0 

 25th 
percentile 57.5 59.1 57.5 79.6 57.5 57.5 51.0 

 5th 
percentile 41.1 41.8 41.1 72.6 41.1 41.1 31.8 

At West 
Fargo Maximum nc nc nc nc nc nc 95.0 

 Minimum nc nc nc nc nc nc 23.0 

 95th 
percentile 109.3 110.1 109.0 101.7 109.6 108.9 85.9 

 75th 
percentile 80.4 83.8 80.4 88.1 81.7 80.8 71.8 

 
50th 

percentile 
(Median) 

69.0 67.7 66.8 83.0 67.6 66.8 60.5 

 25th 
percentile 64.6 61.7 61.6 79.4 62.3 61.5 46.0 

 5th 
percentile 56.6 52.9 50.5 72.8 53.0 51.8 25.1 

Red River Sodium in mg/L 
Below 
Wahpeton Maximum nc nc nc nc nc nc 92.0 b 

 Minimum nc nc nc nc nc nc 6.8 b 

 95th 
percentile 17.5 28.0 28.0 25.7 24.0 21.0 26.3 b 

 75th 
percentile 15.0 21.9 21.9 22.4 16.3 18.6 19.0 b 

 
50th 

percentile 
(Median) 

13.5 16.1 16.1 19.6 13.8 16.0 15.0 b 

 25th 
percentile 12.0 13.1 13.1 16.7 12.2 14.2 11.0 b 

 5th 
percentile 9.9 10.4 10.4 11.8 10.2 11.0 7.6 b 

At Fargo Maximum nc nc nc nc nc nc 43.0 
 Minimum nc nc nc nc nc nc 5.2 

 95th 
percentile 58.2 60.2 59.5 63.7 62.5 62.5 26.0 

 75th 
percentile 42.3 46.1 46.1 51.8 47.7 44.8 19.0 

 
50th 

percentile 
(Median) 

34.4 35.3 35.0 42.2 39.0 37.8 14.0 
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River/Gage 
No 

Action 

North 
Dakota 

In-
Basin 

Red 
River 
Basin 

GDU 
Import to 
Sheyenne 

River 

GDU 
Import 

Pipeline 

Missouri 
River 

Import to 
Red 

River 
Valley Historical 

 25th 
percentile 27.7 29.1 28.9 34.1 32.4 29.8 11.0 

 5th 
percentile 16.6 17.9 17.4 19.0 19.5 20.7 8.3 

At Grand 
Forks Maximum nc nc nc nc nc nc 43.0 

 Minimum nc nc nc nc nc nc 2.9 

 95th 
percentile 42.8 44.0 40.3 77.3 75.0 57.6 30.0 

 75th 
percentile 35.1 38.4 33.3 67.4 68.8 48.6 20.2 

 
50th 

percentile 
(Median) 

31.7 34.7 30.2 56.0 55.9 44.0 17.0 

 25th 
percentile 28.7 29.8 25.8 44.3 45.8 38.4 13.0 

 5th 
percentile 20.0 18.6 16.7 32.0 28.6 27.2 8.6 

At Emerson, 
Manitoba Maximum nc nc nc nc nc nc 190.0 

 Minimum nc nc nc nc nc nc 7.5 

 95th 
percentile 79.6 74.7 67.2 91.9 95.9 73.7 110.0 

 75th 
percentile 57.4 56.7 52.7 82.7 82.3 63.3 50.0 

 
50th 

percentile 
(Median) 

49.6 48.9 45.2 70.7 74.9 58.0 34.0 

 25th 
percentile 42.9 44.0 39.3 58.2 60.8 53.2 28.0 

 5th 
percentile 38.1 34.9 32.4 49.4 46.7 40.0 14.2 

b - For comparative purposes, historical data from the Hickson gage is the closest available data to reflect water  
    quality downstream of Wahpeton. 
na - Not applicable as this data were not available in the historic record. 
nc - These are values that were not collected from the simulated data. 
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Table F.1.5 – Simulated Total Phosphorus Based Upon Nustad and Bales (2006) and Historical Total 
Phosphorus at Select Locations From Macek-Rowland and Dressler (2002). 

River/Gage 
No 

Action 

North 
Dakota 

In-
Basin 

Red 
River 
Basin 

GDU 
Import to 
Sheyenne 

River 

GDU 
Import 

Pipeline 

Missouri 
River 

Import to 
Red 

River 
Valley Historical 

Sheyenne River Total Phosphorus in mg/L 
Below 
Baldhill Dam Maximum nc nc nc nc nc nc 0.340 

 Minimum nc nc nc nc nc nc 0.050 

 95th 
percentile 0.361 0.702 0.361 0.203 0.361 0.36140 0.300 

 75th 
percentile 0.277 0.443 0.277 0.158 0.277 0.27700 0.228 

 
50th 

percentile 
(Median) 

0.230 0.330 0.230 0.134 0.230 0.23000 0.180 

 25th 
percentile 0.189 0.261 0.189 0.112 0.189 0.18900 0.132 

 5th 
percentile 0.142 0.198 0.142 0.088 0.142 0.14240 0.071 

At West 
Fargo Maximum nc nc nc nc nc nc na 

 Minimum nc nc nc nc nc nc na 

 95th 
percentile 0.126 0.241 0.102 0.097 0.096 0.099 na 

 75th 
percentile 0.096 0.101 0.080 0.087 0.074 0.077 na 

 
50th 

percentile 
(Median) 

0.077 0.087 0.071 0.077 0.067 0.069 na 

 25th 
percentile 0.064 0.074 0.061 0.068 0.061 0.062 na 

 5th 
percentile 0.050 0.059 0.049 0.059 0.050 0.051 na 

Red River Total Phosphorus in mg/L 
Below 
Wahpeton Maximum nc nc nc nc nc nc 1.200 b 

 Minimum nc nc nc nc nc nc 0.031 b 

 95th 
percentile 0.660 2.606 2.606 1.088 3.432 1.048 0.390 b 

 75th 
percentile 0.388 1.712 1.710 0.779 2.104 0.777 0.229 b 

 
50th 

percentile 
(Median) 

0.270 1.300 1.300 0.620 1.450 0.610 0.170 b 

 25th 
percentile 0.216 0.963 0.963 0.516 0.965 0.486 0.110 b 

 5th 
percentile 0.160 0.630 0.630 0.380 0.630 0.350 0.050 b 

At Fargo Maximum nc nc nc nc nc nc 2.400 
 Minimum nc nc nc nc nc nc 0.010 

 95th 
percentile 0.611 1.751 1.769 0.862 2.012 0.794 0.649 

 75th 
percentile 0.399 1.214 1.241 0.736 1.457 0.668 0.148 

 
50th 

percentile 
(Median) 

0.282 1.019 1.023 0.588 1.177 0.580 0.095 
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River/Gage 
No 

Action 

North 
Dakota 

In-
Basin 

Red 
River 
Basin 

GDU 
Import to 
Sheyenne 

River 

GDU 
Import 

Pipeline 

Missouri 
River 

Import to 
Red 

River 
Valley Historical 

 25th 
percentile 0.241 0.772 0.788 0.536 0.798 0.465 0.062 

 5th 
percentile 0.192 0.597 0.614 0.409 0.607 0.316 0.010 

At Grand 
Forks Maximum nc nc nc nc nc nc 0.490 

 Minimum nc nc nc nc nc nc 0.030 

 95th 
percentile 42.8 44.0 40.3 77.3 75.0 57.6 0.490 

 75th 
percentile 35.1 38.4 33.3 67.4 68.8 48.6 0.325 

 
50th 

percentile 
(Median) 

31.7 34.7 30.2 56.0 55.9 44.0 0.216 

 25th 
percentile 28.7 29.8 25.8 44.3 45.8 38.4 0.135 

 5th 
percentile 20.0 18.6 16.7 32.0 28.6 27.2 0.030 

At Emerson, 
Manitoba Maximum nc nc nc nc nc nc 0.880 

 Minimum nc nc nc nc nc nc 0.020 

 95th 
percentile 4.818 3.343 3.465 1.602 2.762 2.879 0.447 

 75th 
percentile 3.131 1.919 2.180 1.355 1.037 1.161 0.295 

 
50th 

percentile 
(Median) 

2.394 1.500 1.688 1.008 0.881 0.968 0.190 

 25th 
percentile 1.336 0.899 1.011 0.823 0.755 0.780 0.130 

 5th 
percentile 0.622 0.480 0.556 0.596 0.455 0.570 0.060 

b - For comparative purposes, historical data from the Hickson gage is the closest available data to reflect water  
    quality downstream of Wahpeton. 
na - Not applicable as this data were not available in the historic record. 
nc - These are values that were not collected from the simulated data. 
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Appendix F.2 – Life Histories and Consequences of Selected Invasive 
Species  
 
Introduction 
Nonindigenous species can alter population, community, and ecosystem structure and function 
(Elton 1958; Mooney and Drake 1986; Vitousek et al. 1996; Drake et al. 1989). Ecosystem-level 
consequences of invasive nonindigenous species have major ecological and economic 
consequences, and in some cases can directly affect human health. 
 
Pimentel (2003) estimated that the economic impact of aquatic invasive species in the United 
States is $9 billion annually.  Thus, it is essential that alternatives involving interbasin transfer 
include a control system to minimize the risk of introducing invasive species to the Hudson Bay 
Basin. 
 
This appendix describes life history characteristics and potential consequences associated with 
invasive species that could be transported by the project or other pathways from the Missouri 
River Basin to the Hudson Bay Basin.  The discussion is general in nature, because it is not 
possible to quantify the impacts that an invading species will have on its new ecosystem.  In 
some cases (e.g., zebra mussel), impacts that an organism has had elsewhere might be a 
reasonable predictor of its potential impact in the Hudson Bay Basin if transferred through the 
Project.  In other cases, the impact could be quite different.  For example, a transfer of 
Myxobolus cerebralis (the causative agent of whirling disease) might have little impact, since the 
salmonid hosts are not present in the Sheyenne or Red Rivers.  Also, it must be noted that even 
in the absence of an interbasin water transfer, biological invasions of the Hudson Bay Basin are 
likely occur due to multiple competing pathways (see spatiotemporal analysis in Linder et al. 
2005a).  Although competing pathways are much more sporadic than the interbasin water 
transfer proposed under some of the Project alternatives, water treatment would greatly reduce 
the risk of biota transfer through the Project.  This is particularly true for macroscopic organisms, 
where any of the treatment processes evaluated would be virtually 100 percent effective.  While 
existing and potential future policies and regulations may help to limit the establishment and 
spread of invasive species, it is highly unlikely that the problem can ever be eliminated.   
 
The biota of concern evaluated by USGS can be grouped into four broad categories: 
microorganisms and disease agents, vascular plants, aquatic invertebrates, and fishes.  Potential 
ecological and economic impacts of representative species in each of these groups are described 
in this section.  The material presented herein is largely summarized from Appendix 3 of Linder 
et al. (2005a) which describes life history characteristics of the biota of concern. 
 
Diseases and Parasites of Fish 
Fishes are susceptible to a number of parasites and infectious diseases.   From a quantitative 
perspective, disease-related mortality is best documented for hatcheries and aquaculture 
facilities, although field observations of disease outbreaks are not uncommon.    
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In the wild, fish diseases are often undetected unless altered states of morbidity or mortality are 
evident (e.g., acute episodes manifested at “fish kills” or skin lesions indicative of acute or 
chronic disease).  No natural waters with resident fish populations are considered free of disease, 
and under the right conditions, various diseases can be a source of significant mortality in wild 
populations (e.g., if water temperatures in a river become unusually high for extended periods).  
Once established, many diseases may be difficult to control and virtually impossible to cure.  
Prevention, and in the absence of prevention, control of any disease process – bacterial, fungal, 
viral – under field conditions is challenging, and under cultured conditions, while more 
manageable, still requires time and resources that ultimately reflect investments that may not be 
fully appreciated in long-term gains anticipated by resource managers. 
 
In general, fish diseases in wild fish populations are poorly understood.  Fish pathology is an 
infant science, and previously unknown disease organisms are still being discovered.  Some may 
cause little or no harm to the natural host, but may be highly pathogenic for other species not 
previously exposed to the disease organism.  Obviously, unknown organisms possess unknown 
life history characteristics.  Thus, it is not possible to predict the impacts of unknown pathogens 
or parasites, and the probability that some specific unknown organism would spread through 
project or non-project pathways cannot be estimated.   
 
Enteric Redmouth Disease    
Enteric redmouth disease is a systemic bacterial 
disease caused by Yersinia ruckeri (Family 
Enterbacteriacae).  Salmonids such as rainbow 
trout are particularly susceptible to infection, 
and Enteric redmouth disease occurs in 
salmonids throughout Canadian and US waters 
in both wild populations and in culture 
environments.  Enteric redmouth disease 
generally expresses itself by sustained low-level 
mortality, eventually resulting in high losses.  
Epizootics can occur if chronically infected fish 
are stressed during hauling (e.g., transport of 
hatchery-reared fish), or exposed to other poor 
environmental conditions (e.g., altered water 
quality for wild populations) in the wild.   
 
Enteric redmouth disease was first reported in rainbow trout from Idaho in the 1950's, then 
described by Rucker in 1966 (Rucker 1966).  Typical symptoms include lethargy, anorexia, and 
subcutaneous hemorrhages in and around the mouth, oral cavity, and at the base of fins.  Internal 
hemorrhaging and inflammation of the gastrointestinal tract also occur.  If fish survive, their skin 
darkens and their behavior becomes altered, e.g., the typical survivor shuns other fish and seeks 
shelter (Busch 1983; Rucker 1966). Busch and Lingg (1975) showed that 25% of the rainbow 
trout surviving an experimental Enteric redmouth disease challenge became asymptomatic 
carriers in which the bacterium was localized in the lower intestine.  Such trout serve as 
reservoirs of infection.  The original source of Y. ruckeri is uncertain, since the isolate from 
Idaho was contemporaneous with isolates in West Virginia and Australia in the 1950's (Bullock 
et al. 1977). 

Channel Catifsh Enteric Redmouth, a Disease Agent 
(http://www.fisheries.org/education/AFS_education_fisheries_tec
hniques_visuals_chap_14_add.htm) 
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Natural infections spread from fish to fish by direct contact with infected fish or carriers. Rucker 
(1966) transmitted the disease by exposing healthy rainbow trout to waterborne bacteria shed by 
infected trout, but vertical transmission has yet to be documented and probably does not occur.  
Stressors have been shown to play a significant role in triggering Enteric redmouth disease 
outbreaks (Hunter et al. 1980).   
 
Since its initial isolation in Idaho which was associated with transportation of carrier fish, 
Enteric redmouth disease has spread to virtually all trout-producing regions of the United States 
and Canada. The host range has also expanded to include other salmonids (e.g., Atlantic salmon 
and Pacific salmon) and non-salmonids such as emerald shiners, fathead minnows, goldfish, and 
farmed whitefish.  Given the nearly 50 years since its description, management tools have been 
developed to control, and when possible, prevent Enteric redmouth disease.  A practical and 
commercially available vaccine has been developed, and antibiotics are also used.  
 
Infectious Hematopoietic Necrosis Virus    
Infectious Hematopoietic Necrosis Virus is a rhabdovirus that primarily affects salmonids.  
Infectious Hematopoietic Necrosis Virus is endemic to the Pacific Northwest where the virus 
was first isolated from a disease outbreak in 1953 at two fish hatcheries in the state of 
Washington.  Infectious Hematopoietic Necrosis Virus was reported through the remainder of 
1950's and 1960's throughout the Pacific Northwest and caused unprecedented high mortality in 
salmon production (Wolf 1988).  
 
Infectious Hematopoietic Necrosis Virus received its name because the primary histological 
manifestation is the necrosis of hematopoietic tissue of the anterior kidney (Amend et al. 1969).  
However, this virus also causes an acute, systematic infection with hemorrhage and necrosis of 
many organs and tissues.  The distribution of the virus first characterized from the Northwest has 
subsequently been observed throughout the United States and Canada and has been identified in 
Minnesota, Montana, South Dakota, Alaska, West Virginia and British Columbia.  It has also 
been observed in Europe and Asia with outbreaks reported in France, Italy, Belgium, Japan, 
Taiwan, and Korea.  The spread of Infectious Hematopoietic Necrosis Virus is believed to have 
originally been from the practice of feeding fry with meal composed of ground adult fish and 
viscera, but more recently it has been a consequence of shipping Infectious Hematopoietic 
Necrosis Virus contaminated eggs and fry from the Pacific Northwest of the United States and 
from Canada (Wolf 1988). 
 
Infectious Hematopoietic Necrosis Virus infections may cause severe mortalities in young fish, 
generally as fry or fingerlings.  Survival and percent mortality from Infectious Hematopoietic 
Necrosis Virus are directly correlated to the age and size of the fish. The younger the fish, the 
more susceptible they are to this disease.  Young fish infected with the virus show external signs 
of infection within a week of exposure.  Mortalities usually begin four or five days after 
exposure with peak counts about ten days after exposure.  Generally, after 40 or 50 days there 
are usually no more mortalities (Chiou 1996).  The most accepted route of infection is through 
the gills, skin, or gastrointestinal tract.   
 
The host range of Infectious Hematopoietic Necrosis Virus is relatively broad and is known to 
naturally infect a variety of salmonids.  Other hosts may include mayflies, copepods and leeches. 
 



SDEIS Appendix F.2 – Life Histories and Consequences of Selected Invasive Species 

F.2 - 4 

Horizontal transmission of Infectious Hematopoietic Necrosis Virus from infected to uninfected 
fish may occur through feces, urine, and ovarian or seminal fluid.  Additionally, Infectious 
Hematopoietic Necrosis Virus may survive for several months in water and infect fish (Mulcahy 
et al. 1983).  Infectious Hematopoietic Necrosis Virus is then either absorbed through the skin 
and gills or it is consumed orally.  Therefore, infected water may also be a potential source of 
viral infections, but it is not likely that Infectious Hematopoietic Necrosis Virus could survive a 
winter in the environment. 
 
Susceptibility to the virus decreases with an increase in fish age and weight (LaPatra et al. 1994).  
Other factors that influence virulence or transmission are geographic location, genetics, fish 
health or stress, fish density and temperature (Bootland and Leong 1998).   Infectious 
Hematopoietic Necrosis Virus outbreaks usually occur in water temperatures from 10 C to 12 C, 
but Infectious Hematopoietic Necrosis Virus has been known to kill trout fry from 3 to 18 C 
(Bootland and Leong 1998). 
 
Infectious Hematopoietic Necrosis Virus epizootics usually occur in very young salmonid 
fingerlings and fry, but may also infect older fish.  It usually causes an acute disease in young 
fish with mortalities of fry and fingerlings as high as 90% (Bootland and Leong 1998).  
Interestingly, the virus may only be isolated up to approximately fifty days after viral exposure 
and thereafter is usually not isolated again until the fish nears sexual maturity (Bootland and 
Leong 1998).  The survivors are presumed to be carriers, apparently for life.  Horizontal 
transmission is most likely to occur from contact between adults during spawning, from fry to 
fry, or from eating fish excrement floating in the water.  Vertical transmission, from an adult to 
its progeny, occurs through ovarian or seminal fluid.  However, vertical transmission has not 
been well documented.   
 
Other sources of infection other than fish may exist and transmission may be occurring from an 
unknown reservoir or host.  For example, several invertebrates have been shown to carry this 
virus. Infectious Hematopoietic Necrosis Virus has been isolated from copepods, mayflies and 
salmon leaches (Mulcahy et al. 1990).  The virus has also been isolated from sturgeon and 
suckers.  The transmission of the virus from these potential reservoirs could occur through the 
salmonids actually eating the infected organisms or the virus could be transmitted through the 
water.  Transmission from invertebrates to salmonid fish has not been demonstrated, but the role 
of alternate reservoirs can not be ruled out (Bootland and Leong 1998). 
 
While Infectious Hematopoietic Necrosis Virus primarily is a disease of salmonid fishes, 
commonly steelhead trout, sockeye salmon, chinook salmon, chum salmon, coho salmon, and 
Atlantic salmon,, the disease has also been observed in northern pike fry and other species under 
experimental conditions.  Historically, the geographic range of Infectious Hematopoietic 
Necrosis Virus was limited to the Pacific Rim of North America but, more recently, the disease 
has spread to continental Europe and Asia.  Disease control in the field is focused on prevention 
from stocked fish, but in hatchery settings, control methods currently rely on disinfection of 
fertilized eggs.  Eggs and fry should be reared on virus-free (i.e., disinfected) water supplies in 
premises completely separated from possible Infectious Hematopoietic Necrosis Virus positive 
carriers.   
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In Canada, Fisheries and Oceans Canada maintains a complete listing of the occurrence of this 
virus in wild stocks in British Columbia.  Infectious Hematopoietic Necrosis Virus has been 
recently identified as the cause of significant mortalities in farmed and enhanced salmon in the 
Pacific Northwest.  Outbreaks of the disease in wild salmon have been reported primarily in 
juvenile sockeye and occasionally chum salmon in freshwater.  Infectious Hematopoietic 
Necrosis Virus has also affected immature kokanee (freshwater sockeye) adults. 
 
Outbreaks of this disease in Atlantic salmon farms in British Columbia occurred in 1992, 1995, 
1996, 1997, and 2001.  All reported cases occurred within the Campbell River area.  Infectious 
Hematopoietic Necrosis Virus is present in wild fish stocks, in particular, sockeye salmon.  It is 
likely that the disease is transferred from wild fish to farmed salmon, but given the disease is 
present in wild salmon, additional risk of impact on wild stocks from Infectious Hematopoietic 
Necrosis Virus farm outbreaks is considered relatively low, provided health status of released 
fish is documented. 
 
Iridovirus   
 Two sturgeon species within the Missouri River basin – pallid sturgeon, which was considered 
as biota of concern in the current investigation, and shovelnose sturgeon  – have been recently 
found to harbor a suspect virus (currently being referred to as the Missouri River Sturgeon 
Iridovirus), which is very similar to but different from the White Sturgeon Iridovirus.  Currently, 
the Missouri River Sturgeon Iridovirus has been detected only in captive propagated sturgeon in 
US Fish and Wildlife Service facilities and in wild shovelnose sturgeon collected in the Missouri 
River below Fort Peck Reservoir.  Both shovelnose and pallid sturgeon have been diagnosed 
with the iridovirus agent.  Three hatcheries have cultured sturgeon in which the iridovirus was 
detected: Gavins Point National Fish Hatchery, Valley City National Fish Hatchery, and 
Garrison Dam National Fish Hatchery.  As with many fish pathogens, the iridoviral agent can be 
associated with mortalities in cultured sturgeon but has not been identified as a mortality factor 
in the wild.  The significance of the iridoviral agent in shovelnose and pallid sturgeon is not 
entirely known, primarily due to our lack of knowledge regarding the prevalence and life cycle 
of the viral agent.   
 
Current information regarding the significance of the iridovirus in Missouri River sturgeon 
species is lacking in the following areas: a) its host and geographic range in wild populations, b) 
its transmissibility to other species of sturgeon and the question of vertical transmission from 
parents to progeny, c) the utility of existing sturgeon cell lines and primary cell cultures, and d) 
applicable diagnostic and monitoring procedures.  It is not known whether the lake sturgeon, 
which is present in the Red River Basin, is susceptible to the Missouri River Sturgeon Iridovirus.  
Ultraviolet disinfection of water is currently used in hatcheries to inactivate the virus.  The costs 
of producing sturgeon relative to iridovirus include several aspects.   Primarily the space needed 
to raise fish at decreased densities requires more tanks and room.  In addition, measures such as 
UV treatment, temperature control and filters also add to the costs (S Krentz, person 
communication).  If the iridovirus was transferred to the Red River basin, and if lake sturgeons 
are susceptible to infection, similar impacts would be anticipated. 
 



SDEIS Appendix F.2 – Life Histories and Consequences of Selected Invasive Species 

F.2 - 6 

Whirling Disease    
Whirling disease is a parasitic infection of trout and 
salmon by the myxosporean protozoan Myxobolus 
cerebralis that has caused severe impacts on some 
coldwater fisheries in North America.  This parasite 
targets cartilaginous tissue and infection can cause 
deformities of the skeleton and nerve damage that 
results in “blacktail.”  The disease is named for the 
erratic, tail-chasing “whirling” in young fish that are 
startled or fed.  Heavy infection of young fish can 
result in high mortalities.  
 
Young and adult trout and salmon are susceptible to 
M. cerebralis infection, but the severity of the 
infection decreases with age (Markiw 1992a).  When 
fish are infected at an older age, they are usually asymptomatic, healthy-looking, and of normal 
size, but may carry the spores of M. cerebralis.  Severe mortalities of 90% or more may occur 
among newly hatched fish exposed to the infective agent (Markiw 1991).  When an infected fish 
dies, many thousands to millions of the parasite spores are released to the water. These parasitic 
spores can withstand freezing and desiccation, and can survive in a stream for 20 to 30 years.   
 
The source of the infective agent for fish is usually the water supply or earthen ponds inhabited 
by aquatic tubificid worms.  An outbreak of the disease can occur after stocking with infected 
fish or transferring fish from facilities where the infection had not yet been detected.  Predators 
and scavengers such as birds (Taylor and Lott 1978) that consume infected fish can release 
viable spores into the environment and may disseminate the parasite.  Because of the multiple 
invasion pathways, some of which cannot be controlled (e.g., birds), the parasite is likely to 
continue to spread to currently uninfected watersheds.  
 
Although the parasite was first reported in 1903 in central Europe (Hofer 1903), its complete life 
cycle was not described until the early 1980's.  Whirling disease occurs throughout Europe 
(Halliday 1976) where it probably originated.  It occurs in the former Soviet Union (Uspenskaya 
1955) and was seemingly introduced into British surface waters where it is now common (Elson 
1969; O'Brien 1976; Hudson and Holliman 1985). It was accidentally introduced into New 
Zealand (Hewitt and Little 1972) and into the United States.  The detailed history of the disease 
and its introduction into the United States (into Pennsylvania and Nevada in about 1955) were 
discussed in a recent review by Hoffman (1990).  Myxobolus cerebralis was probably established 
in North America earlier than reported because the parasite requires several years to become 
established at sufficiently high intensity for clinical signs to appear in fish. 
 
In the United States, whirling disease has been detected in 22 states: Alabama, California, 
Colorado, Connecticut, Idaho, Maryland, Massachusetts, Michigan, Montana, Nevada, New 
Hampshire, New Jersey, New York, Ohio, Oregon, Pennsylvania, Utah, Virginia, Washington, 
West Virginia, and Wyoming.  
 

Whirling Disease 
(http://www.cnr.uidaho.edu/fish422and424/new%20pag
e_WD.htm) 
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Whirling disease presents a two-
host life cycle involving a fish and 
the tubifex worm (Markiw and 
Wolf 1983; Wolf and Markiw 
1984; Wolf et al. 1986), and two 
separate spore stages occur, one in 
each host.  In brief, the life cycle 
begins with spores of M. 
cerebralis released to the aquatic 
environment when infected fish 
die and decompose or are 
consumed by predators or 
scavengers.  The myxosporean-
type spores are ingested by tubifex 
worms in whose gut the next phase 
of the life cycle continues.  In the 
worm, transformation into the 
actinosporean, or Triactinomyxon, 
occurs.  This developmental stage 
is infective to fish, and takes about 
3.5 months at 12.5 oC to complete 
development.  Once fully 
developed, Triactinomyxon spores 
are released from infected worms 
into the water for several weeks.  
Triactinomyxon spores enter 
susceptible fish such as rainbow 
trout through the epithelial cells of    Whirling Disease Life Cycle (http://upload.wikimedia.org) 

the skin, fins, oral cavity (particularly at the base of the gills), upper esophagus, and lining of the 
digestive tract.  Once infection occurs, transformation into M. cerebralis spores takes about 2.6 
months at a water temperature of 12.5oC.   
 
Salmonids contract whirling disease in two ways: by ingesting tubificid worms that harbor 
actinospores and by brief contact with waterborne spores released from infected worms.  The 
actinosporean stage of M. cerebralis is short-lived, persisting 3 to 4 days at 12.5oC and fewer 
days at warmer temperatures (Markiw 1992b).  After a single exposure, infected worms can 
release viable Triactinomyxon spores for as long as a year (Markiw 1986). 
 
Not all salmonid species are equally susceptible to infection.  For example, rainbow trout are 
most susceptible to the disease and brook trout much less so.  Lake trout apparently cannot be 
infected and do not acquire the disease (O’Grodnick 1979).  Other salmonids can be infected, but 
clinical signs of the disease may or may not develop.  In the following list, species are ranked in 
descending order of apparent susceptibility (O’Grodnick 1979; Hoffman 1990): rainbow trout, 
sockeye salmon, golden trout (Oncorhynchus aguabonita), cutthroat trout, brook trout, steelhead 
(Oncorhynchus mykiss), chinook salmon, Atlantic salmon, brown trout, coho salmon, lake trout 
(Salvelinus namaycush) and splake (hybrids between brook trout and lake trout).  Susceptibility 
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not only varies among species but also among strains and may vary tremendously among 
individual fish within a population (Markiw 1992a).  Grayling and whitefish, which are generally 
regarded as salmonids, have yet to be tested and their susceptibility or resistance to whirling 
disease remains undetermined.   
 
At the present time, control of whirling disease is difficult.  However, application of preventive 
measures can decrease the intensity of the disease in fish culture facilities and perhaps eliminate 
the spread to non-enzootic areas.   
 
Earthen ponds and raceways stocked with fish where cleaning is difficult or neglected are ideal 
habitats for worms and, once introduced, the whirling disease parasite becomes established.  
Techniques for prevention are periodical disinfection of the facility and the rearing of small trout 
indoors in pathogen-free water. Smooth-faced concrete or plastic-lined raceways that are kept 
clean and free of contaminated water keep the facility free of the disease.  Disinfection of 
waterborne infectivity has also been effective and can be achieved by combining filtration to 
remove or reduce suspended contaminants with ultraviolet-irradiation (Hoffman 1974, 1975).   
 
An evaluation of whirling disease should emphasize the intensity of infection, not simply the 
presence or absence of M. cerebralis in the environment.  While an initial characterization of 
presence-absence is critical in the “discovery process” in identifying dispersal, in part, this more 
quantitative, intensive characterization focused on “how much” rather than occurrence data 
reflects the observation that control measures do not need to eradicate the parasite completely to 
be effective.  Measures such as culturing resistant species, filtering the water supply, 
chemotherapy, and periodical disinfection of culture facilities reduce the potential for 
establishment of myxosporean infection in fish and actinosporean infection in tubificids, which 
greatly reduce the number of infected individuals and the intensity of the infection.  Whirling 
disease can also be reduced if hatchery-reared fish are inspected and certified as disease-free 
before transfer between facilities. 
 
Whirling disease has caused significant economic impacts in the western United States.  As of 
2002, Congress has appropriated $6 million to battle the parasite.  The Whirling Disease 
Foundation has raised more than $2 million for research, education, and outreach.  The State of 
Montana has contributed more than $4 million for empirical tests and monitoring designed to 
assess the disease's impact on trout and to track the parasite's spread (Palmer 2002). 
 
Aquatic Vascular Plants 
Invasive aquatic plants are a major problem in many areas.  They often form dense, monotypic 
stands and outcompete more desirable native vegetation.  Once established, eradication is nearly 
impossible, and control is costly.  Pimentel (2003) estimated the cost of controlling invasive 
aquatic plants in the United States at $500 million per year.   
 
Eurasian watermilfoil    
Eurasian watermilfoil is native to Europe, Asia, and Northern Africa.  In the US, Eurasian 
watermilfoil was first documented in 1942 from a pond in Washington D.C., where the species 
was probably intentionally introduced (Couch and Nelson 1985).  From that point and other 
introductions, the species has spread into lakes and streams across the country. Once introduced, 
water currents potentially disseminate vegetative propagules throughout a drainage, and stem 
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fragments are important for the colonization of new 
habitats.  Anthropogenic mechanisms such as motorboat 
traffic contribute to natural seasonal fragmentation and the 
distribution of fragments throughout lakes, and transport of 
watercraft plays the largest role in introducing fragments to 
new waterbodies.  For example, road checks in Minnesota 
have found aquatic vegetation on 23% of all trailered 
watercraft inspected (Bratager et al. 1996) where transport 
of any aquatic vegetation is now illegal. 
 
Eurasian watermilfoil is one of the most widely distributed 
of all nonindigenous aquatic plants in the US, being 
confirmed in 45 states. It can be found in lakes, ponds, 
shallow reservoirs, low energy areas of rivers and streams, 
and brackish water of protected tidal creeks and bays.  It is 
particularly troublesome in waterbodies that have 
experienced disturbances such as nutrient loading, intense 
plant management, or abundant motorboat use (Nichols 
1994). 
 
Once introduced to an area, it competes aggressively to displace and reduce the diversity of 
native aquatic plants.  From a single to a few vegetative propagules, the plant becomes 
established, and then its shoots elongate and vegetative growth continues.  The plant effectively 
outcompetes native aquatic vegetation, since its growth in spring occurs much earlier than other 
aquatic plants.   For example, in Lake George, New York, native plant diversity was reduced 
from 5.5 to 2.2 species per square meter in just two years (Madsen et al. 1991).    The species is 
tolerant of low water temperatures, and it quickly grows to the surface forming dense canopies 
that overtop and shade the surrounding vegetation (Madsen et al. 1991).  Canopy formation and 
light reduction are significant factors in the decline of native plant abundance and diversity 
observed when Eurasian water-milfoil invades healthy plant communities (Smith and Barko 
1990; Madsen 1994).  Eurasian water-milfoil has less value as a food source for waterfowl than 
the native plants it replaces (Aiken et al. 1979).  Fish may initially experience a favorable edge 
effect in early stages of Eurasian watermilfoil invasions, but the characteristic over abundant 
growth offsets any short-term benefits.  At high densities, the plant’s foliage supports a lower 
abundance and diversity of invertebrates, organisms that serve as fish food (Keast 1984).  Dense 
cover allows high survival rates of young fish, but larger predator fish lose foraging space and 
are less efficient at obtaining their prey (Lillie and Budd 1992; Engel 1995).  The growth and 
senescence of thick vegetation degrades water quality and depletes dissolved oxygen levels 
(Honnell et al. 1992; Engel 1995).  Typical dense beds restrict swimming, fishing and boating, 
clog water intakes and result in decaying mats that foul lakeside beaches. 
 
Purple loosestrife    
Purple loosestrife is native to Eurasia and Africa, but its introduction outside its native area has 
yielded plant infestations at a wide range of moist or marshy sites throughout North America.  It 
now occurs in nearly every state of the US.  Spread of purple loosestrife is primarily by seed, but 
the plant can also spread vegetatively from stem cuttings.  Seed viability varies from 50 to 100 

Eurasian watermilfoil 
(http://aquat1.ifas.ufl.edu/myrspi.html) 
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percent, and approximately 2.7 million seeds are produced per 
plant, giving purple loosestrife the potential to spread rapidly 
once established in an area. 
 
Purple loosestrife is capable of invading many wetland types, 
including freshwater wet meadows, tidal and non-tidal marshes, 
river and stream banks, pond edges, reservoirs, and ditches.  
Purple loosestrife has an extended flowering season, generally 
from June to September (depending on latitude and site-specific 
conditions), which allows it to produce vast quantities of seed.  
Flowers require pollination by insects, for which it supplies an 
abundant source of nectar.  A mature plant may have as many as 
thirty flowering stems capable of producing an estimated two to 
three million, minute seeds per year.  Purple loosestrife readily 
reproduces vegetatively through underground stems at a rate of 
about one foot per year.  Many new stems may emerge vegetatively from a single rootstock of 
the previous year. 
 
The most destructive impact of purple loosestrife invasions is adverse ecological effects 
associated with its dense monotypic stands as it displaces native wetland plants.  Under optimum 
conditions, a small isolated group of purple loosestrife plants can spread to cover aquatic sites in 
just one growing season.  When purple loosestrife replaces native vegetation, it also can displace 
wildlife.  For example, songbirds do not consume the small hard seed.  Muskrats use cattails to 
build their homes, and they show a preference for cattail over purple loosestrife for food.  
Waterfowl, especially ducks, avoid wetlands that have become dominated with purple 
loosestrife.  In addition, overall waterfowl production decreases as suitable nesting habitat is 
eliminated.  The plant’s growth is generally too compact to offer cover, and cover may be as 
crucial to wildlife as food. 
 
Purple loosestrife was first introduced into North America in the early 1800's.  Plants were sold 
throughout the US as various horticultural cultivars, all having striking colors and being easily 
grown perenniels (e.g., winter hardy and lack of insect or disease problems).   
 
Purple loosestrife adapts readily to natural and disturbed wetlands. As it establishes and expands 
its local and regional range, the species out-competes and replaces native grasses, sedges, and 
other flowering plants that provide a higher quality source of nutrition for wildlife.  The highly 
invasive nature of purple loosestrife allows it to form dense, homogeneous stands that restrict 
native wetland plant species, including some federally endangered orchids, and reduce habitat for 
waterfowl.  Several methods are available for purple loosestrife control, including mechanical, 
biological, and chemical. The size and location of a specific infestation will determine the best 
control methods.  In general, small infestations of a few plants can be controlled by digging, 
especially when plants are only a few years old.  Larger infestations require treatment with 
herbicides and/or biological control agents. 
 

Purple loosestrife   
(http://www.great-lakes.net/envt/flora-
fauna/invasive/loosestf.html) 
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Saltcedar    
Throughout the western United States, various 
species of Tamarix are increasingly a management 
problem, especially in riparian areas where the plant 
has a long history of successful invasions and a 
correspondingly long history of adverse impacts to 
the system.  Tamarisk is an aggressive, woody 
invasive plant species that has become established 
over as much as a million acres of floodplains, 
riparian areas, wetlands and lake margins in the 
western United States (Johnson 1986).  Once 
established, the plant is a relatively long-lived and 
can tolerate a wide range of environmental 
conditions.  Massive quantities of small seeds are 
produced annually by each plant, and asexual propagation occurs from buried or submerged 
stems. 
 
Tamarisk displaces and eventually replaces native woody species such as cottonwood, willow 
and mesquite, which occupy habitats similar to those preferred by tamarisk.  When riparian 
habitats are altered, for example, by augmented stream flows (e.g., when timing and amount of 
peak water discharge, salinity, temperature, and substrate texture have been altered by human 
activities), tamarisk may be favored in competitive interactions with native species of riparian 
wood shrubs and trees.  Stands of tamarisk generally have lower wildlife values compared to 
stands of native vegetation, although tamarisk can be important to some bird species as nesting 
habitat.  Tamarisk draws on groundwater sources as available, but once established, access to 
groundwater is not required for its survival.  Tamarisk translocates large quantities of water, 
possibly more than woody native plant species that occupy similar habitats.  The species is a 
halophyte and can tolerant highly saline habitats, in part, by concentrating salts in its leaves 
(hence, the species common name).  Over time, as leaf litter accumulates under tamarisk plants, 
the surface soil can become highly saline, thus impeding future colonization by many native 
plant species. 
 
Although it grows mostly on fine-textured soils (Everitt 1980), tamarisk can grow in many 
different substrates from below sea level to about 2100 m elevation (Hoddenbach 1990).  As a 
facultative phreatophyte, tamarisk occurs in areas where its roots can reach the water table, such 
as floodplains, along irrigation ditches and on lake shores.  Plants usually grow where the depth 
to ground water does not exceed 3 to 5 m, and tamarisk forms dense thickets where the ground 
water lies from 1.5 to 6 m below the soil surface (Horton et al. 1960).  Where ground water is 
deeper than 6 m, plants form an open shrubland (Horton and Campbell 1974).  Tamarisks have a 
wide tolerance of saline or alkaline soils (Robinson 1965), and Carmen and Brotherson (1980) 
found that tamarisk sites in Utah had higher soil salinity and pH than sites without tamarisk.  
Brotherson and Winkel (1986) identified the major factors that contribute to tamarisk success as 
alkaline soils, available soil moisture, and sufficient disturbance of native vegetation to facilitate 
tamarisk invasion.  Ideal conditions for first-year survival for tamarisk seedlings are on gently 
sloping riverbanks, or sandbars and siltbars where water levels slowly recede during the period 
of seed fall (Everitt 1980). 
 

Saltcedar
(http://www.invasivespeciesinfo.gov/plants
/saltcedar_child.shtml) 
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Tamarisk is relatively long-lived, and is very tolerant of inundation, desiccation and nutrient 
stress (Stevens 1990).  Tamarisk produces massive quantities of minute seeds that are readily 
dispersed by wind, and seeds are viable for up to 45 days under ideal conditions during summer.  
Once in contact with water, germination is completed within 24 hours following contract with 
water.  Tamarisk seeds have no dormancy or after-ripening requirements. 
 
Tamarisk has spread to all of the western and Great Plains states, with the greatest concentrations 
in Texas, Arizona and New Mexico (Robinson 1965).  It is also abundant in California, Nevada, 
Utah and western Colorado.  Wyoming and Montana have recently been invaded along with 
tributaries of the Missouri.  North Dakota recorded its first observation of tamarisk in 2002.   
 
Since the mid- to late 1800's, tamarisk has become naturalized along river bottoms and lake 
margins in the western United States, particularly in Arizona, New Mexico, California, Texas, 
Colorado, Utah, Nevada, Oklahoma and Wyoming.  The species was first reported in North 
Dakota in 2002.  There are multiple, interacting factors involved in the invasion of tamarisk 
(Everitt 1980), including intentional tamarisk plantings designed to protect streambanks and 
control erosion; conversion of native riparian forests to agricultural uses; damming of rivers fed 
by snowmelt which has shifted the time of peak discharge below the dams from spring to 
summer; creation of large areas of fine sediment that provide the ideal substrate for tamarisk 
colonization along the margins of reservoirs; increased salinity of rivers due to irrigation return 
flows and evaporation from reservoirs; reduced flood frequency downstream of reservoirs; and 
more stabilized base flows in rivers due to reservoir construction.  Everitt (1980) noted that 
tamarisk has not become established in all western rivers, particularly those that still experience 
large floods and those where spring, rather than summer flooding still predominates.  The spread 
of tamarisk has been and continues to be greatly facilitated by human activities.   
 
Tamarisk possesses a number of attributes that make it a successful invasive species, including 
an ability to 1) crowd out native stands of riparian and wetland vegetation; 2) increase the 
salinity of surface soil rendering the soil inhospitable to native plant species; 3) dry up springs, 
wetlands, riparian areas and small streams by lowering surface water tables; 4) widen  
floodplains by clogging stream channels; 5) increase sediment deposition due to the abundance 
of tamarisk stems in dense stands; and 6) use more water than comparable native plant 
communities. 
 
Early studies clearly suggested that tamarisk invasions of riparian habitats would cause adverse 
ecological effects.  For example, Anderson et al. (1977) found that tamarisk stands along the 
lower Colorado River had lower bird density, bird species richness and diversity than did the 
native cottonwood-willow vegetation.  Engel-Wilson and Ohmart (1978) found lower bird 
density and diversity in tamarisk stands along the lower Rio Grande River compared to native 
cottonwood-willow riparian forest.  Kasprzyk and Bryant (1989) studied birds and small 
mammals along the Virgin River upstream from its inflow to Lake Mead in Nevada, and found 
that bird density and diversity were lower in tamarisk communities than native riparian 
vegetation.  Ellis (1995) studied bird use of tamarisk and cottonwood vegetation in central New 
Mexico along the Rio Grande River where many bird species used both habitats, but three 
species used only tamarisk while six species using only cottonwood.  Assuming the prediction by 
Howe and Knopf (1991) that tamarisk may completely supplant cottonwood habitat along the 
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middle Rio Grande River in New Mexico over the next century, the richness of riparian bird 
species in that area would decline.   
 
Control of saltcedar is very expensive.  Zavaleta (2000) estimated that eradication of saltcedar 
and restoring native riparian vegetation in the western United States would cost approximately 
$7,400/hectare.  With over 470,000 hectares of riparian habitat affected (Zavaleta 2000), the total 
cost of eradication would be at least $3.5 billion. 
 
Aquatic Invertebrates   
Many species of aquatic invertebrates have been accidentally introduced in North America, and a 
few have become highly invasive, causing very serious economic and ecological impacts.  
Pimentel (2003) estimated the damages caused by three of these species (zebra mussel, quagga 
mussel, and Asian clam) at $2 billion annually. 
 
Zebra mussel    
Zebra mussels apparently originated in eastern 
Europe (Balkans, Poland, and Ukraine) but 
had spread to most all major drainages of 
Europe between the 1600's and 1700's because 
of widespread construction of canal systems.  
Great Britain was invaded in 1824 and 
currently has well-established populations of 
zebra mussel.  Throughout the 19th and 20th 

centuries, zebra mussels have expanded 
throughout western Europe and countries of 
Scandinavia. 
 
In 1988, an established population of zebra 
mussels was recorded in the Canadian waters of Lake St. Clair, a small water body connecting 
Lake Huron and Lake Erie.  By 1990, zebra mussels occurred throughout all the Great Lakes, 
and in 1991, zebra mussels escaped the Great Lakes basin and found their way into the Illinois 
and Hudson rivers.  The Illinois River was the key to their introduction into the Mississippi River 
drainage which covers over 1.2 million square miles.  By 1992, the following rivers had 
established populations of zebra mussels: Arkansas, Cumberland, Hudson, Illinois, Mississippi, 
Ohio, and Tennessee.  By 1994, the following states had reported records of zebra mussels 
within their borders or in water bodies adjacent to their borders: Alabama, Arkansas, Illinois, 
Indiana, Iowa, Kentucky, Louisiana, Michigan, Minnesota, Mississippi, Missouri, New York, 
Ohio, Oklahoma, Pennsylvania, Tennessee, Vermont, West Virginia, and Wisconsin.  More 
recently, Connecticut has been added to the list of states where zebra mussels have been found.  
In 2002, zebra mussels were first recorded in a small isolated quarry in Virginia, and in 2003 
Kansas and South Dakota recorded their first sightings of zebra mussels. 
 
It is highly likely that the presence of zebra mussels in the Great Lakes was a result of a ballast 
water introduction, and its dispersal throughout the Great Lakes and major river systems 
occurred relatively rapidly due to its ability to attach to boats navigating these lakes and rivers.  
Its rapid range expansion into interconnected waterways was probably due to barge traffic where 
it is theorized that attached mussels were scraped or fell off during routine navigation.  Overland 

Zebra Mussel  
(http://nas.er.usgs.gov/queries/FactSheet.asp?speciesID=5)
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dispersal is also a strong possibility for aiding zebra mussel range expansion (see, e.g., Johnson 
et al. 2001), and many small lakes in the Great Lakes basin have likely been accessed by mussels 
“hitch-hiking” as veligers and juveniles attached to watercraft transported from infested waters to 
uninfested waters where populations of zebra mussels have subsequently become established.  
Haphazard inspections throughout North America have found zebra mussels attached to hulls or 
in motor compartments of watercraft, including a documented observation near Winnipeg, 
Manitoba. 
 
Zebra mussels are notorious for their biofouling capabilities by colonizing water supply pipes of 
hydroelectric and nuclear power plants, public water supply plants, and industrial facilities (see, 
e.g., D’Itri 1997, Nalepa and Schloesser 1993).  As veligers and juveniles, the species colonizes 
pipes and other hard substrates, then as adults, the established colonies reduce intake and restrict 
flow in water distribution and treatment systems, heat exchangers, condensers, fire fighting 
equipment, and air conditioning and cooling systems.  For example, population densities for 
zebra mussel have been recorded as high as 700,000/m2 at power plants (e.g., in Michigan) and 
the diameters of pipes have been reduced by two-thirds at water treatment facilities.  Pimentel 
(2003) estimated the economic impacts of zebra mussels and quagga mussels (a closely related 
species) at $1 billion per year. 
 
Although there is little information on zebra mussels affecting irrigation systems, farms and golf 
courses could be likely candidates for infestations, if their source waters are infested.  
Navigational and recreational boating can be affected by increased drag due to attached mussels.  
Small mussels can get into engine cooling systems causing overheating and damage.  
Navigational buoys have been sunk under the weight of attached zebra mussels, and fishing gear 
can be fouled if left in the water for long periods.  Deterioration of dock pilings has increased 
when they are encrusted with zebra mussels, and continued attachment of zebra mussel can cause 
corrosion of steel and concrete affecting its structural integrity. 
 
Most of the biological impacts of zebra mussels in North America are poorly characterized, 
especially those indirect effects at higher levels of biological organization and those direct 
effects that stem from interactions with multiple-species in community settings.  However, 
information from Europe tells us that zebra mussels have the potential to severely impact 
unionids (native mussels) by interfering with their feeding, growth, locomotion, respiration, and 
reproduction.  Researchers are observing some of these effects as they study interactions between 
zebra mussels and native unionids in the Great Lakes.  In one study they determined that where 
zebra mussel densities were highest in Lake St. Clair and in the western basin of Lake Erie, the 
number of native unionids had dramatically declined (Schloesser and Nalepa 1994).  This 
difference was seen after only two years of zebra mussel colonization.  Other studies have shown 
an inverse correlation between zebra mussel biomass and unionid density (Nalepa 1994).  
Scientists in the Great Lakes region have been using models that may predict the degree of 
unionid mortality based on zebra mussel densities (Ricciardi et al. 1995).  Unfortunately, 
research shows zebra mussels prefer to attach to live unionids rather than to dead ones or to 
rocks (Schloesser and Kovalak 1991).  Some unionids have been found with more than 10,000 
zebra mussels attached to them.  This represents a tripling or even a quadrupling of the unionid’s 
own weight (Hebert et al. 1991).  Native unionids may not survive if zebra mussels continue to 
colonize Lake St. Clair (Hunter and Bailey 1992).  The St. Croix River, a federally designated 
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wild and scenic river in the upper Mississippi River basin, is being heavily guarded by the 
National Park Service because it contains the only known viable population of the winged 
mapleleaf clam (Quadrula frugosa).  Zebra mussels could wipe out these clams if they become 
established in the river.  Placing the native unionids in temporary refugia or transplanting them in 
waters absent of zebra mussels is being used as an alternative to try and save them.  Another 
exotic invader, the quagga mussel (Dreissena bugensis), probably arrived at the same time as the 
zebra mussel.  Although the quagga mussel closely resembles its cousin, it is not expected to 
have as great an impact on unionids because it does not show a preference for unionids as 
substrates (Conn and Conn 1993). 
 
According to early studies, zebra mussels are having a minimal effect on fish populations in the 
Great Lakes.  It may be too soon to determine some of the effects which may take more time to 
develop.  However, there has been a striking difference in water clarity improving dramatically 
in Lake Erie, sometimes four to six times what is was before the arrival of zebra mussels.  With 
this increase in water clarity, more light is able to penetrate deeper allowing for an increase in 
aquatic plants (Skubinna et al. 1995).  Some of these macrophyte beds have not been seen for 
many decades due to changing conditions of the lake mostly due to pollution.  The macrophyte 
beds that have returned are providing cover and acting as nurseries for some species of fish.   
 
New Zealand mudsnail    
The New Zealand mudsnail is a small aquatic snail, native to 
freshwater lakes and streams of New Zealand and small 
islands immediately adjacent to New Zealand. 
 
Outside New Zealand, the snail has relocated throughout the 
world, including Europe, Asia, and North America.  The 
species has become naturalized in Australia and Europe.  
Movements of this aquatic snail to North America were likely 
associated with ship ballast in the Great Lakes or in the water 
of live gamefish shipped from infested waters to western rivers 
in the United States.  New Zealand mudsnails were first discovered in the middle portion of the 
Snake River in Idaho in 1987, and currently occupy a disjunct distribution throughout North 
America.  Since its collection in Idaho in the late 1980's, the species has spread to waters of 
Montana and Wyoming, including the waters of Yellowstone National Park, as well as 
California, Arizona, Oregon, and Utah.  New Zealand mudsnails have also been collected in 
Oregon near the mouth of the Columbia River and in a small lake in northwestern area of the 
state.  Populations have been discovered in the Owens River and Central Valley of California in 
2001 and 2002, and in the Colorado River in Arizona and the Green River in Utah in 2002.  In 
the eastern United States, New Zealand mudsnails occur in the Great Lakes where populations 
were discovered in the early 1990's in southwestern and northeastern Lake Ontario and the 
Welland Canal in Canada, and in 2003 New Zealand mudsnails were collected from Ontario’s 
Thunder Bay on Lake Superior.  
 
Mudsnail populations consist mostly of asexually reproducing females that are born with 
developing embryos in their reproductive system.  This species can be found in all types of 
aquatic habitats from eutrophic mud bottom ponds to clear rocky streams.  It can tolerate a wide 
range of water temperatures (except freezing), salinity, and turbidity in clean as well as degraded 

New Zealand Mudsnail  
(http://cars.er.usgs.gov/pics/nonindig_
mud_snail/nonindig_mud_snail.html) 



SDEIS Appendix F.2 – Life Histories and Consequences of Selected Invasive Species 

F.2 - 16 

waters. They feed on dead and dying plant and animal material, algae, and bacteria.  Mudsnail 
densities of over one-half million per meter square in western streams are a cause for concern.  
Because the West is known for abundant trout and productive fishing spots, there is concern that 
the mudsnails will impact the food chain for native trout and the physical characteristics of the 
streams themselves.  Mudsnails could potentially be a biofouler at facilities drawing from 
infested waters. 
 
The species’ asexual reproduction and its tolerance of a broad range of ecological factors make 
the possibility of further spread highly likely.  As long as not completely desiccated, New 
Zealand mudsnails can withstand short periods out of the water.  While the species supports a 
number of parasites in its native range, none have been found in any of the North American 
populations examined. 
 
Asian clam   
As adults, Asian clams are found in lakes and streams throughout their native range in 
southeastern Asia, and in the United States, the species has been most successful in well 
oxygenated, clear waters (Belanger et al. 1985; Stites et al. 1995).  The clams typically occur at 
high densities and have a relatively high growth rate (Stites et al. 1995).  Densities of Asian 
clams have been documented to occur by the thousands per square meter, often dominating the 
benthic community (Sickel 1986).  
 
Asian clams are found in sandy and muddy bottomed streams and rivers, and in ponds and lakes 
of all sizes in silt, mud, sand, or gravel bottoms.  Also, the species has also been recorded in 
man-made canals.  The species appears to be capable of tolerating polluted environments better 
than many native bivalves (Jenkinson 1979). 
 
Asian clams are consumed mainly by fish and crayfish.  Other predators of Asian clams include 
birds, raccoons, crayfish, and flatworms (Sickel 1986). 
 
The date and means of introduction of the Asian clam is not known.  Generally, the introduction 
of this species is attributed to Chinese immigrants who used Asian clams as food (Sinclair 
1971a; Counts 1986).  The earliest verifiable record of this species in North America consists of 
three specimens found dead on the beach at Nanaimo, Vancouver Island, British Columbia in 
1924.  Asian clams are believed to have established a viable population on the west coast of the 
United States sometime prior to 1938 (Clench 1970; Counts 1986), perhaps established as early 
as the mid 1800's (Fox 1969).  A big migration east occurred when they were discovered in the 
Ohio River in 1957.  During this same period of “jump dispersal” eastward, the species rapidly 
invaded the Colorado River, and spread throughout the Tennessee and Ohio River systems, 
spreading east along the Gulf states to the Florida panhandle by 1960, and to southern Florida by 
1967 (Blalock and Herod 1999).  Transport on barges containing river gravel probably 
contributed to its rapid spread (Lachner et al. 1970; Sinclair 1971a).  Such gravel is often shipped 
great distances and maintains sufficient humidity to allow the clams to survive (Lachner et al. 
1970).  Throughout the US, they can be found in many drainages, except for the several states in 
the northern plains and the northeast.  The Asian clam has long been recognized as a pest as far 
back as the 1950's in irrigation systems of California.  
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Asian clams continue to expand their range into uninfested waters especially in the Midwest and 
Northeast.  Asian clams have had one of the most rapid range expansions of any non-indigenous 
species in North America (Clench 1970).  Since its first introduction, it is now found in at least 
38 states and the District of Columbia.  With human intervention a primary agent of dispersal, no 
large-scale geographic features function as dispersal barriers (Counts 1986; Isom 1986).  Current 
methods of introduction include bait-bucket introductions (Counts 1986), accidental 
introductions associated with imported aquaculture species (Counts 1986), and intentional 
introductions by people who buy them as a food item in markets (Devick 1991).  The only other 
significant dispersal agent is thought to be passive movement via water currents (Isom 1986); 
fish and birds are not considered to be significant distribution vectors (Counts 1986; Isom 1986). 
 
Because of their reproductive success and high infestation, this species has become a serious pest 
throughout the United States, especially in irrigation and drainage canals, as well as water 
distribution and industrial water use systems.  Pimentel (2003) estimated the economic impact of 
Asian clams in the United States at $1 billion per year.  Given their high growth and production 
rates, concerns have been raised over the capacity that Asian clams have to alter trophic and 
nutrient dynamics of aquatic systems, and to displace native bivalves (Gottfried and Osborne 
1982; Stites et al. 1995).  The most prominent effect of the introduction of the Asian clam into 
the United States has been biofouling, especially of complex power plant and industrial water 
systems (Isom et al. 1986; Williams and McMahon 1986).  It has also be documented to cause 
problems in irrigation canals and pipes (Prokopovich and Hebert 1965; Devick 1991) and 
drinking water supplies (Smith et al. 1979).  It also alters benthic substrate (Sickel 1986), and 
competes with native species for limited resources (Devick 1991).  Over its native range the 
Asian clam is marketed fresh or dry for human consumption and as feed for domestic fowl 
(Lachner et al. 1970; Sinclair 1971b), and in the United States the species has gained commercial 
value as fish bait (Lachner et al. 1970; Burch 1978). 
 
Spiny water flea    
The native range of the spiny water flea, Bythotrephes cederstroemi, is the northern and central 
Palearctic (northern Europe to Caspian Sea).  Although ballast water may have been the source 
of introduction, it is unclear whether this presumptive source was the root cause in the pioneering 
event, since most ocean-going ships do not carry 
freshwater in ballast.  In North America, the spiny 
water flea was first collected in 1984 from Lake 
Huron (Bur et al.1986), followed in 1985 when the 
species was collected from Lake Erie and Lake 
Ontario.  In 1986 the spiny water flea was collected 
from Lake Michigan, and in 1987 the species had 
successfully invaded Lake Superior.  More recently it 
has been found in several small lakes in Minnesota 
and in more than a dozen lakes in Ontario, Canada.  
Researchers suspect that spiny water fleas could be 
responsible for the decline of 3 daphnia species in 
Lake Michigan (Lehman 1991). 
 
Besides spiny water fleas, there are numerous crustaceans that have gained increasing attention 
with respect to their being invasive and potentially having adverse impacts on native fauna.  

Spiny water flea
(http://www.iisgcp.org/EXOTICSP/spiny_water_flea.htm) 
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Throughout the US, there are no fewer than 77 species of crustaceans that are considered 
nonindigenous to the waters in which they occur, and of that number, 44 have become 
established in their new environment.  Crustaceans are found in every kind of aquatic habitat, 
and over two dozen introduced species are found in fresh water habitats.  Regardless of the 
receiving habitats, these introductions are linked to worldwide sources.  Introductions of 
crustaceans began as early as 1873, and have typically occurred through aquaculture and 
research escapes and releases, ballast water discharge, ship fouling, stocking for food or 
gamefish forage, and stock contamination with fish or oyster species.  Studies have shown that 
nonindigenous crustaceans impact food webs and fish communities, exclude native congeners, 
and alter habitats. 
 
Fishes  
A total of 138 species of fish have been introduced into the United States (Courtenay 1997).  
Many of the species have been intentionally introduced for sport fishing or to control aquatic 
vegetation.  Others were introduced through aquaculture or aquarium trade, and a few were 
transported in ship ballast.  Pimentel (2003) estimated the damages caused by non-indigenous 
fish at $5.4 billion annually. 
 
Gizzard shad   
 The historic distribution of the 
gizzard shad is unclear.  The species 
is widespread in the Mississippi, 
Atlantic, and Gulf Slope drainages 
from Quebec to central North 
Dakota and New Mexico, and south 
to central Florida and Mexico (Page 
and Burr 1991).  Since the 1600's, 
gizzard shad has expanded its range 
naturally to include Massachusetts 
(O'Leary and Smith 1987; Hartel 
1992), and the species was 
introduced to Lake Erie upon completion of the Ohio Canal (Jordan 1882).  Cold weather 
apparently limits the species' northern range (Becker 1983). 
 
Gizzard shad have been stocked in many waterways as forage for gamefish.   The species has 
expanded its range into Wyoming from introductions into Nebraska (Baxter and Simon 1970), 
and from intentional stockings in the state east of the Continental Divide (Hubert 1994).  East of 
the Mississippi River, the species, although native to Illinois, has expanded its range and 
abundance within the state due to construction of reservoirs (Smith 1979).   
 
Competition for food between gizzard shad and other fish species may occur (Burns 1966; 
Moyle 1976).  Gizzard shad show tremendous invasion potential.  After only two plantings 
totally 1020 fish in Lake Havasu, the species spread through the Colorado River from Davis 
Dam southward to the Mexican border, the Salton Sea, and associated irrigation ditches within 
only 18 months (Burns 1966). 
 
 

Gizzard Shad 
(http://nas.er.usgs.gov/queries/FactSheet.asp?speciesID=492) 
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Utah chub   
The native range of the Utah chub includes the 
upper Snake River system in Wyoming and 
Idaho, and Lake Bonneville basin (including 
Great Salt Lake drainage and Sevier River 
system) in southeastern Idaho and Utah (Page 
and Burr 1991).  The species was introduced 
into Hebgen Lake, Montana, where it became 
established and eventually spread to most of the 
Madison River and as far downstream as 
Canyon River Reservoir on the Missouri River 
(Brown 1971; Cross et al. 1986; Holton 1990).     
 
Many introductions of Utah chubs have been the 
result of bait bucket releases (Holden and Stalnaker 1975b; Simpson and Wallace 1978; Sigler 
and Sigler 1987).  Hubbs et al. (1974) found evidence that the species may have been introduced 
to certain sites in the Great Basin by early Mormon settlers.  These researchers also speculated 
that Native Americans may have brought Utah chubs into Shoshone Spring.  In some areas the 
species has become widespread because of natural dispersal from original points of introduction 
(e.g., Madison and Missouri rivers in Montana).   
 
Introduced populations often reach great abundance and become serious competitors with sport 
fish, especially trout (Sigler and Miller 1963).  For instance, this species has been found to 
depress growth of kokanee salmon through competition for food (Teuscher and Luecke 1996).  
Hubbs et al. (1974) also noted that it has a tendency toward population explosion and habitat 
dominance in artificial impoundments.  Utah chub became a major management concern in 
Flaming Gorge Reservoir by the late 1960s, in part, because it appeared to compete with trout for 
planktonic foods and because the species established growth records of its own (Holden 1991).  
Introduced Utah chub, along with other introduced species, may have replaced the relict dace 
Relictus solitarius at Murphy Spring, Nevada (Hubbs et al. 1974).  Predation by, and 
hybridization with, the Utah chub are considered some of the most serious hazards to the least 
chub Iotichthys phlegethontis in Utah (Sigler and Sigler 1987), a species proposed for federal 
listing as an endangered species.  Attempts at eradication have been largely unsuccessful and 
costly (Sigler and Sigler 1987). 
 
Rainbow smelt   
The native range of rainbow smelt includes Atlantic drainages from Lake Melville, 
Newfoundland, to Delaware River, Pennsylvania, and west through the Great Lakes.  Rainbow 
smelt are also native to Arctic and Pacific drainages from Bathurst Inlet, Northwest Territories, 
to Vancouver Island, British Columbia, an to Pacific drainages of Asia (Page and Burr 1991). 
 
Rainbow smelt occur in all five Great Lakes and also have been introduced or dispersed after 
introduction into several large rivers, including the Mississippi and Missouri Rivers.   
Rainbow smelt have recently invaded Lake Winnipeg (Campbell et al. 1991). 
 

Utah Chub 
(http://fwp.mt.gov/fieldguide/mediaDisplay.aspx?i
d=4507&elcode=AFCJB13020) 
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In 1912, eggs were stocked in Crystal Lake, 
Michigan, which drains into Lake Michigan 
(Van Oosten 1937).  Fish escaped into Lake 
Michigan and spread quickly throughout the 
Great Lakes and their tributaries.  The Lake 
Ontario population may be native to this lake or 
may have gained access when the Welland 
Canal was built (Emery 1985; Smith 1985). 
Another possibility is that the species was 
introduced from the Finger Lakes via the 
Seneca-Cayuga, Erie and Oswego canals (Smith 
1985).  Two means have been proposed to 
explain the introduction of rainbow smelt into the Missouri and Mississippi rivers.  It may have 
spread from Lake Michigan via the Chicago sanitary canal to the Illinois River and then to the 
Mississippi and Missouri Rivers (Burr and Mayden 1980).  Alternatively, the species may have 
gained access to these rivers as a result of a stocking at Lake Sakakawea, North Dakota, in 1971 
(Bouc 1987; Mayden et al. 1987; Holton 1990).  The second explanation seems more plausible 
because of a lack of records from the Illinois River.   
 
Introduced populations of rainbow smelt have been very successful and the species is now 
established in the Great Lakes and in most rivers and lakes where introduced.  In the Great Lakes 
a commercial fishery targeting smelt has been operating for many years (Smith 1985), and it is 
the most abundant fish in some locations on the Mississippi River (Pflieger 1997).   
 
In the Great Lakes, rainbow smelt compete with lake herring Coregonus artedii for food (Becker 
1983).  In early studies, Havey (1973) had reported increased growth of landlocked Atlantic 
salmon following the introduction of smelt as a forage species in a lake in Maine, and Christie 
(1974) correlated lake herring decline with smelt increases in most of the lakes.  Todd (1986) 
also reported that smelt may be partially responsible for the decline of whitefish (Coregonus 
spp.) in the Great Lakes.  Hrabik et al. (1998) found evidence of competition for food between 
introduced rainbow smelt and native yellow perch Perca flavescens in Wisconsin lake habitats.  
Rainbow smelt are eaten by humans and used as bait for salmonids and walleye (Pflieger 1997).   
 
Asian Carp    
Asian carp are large fish (39-40 inch; 40-50 
lb.) introduced into the U.S. by fish farmers in 
Southern states in the 1960’s and 70’s to 
control vegetation and algal blooms.  Three of 
these species, the bighead carp 
(Hypophthalmichthys nobilis), grass carp 
Ctenopharyngodon idella), and silver carp 
(Hypophthalmichthys molitrix) have been 
released or have escaped to the wild and are 
reproducing in many rivers and streams of the 
Mississippi River Basin.   
 Bighead Carp

(http://nas.er.usgs.gov/queries/FactSheet.asp?speciesID=551)

Rainbow smelt 
(http://nas.er.usgs.gov/queries/FactSheet.asp?speciesID=796)



SDEIS Appendix F.2 – Life Histories and Consequences of Selected Invasive Species 

F.2 - 21 

Bighead carp are native to central and southern China. Since their escape from aquaculture 
facilities, bighead carp have been recorded from within, or along the borders of, at least 18 states. 
There is evidence of reproducing populations in the middle and lower Mississippi and Missouri 
Rivers and the species is apparently firmly established in the states of Illinois and Missouri (Burr 
et al. 1996; Pflieger 1997).   Populations of bighead carp are relatively resilient to adverse 
impacts, having a minimum population doubling time that ranges between 1.4 and 4.4 years.  
The bighead carp is a filter feeder that prefers large river habitats.  Bighead carp have long gill 
rakers, which allow them to strain plankton from the water for food, which includes 
cyanobacteria, green algae, zooplankton, and aquatic insects and larva.  The fish forage 
constantly, and are voracious feeders.  Because bighead carp are planktivorous and attain a large 
size, they have the potential to deplete zooplankton populations, which would adversely impact 
other species that rely on plankton for food, including all larval fishes, some adult fishes, and 
native mussels. In addition, a number of diseases associated with bighead carp have been 
observed and potentially threaten other carp and native cyprinids, if disease agents can jump 
from one species to another.   
 
Grass carp occur in a wide range of aquatic habitats, 
ranging from those presenting relatively fast currents 
to lakes, ponds, pools and backwaters of large rivers 
where the species prefers large, slow-flowing or 
standing water bodies with vegetation.  Currently, in 
the US the grass carp occupies a wide, disjunct 
distribution which in part reflects the species 
opportunistic dispersal associated with intentional 
releases.   
 
The species tolerates a wide range of environmental 
conditions, which in part supports its invasiveness 
attributes.  Grass carp feed on aquatic vascular plants, 
detritus, insects and other invertebrates.  The species 
has a long history as an aquaculture species 
commonly used for weed control in rivers, fish ponds 
and reservoirs.  The species is widely regarded as a 
pest in most countries because of the damage it causes 
to submerged vegetation when it escapes from its 
intended role of controlling nuisance aquatic vegetation. 
 
Both authorized and unauthorized stockings of grass carp have taken place for biological control 
of vegetation. The first release of this species into open waters took place at Stuttgart, Arkansas, 
when fish escaped the Fish Farming Experimental Station (Courtenay et al. 1984).  By the early 
1970s there were many reports of grass carp captured in the Missouri and Mississippi Rivers 
(Pflieger 1975, 1997).  During the past few decades, the species has spread rapidly as a result of 
widely scattered research projects, stockings by federal, state, and local government agencies, 
legal and illegal interstate transport and release by individuals and private groups, escapes from 
farm ponds and aquaculture facilities; and natural dispersal from introduction sites (e.g., Pflieger 
1975; Lee et al. 1980; Dill and Cordone 1997).  In total, grass carp are presently reported from 

Grass Carp
(http://nas.er.usgs.gov/queries/FactSheet.asp?species
ID=514) 
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45 states; there are no reports of introductions in Alaska, Maine, Montana, Rhode Island, and 
Vermont.   
 
Various authors (e.g., Shireman and Smith 1983; Chilton and Muoneke 1992; Bain 1993) have 
reviewed the literature on grass carp, and most discuss actual and potential impacts caused by the 
species’ introduction.  Negative effects involving grass carp reported in the literature and 
summarized by these authors included interspecific competition for food with invertebrates (e.g., 
crayfish) and other fishes, significant changes in the composition of macrophyte, phytoplankton, 
and invertebrate communities, interference with the reproduction of other fishes, and decreases 
in refugia for other fishes.  Bain (1993) indicated that effects are largely secondary consequences 
of decreases in the density and composition of aquatic plant communities.  Removal of 
vegetation can have negative effects on native fish, such as elimination of food sources, shelter, 
and spawning substrates (Taylor et al. 1984).  In addition, grass carp may also carry several 
parasites and diseases known to be transmissible or potentially transmissible to native fishes.   
 
The silver carp is a filter-feeder 
capable of taking large amounts of 
phytoplankton, zooplankton, 
bacteria, and detritus (Leventer 
1987).  The species generally swims 
just beneath the water’s surface, and 
is very active swimmer being well 
known for its habit of leaping clear 
of the water when disturbed.   
 
Silver carp have been introduced 
around the world for aquaculture and control of algal blooms.  Their distribution in the United 
States includes the Mississippi River upstream to Iowa and the Missouri River upstream to 
Gavins Point Dam in South Dakota.  
 
Pflieger (1997) considered the impact of this species difficult to predict because of its place in 
the food web.  In numbers, the silver carp has the potential to cause enormous damage to native 
species because it feeds on plankton required by larval fish and native mussels (Laird and Page 
1996).  Silver carp are also potential competitors with adults of some native fishes (e.g., gizzard 
shad) that also rely on plankton for food (Pflieger 1997).  In addition, introduction of silver carp 
may be associated with increased 
incidence of fish disease.    
 
Zander    
In their native range, zander or perch-pike 
are predators of fish.  The wide mouth of a 
zander is adopted for catching small fish, 
and its eyes are adapted for detecting prey 
in the murkiest of conditions, e.g., seeing 
in low light or turbid conditions.   
 

Zander
(http://nas.er.usgs.gov/queries/FactSheet.asp?speciesID=830) 

Silver Carp  
(http://www.fws.gov/midwest/LaCrosseFisheries/projects/asian_carp_si
lver.html)
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Zander are native to Europe, but have been introduced to the United States.  In the late 1970's, 
zander were illegally stocked in ponds near Cooperstown, New York.  Hatchery-reared zander 
fingerlings were stocked into Spiritwood Lake (Stutzman County), North Dakota in 1989; the 
fish were imported as fry from Finland (Lohman 1989; Anderson 1992).  Only one survivor was 
recovered during a subsequent netting survey (Anderson 1992), and a sustainable population was 
thought not to have been established.  However, the capture of a fish in August 1999, and 
another 2+ year old fish in 2000 shows that at least some survived and reproduced (Dokken 
2004).  In 1987 an earlier attempt at introducing zander was aborted when fry hatched from eggs 
imported from Holland were destroyed for fear that they carried pike fry rhobdo virus 
(Anonymous 1987; Lohman 1989).   
 
Those wanting to introduce zander thought that it would be a boon to the fisheries of North 
America (e.g., Anderson 1992), but others had strong reservations (e.g., Wright 1992).  Some 
fisheries personnel in states surrounding North Dakota and nearby Canadian provinces expressed 
doubts concerning the species’ introduction, particularly because its effect on native species was 
unknown and because of its potential to spread (e.g., Wingate 1992).  Zander have been widely 
introduced into western Europe and the species was illegally introduced into portions of England.  
According to Hickley (1986), the success of introduced populations seemed to be limited by the 
availability of the species’ preferred habitat, characterized as “eutrophic, turbid, well oxygenated 
and of low mean depth, and, if a river, slow-flowing rather than turbulent.” 
 
The potential adverse effects of zander are largely unknown, although there is concern among 
European fish resource managers that introduced zander may cause a collapse in resident prey 
fish stocks (Hickley 1986 and references therein).  Concern also exists that zander could compete 
with walleye or could hybridize with them.  Also, there is concern that zander could harbor 
diseases and parasites harmful to native fish, particularly the closely related walleye and sauger. 
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Appendix G.1 – Federally Listed Threatened and Endangered Species 
 
Introduction 
This appendix contains information and describes analyses used to prepare SDEIS chapters three 
and four.  The ESA requires consultation with the Service on federal actions that may affect 
federally listed threatened and endangered species or designated critical habitat.  Under NEPA, 
Reclamation measures the effects of the Project against the No Action Alternative.  To further its 
consultation responsibilities under Section 7 of the ESA, Reclamation used this appendix to assess 
potential impacts on federally listed species resulting from the proposed action and alternatives.   
 
However, assessing impacts under ESA is different than under NEPA.  Section 7 of the ESA 
implementing regulations state that the effects of a proposed action are added to the baseline to 
determine if the species are jeopardized by a proposed action.  The environmental baseline under 
Section 7 is a “snapshot” of a species health at a specified point in time.  Usually this is considered 
the current condition.  Under NEPA our analysis is a comparison to the No Action Alternative, 
which actually represents the conditions anticipated in 2050 not “current conditions.”   
 
In the interest of streamlining and integrating the NEPA and ESA processes, Reclamation intends 
to use information contained in the SDEIS for preparation of the biological assessment on the 
preferred alternative.  This is in accordance with Section 7 consultation regulations (50 CFR 402).   
Therefore, the assessment in chapter four of the SDEIS is an analysis of effects compared to the 
No Action Alternative in compliance with NEPA.  For Section 7 consultation purposes, i.e. an 
analysis of alternatives against current conditions, is in this appendix.  This analysis evaluates 
whether the Project alternatives would be likely to adversely affect any U.S. federally listed 
species.  These species were considered in accordance with Section 7 regulations of the ESA. 
Reclamation will complete a final biological assessment in accordance with Section 7 consultation 
regulations (50CFR 402) on the preferred alternative in the final EIS.   
 
State listed and Canadian species were also evaluated in Appendix G.2 as species of concern.  
Scientific names for all species described in SDEIS text are in table G.1.1. 
 
       Table G.1.1 – Common and Scientific Names for Animals 
        and Plants Referred to in SDEIS Chapters Three and Four. 

U.S. Federally Listed Species 

Common Name Scientific Name 
 
Bald Eagle 

 
Haliaeetus 
leucocephalus 

Canada lynx Lynx canadensis 
Dakota skipper Hesperia dacotae 
Gray wolf Canis lupus 
Least tern Sterna antillarum 
Pallid sturgeon Schaphirynchus albus 
Piping plover Charadrius melodus 
Western prairie fringed orchid Platanthera praeclara 
Whooping crane Grus americana 
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Effects Definitions 
 

Is not likely to adversely 
effect – the appropriate 
conclusion when effects to 
listed species are expected to 
be discountable or 
insignificant or completely 
beneficial. 
Discountable effects – are 
those extremely unlikely to 
occur. 
Insignificant effects – relate 
to the size of the impact and 
should never reach the scale 
where “take” occurs. 
Take – includes to harass, 
harm, hunt, shoot, wound, kill, 
trap, capture, or collect, or 
attempt to engage in any 
such conduct. 

Federally Listed Species 
The Service provided a list of endangered, threatened, and candidate species and their designated 
critical habitat that may be in the Project’s areas of potential effects.  The list was in a 
memorandum dated January 5, 2005 (table G.1.2).  This list was confirmed by the Service in a 
November 5, 2005, memorandum transmitting the Draft Fish and Wildlife Coordination Act 
Report.  This list was confirmed with the Service’s North Dakota Field Office in October 2006 
(personal communication, Terry Ellsworth). 
 
  Table G.1.2 – Federally Listed Species That May Be Present in the Project’s  
  Areas of Potential Effects. 

Species 
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Bald Eagle  T X X X X X 
Interior Least Tern  E   X X X 
Piping Plover X T   X X X 
Whooping  Crane  E   X X X 
Pallid Sturgeon  E   X X X 
Canada Lynx  T  X    

Gray Wolf  T/E2 X X X X X 

Dakota Skipper  C X X X X X 
Western Prairie-fringed Orchid  T X X X X X 
1 T = threatened, E = endangered, C = candidate.  Federally listed species 
information is from a Service memorandum dated January 5, 2005.  2 The Gray 
wolf is listed as threatened in MN and endangered in ND.  However, wolves in 
both states have been proposed for de-listing (Federal Register 71(58): 15266-
15305) 

 
Figure G.1.1 shows piping plover critical habitat on the 
Missouri River in North Dakota.  Other critical habitat 
designated for the piping plover on the Missouri River outside 
of North Dakota is described and mapped in 50 CFR Part 17 
Endangered and Threatened Wildlife and Plants; Designation 
of Critical Habitat for the Northern Great Plains Breeding 
Population of the Piping Plover; Final Rule. 
 
Analysis of Impacts for Federally Listed Species 
SDEIS chapter three describes species identified as potentially 
being in the Project’s areas of potential effects.  More 
specifically, each species’ life history and habitat information 
pertinent to evaluation of effects is in chapter three, which also 
describes the environmental setting of the alternatives.  
Reclamation reviewed the Project settings and life history and 
habitat information of each of the federally listed species to 
evaluate potential effects.  The results of this analysis are 
reported below.  
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    Figure G.1.1 – Piping Plover Critical Habitat, Unit 11, North Dakota – Missouri River and  
    Reservoirs (from http://mountain-prairie.fws.gov/pipingplover/). 
 
 
Bald Eagle   
Reclamation has identified potential construction activity effects to the bald eagle for all Project 
alternatives.  These potential impacts could be caused by construction activities within ¼ mile of 
active nesting or winter roost sites.  Reclamation would locate permanent structures and intakes 
away from known nesting sites and has included environmental commitments in chapter four to 
protect bald eagles.  These commitments would be incorporated into construction specifications to 
avoid potential adverse effects to bald eagles that might nest in areas of potential effects in the 
future.  Adverse effects could occur from construction of new electrical lines for the Project, 
however, transmission line/pole design to avoid raptor electrocution would be included in 
environmental commitments.  
 
Missouri River import alternatives would increase Missouri River depletions greater as compared 
to the No Action Alternative since the No Action Alternative does not remove water from the 
Missouri River.  However, based on the Corps’ impact models (2006), Project depletions under all 
three Missouri River import alternatives would have a negligible effect on bald eagles when 
compared to current conditions.  In the Corps’ model, the following habitats were used to assess 
potential impacts to bald eagles: 

• Bald eagle - riparian habitat 
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• Potential for fish as a food source - riverine warm water fish habitat and physical habitat 
for native river fish 

 
In the Corps’ (2006) analysis of Missouri River effects for all of the Missouri River import 
alternatives, the change in riparian habitat would be less than 1%, as shown in table C.21 and C.22 
in Appendix C.  For bald eagle forage, the Corps (2006) analysis of Missouri River effects for all 
of the Missouri River import alternatives shows the riverine warmwater habitat would increase by 
1% in a drought year (1930-1941) and 1% for the GDU Import Pipeline and 2% for the Missouri 
River Import to Red River Valley and GDU Import to the Sheyenne River for the period of record 
(1930-2002).  Physical habitat for native river fish would change less than 1% from current 
conditions for all Missouri River import alternatives in both modeling periods.   
 
In summary, the Corps’ analysis shows small benefits for bald eagle riparian habitats and forage 
for all proposed Missouri River import alternatives during a 1930s-type drought and the period of 
record.  Therefore, with the implementation of environmental commitments mentioned above and 
addressed in chapter four, any potential effects to the bald eagle would be reduced to insignificant 
and discountable.  Therefore, action alternatives including the preferred alternative are not likely to 
adversely affect the bald eagle.   
 
Canada Lynx 
Potential impacts to the Canada lynx could include direct mortality or temporary displacement of 
lynx caused by construction activities; however, encounters with the Canada lynx are unlikely for 
all alternatives.  Lynx are likely to be only transitory species in the Project area.  Recent surveys 
confirm lynx are in far eastern Marshall County and unconfirmed in northeastern Becker County 
(http://www.dnr.state.mn.us/ecological_services/nhnrp/research/lynx_sightings.html).  While the 
Red River flows along the western border of Marshall County, it is highly unlikely that lynx will 
travel to the Red River from this location or be impacted by flow changes, the only anticipated 
Project potential impacts could be in Marshall County.  The unverified Becker County location is 
far removed from potential well site locations for the Red River Basin Alternative.  No impacts are 
anticipated to lynx from any of the alternatives.  Therefore, none of the alternatives including the 
preferred alternative are likely to adversely affect the Canada lynx. 
 
Gray Wolf  
Effects to the gray wolf could include temporary displacement of mammals by construction 
activities for all alternatives.  However, encounters with the gray wolf are highly unlikely.  Recent 
surveys (Erb and Benson 2005) do confirm wolves in Becker County, but wellfields associated 
with the Red River Basin Alternative in Becker County are not located in wolf-occupied 
townships.  Because wolves are transient, there could be temporary impacts or displacement of 
wolves during construction, with an opportunity for return after habitat restoration.  With 
implementation of environmental commitments, these temporary effects would not rise to the level 
of “take” and would be considered insignificant and discountable.  Therefore, the all alternatives 
including the preferred alternative are not likely to adversely affect the gray wolf. 
 
Dakota Skipper 
Effects to the Dakota skipper could include direct mortality or temporary displacement of skippers 
by construction activities for all alternatives.  A review of the Natural Heritage Program inventory 
did not reveal any Dakota skipper sites along buried pipeline routes.  However, encounters with the 

http://www.dnr.state.mn.us/ecological_services/nhnrp/research/lynx_sightings.html
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Dakota skipper could occur in Ransom, Richland, and Sargent Counties in North Dakota, and 
Clay, Kittson, and Norman Counties in Minnesota.  These counties are crossed by action 
alternatives.  Environmental commitments include avoiding native habitat, where practical, and 
conducting pre-construction field surveys for Dakota skippers.  With the implementation of 
environmental commitments, action alternatives including the preferred alternative are not likely to 
adversely affect the Dakota skipper.  If for some reason it is not practical to avoid Dakota skippers 
and/or their habitat, Section 7 consultation would be initiated with the Service.   
 
Interior Least Tern 
Reclamation has identified potential adverse effects to the least tern.  These effects could occur 
from construction activities at the proposed Missouri River Import to Red River Valley Alternative 
intake south of Bismarck.  However, the Project would locate intakes to avoid historic nesting 
areas.  Recognizing that nesting locations may change, environmental commitments are included 
in chapter four to be incorporated into construction specifications to avoid potential adverse effects 
to least terns.   
 
Missouri River import alternatives would increase Missouri River depletions greater as compared 
to the No Action Alternative since the No Action Alternative does not remove water from the 
Missouri River.  Based on the Corps’ (2006) impact models, Project depletions could have an 
adverse impact on least tern habitats on the Missouri River.  The following from the Corps’ model 
were used to assess effects: 

• Least tern habitat - riverine least tern and piping plover habitat 
• Potential for fish as a food source - riverine warm water fish habitat and physical habitat 

for native river fish 
 
In the Corps’ (2006) analysis of Missouri River effects during a 1930s-type drought, when 
compared to current conditions the GDU Import to Sheyenne River Alternative would have 36% 
less riverine tern habitat while the Missouri River Import to Red River Valley Alternative would 
have 25% less habitat and the GDU Import Pipeline Alternative would have 21% less habitat.  
Modeling results for the period of 1930-2002 showed smaller differences but were still 17%, 15%, 
and 18%, respectively, less than current conditions.  Table C.21 and C.22 in Appendix C 
summarize these results.   
 
For the forage base, the Corps’ (2006) analysis of Missouri River effects for all of the Missouri 
River import alternatives shows the riverine warmwater habitat would increase by 1% in a drought 
year (1930-1941) and 1% for the GDU Import Pipeline and 2% for the Missouri River Import to 
Red River Valley and GDU Import to the Sheyenne River for the period of record (1930-2002).  
Physical habitat for native river fish would change less than 1% from current conditions for all 
Missouri River import alternatives in both modeling periods.   
 
All Missouri River Import Alternatives   Based on the modeling results, the percentages of 
change for least tern riverine habitat between current conditions and the three Missouri River 
import alternatives appear significant, particularly during a 1930s-type drought.  The reasons for 
the reduction in least tern habitat are not clear but appear reasonable when considering the 
ecological dynamics of least tern habitat and the geomorphological responses of rivers to drought.  
For example, on the Missouri River, these birds need sparsely vegetated sandbars, islands, and 
shoreline interspersed with the river or reservoir.  During a 1930s-type drought, flows and water 
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levels would be reduced exposing sandbar, island and shoreline habitats.  As the 1930s-type 
drought continues, vegetation encroaches on these exposed habitats making it unsuitable for 
nesting.   
 
On the northern Great Plains, the suitability of beaches, sandbars, and shoreline as least tern 
habitat types also is dependent on a dynamic hydrological system of wet-to-dry cycles.  Habitat 
area, abundance and availability of forage foods, brood and nesting cover, and lack of vegetation 
are all linked to these water cycles.  On rivers, one site becomes flooded and erodes away as 
another is created. More importantly, the high flows on rivers create a complex of habitats for 
feeding, nesting, and brooding.  This dynamic nature of rivers, as well as flow management of 
rivers is important to long-term habitat creation and maintenance for least terns.  However, 
increased flows or high flows during subsequent years following a 1930s-type drought provides for 
the long-term maintenance of least tern habitat by scouring vegetation from sandbars and creating 
high sandbars.  
 
Evaluation of Missouri River species impacts are described in a 2006 Corps report, Red River 
Valley Water Supply Project Analysis of Missouri River Effects.  This report was used to assess 
potential impacts.  In this report, the Corps used a modeling techniques developed for their 
Missouri River Master Water Control Manual EIS.  These modeling studies used the best available 
information and were widely reviewed (Corps 2004a).  Some of these models addressed potential 
impacts to Missouri River species, including the bald eagle, Interior least tern, piping plover, and 
pallid sturgeon.  The models were developed to compare relative differences among the 
alternatives.  EISs generally focus on expressing impacts in relative terms, when absolute terms are 
not available or cannot be reasonably obtained.  
 
This is how the Corps explained modeling issues in their Missouri River Master Manual EIS 
(section 6.5.6, pages 6.11-12):  

For some of the environmental resource models, quantification of the specific resource of 
concern was not possible.  A related resource was, instead, modeled to try to understand the 
effect of changes in system operations on the specific resource of concern.  For example, a 
model could not be developed to identify changes in the populations or the fledge ratios of 
the least tern and piping plover, two endangered or threatened bird species that nest on 
islands and sandbars in the river or along the shores of the mainstem lakes. A model could 
be developed, however, that addressed changes in clear sand habitat for the river reaches, 
which are the primary locations that nesting had occurred since the lakes were all first filled 
in 1967. During the development of the model, it became apparent that not all of the 
processes affecting the creation, maintenance, and loss of this habitat could be quantified 
and incorporated into the model. No relationship has been quantified for the geomorphic 
aspects of sandbar formation and destruction. This required the acceptance of a basic 
assumption. The factor that most significantly affects the geomorphic processes was 
essentially the same among the alternatives (i.e., relatively high flows for an extended 
period). These high flows of adequate duration occur consistently among all of the 
alternatives modeled as they generally occur in the higher runoff years in the upper basin. 
The model, therefore, can provide some insight as to the relative differences among the 
many alternatives because it is responsive to the river flows that vary among the 
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alternatives, and it is representative of the relative effects of the alternatives on the two bird 
species. 

 
The modeling techniques used in the Corps’ reports (2005b and 2006) were developed to compare 
the effects of the proposed Missouri River import alternatives and not to forecast the future.  
Models have limitations.  Many factors that influence future economic and environmental 
performance were not modeled and could not be modeled.  However, the studies were based on the 
best available scientific information and supplied the information necessary for a reasoned choice 
of alternatives, as required by NEPA.  The models used by the Corps for this Project furnished 
representative values useful for comparing the alternatives; these are not absolute numbers.  The 
Corps’ model provided insight as to the relative differences among the alternatives because it was 
responsive to river flows when the model was developed. 
 
However, the Interior least tern and piping plover habitat model does not reflect entirely how the 
habitat would react to the relatively small volume of water to be withdrawn for this Project.  The 
following events would affect or change the outcome of the modeling as presented and should be 
considered when determining projected potential effects to these species: 

• The re-vegetation process on riverine sandbars and islands is one of several controlling 
factors in the Interior least tern habitat model.  The Corps is presently conducting and will 
continue recovery actions to reduce or eliminate revegetation of sandbars on the river and 
to create additional sandbar acres in accordance with Service issued Biological Opinions.  
Therefore, habitat acres would be expected to be greater than reflected by the model. 

 
• The Interior least tern habitat model evaluated four riverine reaches of the Missouri River - 

Fort Peck, Garrison, Fort Randall, and Gavins Point.  The Interior least tern and piping 
plover habitat in the Fort Randall and Gavins Point reaches did not change significantly 
(Corps 2006; table 16).  However, a significant change occurred in the Garrison and the 
Fort Peck reaches in the modeling results.  Two factors need to be considered as these data 
are reviewed.  First, while the reach downstream from Gavins Point Dam has 
approximately 60% less emergent sandbar habitat than the reach downstream from 
Garrison Dam, the Gavins Point Dam reach has produced the greatest number of fledged 
Interior least terns in recent years (table G.1.3).   As table G.1.3 shows, the Fort Peck reach 
supports significantly fewer birds in comparison with the Gavins Point reach.  Therefore, 
although habitat may be impacted, the potential impacts to Interior least tern productivity 
would be less than indicated by the model. 

 
Table G.1.3 – Number of Fledged Birds on Missouri River Reaches From  
1996-2005, (personal communication Carol Aron). 

Missouri River Reach Interior Least Terns 
Fort Peck 209 
Garrison 679 
Fort Randall 241 
Gavins Point 1,560 

 
As this information shows, the Fort Peck reach supports significantly smaller numbers of 
Interior least terns in comparison with the Gavins Point reach.  Therefore, although habitat 
may be impacted, the potential impacts to Interior least tern productivity would be less than 
what might be apparent from the modeled results alone. 
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• The Corps has acknowledged in a 1998 Biological Assessment to the Service that 

managing the operations of Garrison and Fort Peck reaches of the Missouri River for 
Interior least terns during a 1930s-type drought would be difficult.  This is because of 
peaking power demands during the May-August nesting season.  However, the Corps is 
operating under specific “incidental take” requirements laid out in the 2003 amendment to 
the 2000 Biological Opinion (Service 2003) and would be likely to operate the System to 
avoid unnecessary inundation of Interior least tern and piping plover sandbar habitat. 

 
• As has been apparent during past and current droughts, declining reservoir elevations 

during a 1930s-type drought would be expected to provide increased nesting habitat for 
Interior least terns by exposing additional shoreline habitat that is not accounted for in the 
riverine habitat model.  In the Service’s 2000 Biological Opinion on the Corps’ Missouri 
River Operations, 1986-1999 average survey data show the distribution of Interior least 
terns on the Missouri River with 73% on the river and 27% on the reservoirs.  When 
comparing this alternative and the other Missouri River import alternatives to the No 
Action Alternative, the Corps (2006) data predicts around a 1-foot drop in the upper three 
reservoirs during a 1930s-type drought on March 1, when the Missouri River mainstem 
system storage is balanced among these reservoirs.  March 1 is one of the Corps’ 
operational system decision checkpoints.  The decline in reservoir levels could expose or 
create significant amounts of potential Interior least tern shoreline habitat for nesting, thus 
potentially benefiting the species. 

 
• The Corps would be implementing recovery actions on river and reservoir habitats that 

would likely allow for additional Interior least tern habitat during a 1930s-type drought that 
is not accounted for in the model. The Corps’ MMRIP (Missouri River Recovery 
Implementation Plan) includes an aggressive emergent sandbar habitat development 
program. The adaptive management process will be used by the Corps to evaluate and 
adjust management, as necessary. Adaptive management is an overall strategy for dealing 
with change and scientific uncertainty.  This strategy would guide the Corps MRRIP. 
Adaptive management promotes an environment for testing hypotheses and exploring 
promising changes based on sound scientific data and analyses. Monitoring and evaluation 
of actual results of changes in the operation of the Mainstem Reservoir System and the 
flexibility to adapt as new information becomes available are key to the strategy.  This 
evolving strategy would allow for better assessment of habitat in the future. 

 
• The dynamic nature of least tern habitat on the Missouri River and how Interior least tern 

populations react to those habitat changes is such that habitats may be better in one place 
for a few years and inferior the next few years.  Modeling of a 1930s-type drought cycle 
may not realistically portray the status of Interior least tern and piping plover habitats in the 
Great Plains.  This review of a short period during the 1930s is not a significant period 
when considering wet and dry cycles in the Great Plains.  Thus, a better overall view on 
potential impacts to Interior least terns may be a review of the period of record, which 
reflects both wet and drought periods.  The percentage change between the No Action 
Alternative and this alternative is much less during the period of record analysis. 
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In summary, the Missouri River import alternatives could adversely impact least tern riverine 
habitat as compared to current conditions during a 1930s-type drought.  Fewer impacts are 
observed during the period of record.  There could also be beneficial impacts to least tern habitat 
on Missouri River Reservoirs.  Very small benefits or insignificant and discountable impacts are 
noted for least tern forage fish habitat.  
 
Pallid Sturgeon 
No adverse effects to pallid sturgeon are anticipated from any of the alternatives.  There are very 
few pallid sturgeons in the reaches of the Missouri River proposed for Project intakes.  
Furthermore, these reaches have no documented pallid sturgeon reproduction.  Impingement or 
entrainment would not be considered an adverse effect at any of the intake sites because of intake 
design and the low probability of sturgeon or their larvae at intake locations.   
 
Missouri River import alternatives would increase Missouri River depletions greater as compared 
to the No Action Alternative since the No Action Alternative does not remove water from the 
Missouri River.  However, based on the Corps’ impact models (2006), Project depletions would 
have a negligible effect on pallid sturgeon on the Missouri River.  The following from the Corps’ 
model were used to assess effects: 

• Pallid sturgeon - riverine warm water fish habitat and physical habitat for native river fish 
 
The Corps’ (2006) analysis of Missouri River effects for all of the Missouri River import 
alternatives shows the riverine warmwater fish habitat would increase by 1% in a drought year 
(1930-1941) and 1% for the GDU Import Pipeline and 2% for the Missouri River Import to Red 
River Valley and GDU Import to the Sheyenne River for the period of record (1930-2002).  
Physical habitat for native river fish would change less than 1% from current conditions for all 
Missouri River import alternatives in both modeling periods.   
 
In summary, the Corps’ analysis of Missouri River effects shows very small benefits for riverine 
warmwater fish habitat and physical habitat for native river fish for the import alternatives over 
current conditions.  Therefore, with implementation of environmental commitments, any potential 
adverse effects would be reduced to insignificant and discountable.  Therefore, alternatives 
including the preferred alternative are not likely to adversely affect the pallid sturgeon. 
 
Piping Plover 
Reclamation has identified potential adverse effects to the piping plover.  These potential impacts 
could occur from construction activities at intake locations for the Missouri River Import to Red 
River Valley Alternative.  Figure G.1.1 shows federally designated critical habitat for the Northern 
Great Plains breeding population of the piping plover along the Missouri River in North Dakota.   
 
However, the Project would locate intake locations to avoid historic nesting areas on the Missouri 
River.  Recognizing that nesting locations may change, we have included environmental 
commitments (chapter four; Appendix L.1) to be incorporated in any action alternative to avoid 
potential impacts to piping plovers.  We reviewed the potential water quality impacts from action 
alternatives on Lake Audubon.  Improvements or no significant changes in Lake Audubon water 
quality were found for constituents (see chapter four water quality section).  Water quality of 
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Audubon Lake would be more affected by runoff adjacent to the lake than the operation of the 
action alternatives.   
 
Environmental commitments to avoid nesting areas for this species would avoid adverse impacts to 
piping plover critical habitat located at off Missouri River sites in North Dakota. 
 
Missouri River import alternatives would increase Missouri River depletions greater as compared 
to the No Action Alternative since the No Action Alternative does not remove water from the 
Missouri River.  Based on the Corps’ (2006) impact models, Project depletions could have an 
adverse impact on piping plover habitats on the Missouri River.  The following from the Corps’ 
model were used to assess effects: 

• Piping plover habitat – riverine least tern and piping plover habitat  
 

In the Corps’ (2006) analysis of Missouri River effects during a 1930s-type drought, when 
compared to current conditions the GDU Import to Sheyenne River Alternative would have 36% 
less riverine piping plover habitat while the Missouri River Import to Red River Valley Alternative 
would have 25% less habitat and the GDU Import Pipeline Alternative would have 21% less 
habitat.  Modeling results for the period of 1930-2002 showed smaller differences but were still 
17%, 15%, and 18%, respectively, less than current conditions.  Table C.21 and C.22 in Appendix 
C summarize these results.   
 
All Missouri River Import Alternatives   Based on the modeling results, the percentages of 
change for piping plover riverine habitat between current conditions and the three Missouri River 
import alternatives appear significant, particularly during a 1930-type drought.  The reasons for the 
reduction in piping plover habitat are not clear but appear reasonable when considering the 
ecological dynamics of piping plover habitat and the geomorphological responses of rivers to 
drought.  For example, on the Missouri River, these birds need sparsely vegetated sandbars, 
islands, and shoreline interspersed with the river or reservoir.  During a 1930s-type drought, flows 
and water levels would be reduced exposing sandbar, island and shoreline habitats.  As the drought 
continues, vegetation encroaches on these exposed habitats making it unsuitable for nesting.   
 
On the Northern Great Plains, the suitability of beaches, sandbars, and shoreline as piping plover 
habitat types also is dependent on a dynamic hydrological system of wet-to-dry cycles.  Habitat 
area, abundance and availability of insect foods, brood and nesting cover, and lack of vegetation 
are all linked to these water cycles.  On rivers, one site becomes flooded and erodes away as 
another is created. More importantly, the high flows on rivers create a complex of habitats for 
feeding, nesting, and brooding.  This dynamic nature of rivers, as well as flow management of 
rivers is important to long-term habitat creation and maintenance for piping plovers.  However, 
increased flows or high flows during subsequent years following drought provides for the long-
term maintenance of piping plover habitat by scouring vegetation from sandbars and creating high 
sandbars.  
 
Evaluation of Missouri River species impacts are described in a 2006 Corps report, Red River 
Valley Water Supply Project Analysis of Missouri River Effects.  This report was used to assess 
potential impacts.  In this report, the Corps used a modeling techniques developed for their 
Missouri River Master Water Control Manual EIS.  These modeling studies used the best available 
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information and were widely reviewed (Corps 2004a).  Some of these models addressed potential 
impacts to Missouri River species, including the bald eagle, Interior least tern, piping plover, and 
pallid sturgeon.  The models were developed to compare relative differences among the 
alternatives.  EISs generally focus on expressing impacts in relative terms, when absolute terms are 
not available or cannot be reasonably obtained.  
 
This is how the Corps explained modeling issues in their Missouri River Master Manual EIS 
(section 6.5.6, pages 6.11-12):  

For some of the environmental resource models, quantification of the specific resource of 
concern was not possible.  A related resource was, instead, modeled to try to understand the 
effect of changes in system operations on the specific resource of concern.  For example, a 
model could not be developed to identify changes in the populations or the fledge ratios of 
the least tern and piping plover, two endangered or threatened bird species that nest on 
islands and sandbars in the river or along the shores of the mainstem lakes. A model could 
be developed, however, that addressed changes in clear sand habitat for the river reaches, 
which are the primary locations that nesting had occurred since the lakes were all first filled 
in 1967.  During the development of the model, it became apparent that not all of the 
processes affecting the creation, maintenance, and loss of this habitat could be quantified 
and incorporated into the model.  No relationship has been quantified for the geomorphic 
aspects of sandbar formation and destruction.  This required the acceptance of a basic 
assumption.  The factor that most significantly affects the geomorphic processes was 
essentially the same among the alternatives (i.e., relatively high flows for an extended 
period).  These high flows of adequate duration occur consistently among all of the 
alternatives modeled as they generally occur in the higher runoff years in the upper basin.  
The model, therefore, can provide some insight as to the relative differences among the 
many alternatives because it is responsive to the river flows that vary among the 
alternatives, and it is representative of the relative effects of the alternatives on the two bird 
species. 

 
The modeling techniques used in the Corps’ reports (2005b and 2006) were developed to compare 
the effects of the proposed Missouri River import alternatives and not to forecast the future.  
Models have limitations.  Many factors that influence future economic and environmental 
performance were not modeled and could not be modeled.  However, the studies were based on the 
best available scientific information and supplied the information necessary for a reasoned choice 
of alternatives, as required by NEPA.  The models used by the Corps for this Project furnished 
representative values useful for comparing the alternatives; these are not absolute numbers.  The 
Corps’ model provided insight as to the relative differences among the alternatives because it was 
responsive to river flows when the model was developed. 
 
However, the Interior least tern and piping plover habitat model does not reflect entirely how the 
habitat would react to the relatively small volume of water to be withdrawn for this Project.  The 
following events would affect or change the outcome of the modeling as presented and should be 
considered when determining projected potential effects to these species: 

• The re-vegetation process on riverine sandbars and islands is one of several controlling 
factors in the piping plover habitat model.  The Corps is presently conducting and will 
continue recovery actions to reduce or eliminate revegetation of sandbars on the river and 
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to create additional sandbar acres in accordance with Service issued Biological Opinions.  
Therefore, habitat acres would be expected to be greater than reflected by the model. 

 
• The piping plover habitat model evaluated four riverine reaches of the Missouri River - 

Fort Peck, Garrison, Fort Randall, and Gavins Point.  The Interior least tern and piping 
plover habitat in the Fort Randall and Gavins Point reaches did not change significantly 
(Corps 2006; table 16).  However, a significant change occurred in the Garrison and the 
Fort Peck reaches in the modeling results. Two factors need to be considered as these data 
are reviewed.  First, while the reach downstream from Gavins Point Dam has 
approximately 60% less emergent sandbar habitat than the reach downstream from 
Garrison Dam, the Gavins Point Dam reach has produced the greatest number of fledged 
piping plovers in recent years (table G.1.4).  As table G.1.4 shows,  the Fort Peck reach 
supports significantly fewer birds in comparison with the Gavins Point reach.  Therefore, 
although habitat may be impacted, the potential impacts to piping plover productivity 
would be less than indicated by the model. 

 
Table G.1.4 – Numbers of Fledged Birds on Missouri River Reaches  
From 1996-2005 (personal communication Carol Aron). 

Missouri River Reach Interior Least Terns 
Fort Peck 38 
Garrison 751 
Fort Randall 166 
Gavins Point 1,716 

 
As this information shows, the Fort Peck reach supports significantly smaller numbers of 
piping plovers in comparison with the Gavins Point reach.  Therefore, although habitat may 
be impacted, the potential impacts to piping plover productivity would be less than what 
might be apparent from the modeled results alone. 

 
• The Corps has acknowledged in a 1998 Biological Assessment to the Service that 

managing the operations of Garrison and Fort Peck reaches of the Missouri River for 
piping plovers during a 1930s-type drought would be difficult.  This is because of peaking 
power demands during the May-August nesting season.  However, the Corps is operating 
under specific “incidental take” requirements laid out in the 2003 amendment to the 2000 
Biological Opinion (Service 2003) and would be likely to operate the System to avoid 
unnecessary inundation of piping plover sandbar habitat. 

 
• As has been apparent during past and current droughts, declining reservoir elevations 

during a 1930s-type drought would be expected to provide increased nesting habitat for 
piping plovers by exposing additional shoreline habitat that is not accounted for in the 
riverine habitat model.  In the Service’s 2000 Biological Opinion on the Corps’ Missouri 
River Operations, 1986-1999 average survey data show the distribution of piping plovers, 
there were 58% on the river and 42% on the reservoirs.   When comparing this alternative 
and the other Missouri River import alternatives to the No Action Alternative, the Corps 
(2006) data predicts around a 1-foot drop in the upper three reservoirs during a 1930s-type 
drought on March 1, when the Missouri River mainstem system storage is balanced among 
these reservoirs.  March 1 is one of the Corps’ operational system decision checkpoints.  
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The decline in reservoir levels could expose or create significant amounts of potential 
piping plover shoreline habitat for nesting, thus potentially benefiting the species. 

 
• The Corps would be implementing recovery actions on river and reservoir habitats that 

would likely allow for additional piping plover habitat during a 1930s-type drought that is 
not accounted for in the model. The Corps’ MRRIP (Missouri River Recovery 
Implementation Plan) includes an aggressive emergent sandbar habitat development 
program. The adaptive management process will be used by the Corps to evaluate and 
adjust management, as necessary. Adaptive management is an overall strategy for dealing 
with change and scientific uncertainty.  This strategy would guide the Corps MRRIP. 
Adaptive management promotes an environment for testing hypotheses and exploring 
promising changes based on sound scientific data and analyses. Monitoring and evaluation 
of actual results of changes in the operation of the Mainstem Reservoir System and the 
flexibility to adapt as new information becomes available are key to the strategy.  This 
evolving strategy would allow for better assessment of habitat in the future. 

 
• The dynamic nature of piping plover habitat on the Missouri River and how piping plover 

populations react to those habitat changes is such that habitats may be better in one place 
for a few years and inferior the next few years.  Modeling of a 1930s-type drought cycle 
may not realistically portray the status of piping plover habitats in the Great Plains.  This 
review of a short period during the 1930s is not a significant period when considering wet 
and dry cycles in the Great Plains.  Thus, a better overall view on potential impacts to 
piping plovers may be a review of the period of record, which reflects both wet and drought 
periods.  The percentage change between the No Action Alternative and this alternative is 
much less during the period of record analysis. 

 
In summary, the Missouri River import alternatives could adversely impact piping plover riverine 
habitat as compared to current conditions during a 1930s-type drought.  Fewer impacts are 
observed during the period of record.  There would also be beneficial impacts to piping plover 
habitat on Missouri River Reservoirs.   
 
Western Prairie Fringed Orchid 
Two features that could indirectly affect the Sheyenne Delta Aquifer could also indirectly affect 
the western prairie fringed orchid.  These two features would use the Sheyenne River for 
conveyance and the Milnor Channel Aquifer for industrial water demands.  Alternatives that 
propose to use the Sheyenne River as a conveyance feature would increase the occurrence of 
average flows in the river during a 10-year drought at Kindred and could increase localized inflow 
to this aquifer.  Those alternatives are the GDU Import to Sheyenne River and North Dakota In-
Basin.   
 
Barr Engineering Company investigated the effect of higher flows in the Sheyenne River on 
groundwater levels for the Devils Lake Outlet EIS (Barr Engineering Company 1999; Barr 
Engineering Company 2002).  They determined that higher river flows would not influence the 
water table more than one-quarter of a mile from the banks of the Sheyenne River through the 
Sheyenne Delta Aquifer, but groundwater would be increased in that zone.  There are no known 
western prairie fringed orchids located within the area of influence.  Therefore, western prairie 
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fringed orchids are not likely to be adversely affected for the action alternatives that use the 
Sheyenne River as a conveyance feature. 
 
The other possible indirect effect that could affect the western prairie fringed orchid is the loss of 
water from the Sheyenne Delta Aquifer through increased leakage to other neighboring aquifers.  
The Milnor Channel Aquifer is the most likely candidate to experience drawdown in its water 
table, which could increase leakage from the Sheyenne Delta Aquifer.  While this may be possible, 
drawdown associated with those action alternatives that propose to develop groundwater from the 
Brightwood, Milnor Channel, Gwinner, and Spiritwood Aquifer development feature to serve 
industrial needs (North Dakota In-Basin, Red River Basin, and GDU Import Pipeline alternatives) 
is unlikely to create more than a very nominal effect on the south and southwest portion of the 
Sheyenne Delta Aquifer.  Environmental commitments for increased development of the Milnor 
Channel Aquifer would incorporate monitoring groundwater levels to determine acceptable 
withdrawal rates to minimize effects to existing uses and resources.  Therefore, potential impacts 
of all the action alternatives to western prairie fringed orchids would be beneficial, insignificant, or 
discountable. 
 
Reclamation has evaluated current conditions and the No Action Alternative and has identified 
potential adverse effects to the western prairie fringed orchid if no alternative water supply sources 
or action alternatives are implemented. Considering the substantive water shortage predicted now 
and into the future it is likely that groundwater use would increase in the Red River Valley by 
2050 without implementation of this Project.  Many North Dakota aquifers in the Red River Valley 
are considered at or near a sustainable rate of human use (North Dakota State Water Commission 
1995; North Dakota State Water Commission 2005a).   
 
Where the groundwater would be obtained is difficult to predict, but the Sheyenne Delta Aquifer 
could be impacted by sustained or increased withdrawals.  In general, withdrawing more water 
from an aquifer lowers the water table adjacent to the new well field.  Continuous high rates of 
pumping from an aquifer subtract water in some ratio from natural discharge, evapotranspiration, 
storage, or other human use.  Intermittent or short-term use of an aquifer allows the aquifer to 
replenish water removed from storage and to eventually return to a pre-use state.  Whatever future 
use occurs, there is likely to be an adverse impact to western prairie fringed orchids unless orchids 
are given consideration through state and or federal regulatory processes. 
 
Whooping Crane   
Reclamation did not find any conflicts with action alternative construction activity and historic 
whooping crane sites.  Environmental commitments (chapter four; Appendix L.1) would be 
incorporated in any action alternative to avoid potential adverse effects by conducting pre-
construction surveys and avoiding whooping crane sites.  Therefore, action alternative potential 
impacts are considered insignificant and discountable.  None of the action alternatives are likely to 
adversely affect the whooping crane. 
 
Summary of Effects Determination for Federally Listed Species  
Reclamation has determined that none of the alternatives as proposed with the noted environmental 
commitments would be likely to adversely impact the bald eagle, whooping crane, gray wolf, 
Canada lynx, pallid sturgeon, Dakota skipper and the western prairie fringed orchid.  However, 
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implementation of the Missouri River import alternatives could likely result in potentially adverse 
impacts to the Interior least tern and piping plover and adverse modification to critical habitat for 
the Northern Great Plains population of the piping plover.   
 
Reclamation is currently exploring the nature and extent of the potential adverse impacts to least 
terns and piping plovers.  Specifically Reclamation is working with the Service and the Corps to 
determine if the potential adverse impacts to least terns and piping plovers is an impact already 
considered in and covered by the section 7 consultation between the Corps and the Service in 
biological opinions issued by the Service in 2000, amended in 2003, and in subsequent written 
communications between the Corps and the Service after the issuance of the 2004 Missouri River 
Master Manual. 
 
In general, most of the effects of the water withdrawals to the Red River Valley for the Project are 
relatively small because the volume of water to be withdrawn is small.  Therefore, there would not 
be any changes anticipated to the Corps’ present operations under the 2004 Master Manual. 

 
Serving all authorized project purposes during an extended drought like that of the 1930s was part 
of the original objectives of operating the Missouri River Mainstem Reservoir System (System).  
Water supply is one of the authorized project purposes.  The Corps does not guarantee access to 
the water only that the supply of water in the Missouri River is adequate to meet project purposes 
including water supply. 

 
The Corps Reservoir Control Center is responsible for the day-to-day operation of the Missouri 
River Mainstem Reservoir System.  Operations are guided by the Master Manual in meeting the 
operational objectives of the System.  The Master Manual describes the water control plan for the 
System for the full spectrum of anticipated runoff conditions that could be expected to occur.  The 
Corps continues to obtain hydrologic and other data and long-term study information on things like 
climate and depletions to integrate into their Water Management System and hydrologic 
forecasting.   

 
The Corps uses Reclamation projections and actual depletions in their forecasting and planning for 
System regulation.  In the development of the EIS for the Corps’ Master Manual, the Corps used 
Reclamation data obtained during the beginning of their study in 1989 that was actually updated to 
1987.  In this Project, Reclamation updated the data to 2002.  These depletions were down slightly 
from those used in the Daily Routing Model for the Master Manual EIS to reflect the water use 
changes that have occurred in the basin since the previous depletions analysis was completed in 
1987.  Therefore there is actually more water in storage now than when the Corps created their 
2004 Master Manual. 

 
Another consideration is that the 2004 Master Manual allows for higher levels of storage in the 
upper reservoirs during a 1930s-type drought than the previous Master Manual.  Lake Oahe would 
be 21 feet higher and Lake Sakakawea would be 18 feet higher.  This further supports the Corps’ 
finding that the withdrawal for the preferred alternative is relatively small. 
 
However, it appears that while this Project is dependent on Missouri River water storage the actual 
operation of the river is solely the responsibility of the Corps.  The Corps has assumed the 
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responsibility of operations and the impacts of those operations in a series of biological 
assessments (1998 and 2003) and in implementation of the Services 2000 and 2003 biological 
opinions on the operations of the Missouri River.  Reclamation does not have control over the 
operation of the Missouri River and thus does not determine how the Corps operates for all project 
purposes. 

 
As an interrelated but interdependent action, and from a cumulative impacts perspective, 
Reclamation has evaluated the potential impacts of the Corps’ operations of the Missouri River on 
the river’s uses and resources with the Project in place.  We concur that the impacts to federally 
listed species, specifically the least tern and piping plover, have already been described by the 
Corps’ biological assessments on their operations, the Service’s biological opinions, and the 
Corps’ subsequent implementation of those opinions. 
 
Reclamation will initiate further section 7 consultation with the Service and prepare a biological 
assessment on the potential impacts to Interior least terns and piping plovers for the preferred 
alternative prior to the release of the FEIS.  The biological assessment for section 7 consultation 
will be included in the FEIS.  Reclamation will complete the section 7 consultation process and 
comply with all requirements stemming from compliance with ESA. 
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Appendix G.2 – Species of Special Concern 
 
Introduction 
This appendix contains information and describes analyses used to prepare SDEIS chapters three 
and four and to determine whether the Project would be likely to affect any species of special 
concern.  These species include: 

• Species listed by Canada’s COSEWIC (Committee on the Status of Endangered Wildlife 
in Canada) and protected by the Canadian law SARA (Species at Risk Act). 

• Species listed in accordance with Minnesota’s Endangered Species Statute (Minnesota 
Statutes, Section 84.0895), as well as associated Rules (Minnesota Rules, Parts 
6212.1800 to 6212.2300 and 6134).  

• Species listed as Species of Conservation Priority – Level I (North Dakota Game and 
Fish Department 2004). 

This appendix does not specifically discuss any species of special concern that are also 
considered federally listed species.  Federally listed species are discussed in Appendix G.1.  This 
appendix explains methods and analyses to support and supplement chapter text.  Scientific 
names for all species of special concern described in SDEIS text are listed in table G.2.1. 
 
        Table G.2.1 – Common and Scientific Names for Species of 
        Special Concern. 

Canada’s Federally Listed Species 
Common Name Scientific Name 

Bigmouth buffalo Ictiobus cyprinellus 
Chestnut lamprey Ichthyomyzon castaneus 
Lake sturgeon Acipenser fulvescens 
Lake Winnipeg physa snail  Physella winnipegensis 
Shortjaw ciscoe Coregonus zenithicus 
Silver chub Macrhybopsis storeriana 

Minnesota State Listed Species 

Common Name Scientific Name 
Annual skeletonweed Shinnersoseris rostrata 
Assiniboia Skipper Hesperia comma assiniboia 
Baird’s sparrow Ammodramus bairdii 
Beaked spike rush Eleocharis rostellata 
Burrowing owl Speotyto cunicularia 
Chestnut-collared longspur Calcarius ornatus 
Common tern Sterna hirundo 
Frenchman’s bluff moonwort Botrychium gallicomontanum 
Garber’s sedge Carex garberi 
Garita skipper Oarisma garita 
Gray ragwort Senecio canus 
Hair-like beak rush Rhynchospora capillacea 
Hairy fimbristylis Fimbristylis puberula 
Henslow’s sparrow Ammodramus henslowii 
Holboell’s rockcress Arabis holboelli 
Horned grebe Podiceps auritus 
Indian ricegrass Oryzopsis hymenoides 
Loggerhead shrike Lanius ludovicianus 
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Minnesota State Listed Species 

Common Name Scientific Name 
Mucket Actinonaias ligamentina 
Pale moonwort Botrychium pallidum 
Ram’s-head lady’s slipper Cypripedium arietinum 
Red Saltwort Salicornia rubra 
Sea milkwort Glaux maritima 
Short-pointed umbrella sedge Cyperus acuminatus 
Siberian yarrow Achillea sibirica 
Spotted skunk Spilogale putorius 
Sprague’s pipit Anthus spragueii 
Sterile sedge Carex sterilis 
Sullivant’s milkweed Asclepias sullivantii 
Tiger Beetle  Cicindela fulgida westbournei 
Tiger Beetle  Cicindela denikei 
Tiger beetle Cicindela limbata nympha 
Trumpeter swan Cygnus buccinator 
Uhler’s skipper Oeneis uhleri varuna 
Whorled nut rush Scleria verticillata 
Wilson’s phalarope Phalaropus tricolor 
Wolf’s spike rush Eleocharis wolfii 
Yellow prairie violet  Viola nuttalli 

North Dakota Species of Conservation Priority Level I 

Common Name Scientific Name 
American bittern Botaurus lentiginosus 
American white pelican Pelecanus erythrorhynchos 
Baird’s sparrow Ammodramus bairdii 
Black tern Chlidonias niger 
Black-billed cuckoo Coccyzus erythropthalmus 
Blue sucker Cycleptus elongatus 
Canadian toad Bufo hemiophrys 
Chestnut collared longspur Calcarius ornatus 
Ferruginous hawk Buteo regalis 
Franklin’s gull Larus pipixcan 
Grasshopper Sparrow Ammodramus savannarum 
Horned grebe Podiceps auritus 
Lark bunting Calamospiza melanocorys 
Long-billed curlew Numenius americanus 
Marbled godwit Limosa fedoa 
Nelson’s sharp-tailed sparrow Ammodramus nelsoni 
Pearl Dace Margariscus nachtriebi 
Plains spadefoot toad Scaphiopus bombifrons 
Sicklefin chub  Macrhybopsis meeki 
Smooth green snake Liochlorophis vernalis 
Sprague’s pipit Anthus spragueii 
Sturgeon chub Hybopsis gelida 
Swainson’s hawk Buteo swainsoni 
Upland sandpiper Bartramia longicauda 
Western hognose snake Heterodon nasicus 
Willet Catoptrophorus semipalmatus 
Wilson’s phalarope Phalaropus tricolor 
Yellow rail Coturnicops noveboracensis 

 
Minnesota state protected species are also listed in table G.2.1.  However, unlike Minnesota that 
has a state endangered species law; North Dakota lacks such a law or specific list of identified 
endangered or threatened species.  Instead North Dakota has a list of Species of Conservation 
Priority.  Species are classified at a high level of conservation priority (Level 1) for the following 
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reasons:  declining status in North Dakota or across their range; high rate of occurrence in North 
Dakota, which is the core of their breeding range, but are at-risk range wide; and non-State 
Wildlife Grant funding is not readily available for these species.  All species of special concern 
are listed in table G.2.2, which also identifies species that may be affected by the Project. 
 
Table G.2.2 – Species of Special Concern that May Be in the Areas of Potential Effects. 

Species 

C
an

ad
a 

st
at

us
 

(C
O

SE
W

IC
) 

N
or

th
 D

ak
ot

a 
Sp

ec
ie

s 
of

 
C

on
se

rv
at

io
n 

Pr
io

rit
y 

St
at

e 
St

at
us

 M
N

1  

N
or

th
 D

ak
ot

a 
In

-
B

as
in

 

R
ed

 R
iv

er
 B

as
in

 

G
D

U
 Im

po
rt

 to
 

Sh
ey

en
ne

 R
iv

er
 

G
D

U
 Im

po
rt

 
Pi

pe
lin

e 

M
is

so
ur

i R
iv

er
 

Im
po

rt
 to

 R
ed

 
R

iv
er

 V
al

le
y 

American Bittern  X  X X X X X 
American White Pelican  X  X X X X X 
Baird's Sparrow  X E X X X X X 
Bald Eagle   SC X X X X X 
Black Tern  X  X X X X X 
Black-billed cuckoo  X  X X X X X 
Burrowing Owl   E  X    
Chestnut-collared 
Longspur  X E X X X X X 

Common Tern   T  X    
Ferruginous Hawk  X  X X X X X 
Franklin’s Gull  X  X X X X X 
Grasshopper Sparrow  X  X X X X X 
Henslow's Sparrow   E X X X X X 
Horned Grebe  X T X X X X X 
Lark Bunting  X  X X X X X 
Loggerhead Shrike  X T  X X X X 
Long-billed Curlew  X       
Marbled Godwit  X  X X X X X 
Nelson’s Sharp-tailed 
Sparrow  X  X X X X X 

Piping Plover E X E   X X X 
Sprague's Pipit  X E X  X X X 
Swainson’s Hawk  X  X X X X X 
Trumpeter Swan   T  X X X X 
Upland Sandpiper  X  X X X X X 
Willet  X  X X X X X 
Wilson's Phalarope  X T X X X X X 
Yellow Rail  X  X X X X X 
Bigmouth Buffalo SC     X X X 
Blue Sucker  X    X X X 
Chestnut Lamprey SC     X X X 
Lake Sturgeon E-Western     X X X 
Pearl Dace  X   X X X X 
Shortjaw Cisco T     X X X 
Sicklefin Chub  X    X X X 
Silver Chub SC     X X X 
Sturgeon Chub  X    X X X 
Lake Winnipeg Physa E     X X X 
Mucket      T  X    
Canadian Toad  X  X X X X X 
Plains Spadefoot Toad  X    X X X 
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Species 
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Smooth Green Snake  X  X X X X X 
Western Hognose Snake  X  X X X X X 
Tiger Beetle   E   X X X 
Gray Wolf   SC  X    
Spotted Skunk   T  X    
Assiniboia Skipper   E  X X X X 
Dakota Skipper   T X X X X X 
Garita Skipper   T  X    
Uhler's Arctic   E  X    
Annual Skeletonweed   T   X X X 
Beaked Spike Rush   T  X X X X 
Garber’s Sedge   T   X X X 
Gray Ragwort   E   X X X 
Hair-like Beak Rush   T  X X X X 
Hairy Fimbristylis   E  X    
Hoebell’s Rockcress   T      
Indian Ricegrass   E   X X X 
Pale Moonwort   E   X X X 
Frenchman’s Bluff 
Moonwort      E   X X X 

Ram's-head lady's-slipper   T  X    
Red Saltwort   T   X X X 
Sea Milkwort   E   X X X 
Short-Ponted Umbrella-
Sedge   T   X X X 

Siberian Yarrow   T  X    
Sterile Sedge   T  X X X X 
Sullivant's Milkweed   T   X X X 
Western Prairie-fringed 
Orchid   E X X X X X 

Whorled Nut Rush   T  X X X X 
Wolf's Spike Rush   E   X X X 
Yellow Prairie Violet   T   X X X 
2 SC - special concern, NO - no occurrence, NS - no status 
Sources:  Minnesota’s list of endangered, threatened, and special concern species.  
http://www.dnr.state.mn.us/ets/index.html 3/29/2004 
The Fish, Wildlife and Outdoor Recreation Committee for the Red River Basin Board.  200.  The 
Red River Basin Developing Fish and Wildlife Resources for Multi purpose Functions in 
Comprehensive Watershed Management.  118pp. 
Data included here were also provided by the Natural Heritage and Nongame Research Program of 
the Division of Ecological Services, MNDNR, and were current as of March 2005.  These data are 
not based on an exhaustive inventory of the state.  The lack of data for any geographic areas shall 
not be construed to mean that no significant features are present.  In addition, there may be 
inaccuracies in the data, of which the MNDNR is not aware and for which the MNDNR shall not be 
held responsible.  Permission to use these data does not imply endorsement or approval by the 
MNDNR of any interpretations or products derived from the data. 
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Analysis of Effects for Species of Special Concern 
SDEIS chapter three identifies the species of special concern that may be in the area of potential 
effects.  More specifically, each species’ life history and habitat information pertinent to 
evaluation of effects are included in chapter three.  It describes the environmental setting of the 
alternatives.  The Project setting and life history and habitat information for each species of 
special concern were reviewed to evaluate potential effects.  The results of this analysis is 
reported below.  
 
Analysis of Effects on Species in Canada 
 
Canada’s Species Included in Chapter Three 
The following species were identified as being in areas that could be impacted by the action 
alternatives.  More specifically Canadian species that could be impacted by water quality 
changes or could be at risk of invasive species transfer were evaluated.  However, all of the  
alternatives that would use Missouri River water include treatment and control systems that 
would minimize the risk of transfer of invasive species.  Furthermore, water quality impacts were 
found to be minimal or temporary for all action alternatives.  Therefore, we have determined that 
the action alternatives would not likely adversely impact (insignificant or discountable impacts) 
Canada’s species as noted below. 
 
Bigmouth Buffalo   The Lake Winnipeg Research Consortium reports that this species has a 
limited and interrupted distribution and occurs in low numbers.  The bigmouth buffalo fish is 
susceptible to parasitic infections and may be impacted by flood control practices, which limit 
spring flooding, thus reducing spawning opportunities.   
 
Water quality was analyzed for all action alternatives and is described in chapter four.  As water 
quality on the Red River is not expected to substantially change, meaningful changes to water 
quality on Lake Winnipeg would not be expected.  By contrast, the Red River would essentially 
be dry periodically under the No Action Alternative.  Therefore, impacts to the bigmouth buffalo 
from the action alternatives would be unlikely or very small.  
 
However, there would be a very low additional risk of biota transfer with the import alternatives, 
as compared to the No Action and in-basin alternatives (see the risks of invasive species sub-
section in chapter four).  Risk reduction and the probability of risk also are discussed. 
 
Chestnut Lamprey   Habitat degradation due to siltation and pollution of spawning areas is the 
primary threat to this species.  Deteriorating river environments threaten its food supply.  
Chemical pollution can cause mortality in all age groups, and eutrophication can cause mortality 
in the young.   
 
Water quality was analyzed for all action alternatives and is described in chapter four.  As water 
quality on the Red River is not expected to substantially change, meaningful changes to water 
quality on Lake Winnipeg would not be expected.  By contrast, the Red River would essentially 
be dry periodically under the No Action Alternative.  Therefore, impacts to the chestnut lamprey 
from the action alternatives would be unlikely or very small.  
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However, there would be a very low additional risk of biota transfer with the import alternatives, 
as compared to the No Action and in-basin alternatives (see the risks of invasive species sub-
section in chapter four).  Risk reduction and the probability of risk also are discussed. 
 
Lake Sturgeon   Canada recognizes two populations of lake sturgeon:  the western population 
including the Red River and Lake Winnipeg habitats, and the Rainy River-Lake of the Woods 
population.  The western population has experienced an estimated overall decline of 77% due to 
exploitation, habitat loss, and degradation related to dams, impoundments, and changes in 
patterns of water use.  
 
Water quality was analyzed for all action alternatives and is described in chapter four.  As water 
quality on the Red River is not expected to substantially change, meaningful changes to water 
quality on Lake Winnipeg would not be expected.  By contrast, the Red River would essentially 
be dry periodically under the No Action Alternative.  Therefore, impacts to the lake sturgeon 
populations from the action alternatives would be unlikely or very small.  
 
However, there would be a very low additional risk of biota transfer with the import alternatives, 
as compared to the No Action and in-basin alternatives (see the risks of invasive species sub-
section in chapter four).  Risk reduction and the probability of risk also are discussed. 
 
Lake Winnipeg Physa Snail   Populations of this species are limited to Lake Winnipeg, 
Manitoba, where this species continues to decline in extent of occurrence, area of occupancy, 
and extent of habitat due to habitat alteration, human disturbance and quality of habitat.  
Evidence further suggests that nutrients and contaminants from sewage lagoons, industries, 
waste storage facilities and/or landfills contribute to a decrease in this species.  These snails are 
found on algae-coated rocks at depths less than one meter below the surface, in exposed, high-
energy areas.  Very little is known about its biology.   
 
Water quality was analyzed for all action alternatives and is described in chapter four.  As water 
quality on the Red River is not expected to substantially change, meaningful changes to water 
quality on Lake Winnipeg would not be expected.  By contrast, the Red River would essentially 
be dry periodically under the No Action Alternative.  Therefore, impacts to this snail from the 
action alternatives would be unlikely or very small. 
 
However, there would be a very low additional risk of biota transfer with the import alternatives, 
as compared to the No Action and in-basin alternatives (see the risks of invasive species sub-
section in chapter four).  Risk reduction and the probability of risk also are discussed. 
 
Shortjaw Cisco   The recognized threats to the shortjaw cisco include intensive fishing, 
introduction of exotic species, and climate change.  Other limiting factors may include habitat 
loss, environmental degradation, and hybridization with other cisco species.   
 
Water quality was analyzed for all action alternatives and is described in chapter four.  As water 
quality on the Red River is not expected to substantially change, meaningful changes to water 
quality on Lake Winnipeg would not be expected.  By contrast, the Red River would essentially 
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Impact Effects 
 

Is not likely to adversely 
effect – the appropriate 
conclusion when effects to 
listed species are expected to 
be discountable or 
insignificant or completely 
beneficial. 
Discountable effects – are 
those extremely unlikely to 
occur. 
Insignificant effects – relate 
to the size of the impact and 
should never reach the scale 
where take occurs. 
Take – includes to harass, 
harm, hunt, shoot, wound, kill, 
trap, capture, or collect, or 
attempt to engage in any 
such conduct. 

be dry periodically under the No Action Alternative.  Therefore, impacts to the shortjaw cisco 
from the action alternatives would be unlikely or very small.  
 
However, there would be a very low additional risk of biota transfer with the import alternatives, 
as compared to the No Action and in-basin alternatives (see the risks of invasive species sub-
section in chapter four).  Risk reduction and the probability of risk also are discussed. 
 
Silver Chub   There is a healthy population of silver chub in the Red River.  Water quality was 
analyzed for all action alternatives and is described in chapter four.  As water quality on the Red 
River is not expected to substantially change, meaningful changes to water quality on Lake 
Winnipeg would not be expected.  By contrast, the Red River would essentially be dry 
periodically under the No Action Alternative.  Therefore, impacts to the silver chub from the 
action alternatives would be unlikely or very small. 
 
However, there would be a very low additional risk of biota transfer with the import alternatives, 
as compared to the No Action and in-basin alternatives (see the risks of invasive species sub-
section in chapter four).  Risk reduction and the probability of risk also are discussed. 
 
Analysis of Effects for Minnesota Listed Species 
 
Minnesota Species Included in Chapter Three 
The following species were identified as being in areas that 
could be impacted by the action alternatives.  However, with 
the implementation of environmental commitments, we have 
determined that the action alternatives would not likely 
adversely impacted (insignificant or discountable impacts) by 
the proposed project. 
 
Assiniboia Skipper   This species prefers native shortgrass 
and mid-grass prairies and aspen parkland.  Impacts to the 
Assiniboia skipper could include direct mortality or 
temporary displacement of skippers caused by construction 
activities.  A review of the Natural Heritage Program 
inventory did not reveal any skippers at proposed 
construction areas.  However, encounters with the skippers 
could occur in Clay and Kittson and Counties, Minnesota.  
These counties are adjacent to the Red River and the skipper is not likely to be impacted by any 
changes in flows for alternatives affecting flows on the Red River.  However, for the Red River 
Basin Alternative potential buried pipeline construction could temporarily impact skipper 
habitat.  Environmental commitments include avoiding native habitat where practical and pre-
surveys for skippers.  With the implementation of environmental commitments, action 
alternatives are not likely to adversely affect the Assiniboia skipper.  If for some reason, it is not 
practical to avoid skippers and their habitat the MDNR would be contacted for further 
consultation. 
 
Baird’s Sparrow   Because this sparrow uses grasslands of various types including planted 
cover (e.g., Conservation Reserve Program and dense nesting cover), dry wetland basins, wet 
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meadows, and dense stands of grass within hay land and cropland construction features of the 
action alternatives may temporarily affect this species.  Environmental commitments proposed to 
avoid impacts to migratory birds and their habitats would avoid impacts to this species.  
Therefore, the action alternatives are not likely to adversely affect this species. 
 
Beaked Spike Rush   This rare spike-rush is restricted to calcareous fens and calcareous shores. 
It may form dense stands and occurs in Norman County, Minnesota. No adverse impacts to these 
habitats in Norman County are anticipated. Therefore, the action alternatives are not likely to 
adversely affect this species. 
 
Chestnut-Collard Longspur   Chestnut-collared longspurs use level to rolling mixed-grass and 
shortgrass uplands, and, in drier habitats, moist lowlands that could occur in the action 
alternative areas.  Construction features of the action alternatives may temporarily affect this 
species.  Environmental commitments proposed to avoid impacts to migratory birds and their 
habitats would avoid impacts to this species.  In Minnesota, persisting populations of chestnut-
collared longspurs are centered east and southeast of the Fargo area with the largest population 
located at Felton Prairie in Clay County (estimated at just over 300 birds).  Felton Prairie would 
not be impacted by action alternatives and it is unlikely this species would be encountered 
elsewhere.  Therefore, the action alternatives are not likely to adversely affect this species. 
 
Common Tern   Common terns nest on sparsely vegetated sand in large lakes in Minnesota.  No 
construction activities are planned in or near large lakes in Minnesota.  Therefore, the action 
alternatives are not likely to adversely affect this species. 
 
Frenchman’s Bluff Moonwort   This species is only known from one locality in western 
Minnesota (Norman County), where it grows with B. campestre and B. simplex.  No adverse 
impacts to these habitats in Norman County are anticipated.    There are no construction 
activities proposed for Norman County.  Changes in flows along the Red River are not likely to 
impact this moonwort’s habitat.  A review of the Natural Heritage Program inventory did not 
reveal any moonworts near the Red River.  Therefore, the action alternatives are not likely to 
adversely affect this species. 
 
Garber’s Sedge   Garber’s sedge occupies moist shores, meadows, fens, on base-rich soils.  This 
wet edge species is in Kittson County, Minnesota.  This species is not known to occupy the 
banks of the Red River therefore it is not likely to be impacted by this Project. 
 
Garita Skipper   The Garita skipper butterfly occupies dry and moist short-to midgrass prairie 
only where native grasses are present.  Occupied areas are usually open areas, such as shortgrass 
prairie knolls, swales, limestone openings, open woodland, and mountain meadows.  Impacts to 
the skipper could include direct mortality or temporary displacement of skippers by construction 
activities.  A review of the Natural Heritage Program inventory did not reveal any Garita skipper 
sites at proposed construction areas.  However, encounters with the skippers could occur in Clay 
and Kittson Counties, Minnesota.  These counties are within the areas of potential effects for 
some action alternatives.  Commitments to environmental mitigation include avoiding native 
habitat where practical and pre-surveys for skippers.  With the implementation of environmental 
commitments, action alternatives are not likely to adversely affect the Garita skipper.  If for 
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some reason it is not practical to avoid skippers and their habitat, the MNDNR would be 
contacted for further consultation. 
 
Henslow’s Sparrow   Because Henslow's sparrows use grasslands, this species may be 
temporarily affected by construction features of the action alternatives.  Environmental 
commitments proposed to avoid impacts to migratory birds and their habitats would avoid 
impacts to this species.  In addition, this species is not common in Minnesota; it is limited to 
Wilkin County.  Therefore, the action alternatives are not likely to adversely affect this species. 
 
Horned Grebe   Horned grebes can be found in lakes and shallow wetlands.  The lack of 
breeding birds in the last known area where the species was known to consistently have bred in 
the past (northwestern Minnesota), and a survey of 76 wetlands in northwestern counties during 
the nesting season in 1991, only found one grebe on the Roseau River Wildlife Management 
Area, Roseau County.  No nesting was reported.  This species is considered very rare and 
unlikely to be encountered during construction activities of the action alternatives.  Therefore, 
the action alternatives are not likely to adversely affect it.  
 
Loggerhead Shrike   In Minnesota, shrikes use primarily open agricultural areas interspersed 
with grasslands for their breeding territories.  Shrikes nests in trees with very shrubby or bushy 
growth form, with eastern red cedars being the most common tree used.  Project construction 
features temporarily could affect this species.  Commitments to environmental mitigation 
proposed to avoid impacts to migratory birds and their habitats would avoid impacts to this 
species.  Clay County is the only Minnesota county supporting shrikes within the area of 
potential effects.  Since the highest number of nests found in Clay County is four, which were 
found in 1995, an encounter with this species is unlikely.  Therefore, the action alternatives are 
not likely to adversely affect this species. 
  
Mucket   This mussel species is now limited to a small number of drainages.   The mucket has 
been documented in the Otter Tail River in Minnesota.  Increased use of the Otter Tail Surficial 
Aquifer is a primary feature of the Red River Basin Alternative.  Numerous wetlands, streams, 
including the Otter Tail River, and lakes are known or are suspected to actively exchange water 
with portions of the Otter Tail Surficial Aquifer.  Interception of shallow groundwater before it 
reaches these surface features could have an unquantifiable effect on these water features.  It 
would be very difficult to separate natural drought impacts from the effects of increased 
groundwater withdrawals.  
 
Environmental commitments would be in place to monitor groundwater levels to determine 
acceptable withdrawal rates that would minimize impacts to existing uses and resources.   
Furthermore, there are commitments to environmental mitigation to minimize impacts on surface 
waters by drilling wells into the deepest water-bearing formation within the designated aquifer 
area.  These deeper wells would have a better chance of being more isolated from surface waters.  
Therefore, the action alternatives are not likely to adversely affect this species.  However, if 
during the monitoring process impacts to the Ottertail River that may affect muckets are 
identified, then the MNDNR would be consulted. 
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Pale Moonwort   In Minnesota, there are multiple reported habitats including maple/basswood 
forests, red and jack pine forests, sandy ridges between bogs and old gravel pits wetlands, 
ephemeral ponds, pine needles, oak leaves, housing developments with weedy species, open 
fields, log landings, a narrow benches beside small streams, and open tailings ponds.  There are 
26 pale moonwort sites in Minnesota.  Most of the Minnesota sites are in northeastern counties 
and in Polk County in the northwest.  The only potential impacts to this species in Polk County 
would be potential impacts in riparian areas.  No adverse impacts to riparian areas on the Red 
River were identified, except by the No Action Alternative.  Therefore, the action alternatives are 
not likely to adversely affect this species. 
 
Ram’s-Head Lady’s-Slipper   In Minnesota, biologists have noticed that this species is found 
more often in the transition zone between upland forest and lowland conifers.  This species has 
been found at 62 sites in 17 Minnesota counties, including Becker County.  Environmental 
commitments would ensure no take of this species.  Therefore, the action alternatives are not 
likely to adversely affect this species. 
 
Short-Pointed Umbrella Sedge   This sedge grows in wet, often sandy shores, and damp, 
disturbed soils.  It is found in Traverse County, Minnesota.  No impacts from action alternatives 
were identified in Travers County; therefore, the action alternatives are not likely to adversely 
affect this species. 
 
Sterile Sedge   Sterile sedge is characteristic sedge of calcareous fens and other inland fresh 
meadows.  It is supported by stable, calcareous groundwater seepages, and is found in Polk 
County, Minnesota.  This species is not found along the Red River in Polk County.  Therefore, 
this species is not likely to be impacted by any flow changes.  No adverse impacts to these 
habitats in Polk County are anticipated.  Therefore, the action alternatives are not likely to 
adversely affect this species. 
 
Tiger Beetle (Cicindela fulgida westbournei)   This insect species has a very restricted range of 
southern Manitoba and Saskatchewan, northern North Dakota, and northwestern Minnesota.  In 
Minnesota, only two sites are known in Kittson County.  The habitat for this species is damp 
alkali areas dominated by Salicornia rhubra.  A review of the Natural Heritage Program 
inventory did not reveal any occurrences along the Red River.  Therefore, the action alternatives 
are not likely to adversely affect this species. 
 
Trumpeter Swan   Trumpeter swans are found in riverine wetlands, lakes, ponds, marshes, or 
any other variety of wetlands that meet their preferences.  Large, shallow wetlands, 1-3 feet 
deep, with a mix of vegetation and open water offer ideal swan nesting habitat.  Construction 
features of the action alternatives may temporarily affect this species.  Commitments to 
environmental commitments proposed to avoid impacts to migratory birds and their habitats 
would avoid impacts to this species.  Therefore, the action alternatives are not likely to adversely 
affect this species. 
 
Uhler’s Arctic   The Uhler’s Artic butterfly occupies slopes and foothills in dry, open 
bunchgrass habitats, tundra, and openings in pine forest.  Impacts to Uhler’s Arctic could include 
direct mortality or temporary displacement of the species caused by construction activities.  A 
review of the Natural Heritage Program inventory did not reveal any Uhler’s Arctic sites at 
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proposed construction areas.  However, encounters with the Uhler’s Arctic could occur in Clay 
County, Minnesota.  Environmental commitments include avoiding native habitat where 
practical and pre-surveys for Uhler’s Artic.  With the implementation of environmental 
commitments, action alternatives are not likely to adversely affect it.  If for some reason it is not 
practical to avoid Uhler’s Artic and it habitat the MNDNR would be consulted. 
 
Wilson’s Phalarope   Wilson's phalaropes use both fresh and alkali wetlands with open water, 
emergent vegetation, and open shoreline.  Nesting habitat varies widely, including wetlands, wet 
meadows, upland grasslands, and road rights-of–way.  In Minnesota, this bird prefers shallow 
prairie sloughs adjacent to wet meadow areas.  Construction features of the action alternatives 
may temporarily affect this species.  Environmental commitments proposed to avoid impacts to 
migratory birds and their habitats would avoid impacts to this species.  Therefore, the action 
alternatives are not likely to adversely affect this species. 
 
Minnesota Species Not Included in Chapter Three  
The following species were reviewed, but were not directly addressed in SDEIS chapter three, 
because these either species are rarely within the project area or would not likely be adversely 
impacted (insignificant or discountable impacts) by the proposed Project because of their rarity. 

 
Annual Skeletonweed   This skeletonweed occupies sand dune areas in Norman and Polk 
Counties.  Project alternatives and features would not affect documented sites.  Therefore, the 
action alternatives are not likely to adversely affect this species. 

 
Burrowing Owl   Burrowing owls prefer open areas within grasslands, particularly native 
prairie.  They use well-drained, level to gently sloping areas characterized by sparse vegetation 
and bare ground, such as moderately or heavily grazed pasture (Dechant et. al. 2003e).  
Burrowing owls on the Great Plains are not known to dig their own burrows, and usually rely on 
burrowing mammals to excavate nest sites (Dechant et. al. 2003e).  In Minnesota burrowing owls 
have been found in the far western prairies, and territories always include observation perches 
such as fence posts, dirt mounds, boulders, or utility poles (Grant 1965).   

 
Only 13 burrowing owl nests have been located at eight sites in four Minnesota counties from 
1986-1990 (Martell et al. 2001).  Reintroduction efforts took place from 1985 -1990 but were not 
successful (Martell et al. 2001).  No successful natural nests were documented in 1992 - 1998 
despite significant efforts to locate the species (Martell et. al. 2001).  Although burrowing owls 
occurred historically in Polk and Clay Counties, no burrowing owls have been documented in the 
project area since 1986 (Martell et al. 2001).  Therefore, action alternatives are not likely to 
adversely affect this species. 

 
Gray Ragwort   This species likes dry sites in heavy clay soils.  It is known from Marshall 
County, Minnesota.  Action alternative features will not affect documented sites in Marshall 
County.  Therefore, the action alternatives are not likely to adversely affect this species. 

 
Hair-Like Beak Rush   This species is an obligate wetland plant that grows in wetlands of the 
tallgrass prairie in western Minnesota and has been documented in Clay, Norman, Polk, and 
Wilkin Counties, Minnesota.  Action alternative features would not affect documented sites.  
Therefore, the action alternatives are not likely to adversely affect this species. 
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Hairy Fimbristylis   This species is entirely restricted to calcareous fens (MNDNR 1995) and is 
known at one site in Wilkin County.  No calcareous fens will be impacted by action alternatives.  
Therefore, the action alternatives are not likely to adversely affect this species. 

 
Holboell’s Rockcress   Occurs in Kittson County, Minnesota at upland sites.  Known sites are 
not along the Red River corridor.   Action alternatives are not likely to adversely affect 
Holboell’s rockcress. 

 
Indian Ricegrass   This drought-tolerant species grows on mainly dry, sandy soils and 
frequently on sand dune areas.  This species is highly sensitive to grazing and is found at the 
Agassiz Dunes State Natural Area in Norman and Polk Counties, Minnesota.  Action alternatives 
will not affect Agassiz Dunes.  Therefore, the action alternatives are not likely to adversely affect 
this species. 

 
Red Saltwort   This wetland plant species that occupies seasonally wet, saline, or alkaline areas 
is found in Kittson County, Minnesota.  Project features would not affect documented sites in 
Kittson County; therefore, the action alternatives are not likely to adversely affect this species. 

 
Sea Milkwort   This species occupies edges of saline wetlands in Kittson County, Minnesota.  
Project alternatives would not affect documented locations of this species.  Therefore, the action 
alternatives are not likely to adversely affect this species. 

 
Siberian Yarrow   Not much is known about this species, but it grows near lakeshores, 
meadows, and in other open areas.  No known locations for this species exist in any of the 
alternatives action areas.  Therefore, the Project is not likely to adversely affect this species. 

 
Spotted Skunk   Once common and widespread in Minnesota, this species has dwindled to only 
a few animals (Wires and Baker 1994).  Although, historically present in some Red River Valley 
counties, no animals have been found in these counties in recent times although Otter Tail 
County “looks promising” (Wires and Baker 1994).  Wire and Baker (1994) report no known 
reproducing populations in the state.   Therefore, action alternatives are not likely to adversely 
affect the spotted skunk. 

 
Sprague’s Pipit   Sprague's Pipits use grasslands of intermediate height and sparse to 
intermediate vegetation density (Dechant et al., 2003b).  Although they will inhabit exotic 
vegetation, they are significantly more abundant in, and prefer, native prairie (Dechant et al., 
2003b). The strongest vegetation predictors of the presence of Sprague's pipit are decreasing bare 
ground and decreasing litter depth (Dechant et al., 2003b). 

 
Currently in Minnesota, the Sprague’s pipit is rare.  It formally was distributed throughout 
northwest and west-central Minnesota, but Roberts (1932) only reported the bird as common in 
the Red River Valley from northern Wilkin County north to Kittson County.  The last report of 
confirmed nesting for this species was from Clay County in 1962 (Braker 1985).  Individual 
singing males have been reported in the 1980s from Felton Prairie (Braker 1985).  Because this 
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species is extremely rare, and Project alternatives would not affect Felton Prairie, the Project is 
not likely to adversely affect Sprague’s pipit. 
 
Sullivant’s Milkweed   This species lives on moist sandy clay or sandy loam soils in open mesic 
to wet-mesic prairie in Traverse County, Minnesota.  It can also subsist in disturbed habitats, like 
formerly cultivated fields, remnant prairie, and grassy rights-of-way.  None of the Project 
alternatives would be in Traverse County and no other locations of this species are known.  
Therefore, the Project is not likely to adversely affect this species. 
 
Tiger Beetle (Cicindela Limbata Nympha)   This beetle is found in high, steep, bald dunes of 
fine white, wind-shifted sand habitats.  It has been recorded in Polk County, Minnesota.  The 
most recent record for this beetle dates to 1970, and it is possible the beetle no longer exists.  
Therefore, the Project is not likely to adversely affect this species. 

 
Whorled Nut Rush   This species inhabits wet, marly, sandy, or peaty soils in marshes, bogs, 
moist meadows, wet pinelands, and lakeshores in Clay and Norman Counties, Minnesota.  
Project features will not affect documented sites in Clay and Norman Counties.  Therefore, the 
action alternatives are not likely to adversely affect this species. 
 
Wolf’s Spike Rush   This species’ preferred habitat in Minnesota is poorly documented.  Older 
collections refer to its habitat only as moist places.  One site in Norman County was described as 
mud flats near a stream, which appears to have been a wetland in the prairie region.  Populations 
in Renville and Scott Counties were both associated with rock outcrops, apparently where the 
rock formations collected or concentrated precipitation runoff (Schmoller 2001).  Reports from 
the rest of its range indicate that it dwells in marshes, swamps, sedge meadows, wet to wet-mesic 
prairies, wet margins of lakes, rivers, ponds and creeks, wet ditches, sandy roadsides, mud flats, 
and ephemerally wet flatwoods (Schmoller 2001).  The last sighting of wolf’s spike-rush in 
Minnesota occurred in 1967 (Service 1995).  Therefore, the Project is not likely to adversely 
affect this species. 
 
Yellow Prairie Violet   This violet grows along stream banks and in wet areas remaining from 
snowmelt in Norman and Polk Counties Minnesota.  Project features will not affect documented 
sites; therefore, the action alternatives are not likely to adversely affect this species. 

 
Analysis of Effects on North Dakota’s Species of Conservation Priority 
 
North Dakota’s Species of Conservation Priority – Level I 
American Bittern   Because this species uses wetlands and uplands, construction features of the 
action alternatives may temporarily affect this species.  Environmental commitments proposed to 
avoid impacts to migratory birds and their habitats would avoid impacts to this species.  
Therefore, the action alternatives are not likely to adversely affect this species. 
 
American White Pelican   This species uses large open-water lacustrine wetlands, and in most 
cases, these types of habitats would be avoided.  However, construction features of the action 
alternatives may temporarily affect this species.  Environmental commitments proposed to avoid 
impacts to migratory birds and their habitats would avoid impacts to this species.  Therefore, the 
action alternatives are not likely to adversely affect this species. 
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Baird’s Sparrow   Because this sparrow uses grasslands of various types including planted 
cover (e.g., Conservation Reserve Program and dense nesting cover), dry wetland basins, wet 
meadows, and dense stands of grass within hay land and cropland, construction features of the 
action alternatives may temporarily affect this species.  Environmental commitments proposed to 
avoid impacts to migratory birds and their habitats would avoid impacts to it.  Therefore, the 
action alternatives are not likely to adversely affect this species. 
 
Black-Billed Cuckoo   Because this species occurs along the Sheyenne River and occupies 
woodlands, thickets, prairie shrubs, shelterbelts, and wooded areas of towns, construction 
features of the action alternatives may temporarily affect this species.  Environmental 
commitments proposed to avoid impacts to migratory birds and their habitats would avoid 
impacts to this species.  Therefore, the action alternatives are not likely to adversely affect it. 
 
Black Tern   This species uses large open-water lacustrine and palustrine wetlands and in most 
cases, these habitats would be avoided.  However, construction features of the action alternatives 
may temporarily affect this species.  Environmental commitments proposed to avoid impacts to 
migratory birds and their habitats would avoid impacts to this species.  Therefore, the action 
alternatives are not likely to adversely affect this species. 
 
Chestnut-Collared Longspur   Because this bird uses grasslands of various types, construction 
features of the action alternatives may temporarily affect this species.  Environmental 
commitments proposed to avoid impacts to migratory birds and their habitats would avoid 
impacts to this species.  Therefore, the action alternatives are not likely to adversely affect this 
species. 
 
Ferruginous Hawk   Because this bird uses grasslands and shrublands of various types, 
construction features of the action alternative may temporarily affect this species.  
Environmental commitments proposed to avoid impacts to migratory birds and their habitats 
would avoid impacts to this species.  Therefore, the action alternatives are not likely to adversely 
affect this species. 
 
Franklin’s Gull   This species uses large open-water lacustrine and palustrine wetlands and in 
most cases, these types of habitats would be avoided.  These gulls are often seen following 
tractors working fields eating easy meals of worms and insects forced to the surface.  Therefore, 
they may actually benefit from construction activities.  However, construction features of the 
action alternatives may temporarily affect this species.  Environmental commitments proposed to 
avoid impacts to migratory birds and their habitats would avoid impacts to this species.  
Therefore, the action alternatives are not likely to adversely affect this species. 
 
Grasshopper Sparrow   Because this bird uses grasslands of various types, construction 
features of the action alternatives may temporarily affect this species.  Environmental 
commitments proposed to avoid impacts to migratory birds and their habitats would avoid 
impacts to this species.  Therefore, the action alternatives are not likely to adversely affect this 
species. 
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Lark Bunting   Construction features of the action alternatives may temporarily affect lark 
bunting, because this bird uses sagebrush or sage prairie habitat and mixed-grass prairie 
interspersed with shrubs, such as wolfberry and western rose.  Environmental commitments 
proposed to avoid impacts to migratory birds and their habitats would avoid impacts to this 
species.  Therefore, the action alternatives are not likely to adversely affect this species. 
 
Long-Billed Curlew   Because this bird uses short-grass prairie or grazed mixed-grass prairie, 
construction features of the action alternatives may temporarily affect this species.  
Environmental commitments proposed to avoid impacts to migratory birds and their habitats 
would avoid impacts to this species.  Therefore, the action alternatives are not likely to adversely 
affect this species. 
 
Marbled Godwit   This species uses wetlands, streams or lakes, and in most cases these habitats 
would be avoided.  However, nesting is generally on native prairie.  Therefore, construction 
features of the action alternatives may temporarily affect this species.  Environmental 
commitments proposed to avoid impacts to migratory birds and their habitats would avoid 
impacts to this species.  Therefore, the action alternatives are not likely to adversely affect this 
species. 
 
Nelson’s Sharp-Tailed Sparrow    This species uses shallow marsh zones of wetlands and lakes 
and potentially fens.  In most cases these habitats would be avoided, particularly fens.  However, 
construction features of the action alternatives may temporarily affect this species.  
Environmental commitments proposed to avoid impacts to migratory birds and their habitats 
would avoid impacts to this species.  Therefore, the action alternatives are not likely to adversely 
affect this species. 
 
Sprague’s Pipit   Because this bird prefers extensive tracts of ungrazed or lightly grazed prairie 
grasslands of various types, construction features of the action alternatives may temporarily 
affect this species.  Environmental commitments proposed to avoid impacts to migratory birds 
and their habitats would avoid impacts to this species.  Therefore, the action alternatives are not 
likely to adversely affect this species. 
 
Swainson’s Hawk   Because this bird prefers woodland habitats, construction of the Project may 
temporarily affect this species.  Environmental commitments proposed to avoid impacts to 
migratory birds and their habitats would avoid impacts to this species.  Therefore, the action 
alternatives are not likely to adversely affect this species. 
 
Upland Sandpiper   Because this bird prefers pastures and dry, open mixed-grass prairie, 
construction features of the action alternatives may temporarily affect this species.  
Environmental commitments proposed to avoid impacts to migratory birds and their habitats 
would avoid impacts to this species.  Therefore, the action alternatives are not likely to adversely 
affect this species. 
 
Willet   This shorebird uses a variety of wetland types and nests in uplands, preferably native 
prairies.  Wetlands in most cases would be avoided.  However, construction features of the action 
alternatives may temporarily affect this species.  Environmental commitments proposed to avoid 
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impacts to migratory birds and their habitats would avoid impacts to this species.  Therefore, the 
action alternatives are not likely to adversely affect this species. 
 
Wilson’s Phalarope   This bird is found feeding in shallow wetlands or mudflats and nesting in 
grass on the margins of wetlands.  Wetlands, in most cases would be avoided.  However, 
construction features of the action alternatives may temporarily affect this species.  
Environmental commitments proposed to avoid impacts to migratory birds and their habitats 
would avoid impacts to this species.  Therefore, the action alternatives are not likely to adversely 
affect this species. 
 
Yellow Rail   This marsh bird prefers fens, or groundwater-fed wetlands, that support diverse 
plant and animal life.  Wetlands in most cases would be avoided by the Project.  However, 
construction features of the action alternatives may temporarily affect this species.  
Environmental commitments proposed to avoid impacts to migratory birds and their habitats 
would avoid impacts to this species.  Therefore, the action alternatives are not likely to adversely 
affect this species. 
 
Blue Sucker   This fish is found in the Missouri River and prefers swift currents of large, turbid 
rivers in areas with rocky or gravel bottoms.  Missouri River import alternatives would increase 
depletions more than the No Action Alternative.  However, based on the Corps’ impact models 
(2006), Project depletions would have a negligible effect on blue suckers on the Missouri River.  
In the Corps’ analysis, the following habitats were used to assess impacts: 

• Blue sucker – riverine warm water fish habitat and riverine physical habitat 
 
In the Corps’ (2006) analysis of the Missouri River Import to Red River Valley Alternative 
(Scenario Two), riverine warm water habitat would be 0.27% less than No Action and riverine 
physical habitat would be 0.05% more than No Action.  Therefore, we have determined that 
action alternatives are not likely to adversely affect blue suckers. 
 
Pearl Dace   This minnow species is recorded in both Missouri and Red River systems.  It 
typically is found in pools and avoids swifter main currents.  Missouri River import alternatives 
would result in additional depletions over those that would occur under No Action.  However, 
based on the Corps’ impact models (2006), project depletions would have a negligible effect on 
pearl dace on the Missouri River.  In the Corps’ model, the following habitats were used to 
assess impacts: 

• Pearl dace – riverine warm water fish habitat and riverine physical habitat 
 
In the Corps’ (2006) analysis of the Missouri River Import to Red River Valley Alternative 
(Scenario Two), riverine warm water habitat would be 0.27% less than No Action, and riverine 
physical habitat would be 0.05% more than No Action.  Under the No Action Alternative, Red 
River fish habitat was greatly reduced during extremely low flow, especially at Moorhead.  All 
of the in-basin alternatives for the Red River fish communities showed small beneficial increases 
to improved habitat when compared to No Action.  For the Missouri River import alternatives, 
all except the Missouri River Import to the Red River Valley Alternative showed increases or 
improvement in fish community habitats.  The GDU Import Pipeline Alternative had the greatest 
improvement in fish habitat over No Action.  The Missouri River Import to the Red River Valley 



SDEIS Appendix G.2 – Species of Special Concern 
 

G.2 - 17 

Alternative was actually similar to No Action with some minimal habitat improvement at Frog 
Point under Scenario Two.  Therefore, we have determined that action alternatives are not likely 
to adversely affect pearl dace on the Missouri or Red Rivers. 
 
Sicklefin Chub   This fish is found in the Missouri River and prefers swift currents of large, 
turbid rivers in areas with rocky or gravel bottoms.  Missouri River import alternatives would 
increase depletions more than No Action.  However, based on the Corps’ impact models (2006), 
Project depletions would have a negligible effect on sicklefin chubs on the Missouri River.  In 
the Corps’ analysis, the following habitats were used to assess impacts: 

• Sicklefin chub – riverine warm water fish habitat and riverine physical habitat 
 
In the Corps’ (2006) analysis of the Missouri River Import to Red River Valley Alternative 
(Scenario Two), riverine warm water habitat would be 0.27% less than No Action and riverine 
physical habitat would be 0.05% more than No Action.  Therefore, we have determined that 
action alternatives are not likely to adversely affect sicklefin chubs. 
 
Sturgeon Chub   This fish is found in the Missouri River and prefers swift currents of large, 
turbid rivers in areas with rocky or gravel bottoms.  Missouri River import alternatives would 
increase depletions more than No Action.  However, based on the Corps’ impact models (2006), 
Project depletions would have a negligible effect on sicklefin chubs on the Missouri River.  In 
the Corps’ analysis, the following habitats were used to assess impacts: 

• Sturgeon chub – riverine warm water fish habitat and riverine physical habitat 
 
In the Corps (2006) analysis of the Missouri River Import to Red River Valley Alternative 
(Scenario Two), riverine warm water habitat would be 0.27% less than No Action and riverine 
physical habitat would be 0.05% more than No Action.  Therefore, we have determined that 
action alternatives are not likely to adversely affect sturgeon chubs. 
 
Plains Spadefoot   This toad’s primary habitat is dry grasslands with sandy or loose soil.  
However, they also breed in ephemeral wetlands.  Direct impacts to toads could include direct 
mortality or temporary displacement caused by construction activities for all of the Missouri 
River import alternatives.  However, most impacts are likely to be temporary in nature allowing 
return of the toads after restoration of habitat.  Given the highest concentration of wildlife is 
likely in natural resource areas including wetland and grassland areas, construction activities in 
these areas would be expected to have the greatest impact.  Environmental commitments should 
minimize any impacts to this species. 
 
Smooth Green Snake   This snake primarily inhabits grasslands, particularly uplands of hills.  
Direct impacts to snakes could include direct mortality or temporary displacement caused by 
construction activities for all alternatives.  However, most impacts are likely to be temporary in 
nature allowing return of the snakes after restoration of habitat.  Given the highest concentration 
of wildlife is likely in natural resource areas including grassland areas, construction activities in 
these areas would be expected to have the greatest impact. 
 
Western Hognose Snake   This hognose snake typically prefers sandy or gravelly habitats, often 
by rivers.  Direct impacts to snakes could include direct mortality or temporary displacement 
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caused by construction activities for all alternatives.  However, most impacts are likely to be 
temporary in nature allowing return of the snakes after restoration of habitat.  Given the highest 
concentration of wildlife is likely in natural resource areas including grassland and riparian areas, 
construction activities in these areas would be expected to have the greatest impact. 
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Appendix H – Protected Areas 
 
Introduction 
This appendix provides information about methods and analyses used in the protected areas 
sections of SDEIS chapters three and four. 
 
Impact Analysis Methods 
In evaluating potential impacts to protected areas, it was important to examine the values and 
functions of areas adjacent to the Sheyenne and Red Rivers.  A review of the water quantity 
analysis (see chapter four water quantity section) and impacts to riparian areas (see Appendix E) 
were the basis for assessing how flows could affect riparian areas within these protected areas, as 
compared to the No Action Alternative.  While reductions in the number of months with extreme 
low flow could benefit some protected resources adjacent to the river, increases in extreme low 
flows could adversely affect adjacent natural resources or values of the protected areas.   
 
Environmental commitments for all action alternatives prohibit construction of permanent 
facilities on protected areas, except pipelines, which could be placed in road ROWs (right-of-
ways).  Therefore, impacts to these areas from construction activities would be insignificant.   
 
Inventory of State Lands 
Table H.1 shows North Dakota and Minnesota state land identified in a 400-foot pipeline 
corridor for each alternative. 
 
Table H.1 – Summary of Available Records for North Dakota and Minnesota State Lands Potentially Affected 
by the Project Pipelines. 

 Alternative North Dakota Minnesota 

North Dakota 
In-Basin 

2 North Dakota Game and 
Fish parcels (CRP), 1 
parcel North Dakota State 
Land Department 

Red River State Recreation Area 

Red River 
Basin 

1 parcel North Dakota 
State Land Department 

5 miscellaneous county parcels, 2 fisheries management 
parcels (Long Lake Aquatic Management area, Burritt Beach 
Fish Management Area), 6 parcels Minnesota Department of 
Transportation (2 rest areas, 1 Storage area,  3 DOT ), Lunde 
WMA (Wildlife Management Area), Acorn Lake Water Access 
Site, Red River State Recreation Area 

GDU Import 
Pipeline 

4 Parcels North Dakota 
Game and Fish (3 CRP, 1 
Food Plot), 5 Parcels 
North Dakota State Land 
Department 

Red River State Recreation Area 

Pi
pe

lin
e 

Fo
ot

pr
in

t*
 

GDU Import to 
Sheyenne 
River 

3 Parcels North Dakota 
Game and Fish (2 CRP, 1 
Food Plot), 5 parcels 
North Dakota State Land 
Department 

Red River State Recreation Area 
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 Alternative North Dakota Minnesota 

Missouri River 
Import to Red 
River Valley 

7 Parcels North Dakota 
Game and Fish (5 CRP, 2 
Habitat), 8 parcels North 
Dakota State Land 
Department. 

Red River State Recreation Area   

*All pipeline corridors parallel roads and should be within the road ROW.  The state lands are either adjacent to the 
edge of the 400 foot corridor or have an existing road through them.  Note:  CRP = conservation reserve program, 
WMA = wildlife management area, and SNA = state natural area. 
 
Inventory of Natural Areas Registry, Natural Heritage Inventory, and Nature 
Preserves 
Table H.2 shows North Dakota and Minnesota Natural Areas Registry and Natural Heritage 
Inventory data collected for a 400-foot pipeline corridor for each alternative.  Table H.3 shows 
North Dakota and Minnesota Natural Areas Registry and Natural Heritage Inventory data 
collected for action alternative aquifer areas. 
 
Table H.2 – Summary of Available Natural Inventory Records for North Dakota and Minnesota within a  
400-foot Construction Pipeline Corridor. 

Natural Heritage Inventory Records, 

Alternative North 
Dakota1 Minnesota2 Community or Species Type 

North Dakota In-Basin 0 1 record Lake Sturgeon at Grand Forks 
Red River Basin 0 1 record Wet Prairie Northern Type 
GDU Import to Sheyenne River 
 0 1 record Short-Beaked Arrowhead at Fargo-

Moorhead 
GDU Import Pipeline 0 0 0 
Missouri River Import to Red 
River Valley 0 0 0 

1-North Dakota Natural Heritage Inventory Biological and Conservation Data Disclaimer:  “The quantity and quality of data collected 
by the North Dakota Natural Heritage Inventory are dependent on the research and observations of many individuals and 
organizations. In most cases, this information is not the result of comprehensive or site-specific field surveys; many natural areas in 
North Dakota have never been thoroughly surveyed, and new species are still being discovered.  For these reasons, the Natural 
Heritage Inventory cannot provide a definite statement on the presence, absence, or condition of biological elements in any part of 
North Dakota.  Natural Heritage data summarize the existing information known at the time of the request.  Our data are continually 
upgraded and information is continually being added to the database.  This data should never be regarded as final statements on 
the elements or areas that are being considered, nor should they be substituted for on-site surveys.  Data obtained 19 May 2005. 
2-Data included here were provided by the Natural Heritage and Nongame Research Program of the Division of Ecological 
Services, Minnesota Department of Natural Resources (DNR), and were current as of 8/25/04.  These data are not based on an 
exhaustive inventory of the state.  The lack of data for any geographic area shall not be construed to mean that no significant 
features are present.  In addition, there may be inaccuracies in the data, of which the DNR is not aware and for which the DNR shall 
not be held responsible.  Permission to use these data does not imply endorsement or approval by the DNR of any interpretations or 
products derived from the data.” Data obtained 19 May 2005.

 

 
Environmental commitments would ensure that pipeline and other permanent construction 
facilities would not significantly adversely affect these natural communities.  Flow changes 
along the Sheyenne River could impact the H.R. Morgan Preserve and the Pigeon Point Preserve, 
as shown in table H.1.  Riparian areas are an ecologically important component of these 
preserves and impacts to riparian areas are discussed in chapter four in the natural resource lands 
section and in Appendix E.  Action alternative impacts to groundwater and subsequent impacts 
to riparian areas on these preserves are discussed in the groundwater section of chapter four. 
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Table H.3 – Summary of Available Natural Inventory Records for North Dakota and Minnesota Aquifer Areas 
in the Project Area. 

Features 
North 

Dakota1 Minnesota2 Community or Species Type 
Moorhead 
Aquifer NA 4 Poverty Weed, Short-beaked Arrowhead, 2 Lake 

Sturgeon 

Buffalo Aquifer NA 0  

Otter Tail 
Surficial Aquifer 

NA 98 

Lichen, American Ginseng, 16 Bald Eagle, 5 Black 
Sandshell, 3 Bur Oak - (Pin Oak) Forest, 5 Calcareous 
Fen, 2 Colonial Water Bird nesting site, Cooper's Milk 
Vetch, 2 Creek Heelsplitter, 2 Creeping Juniper, 3 Dry 
Sand-Gravel Prairie, 3 Few-flowered Spike Rush, 5 Fluted 
Shell, 2 Forster's Tern, 3 Graminoid Poor Fen, 4 Hair-like 
Beak Rush, 3 Hill's Thistle, Hooded Warbler, 9 Least 
Darter, Low Milk Vetch, 3 Marsh Arrow-grass, Mesic 
Prairie, Mucket, 6 Mussel Sampling Site, Northern 
Extremely Rich Fen, Prairie Moonwort, 3 Pugnose Shiner, 
Red Three-awn, 8 Sterile Sedge, Tamarack Swamp 

Pelican River 

NA 66 

12 Bald Eagle, 2 Blanket-flower, Canadian Wormwood, 2 
Cerulean Warbler, 3 Colonial Waterbird Nesting Site, 2 
Cooper's Milk-vetch, Creek Heelsplitter, 7 Dry Sand -
Gravel Prairie, Forster's Tern, 8 Greater Prairie-chicken, 3 
Hill's Thistle, Lake Sturgeon, Least Darter, Mussel 
Sampling Site, 5 Native Plant Community (Undetermined 
Class), 7 Nuttall's ground-rose, Prairie Moonwort, 2 
Pugnose Shiner, Red-shouldered Hawk, Rich Tamarack 
(Alder) Swamp, Sea Naiad, 5 Sugar Maple - Basswood - 
(Aspen) Forest, Trumpeter Swan, 4 Widgeon-grass 

West Fargo 
North No Data NA  

West Fargo 
South No Data NA  

Brightwood, 
Gwinner, Milnor 
Channel, 
Spiritwood 

49 NA 

Wet-Mesic Tallgrass Prairie, Dry-Mesic Tallgrass Prairie, 
Complex: Wet Prairie; Wet-Mesic Tallgrass Prairie, Mesic 
Tallgrass Prairie 

1- North Dakota Natural Heritage Inventory Biological and Conservation Data Disclaimer:  “The quantity and quality of data collected 
by the North Dakota Natural Heritage Inventory are dependent on the research and observations of many individuals and 
organizations. In most cases, this information is not the result of comprehensive or site-specific field surveys; many natural areas in 
North Dakota have never been thoroughly surveyed, and new species are still being discovered.  For these reasons, the Natural 
Heritage Inventory cannot provide a definite statement on the presence, absence, or condition of biological elements in any part of 
North Dakota.  Natural Heritage data summarize the existing information known at the time of the request.  Our data are continually 
upgraded and information is continually being added to the database.  This data should never be regarded as final statements on 
the elements or areas that are being considered, nor should they be substituted for on-site surveys.  Data obtained 19 May 2005. 
2-Data included here were provided by the Natural Heritage and Nongame Research Program of the Division of Ecological 
Services, Minnesota Department of Natural Resources (DNR), and were current as of 8/25/04.  These data are not based on an 
exhaustive inventory of the state.  The lack of data for any geographic area shall not be construed to mean that no significant 
features are present.  In addition, there may be inaccuracies in the data, of which the DNR is not aware and for which the DNR shall 
not be held responsible.  Permission to use these data does not imply endorsement or approval by the DNR of any interpretations or 
products derived from the data”.  Data obtained 19 May 2005. 
 
State Wildlife Management Areas and Other Public Lands 
Environmental commitments will ensure that pipeline and other permanent construction facilities 
will not significantly affect these areas for all action alternatives.  Table H.1 shows state lands, 
including state wildlife management areas that could potentially be affected by the pipeline 
corridor.   
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Table H.5 – Scientific Names for Plants Used in 
the Protected Lands Section. 

Common Name Scientific Name 

American elm Ulmus americanus 
Basswood Tilia americana  
Big bluestem Andropogon gerardii  
Bur oak Quercus macrocarpa 
Cattail Typha angustifolia 
Indian grass  Sorghastrum nutans 
Lead plant Amorpha canescens  
Little blue stem  Schizachyrium scoparium 
Northern reed grass Calamagrostis stricta 
Pasqueflower Pulsatilla patens 
Porcupine grass  Stipa spartea 
Prairie sandreed Calamovilfa longifolia 
Purple coneflower Echinacea purpurea 
Side-oats gramma Bouteloua curtipendula 
Switch grass Panicum virgatum 
Wooly sedge Carex lanuginosa

U.S. Fish and Wildlife Service Lands 
The Service administers waterfowl production area fee title lands, as well as wetland, grassland, 
and refuge easements on private land throughout Minnesota and North Dakota.  Review by the 
Service of the proposed routes for the pipeline alternatives indicates that Service easements and 
fee title property could be affected (table H.4).  The Service did not identify their property 
interests within the groundwater wellfield areas. 
 
Table H.4 – Number of Individual Service Easement and Fee Title Property Interests Crossed by Proposed 
Pipeline Routes, as Identified by the Service (Service 2005). 

Protected Areas 
No 

Action 

North 
Dakota In-

Basin 

Red 
River 
Basin 

GDU Import to 
Sheyenne River 

GDU 
Import 

Pipeline 

Missouri River 
Import to Red 
River Valley 

Service Administered 

Wetland Easement  ND-1 
ND-1 
MN-4 ND-49 ND-52 ND-76 

Grassland Easement    ND-1 ND-1 ND-1 
Farmers Home 
Administration 
Easement      ND-2 

Easement Fee Title 

Waterfowl Production 
Area   

MN-1 
5 acres   

ND-5 
32.8 acres 

 
U.S. Forest Service Lands 
Action alternative impacts to groundwater and 
subsequent impacts to riparian areas in the 
Sheyenne National Grasslands are discussed in 
the groundwater and natural resource lands 
section of chapter four. 
 
Scientific Names  
The scientific names for plants discussed in 
chapter three are in table H.5. 
 



 
 
Appendix I – Historic Properties 
 
Introduction 
This appendix contains correspondence resulting from compliance with the National Historic 
Preservation Act.  Pages I-2 through I-30 are letters from Reclamation to State Historic 
Preservation Officers and to Tribal Historic Preservation Officers or tribal archeologists.  Pages 
I-31 through I-50 are the letters received from the State Historic Preservation Officers. 

SDEIS Appendix - Historic Properties

I - 1



SDEIS Appendix - Historic Properties

I - 2



SDEIS Appendix - Historic Properties

I - 3



SDEIS Appendix - Historic Properties

I - 4



SDEIS Appendix - Historic Properties

I - 5



SDEIS Appendix - Historic Properties

I - 6



SDEIS Appendix - Historic Properties

I - 7



SDEIS Appendix - Historic Properties

I - 8



SDEIS Appendix - Historic Properties

I - 9



SDEIS Appendix - Historic Properties

I - 10



SDEIS Appendix - Historic Properties

I - 11



SDEIS Appendix - Historic Properties

I - 12



SDEIS Appendix - Historic Properties

I - 13



SDEIS Appendix - Historic Properties

I - 14



SDEIS Appendix - Historic Properties

I - 15



SDEIS Appendix - Historic Properties

I - 16



SDEIS Appendix - Historic Properties

I - 17



SDEIS Appendix - Historic Properties

I - 18



SDEIS Appendix - Historic Properties

I - 19



SDEIS Appendix - Historic Properties

I - 20



SDEIS Appendix - Historic Properties

I - 21



SDEIS Appendix - Historic Properties

I - 22



SDEIS Appendix - Historic Properties

I - 23



SDEIS Appendix - Historic Properties

I - 24



SDEIS Appendix - Historic Properties

I - 25



SDEIS Appendix - Historic Properties

I - 26



SDEIS Appendix - Historic Properties

I - 27



SDEIS Appendix - Historic Properties

I - 28



SDEIS Appendix - Historic Properties

I - 29



SDEIS Appendix - Historic Properties

I - 30



SDEIS Appendix - Historic Properties

I - 31



SDEIS Appendix - Historic Properties

I - 32



SDEIS Appendix - Historic Properties

I - 33



SDEIS Appendix - Historic Properties

I - 34



SDEIS Appendix - Historic Properties

I - 35



SDEIS Appendix - Historic Properties

I - 36



SDEIS Appendix - Historic Properties

I - 37



SDEIS Appendix - Historic Properties

I - 38



SDEIS Appendix - Historic Properties

I - 39



SDEIS Appendix - Historic Properties

I - 40



SDEIS Appendix - Historic Properties

I - 41



SDEIS Appendix - Historic Properties

I - 42



SDEIS Appendix - Historic Properties

I - 43



SDEIS Appendix - Historic Properties

I - 44



SDEIS Appendix - Historic Properties

I - 45



SDEIS Appendix - Historic Properties

I - 46



SDEIS Appendix - Historic Properties

I - 47



SDEIS Appendix - Historic Properties

I - 48



SDEIS Appendix - Historic Properties

I - 49



SDEIS Appendix - Historic Properties

I - 50



SDEIS Appendix - Historic Properties

I - 51



SDEIS Appendix - Historic Properties

I - 52



SDEIS Appendix J – Indian Trust Assets 
 

J - 1 

 
 
Appendix J – Indian Trust Assets 
 
Introduction 
This appendix contains the data and analyses used to determine whether alternatives for the Red 
River Valley Water Supply Project would impact Indian trust assets.  ITAs (Indian Trust Assets) 
are defined as “...legal interests in property held in trust by the United States for Indian tribes or 
individuals” (Reclamation 1993).   
 
Until 1871, relationships between individual tribes and the U.S. government were defined 
through treaties.  These treaties established the relationship between the federal government and 
Indian tribes, which is expressed in the concept of the “trust relationship.”  According to the 
Supreme Court decision in Cherokee Nation v. Georgia (1831), Indian tribes are considered to 
constitute “domestic, dependent nations” whose “relationship to the United States resembles that 
of a ward to his guardian.”  This decision established the doctrine of federal trusteeship – the 
trust relationship – in Indian affairs. 
 
All federal agencies, including Reclamation, have a government-to-government relationship with 
tribes.  Federally recognized tribes are to be respected as sovereign governments and federal 
agencies have a trust responsibility to respect this sovereignty by protecting and maintaining 
rights reserved by or granted to tribes or individual Indians by treaties, statutes, and executive 
orders.  The sovereignty of tribes and this trust relationship have been affirmed through treaties, 
court decisions, legislation, regulations, and policies.  One aspect in maintaining this respect is 
for federal agencies to ensure their activities protect and, when appropriate, promote and enhance 
ITAs.  This appendix provides the framework for the identification of possible ITAs that may be 
affected by the proposed alternatives.  It does not attempt to define, regulate, or quantify ITAs or 
any rights that tribes are entitled to by treaty or law. 
 
Indian Trust Assets 
Examples of possible trust assets include “lands, minerals, hunting and fishing rights, and water 
rights” (Reclamation 1993).  To this extent, the definition of ITAs parallels that of “trust 
resources” in 25 CFR Part 1000.352: 

(a) Trust resources include property and interests in property:   
(1) That are held in trust by the United States for the benefit of a Tribe or individual 
Indians; or  
(2) That are subject to restrictions upon alienation.   

(b) Trust assets include:  
(1) Other assets, trust revenue, royalties, or rental, including natural resources, land, 
water, minerals, funds, property, assets, or claims, and any intangible right or interest 
in any of the foregoing;      
(2) Any other property, asset, or interest therein, or treaty right for which the United 
States is charged with a trust responsibility. For example, water rights and off-
reservation treaty rights. 
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The concept of ITAs reflects the sovereignty of federally recognized tribes and the government-
to-government trust relationship between federal agencies and tribes and individual Indians.  The 
trust responsibility requires federal agencies to consider the effects of their activities on ITAs and 
take any reasonable actions necessary to protect them.  Reclamation developed its ITA policy 
(Reclamation 1993) in response to the statement by former President Bush dated June 14, 1991, 
affirming the government-to-government relationship between federal agencies and tribal 
governments.  Former President Clinton reaffirmed this policy in a memorandum issued on April 
29, 1994.  Both were incorporated by the Department of the Interior in “Departmental 
Responsibilities for Indian Trust Resources” (512 Department of the Interior Manual, Chapter 2): 

It is the policy of the Department of the Interior to recognize and fulfill its legal 
obligations to identify, protect, and conserve the trust resources of federally recognized 
Indian tribes and tribal members, and to consult with tribes on a government-to-
government basis whenever plans or actions affect tribal trust resources, trust assets, or 
tribal health and safety. 

 
The Department of the Interior Manual and Reclamation’s ITA policy require that potential 
impacts to ITAs need to be identified, considered, and addressed when planning and 
implementing federal actions.  Any effect must be identified and addressed in planning and 
decision documents, especially those prepared in association with the NEPA (National 
Environmental Policy Act) process.  Reclamation’s (draft) NEPA Handbook (Reclamation 2000) 
specifies that all NEPA documents are to address ITAs and whether the proposed action(s) 
would have an impact on any such asset(s). 
 
Methods 
 
Consultation with Tribes to Identify ITAs 
Tribes were invited to consult throughout preparation of the EIS.  In 2002 Reclamation sent 
letters to the five North Dakota tribes - Turtle Mountain Band of Chippewa, Spirit Lake Sioux, 
Three Affiliated Tribes, Standing Rock Sioux, and Sisseton-Wahpeton Oyate.  In 2004 
Reclamation sent letters to these same tribes inviting consultation on ITAs.  As Project 
alternatives were refined, Reclamation determined that other tribes should be consulted and 
developed a Tribal Action Plan to expand tribal consultation.  The tribes identified in that plan 
are listed in table J.1. 
 
The plan identified four tribes in the Red River Basin (figure J.1), 25 tribes in the Missouri River 
Basin (figure J.2), and one tribe that spans both basins (Sisseton-Wahpeton Nation).  Thirteen of 
the Missouri River Basin tribes are located directly on the Missouri River, while others are 
scattered throughout the rest of the basin (figure J.2).  All of these tribes could directly or 
indirectly have an interest in the Project (table J.1).   
 
The tribes that are either wholly or partially within the Red River Basin are the Turtle Mountain 
Band of Chippewa and Spirit Lake Sioux in North Dakota, the Sisseton-Wahpeton Oyate, which 
spans the North and South Dakota border, and the Red Lake Band of Chippewa and the White 
Earth Band of Ojibwe in Minnesota (figure J.1).  The White Earth Band of Ojibwe is part of the  
Minnesota Chippewa Tribe, which is a federally recognized central tribal government for six of 
the Minnesota Chippewa bands; the Red Lake Band is a separately recognized band and not part 
of the Minnesota Chippewa Tribe. 
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Figure J.1 – Map of Indian Reservations in the Project Area in North 
Dakota and Minnesota. 

Figure J.2 – Map of Missouri River Basin Indian Tribes.
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                 Table J.1 – Tribes Located within the Area of Potential Effect. 

Figure J.2 Location 
Number 

Missouri River Tribes 

4 Assiniboine and Sioux Tribes of Fort Peck 
13 Cheyenne River Sioux Tribe 
14 Crow Creek Sioux Tribe 
24 Iowa Tribe of Kansas 
15 Lower Brule Sioux Tribe 
23 Omaha Tribe 
20 Ponca Tribe 
25 Sac and Fox Nation 
21 Santee Sioux Nation 
24 Standing Rock Sioux Tribe 
8 Three Affiliated Tribes (Mandan, Hidatsa, and Arikara) 

22 Winnebago Tribe 
18 Yankton Sioux 

Figure J.2 Location 
Number 

Missouri Basin Tribes 

1 Blackfeet Tribe 
2 Chippewa Cree Tribe, Rocky Boy Reservation 
5 Crow Tribe 
7 Eastern Shoshone Tribe 

19 Flandreau Santee Sioux Tribe 
3 Fort Belknap Assiniboine and Gros Ventre Tribes 

26 Kickapoo Tribe 
7 Northern Arapaho Tribe 
6 Northern Cheyenne Tribe 

16 Oglala Sioux Tribe 
27 Prairie Bend of Potawatami Nation 
17 Rosebud Sioux Tribe 

Figure J.1 Red River Basin Tribes 

North Dakota and 
South Dakota 

Sisseton-Wahpeton Oyate  

North Dakota Spirit Lake Tribe 
North Dakota Turtle Mountain Band of Chippewa 
Minnesota Red Lake Band of the Chippewa 
Minnesota White Earth Band of Ojibwe 

 
 
The tribes were contacted in writing, followed by telephone calls.  Reclamation requested that 
the tribes identify any ITAs that could be affected by the Project alternatives and invited them to 
meet and consult on impacts to any potentially affected ITAs.  Only the Three Affiliated Tribes, 
the Standing Rock Sioux Tribe, and the Red Lake Band of Chippewa expressed interest in 
continuing direct consultations.  The White Earth Reservation Tribal Council commented on the 
DEIS and objected to importing Missouri River water into the Red River Basin because of 
adverse effects to fisheries, especially the Lake Sturgeon, water quality, and flooding.  The other 
tribes stated they were not interested, they wanted to be kept informed and possibly comment 
later, or they did not respond.  Reclamation, in response to a request from Mni Sose, an 
organization comprised of most of the tribes in the Missouri River Basin, provided periodic 
updates on the Project to Mni Sose.  All of these tribes were sent a copy of the DEIS during the 
public comment period (see chapter five distribution list). 
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Government-to-government consultation with the Three Affiliated Tribes, the Standing Rock 
Sioux Tribe, and the Minnesota Chippewa tribes has been ongoing.  These are the tribes that 
have expressed an interest in the Project and requested consultation during and involvement in 
preparation of the DEIS and SDEIS.  
 
Three Affiliated Tribes 
Correspondence 

• July 2002 - letter sent to Chairman Tex Hall inviting the tribe to attend an open forum in 
Fargo, North Dakota, in August 2002 to discuss the Project. 

• October 2002 – consultation on DEIS was initiated with a letter to Chairman Hall, Kyle 
Baker, Administration of Natural Resources, and Elgin Crows Breast, Cultural 
Preservation Office, announcing scoping meetings and publication of the Notice of Intent 
to prepare an EIS.   

• August 12, 2004 – letter sent to Chairman Hall provided an update on ITA analysis and 
groundwater investigations and requested a meeting between Chairman Hall and 
Reclamation managers for further consultation on the proposed Project.  

• March 15, 2005 - letter to Chairman Hall and other interested parties seeking comments 
on the Draft Needs and Options Report. 

• September 29, 2005 - letter to Ms. Pemina Yellow Bird, Acting Tribal Historic 
Preservation Officer, initiating consultation under the National Historic Preservation Act. 

• September 1, 2005 – letter to Chairman Hall asking if the tribe wanted to receive a copy 
of the Final Needs and Options Report and DEIS. 

• December 30, 2005 – letter with enclosed DEIS sent to Chairman Hall for review. 
• July 28, 2006 – letter to Chairman Hall requesting information on ITAs and offering to 

continue government-to-government consultation. 
Telephone 

• August 25, 2004, Reclamation staff called to follow up on the August 12, 2004, 
consultation letter. 

• September 21, 2004, Reclamation staff called to follow up on the August 12, 2004, 
consultation letter. 

Mailings 
• Three Affiliated Tribes was included in the mailing list for Project newsletters, Needs and 

Options Report, DEIS, and SDEIS.  
Meetings 

• November 8, 2002 - Texx Lone Bear and Felicia Felix represented the Three Affiliated 
Tribes in a DEIS public scoping meeting in Bismarck.   

• February 2, 2006 – Chairman Tex Hall testified at hearing on the DEIS and discussed the 
Project with Area Manager Dennis Breitzman 

• March 20, 2006 – Area Manager Dennis Breitzman attended a Tribal Council meeting to 
discuss the proposed Project with the Council. 

• March 20, 2006 – Public hearing for DEIS held at New Town, Fort Berthold Reservation. 
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Standing Rock Sioux Tribe  
Correspondence 

• July 2002 - letter sent to Chairman Charles Murphy inviting the tribe to an open forum in 
Fargo, North Dakota, in August 2002 to discuss the Project. 

• October 2002 – consultation on DEIS initiated with a letter to Chairman Murphy and Tim 
Mentz, Tribal Historic Preservation Officer,  announcing scoping meetings and 
publication of the Notice of Intent to prepare an EIS.   

• October 20, 2002 – letter from Mary Wilson, Standing Rock Sioux NEPA Coordinator, 
requesting documents and stating intent to attend the scoping meeting in Bismarck. 

• December 17, 2002 – letter from Mary Wilson, Standing Rock Sioux NEPA Coordinator, 
responded to the DEIS scoping letter and expressed concerns about the Missouri River 
and the cumulative effects of the Project on reserved tribal land, water, and treaty rights. 

• August 12, 2004 - letter to Chairman Murphy provided an update on ITA analysis and 
groundwater investigations.  Requested a meeting between Chairman Murphy and 
Reclamation managers for further consultation on the proposed Project.  

• March 12, 2005 - letter to Chairman Murphy and other interested parties seeking 
comments on the Draft Needs and Options Report. 

• September 1, 2005 – letter to the Chairman asking if the tribe wished to receive a copy of 
the Final Needs and Options Report and DEIS. 

• December 30, 2005 – letter with enclosed DEIS sent to Chairman Murphy for review. 
• July 28, 2006 – letter to Chairman Ron His Horse Is Thunder requesting information on 

ITAs and offering to continue government-to-government consultation. 
Telephone 

• September 1, 2004, Reclamation staff contacted Chairman Murphy’s office to follow up 
on August 12, 2004, consultation letter. 

Mailings 
• Standing Rock Sioux Tribe was included in the mailing list for Project newsletters, Needs 

and Options Report, DEIS, and SDEIS.  
Meetings 

• November 8, 2002 - Mary Wilson represented the Standing Rock Sioux Tribe at the 
DEIS public scoping meeting in Bismarck.   

• March 2006 – Reclamation staff contacted Ralph Walker, MR&I Water Program 
Director, and the Chairman’s office on several occasions offering to meet with the Tribal 
Chairman to discuss the Project. 

• March 9, 2006 – Public hearing for DEIS held at Fort Yates, Standing Rock Sioux 
Reservation. 

 
Red Lake Band of Chippewa  
Correspondence 

• August 12, 2004 - Letter was sent to Chairman George King initiating consultation and 
offering to meet to discuss impacts to ITAs and any issues the tribe might have.   

• March 12, 2005 - letter to Chairman King and other interested parties seeking comments 
on the Draft Needs and Options Report. 

• September 1, 2005 – letter to Chairman King asking if the tribe wished to receive a copy 
of the Final Needs and Options Report, SDEIS, and DEIS. 
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• December 30, 2005 – letter with enclosed DEIS sent to Chairman Floyd Jourdain for 
review. 

• July 28, 2006 – letter to Chairman Jourdain requesting information on ITAs and   
      offering to continue government-to-government consultation. 

Telephone 
• August 27, 2004; September 3, 2004; September 7, 2004; September 20, 2004; October 

15, 2004; October 18, 2004; and May 4, 2005, Reclamation staff contacted the 
Chairman’s office to follow up on August 12, 2004, consultation letter. 

Mailings 
• Red Lake Band of Chippewa was included in the mailing list for the Needs and Options 

Report and DEIS.  
Meetings 

• Red Lake Band of Chippewa was included in the mailing list for the Needs and Options 
Report and DEIS.  

• August 9, 2005 – Meeting was held at Red Lake, Minnesota, between Reclamation and 
the Red Lake Band of Chippewa Tribal Council to discuss the Project. 

• February 17, 2006 – Public hearing on the DEIS at Red Lake, Minnesota, was cancelled 
shortly after it began by the Tribal Chairman due to severe weather. 

• March 6, 2006 – Public hearing on DEIS at Red Lake, Minnesota, was held in the Tribal 
Council chambers. 

 
On July 28, 2006, Reclamation sent a letter to the four tribes in the Red River Basin, the 25 tribes 
in the Missouri River Basin, and the one tribe that spans both basins notifying them that 
Reclamation was preparing a SDEIS and inviting them to consult on ITAs and other concerns 
they may have with respect to the SDEIS.  The Red Lake Band of Chippewa and Standing Rock 
Sioux Tribe responded to this letter with requests for a meeting.  Reclamation is continuing 
government-to-government consultation with the tribes.   
 
Treaty Research 
Reclamation reviewed the treaties with the Missouri and Red River Basins tribes to determine if 
any ITAs were specified in them (cf. Royce 1899).  The United States entered into at least 54 
treaties with these tribes, many of which applied to multiple tribes (table J.2).  Frequently treaties 
involved land cessions in which the tribes retained certain rights of access, most often for 
hunting, fishing, and gathering on the ceded lands.  U.S. Supreme Court decisions have defined 
other retained rights not specified in the treaties.  These decisions are based on the “reserved 
rights” doctrine:  “…the treaty was not a grant of rights to the Indians, but a grant of rights from 
them—a reservation of those not granted.” United States v.Winans (1905). 
 
Results 
Trust Lands 
Trust lands are lands set aside for Indians with “…the United States holding naked legal title and 
the Indians enjoying the beneficial interest” (Canby 1991).  The Bureau of Indian Affairs land 
database was reviewed, and the tribes listed in table J.1 were contacted to determine if any trust 
lands were within the areas of potential effect for the Project alternatives.  No trust lands were 
identified in these areas. 
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Table J.2 – Treaties of Missouri and Red River Basins Tribes and Retained Rights (Royce 1899). 

Tribe Treaty Retained Rights 

Assiniboine and Sioux 
Tribes of Fort Peck 

1851 Fort Laramie Treaty 
1868 Treaty with Sioux Brule/Fort Laramie 
Treaty 
1873 Executive Order established the Fort 
Peck Reservation 
1889 Congress established boundaries 

1851-hunting and fishing  
1868-hunting  

Blackfeet Tribe 1855 Treaty with Blackfeet Sioux 1855-hunting, fishing, gathering, 
and grazing 

Cheyenne River Sioux 
Tribe 

1851 Fort Laramie Treaty 
1868 Treaty with Sioux Brule/Fort Laramie 
Treaty  
1889 Congressional Act; Great Sioux 
Settlement 

1851-hunting and fishing   
1868-hunting  
1889-irrigation   

Chippewa Cree Tribe, 
Rocky Boy Reservation 

1825 Treaty with the Sioux 
1916 Executive Order establishing the 
Reservation boundary 

1825-reciprocal hunting   
 

Crow Creek Sioux Tribe 1825 Treaty with the Sioux 
1851 Fort Laramie Treaty 
1863 Executive Order establishing the 
Reservation boundary 
1868 Treaty with Sioux Brule/Fort Laramie 
Treaty 
1889 Congressional Act; Great Sioux 
Settlement 

1825-reciprocal hunting  
1851-hunting and fishing  
 
1868-hunting  
1889-irrigation   

Crow Tribe 1826 Treaty 
1851 Fort Laramie Treaty 

 
1851-hunting and fishing   

Eastern Shoshone Tribe 1863 and 1868 Fort Bridger Treaty 
1872 Brunot Agreement 
1898 and 1904 McLaughlin Agreement 

 

Flandreau Santee Sioux 
Tribe 

1851 Fort Laramie Treaty 
1858 Treaty with the Sioux 
1863 Executive Order 
1868 Treaty with Sioux Brule/Fort Laramie 
Treaty  

1851-hunting and fishing   
 
 
1868-hunting  

Fort Belknap Assiniboine 
and Gros Ventre Tribes 

1851 Fort Laramie Treaty 
1855 Blackfeet Treaty 
1889 Congressional Act; Great Sioux 
Settlement  

1851-hunting and fishing  
1855-hunting, fishing, gathering, 
and grazing  
1889-irrigation  

Iowa Tribe of Kansas 1825 Treaty with the Sioux 
1830 Treaty with Sauk, Foxes  

1825-reciprocal hunting  

Kickapoo Tribe 1819 Treaty with the Kickapoo 
1832 Treaty with the Kickapoo 
1854 Treaty with the Kickapoo  
1864 Amendment to Treaty with the Kickapoo 

 

Lower Brule Sioux Tribe 1851 Fort Laramie Treaty 
1865 Treaty with Sioux Lower Brule Band 
1868 Treaty with Sioux Brule/Fort Laramie 
Treaty 
1889 Congressional Act; Great Sioux 
Settlement  

1851-hunting and fishing  
 
1868-hunting  
1889-irrigation  

Northern Arapaho 
Business Council 

1863 and 1868 Fort Bridger Treaty 
1872 Brunot Agreement 
1898 and 1904 McLaughlin Agreement 
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Tribe Treaty Retained Rights 

Northern Cheyenne Tribe 1851 Fort Laramie Treaty 
1868 Treaty with Sioux Brule etc/Fort Laramie 
Treaty 
1884 Executive Order 
1889 Congressional Act; Great Sioux 
Settlement  

1851-hunting and fishing   
1868-hunting  
 
1889-irrigation  

Oglala Sioux Tribe 1851 Fort Laramie Treaty 
1868 Treaty with Sioux Brule etc/Fort Laramie 
Treaty 
1889 Congressional Act; Great Sioux 
Settlement  

1851-hunting and fishing  
1868-hunting  
1889-irrigation  

Omaha Tribe 1830 Treaty with Sauk, Foxes 
1836 Treaty with the Oto etc. 
1854 Treaty with the Omaha 

 

Ponca Tribe 1817 Treaty with the Ponca 
1825 Treaty with the Sioux 
1858 Treaty with the Ponca 
1865 Treaty with the Ponca 
1868 Treaty with Sioux Brule/Fort Laramie 
Treaty 
1881 Act of Congress 

 
 
1825-reciprocal hunting   
 
1868-hunting 

Prairie Bend of 
Potawatami Nation 

1846 Treaty with the Potawatami Nation  

Rosebud Sioux Tribe 1851 Fort Laramie Treaty 
1868 Treaty with Sioux BruleFort Laramie 
Treaty 
1889 Congressional Act; Great Sioux 
Settlement                                                            

1851-hunting and fishing  
1868-hunting  
1889-irrigation  

Sac and Fox Nation 1825 Treaty with the Sioux, 1830 Treaty with 
Sauk, Foxes. 
1832 Treaty of Fort Armstrong 

1825-reciprocal hunting  
 
 

Santee Sioux Nation 1825 Treaty with the Sioux 
1830 Treaty with Sauk, Foxes 
1836 Treaty with the Oto 
1851 Fort Laramie Treaty 
1867 Treaty with the Sioux Sisseton and 
Wahpeton Bands 
1868 Treaty with Sioux Brule/Fort Laramie 
Treaty 

1825-reciprocal hunting  
 
 
 
 
1851-hunting and fishing  
1868-hunting  

Sisseton-Wahpeton 
Oyate  

1825 Treaty with the Sioux, etc 
1830 Treaty with Sauk, Foxes etc  
1836 Treaty with the Sioux 
1851 Treaty with the Sioux Sisseton and 
Wahpeton Bands 
1858 Treaty with the Sioux 
1867 Treaty with the Sioux Sisseton and 
Wahpeton Bands 
1873 Amended Agreement with certain Sioux 
Indians 

1825-reciprocal hunting  
 
 
 
 
 
 
 
1873-permanent right to the soil 

Spirit Lake Tribe 1867 Treaty with the Sioux Sisseton and 
Wahpeton Bands 
1873 Amended Agreement with certain Sioux 
Indians 

 
 
1873-permanent  right to the soil 



SDEIS Appendix J – Indian Trust Assets 
 

 J - 10

Tribe Treaty Retained Rights 

Standing Rock Sioux 
Tribe 

1851 Fort Laramie Treaty 
 
1868 Treaty with Sioux Brule etc/Fort Laramie 
Treaty 
1882 Agreement with Sioux of various tribes 
(not ratified) 
1889 Congressional Act; Great Sioux 
Settlement 

1851-hunting and fishing  
1868-hunting  
 
 
 
1889-irrigation  

Three Affiliated Tribes 
(Mandan, Hidatsa, and 
Arikara) 

1851 Fort Laramie Treaty 
1866 Fort Berthold Agreement (not ratified) 
1868 Treaty with Sioux Brule/Fort Laramie 
Treaty  
1870 Executive Order 
1880 Executive Order 

1851-hunting and fishing  
 
 
1868-hunting  

Turtle Mountain Band of 
Chippewa 

1825 Treaty with the Sioux 
1892 Treaty with the Turtle Mountain Band of 
Chippewa (ratified 1940) 

1825-reciprocal hunting  

Winnebago Tribe 1825 Treaty with the Sioux 
1830 Treaty with Sauk, Foxes 
1832 Treaty with Winnebago 
1837 Treaty with Winnebago 
1846 Treaty with Winnebago  
1855 Treaty with Winnebago 
1859 Treaty with Winnebago 
1865 Treaty with Winnebago 

1825-reciprocal hunting  
 
 
 
 
 

Yankton Sioux 1815 Treaty with Yankton Sioux 
1825 Treaty with the Teton etc. 
1830 Treaty with Sauk, Foxes 
1836 Treaty with the Oto 
1837 Treaty with Yankton Sioux 
1858 Treaty with Yankton Sioux 
1865 Treaty with the Sioux Yanktonai 
1868 Treaty with Sioux Brule/Fort  
1894 Act of Congress reduced reservation 

 
 
 

Red Lake Band of 
Chippewa 

1837 Treaty with Anishinabe (several 
Chippewa Bands)  
1863 Treaty with Red Lake Band (amended 
1864) 
1889 Nelson Act 
1892 Rice Commission 
1904 and 1905 Agreements 

1837-established reservation but 
did not give up any hunting, 
fishing, or gathering rights. 

White Earth Band of 
Ojibwe 

1837 Treaty with Anishinabe (several 
Chippewa Bands)  
1867 Treaty with Mississippi Band of Ojibwe 
1889 Nelson Act 
1892 Rice Commission 
1904 and 1906 Clapp Amendments 
 

1837-established reservation but 
did not give up any hunting, 
fishing, or gathering rights. 

 
Hunting, Fishing, and Gathering Rights 
According to Reclamation’s (1993) ITA policy, hunting and 
fishing rights and, by extension, gathering rights may qualify 
as ITAs.  This is because the tribes retained the right to 
continue hunting, fishing, and gathering on ceded lands in 
many of the treaties (Table J.2).  However, no court has ruled 
on whether these activities constitute ITAs although the U.S. 

Usufructuary rights are those 
rights to obtain food, water, and 
other necessities on ceded lands, 
which include the right to use the 
ceded property to hunt, fish and 
gather on the land. 
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Supreme Court ruled in Minnesota v. Mille Lacs (1999) that hunting, fishing, and gathering were 
usufructuary rights.  Even though the courts have yet to rule on whether these rights are ITAs, 
they are treated as such because of Reclamation’s (1993) ITA policy. 
 
Minnesota v. Mille Lacs Supreme Court Decision   The treaty rights of the Minnesota 
Chippewa/Ojibwe with respect to hunting, gathering, and fishing on ceded lands were affirmed 
by the U. S. Supreme Court in the Minnesota v. Mille Lacs (1999) decision.  The issue involved a 
treaty signed in 1837 in which several Chippewa Bands ceded land in present-day Minnesota and 
Wisconsin to the United States.  The Indians retained certain hunting, fishing, and gathering 
rights on the ceded lands "during the pleasure of the President of the United States."   
 
An 1850 Executive Order ordered the Chippewa's removal from the ceded territory and revoked 
their usufructuary rights.  The United States ultimately abandoned its removal policy, but its 
attempts to acquire Chippewa lands continued.  An 1855 Treaty set aside lands as reservations 
for the Mille Lacs Band of Ojibwe, but made no mention of whether it abolished rights 
guaranteed by previous treaties; this was prior to Minnesota entering into the Union in 1858.   
 
In 1990, the Mille Lacs Band and several members sued the State of Minnesota, Minnesota 
Department of Natural Resources (MNDNR), and state officials seeking, among other things, a 
declaratory judgment that they retained their usufructuary rights and an injunction to prevent the 
state's interference with those rights.  Although the suit was brought by the Mille Lacs Band, it 
applied to all the Chippewa/Ojibwe bands in Minnesota who were signatories to the 1837 treaty, 
including the Red Lake Band of Chippewa and the White Earth Band of Ojibwe.   
 
The Supreme Court’s decision recognizes that the Chippewa/Ojibwe’s hunting, fishing, and 
gathering rights reserved in the 1837 treaty were not terminated either by the 1850 Executive 
Order or by the 1855 Treaty.  Neither expressly terminated hunting, fishing, and gathering rights 
with respect to the lands ceded to the United States.  The Court also concluded that Minnesota’s 
admission to the union also did not extinquish the Chippewa/Ojibwe’s usufructuary. 
 
The Red Lake Band of Chippewa is currently exercising their fishing rights recognized in the 
Minnesota v. Mille Lacs decision through the development of a fisheries program that involves 
restocking various fish species.  Today, the lands of the Band controls a total land area of 
564,426 acres which includes the main reservation which surrounds Lower Red Lake and a 
portion of Upper Red Lake and scattered tracts across nine counties in northern Minnesota.  The 
main reservation encompasses 407,730 acres of land and 229,300 acres of surface water area on 
the two lakes.  The scattered tracts total another 156,696 acres of land, comprise about 70% of 
the Northwest Angle of Minnesota, and border Lake of the Woods (figure J.1).  These lands were 
originally ceded, but because they were not sold, they were returned to the Band.   
 
The Red Lake Band regulates hunting and fishing on their lands, while the state of Minnesota 
maintains jurisdiction over public waters and ceded lands.  The Band maintains its fishery within 
the waters it controls on the reservation.  In addition, control gates on the Lower Red Lake are 
within the reservation boundary, so the Band controls the flows released from the lake to the Red 
Lake River (personal communication, J. Wingate, MNDNR; personal communication, G. Aune, 
Minnesota Attorney General’s office).   
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Both the Red Lake Band of Chippewa and the White Earth Band of Ojibwe have active fishery 
programs.  Both bands operate their programs in partnership with MNDNR, the Service, other 
tribes or First Nations, and various universities.  The Red Lake Band is in the process of 
revitalizing its program, while the White Earth Band is expanding its program.   
 
Given the Minnesota v. Mille Lacs decision, the bands believe their fishing rights and the 
exercise of those rights through their fishery programs extend beyond the waters directly under 
their control.  The bands have expressed concerns about activities that have or may affect these 
other waters and their fishery programs.  For instance, both bands passed resolutions addressing 
the proposed Devils Lake outlet plan in North Dakota.  Red Lake Resolution No. 269-03 stated 
the Band “…is greatly concerned about the potential ramifications of the release of exotic 
species or pathogens into the Red River and thereby into the Red Lake Reservation via the Red 
Lake River, and possibly into the Red Lakes themselves to the substantial detriment of the Red 
Lake Fishery and the Walleye Rehabilitation effort.”   
 
White Earth Resolution No. 057-040-003 states “[t]he White Earth Indian Reservation, Fishery 
Program, with the Minnesota Department of Natural Resources, and Rainy River First Nation, 
Manitoba, Canada have been working on a long term project of restoring virus free Lake 
Sturgeon to the Red River of the North Basin.”  Further, the resolution states the Band’s 
“…opposition of this discharge and biotic transfer, which will end up into the Red River of the 
North Basin and it [sic] tributaries.”   
 
The Red Lake Band of Chippewa, the White Earth Band of Ojibwe, the Spirit Lake Band of 
Dakotah, and the Assembly of Manitoba Chiefs signed a Joint Resolution expressing great 
concern about the Devils Lake Outlet plan and “…the potential ramifications of the release of 
chemical contaminants, exotic species and/or pathogens into the Red River of the North, as well 
as the spiritual ramifications of the proposed human alterations to the Creator’s natural systems.” 
 
Indian Water Rights 
The United States government has recognized that tribes in the western United States (west of 
the Mississippi) may hold rights to water in streams running through or alongside the boundaries 
of their reservations.  The basis for Indian water rights stems from the U. S. Supreme Court 
decision Winters v. United States (1908), which enunciated the Winters Doctrine.  According to 
the Winters Doctrine, implicit in the establishment of an Indian reservation was a reservation of 
sufficient water to fulfill the purposes for which the reservation was created, with the priority 
date being the date the reservation was established.  As such, Indian water rights for both surface 
water and groundwater constitute an ITA. 
         
When a reservation is established with expressed or implicit purposes beyond agriculture, such 
as fishing and water supply, then water may also be reserved in quantities to sustain use.  The 
U.S. Supreme Court upheld this concept in Arizona v. California (1963).  The Court held that 
tribes need not confine the actual use of water to agricultural pursuits, regardless of the wording 
in the document establishing the reservation.  However, the amount of water quantified was still 
determined by the amount of water necessary to irrigate the “practicably irrigable acreage” on a 
reservation.  The Court also held that the water allocated should be sufficient to meet both 
present and future needs of the reservation to assure the viability of the reservation as a 
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homeland.  Case law also supports the premise that Indian reserved water rights are not lost 
through non-use.   
 
The Winters Doctrine will apply to any Indian water rights in North Dakota or along the 
Missouri River.  For the Red River Basin in Minnesota, water allocations are based on the 
common law doctrine of riparian water rights coupled with the concept of reasonable use.  Under 
riparian water rights all landowners whose property is adjacent to a body of water or overlying a 
groundwater source have the right to make reasonable use of it, subject to the rights of other 
riparian landowners.  If there is not enough water to satisfy all users, allotments are generally 
fixed in proportion to frontage on the water source. This doctrine applies to both surface water 
and groundwater.  The issue of Indian water rights has not been addressed under the riparian 
water rights precept; consequently, there is nothing analogous to the Winters Doctrine.   
 
Surface Water 
The U.S. Army Corps of Engineers (Corps) is the federal agency responsible for operations of 
the Missouri River.  The Corps has recognized that certain Missouri River Basin tribes are 
entitled to water rights in streams running through and along their reservations under the Winters 
Doctrine.  Several Missouri River Basin tribes have quantified or are in the process of 
quantifying their water rights.  Currently, the only tribal reserved water rights that have been 
legally quantified are:   

• State of Wyoming settlement with tribes of the Wind River Reservation (adjudicated 
under the McCarran Amendment) 

• Compact between the state of Montana and the tribes of the Fort Peck Reservation 
(awaiting congressional approval) 

• Compact between the state of  Montana and the tribes of the Fort Belknap Reservation 
(ratified by the state legislature) 

• Compact between the state of  Montana and the Crow tribe (ratified by the state 
legislature) 

• Compact between the state of Montana and the tribes of the Rocky Boys Reservation 
(awaiting congressional approval) 

• Compact between the State of Montana and the Northern Cheyenne Tribe (The Northern 
Cheyenne Reserved Water Rights Settlement Act [P.L. 102-374]) 

 
The Corps’ operational decisions concerning the Missouri River Mainstem Reservoir System are 
based on the water that is in the system and demands placed upon it.  The Corps recognizes tribal 
water rights to the mainstem irrespective of whether those rights have been quantified.  In doing 
so, the Corps has recognized that future quantification of these rights could affect operations.  
The Corps completed a water depletion analysis for the new Master Manual EIS (Corps 2004a), 
which states “future depletions would be analyzed and then incorporated in to the Corps’ AOP” 
(Annual Operating Plan).  According to the Missouri River Master Manual (Corps 2004b): 

 
 “When a Tribe exercises its water rights, these consumptive uses will then be 
incorporated as an existing depletion.  Unless specifically provided for by law, these 
rights do not entail an allocation of storage.  Accordingly, water must actually be diverted 
to have an impact on the operation of the System.  Further modifications to System 
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operation, in accordance with pertinent legal requirements, will be considered as Tribal 
water rights are exercised in accordance with applicable law.” 
 

If tribes quantify their reserved water rights and put the water to beneficial use, the volume of 
water available for other users in the basin may be affected. 
 
Groundwater 
Groundwater also can constitute an ITA as a water right.  Both North Dakota and Minnesota 
regulate and permit groundwater withdrawals.  The Sisseton-Wahpeton Oyate Reservation 
overlies or is adjacent to the Hankinson, Brightwood, Senora, and Milner Aquifers.  Should any 
of these aquifers serve as a water source in the preferred alternative, consideration would need to 
be given as to whether the Sisseton-Wahpeton Oyate are withdrawing water and what their rights 
are with respect to the proposed withdrawals.  
 
Impacts to Indian Trust Assets 
The following discussion addresses the potential impacts of the proposed alternatives on ITAs.  
The alternatives potentially could affect three different categories of ITAs: 1) trust lands, 2) 
hunting, fishing, and gathering rights, and 3) Indian water rights.  The potential impacts are 
summarized in table J.3. 
 
Table J.3 – Summary of the Consequences of No Action and Potential Impacts to ITAs by Action Alternatives. 

Indian Trust Assets No Action Alternative Action Alternatives 

Trust Lands No consequences No effect 

Hunting, Fishing & Gathering Rights -  
   Chippewa/Ojibwe fishing rights 

No consequences; however, the 
degradation of aquatic resources 
in the Red River could affect lake 
sturgeon restoration efforts of the 
White Earth Band. 

No Affect; all action alternatives 
would improve fisheries in the Red 
River Basin to varying degrees. 

Indian Water Rights – surface water No consequences 

Undetermined 
 
Most tribes have not quantified 
these rights within the Missouri 
River Basin. 

Indian Water Rights - groundwater No consequences 

Undetermined 
 
Consideration should be given as 
to whether the Sisseton-Wahpeton 
Oyate are withdrawing water and 
what their rights are with respect 
to the proposed withdrawals for 
the preferred alternative. 

 
Trust Lands 
Trust lands are lands set aside for Indians to which the United States holds legal title and the 
Indians receive the beneficial interest.  A review of the Bureau of Indian Affairs land database 
for the tribes listed in table J.1 indicates that no trust lands are within the areas of potential effect 
for the proposed alternatives. 
 
No Action Alternative   None of the projects identified in Appendix A.2 as part of the No 
Action Alternative would be on trust lands. 
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Action Alternatives   None of the action alternatives would affect trust lands. 
 
Hunting, Fishing, and Gathering Rights 
Many of the treaties with the tribes in the Missouri and Red River basins provided for continued 
hunting, fishing, and gathering on ceded lands.  The rights of the Minnesota Chippewa/Ojibwe to 
hunt, fish, and gather on their ceded lands were affirmed by the U.S. Supreme Court in the 
Minnesota v. Mille Lacs (1999) decision.  The possible impacts of the proposed alternatives were 
evaluated with respect to their potential for impacting the Chippewa/Ojibwe right to fish.  The 
impact analysis was based upon the analysis of aquatic resources discussed in chapter four.  If 
future federal court decisions affirm the fishing rights of other tribes, those rights should be 
given similar consideration.   
 
No Action Alternative   The No Action Alternative would not have consequences for tribal 
rights with respect to fisheries as affirmed in Minnesota v. Mille Lacs (1999).  However, the 
degradation of aquatic resources resulting from the No Action Alternative documented in chapter 
four would negatively impact the fisheries in the Red River, thereby potentially affecting the 
restoration of lake sturgeon by the White Earth Band of Ojibwe.  As stated in Appendix D.1, 
“extremely low summer, fall and winter 10 percentile flows under the No Action Alternative 
would likely have a very negative effect on the fish community, particularly at the Moorhead 
Site.” 
 
Action Alternatives   None of the action alternatives would affect Chippewa/Ojibwe rights 
affirmed in the Minnesota v. Mille Lacs (1999).  All of the proposed action alternatives would 
improve fisheries in the Red River Basin to varying degrees.  These improvements are discussed 
in the aquatic resources impacts section of chapter four. 
 
Indian Water Rights 
The basis for Indian water rights in the western United States stems from the U. S. Supreme 
Court decision in Winters v. United States (1908), commonly known as the Winters Doctrine.  
According to the Winters Doctrine, the establishment of an Indian reservation implied that 
sufficient water was reserved to fulfill purposes for which the reservation was created, with the 
priority date being the date the reservation was established.  As such, Indian water rights to both 
surface water and groundwater constitute an ITA. 
 
Regarding surface water, the Corps has recognized that certain Missouri River Basin tribes are 
entitled to water rights in streams running through and along their reservations under the Winters 
Doctrine, irrespective of whether those rights have been quantified.  In doing so, the Corps has 
recognized that future quantifications of those rights could affect operations of the mainstem 
Missouri River, including any of the proposed alternatives that involve import of Missouri River 
water.  Regarding groundwater, the Sisseton-Wahpeton Oyate Reservation overlies or is adjacent 
to the Hankinson, Brightwood, Senora, and Milner Aquifers. 
 
No Action Alternative   The No Action Alternative would not have consequences for surface 
water or groundwater rights. 
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Action Alternatives   Since surface water rights have not been quantified for most of the tribes 
in the Missouri River Basin; it is not possible to determine the potential cumulative effects of 
quantification in addition to an action alternative.  Should any of these aquifers serve as a water 
source in the selected alternative, consideration would need to be given as to whether the 
Sisseton-Wahpeton Oyate are withdrawing water and what their rights are with respect to the 
proposed withdrawals for the selected alternative. 
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Appendix K.1 – Financial Analysis 
 
Introduction 
Chapter two identifies the six alternatives under consideration.  This includes a No Action 
Alternative in addition to five action alternatives, as listed in table K.1.1.  Chapter two provides 
the estimated construction and OM&R costs for each alternative.  This analysis used these costs 
to develop average per household water service rates required to repay Project costs.  These 
water service rate data were used in the environmental justice analysis to determine if there 
would be any unfair financial impacts on Red River Valley residents due to increased water 
service rates.  A financial analysis was not conducted on the No Action Alternative because it 
does not meet the purpose and need of the Project. 
 
Table K.1.1 shows the breakdown of construction and OM&R costs for each alternative.  The 
second column of data are the construction costs, while the annual OM&R costs are shown in the 
third column.  These OM&R costs include OM&R of GDU Principal Supply Works, OM&R of 
reimbursable investments, and OM&R of a non-reimbursable biota WTP, depending on the 
alternative.  

 
Financial Analysis Options Considered 
Financing of the Project could be undertaken in a number of ways depending on numerous 
factors.  DWRA provided some guidance by identifying federal non-reimbursable funding of the 
Sheyenne Release Structure, which is the biota WTP and $200 million of reimbursable federal 
funding (loans).  Three financing options were developed to evaluate a reasonable range of 
financing options.  These options are described below. 
 
EIS Option (Option One) 
The EIS Option was developed based on preliminary information provided by Garrison 
Diversion and Project sponsors.  The financing option assumes federal government funding of 
the construction and OM&R costs of the biota WTP, which are non-reimbursable costs.  All 
remaining costs would be funded one-third by municipal bonding, one-third by a state (grant) 
contribution, and one-third reimbursable federal financing.  This option is the most likely method 
of financing the Project, so these results are used in the environmental justice analysis in chapter 
four.   
 

Table K.1.1 – Summary of Alternative Cost Estimates.

Alternative Construction Cost 
(2005 Dollars)* 

Annual OM&R 
Cost* 

No Action $24,307,000 $1,023,000
North Dakota In-Basin  $457,292,000 $5,604,000
Red River Basin $415,438,000 $6,676,000
GDU Import to Sheyenne River   $700,513,000 $7,569,000
GDU Import Pipeline  $910,950,000 $13,117,000
Missouri River Import to Red River Valley  $1,051,996,000 $9,102,000
* Values are rounded to the nearest $1,000.
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Option Two 
Financing Option Two assumes the federal government would fund the construction and OM&R 
costs of the biota WTP, which are non-reimbursable.  All other remaining costs are federally 
financed and are reimbursable over 40 years at 3.225%.  The 3.225% is the rate set in the GDU 
1965 Act.  There would be no municipal bonding or state contribution in this option. 
 
Option Three 
Financing Option Three also assumes the federal government would fund the construction and 
OM&R costs of the biota WTP, which are non-reimbursable.  All other costs associated with the 
Project would be reimbursable and financed by municipal bonding.  There would be no state 
contribution or federal loan included in this option.   
 
Financial Analysis Assumptions 
In the process of conducting this analysis, other assumptions were included which relate to the 
term of the financing plan, the number of households, the allocation of Project costs and IDC 
(interest during construction).  These assumptions are described in more detail in the following 
paragraphs. 
 
Term of Financial Analysis 
A term of 40 years was selected as the term of the financial plan based on the assumption that 
repayment of any financial obligations would start as Project facilities are put into service and 
extend for an average of 40 years. 
 
Population Served and Number of Households 
The alternatives were designed based on population projections through a 2050 planning 
horizon.  The 2050 population projection was used to estimate the number of households.  The 
2050 estimated population of the municipal service area is 388,990.  The rural water suppliers 
within the service area include: Cass Rural Water Users District, Grand Forks Traill Water 
District, and Langdon Rural Water District.  The 2050 estimate for the combined population of 
the three rural water service areas was 32,434.  Therefore, the total population within the water 
service area by the year 2050 was estimated at 418,978.  This population estimate was used in 
the financial analysis.  These population estimates are presented in more detail in the Current 
and Future Population of Red River Valley Region 2000 through 2050 (Reclamation 2003b) and 
the Final Need and Options Report (Reclamation 2005a). 
 
A key factor in determining per household repayment rates is quantifying the number of 
households that reimbursable costs would be applied to.  From a reimbursable standpoint, there 
are three major groups of water users that would bear the costs of the proposed alternatives; 
individual water users (households), commercial businesses and industries.  To determine the 
cost per household, the commercial and industrial portions of water use were converted to 
equivalent households.  Commercial use makes up 30% of the total municipal demand and 
industrial use makes up 30% of the total water demand.  Therefore to determine equivalent 
households the population served (418,978) is divided by 2.4 and then by 0.7 to account for 
commercial use and then by 0.7 again to account for industrial use.  Where 2.4 is the number of 
persons per household, based on the results presented in the Water Conservation Potential 
Assessment (Reclamation 2004b).   Using this equation, it was determined that there are 356,274 
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equivalent households; where the total water demand is made up of 49% municipal use, 21% 
commercial use and 30% industrial use. 
 
Allocation of Project Costs  
The cost of construction of biota WTP is a federal expense (federal grant), which would be non-
reimbursable.  This is based on the premise that compliance with the Boundary Waters Treaty of 
1909 is a federal responsibility.  The OM&R costs associated with a biota WTP would also be 
funded by the federal government and considered non-reimbursable.  All other OM&R costs are 
reimbursable by Project recipients. 
 
DWRA authorized $200 million in federal loans for Project construction.  The interest rate 
applied for use of GDU facilities for MR&I water supplies is 3.225%, which was the rate in 1965 
when the Garrison Diversion Unit was authorized.  Since the 2000 enactment of DWRA, the 
indexed cost of the original $200 million is estimated to be $250 million.  For the options 
considered in this financial analysis, Federal financing was not constrained by the current 
DWRA cost ceiling. 
   
DWRA requires that the repayment of costs for existing GDU Principal Supply Works be based 
only on the proportion of the installed capacity of each feature used by the Project.  The GDU 
construction and OM&R costs for each alternative are provided in the attachments to this 
financial analysis.  DWRA also requires that assigned construction and OM&R costs of GDU 
supply facilities be repaid at 3.225%.  Although some alternatives provide improved basic 
aquatic need and improved flow rates for recreation, and/or water quality, no construction costs 
were allocated to these incidental benefits.   
 
Interest During Construction 
During construction of any project, interest costs would be incurred and accounted for in a 
financial analysis.  These costs factor in the value of money between the start of construction, 
when funds are borrowed, and the completion of various construction contracts.   The analysis 
assumed that IDC would equal 7% of construction costs for federal financing and 10.85% for 
non-federal financing. 
 
Financial Analysis Results 
Table K.1.2 summarizes the reimbursable household rates for each of the five action alternatives 
using the three financing options considered.  Reimbursable household rates represent the 
estimated monthly costs that would be added to a household’s water bill.  The EIS Option is the 
financing scenario used in the SDEIS. 
 
Table K.1.2 – Reimbursable Costs per Household per Month.  

Reimbursable Costs per Household per Month 
EIS Option 

(Option One) Option Two Option three Alternative 

Dollars/Month Dollars/Month Dollars/Month 
North Dakota In-Basin  $5.33  $6.44  $8.22  
Red River Basin $5.21  $6.22  $7.84  
GDU Import to Sheyenne River   $5.74  $7.16  $9.40  
GDU Import Pipeline  $8.25  $10.24  $13.40  
Missouri River Import to Red River Valley  $8.87  $11.07  $14.57  
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Table K.1.3 summarizes the non-reimbursable household rates for each of the action alternatives 
for the three financing options considered.  Non-reimbursable rates represent the estimated 
monthly costs that would be paid by the federal government or by a state contribution.  The EIS 
Option has the highest non-reimbursable costs because it includes state grant funds which are 
non-reimbursable.  North Dakota In-Basin and Red River Basin alternatives have zero non-
reimbursable costs under Option Two and Option Three because they have no grants or biota 
WTPs which are non-reimbursable costs.   
 
Table K.1.3 – Non-Reimbursable Costs per Household per Month. 

Non-reimbursable Costs per Household per Month 
EIS Option 

(Option One) Option Two Option three Alternative 

Dollars/Month Dollars/Month Dollars/Month 
North Dakota In-Basin  $2.30 $0.00 $0.00 
Red River Basin $2.09 $0.00 $0.00 
GDU Import to Sheyenne River   $5.39 $2.48 $2.48 
GDU Import Pipeline  $7.15 $3.05 $3.05 
Missouri River Import to Red River Valley  $7.40 $2.86 $2.86 

 
Table K.1.4 provides construction costs allocated between federal non-reimbursable, federal 
reimbursable and non-federal costs for each financing option.  The reimbursable Federal costs 
would be repaid by the beneficiaries and the non-reimbursable Federal costs are financed by the 
federal government.  Contributions by the state of North Dakota are non-reimbursable.   
 
 
 
Table K.1.4 – Allocation of Construction Costs for Each Financing Option. 

EIS Option (Option One) 

Alternatives Federal 
Non-

Reimbursable 
Investment Costs 

Federal 
Reimbursable 

Investment 
Costs 

Non-Federal 
Investment 

Costs 

Total 
Investment 

Costs 

North Dakota In-Basin  $0 $163,101 $337,939 $501,040
Red River Basin $0 $148,173 $307,009 $455,182
GDU Import to Sheyenne River   $118,458 $218,232 $427,715 $764,404
GDU Import Pipeline  $95,841 $298,440 $601,320  $995,601
Missouri River Import to Red 
River Valley  $161,795 $321,280 $665,681 $1,148,756

Option Two 

Alternatives Federal 
Non-

Reimbursable 
Investment Costs 

Federal 
Reimbursable 

Investment 
Costs 

Non-Federal 
Investment 

Costs 

Total 
Investment 

Costs 
North Dakota In-Basin  $0 $489,302 $0 $489,302
Red River Basin $0 $444,519 $0 $444,519
GDU Import to Sheyenne River   $118,458 $631,091 $0 $749,549
GDU Import Pipeline  $95,841 $878,876 $0 $974,717
Missouri River Import to Red 
River Valley  $161,795 $963,841 $0 $1,125,636
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Option Three 

Alternatives Federal 
Non-

Reimbursable 
Investment Costs 

Federal 
Reimbursable 

Investment 
Costs 

Non-Federal 
Investment 

Costs 

Total 
Investment 

Costs 
North Dakota In-Basin  $0 $0 $506,908 $506,908
Red River Basin $0 $0 $460,513 $460,513
GDU Import to Sheyenne River   $118,458 $11,802 $641,572 $771,832
GDU Import Pipeline  $95,841 $8,223 $901,980  $1,006,044
Missouri River Import to Red 
River Valley  $161,795 $0 $998,521 $1,160,316
Note: Costs are represented in thousands of dollars. 
 
Table K.1.5 provides a summary of the annual reimbursable and non-reimbursable costs for the 
EIS Option used in the SDEIS.  Annual investment costs include construction costs and IDC. 
 
Table K.1.6 provides an example of how per household cost estimates were computed for the 
financing option used in the SDEIS analysis.  The GDU Import to Sheyenne River Alternative is 
used in this example because it involves one of the most complex analyses.  Other alternatives 
are less complicated because they have fewer types of allocated costs, such as no GDU Principal 
Supply Works and biota WTP costs.  Detailed spreadsheets for each alternative for all three 
financing options considered are provided in the attachments to this appendix. 
 
Table K.1.5 – Annual Reimbursable and Non-reimbursable Costs – EIS Option  

EIS Option 

Annual Investment 
Costs ND In-Basin Red River 

Basin 
GDU Import to 

Sheyenne 
River 

GDU Import 
Pipeline 

Missouri 
River Import 
to Red River 

Valley 
Reimbursable $17,162,272  $15,591,482 $22,250,879 $30,906,918  $33,806,703 
Non-Reimbursable $9,847,226  $8,945,951 $17,776,017 $21,820,361  $26,653,796 
Total Investment 
Annual Costs $27,009,498  $24,537,433 $40,026,897 $52,727,279  $60,460,498 
 

Annual OM&R Costs ND In-Basin Red River 
Basin 

GDU Import to 
Sheyenne 

River 
GDU Import 

Pipeline 

Missouri 
River Import 
to Red River 

Valley 
Reimbursable $5,604,000  $6,676,000 $2,286,000 $4,356,000  $4,117,000 
Non-Reimbursable $0  $0 $5,283,000 $8,761,000  $4,985,000 
Total Annual OM&R 
Costs $5,604,000  $6,676,000 $7,569,000 $13,117,000  $9,102,000 
 

Total Annual Costs ND In-Basin Red River 
Basin 

GDU Import to 
Sheyenne 

River 
GDU Import 

Pipeline 

Missouri 
River Import 
to Red River 

Valley 
Reimbursable $22,766,272  $22,267,482 $24,536,879 $35,262,918  $37,923,703 
Non-Reimbursable $9,847,226  $8,945,951 $23,059,017 $30,581,361  $31,638,796 
  Total Annual Costs $32,613,498  $31,213,433 $47,595,897 $65,844,279  $69,562,498 
Note: Option Two and Option Three both have an identical table in attachments to this Appendix 



SDEIS Appendix K.1 – Financial Analysis  

 K.1 - 6
 

 
Explanation of Financial Analysis Example 
Table K.1.6 includes row numbers to assist in describing the contents of the table.  Rows 1 
through 6 show the breakdown of construction costs.  Rows 8 through 38 separates reimbursable 
and non-reimbursable costs so the reimbursable and non-reimbursable monthly household costs 
can be calculated. 
 
More specifically, rows 8 through 13 show separate reimbursable investment costs.  Row 9 
shows the reimbursable costs of the GDU Principal Supply Works plus IDC.  Row 10 shows the 
portion of the project financed with a federal loan plus IDC (federal rate).  Row 11 shows the 
portion of the alternative funded using municipal bonds at 5% plus IDC (state rate).  Row 12 
shows the grant portion of the reimbursable non-federal share plus IDC (state rate).  Row 13 
provides the total reimbursable investment costs.  These costs are the responsibility of the water 
users and are repaid through monthly service charges. 
 
Rows 15 through 19 show the non-reimbursable investment costs.  The only Federal grant or 
non-reimbursable costs assumed in the analysis were those associated with the biota WTPs plus 
that particular IDC (Federal Rate), which is on row 16.  DWRA does not specifically authorize 
other grants for the Project.  Row 17 includes the state contribution plus IDC (State Rate).  Row 
18 includes any federal grant program with IDC (Federal Rate).  Row 21 is the total investment 
cost, which is the total reimbursable investment cost plus the total non-reimbursable investment 
cost. 
 
Rows 23 through 29 show the annual reimbursable costs.  These are the annualized costs of the 
investment costs shown in rows 8 through 13.  It should be noted that different interest rates are 
used depending on the source of funding.  Federal funding is provided as a loan at 3.225% while 
municipal bonds have an estimated annual interest rate of 5.0%. 
 
Rows 31 through 36 show the annualized costs of non-reimbursable costs which are a Federal 
grant.  These costs include the annual construction costs of the biota WTP (row 32), state 
contribution (row 33), OM&R costs (row 34) of the biota WTP, and any federal grant program 
(row 35).  Row 38 is the total annual investment cost. 
 
Row 41 and 42 show the reimbursable and non-reimbursable costs per household per month and 
per 1,000 gallons.  These are calculated by dividing rows 29 and 36 by total equivalent 
households (356,274) and then by 12 months.  This result is divided by 6 (6,000 gallons per 
month) to determine the cost per 1,000 gallons.    In this example, the monthly repayment rate 
for a household would be $5.74 or $0.96 per 1,000 gallons. 
 
An example of the estimated cost of water for future industries is shown in rows 45 through 47.  
Row 46 shows that for this alternative the annual cost per ac-ft of water is $311.69.  A large 
food-processing plant could use up to 2,000 ac-ft of water annually resulting in a cost of 
approximately $623,379 per year as shown in row 47.   
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Water Service Rate – EIS Option 
Table K.1.7 shows the estimated reimbursable monthly household and per 1,000 gallon costs for 
each alternative for the EIS Option.  The monthly household repayment rate ranges from $5.21 
to $8.87 per month.  These are the amounts a typical household would pay in addition to their 
present monthly water bill.  The table also displays the estimated repayment rates based on 1,000 
gallon increments.  The 1,000 gallon cost was calculated using per household costs and dividing 

Table K.1.6 – Financial Analysis Example –GDU Import to Sheyenne River Alternative – EIS Option.
 
Row # Amounts in thousands excluding household costs   

1 Construction Costs   
2    Construction, excluding Biota WTP $578,775   
3    GDU Assigned Costs $11,030   
4    Biota WTP $110,708   
5        
6    Subtotal $700,513   
7    
8 Total Reimbursable Investment Costs   
9    GDU Supply + IDC Federal Rate $11,802   

10    Federally Financing + IDC Federal Rate $206,430   
11    Municipal Bonding + IDC State Rate $213,857   
12    Grant Portion, Non Federal Share + IDC State Rate $0    
13    Total Reimbursable Investment Costs $432,089   
14    
15 Total Non-reimbursable Investment Costs   
16    Biota Treatment Plant + IDC Federal Rate $118,458   
17    State Contribution on New Construction + IDC State Rate $213,857   
18    Grant Portion, Federal Share + IDC Federal Rate $0    
19    Total Non-reimbursable Investment Costs $332,315   
20    
21 Total Investment Costs $764,404   
22    
23 Annual Reimbursable Costs   
24    GDU Supply + IDC Federal Rate $529   
25    Federally Financed + IDC Federal Rate $9,258   
26    OM&R, except Biota WTP $2,286   
27    Municipal Bonding + IDC State Rate $12,463   
28    Grant Program, Non Federal Share + IDC State Rate $0    
29    Total Annual Reimbursable Costs $24,537   
30    
31 Annual Non-reimbursable Costs   
32    Biota Treatment Plant + IDC Federal Rate $5,313   
33    State Contribution on new construction + IDC State Rate $12,463   
34    OM&R, on Biota WTP $5,283   
35    Grant Program, Federal Share + IDC Federal Rate $0    
36    Total Annual Non-reimbursable Costs $23,059   
37    
38 Total Annual Investment Costs $47,596   
39     
40 Household Costs Dollars/Month $ per 1000 gallons 
41     Reimbursable MR&I Cost $5.74  $0.96 
42     Non-reimbursable MR&I Costs $5.39  $0.90 
43 Total $11.13  $1.86 
44     
45 Reimbursable Cost per Acre Foot for Industry    
46 Cost Per Acre Foot Annually, Industry $311.69    
47 Annual Cost for Typical Industry (2,000 ac-ft per year) $623,379    
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by 6, assuming a typical household uses about 6,000 gallons per month.  Water service rates for 
Option Two and Option Three financing are shown in the attachments to this appendix. 
 
 Table K.1.7 – Household Reimbursable Costs per Month and per 1,000 Gallon  
 Repayment Rates. 

EIS Option (Option One) 
Alternatives 

Dollars/Month $ per 1,000 
Gallons 

North Dakota In-Basin  $5.33 $0.89 
Red River Basin $5.21 $0.87 
GDU Import to Sheyenne River   $5.74 $0.96 
GDU Import Pipeline  $8.25 $1.37 
Missouri River Import to Red River Valley  $8.87 $1.48 

 
Modification of Financial Assumptions and Resulting Changes 
Results of this financial analysis would change if some or all of the assumptions used in the 
analysis were modified.  Following is a description of assumptions that could change and an 
explanation of how this may affect the repayment results. 
 
Additional Federal Grants 
In the financial options presented, the only federal grant anticipated is for costs associated with 
the biota WTP.  However, the State of North Dakota under DWRA does have a state MR&I 
grant program funded with federal appropriations.  The state currently uses these funds to 
provide non-reimbursable grants to other MR&I projects.  If the Project received additional grant 
funding, the household repayment would be reduced. 
 
Tiered Repayment Rate Structure 
A tiered repayment rate structure could be implemented which would provide different rate tiers 
depending on severity of need.  Water systems with the greatest potential shortages might pay 
higher rates, while other water systems with less serious needs would pay a lower rate.  The 
same overall repayment requirements would still exist, but the rates would be adjusted based on 
need. 
 
Population Projection Structure 
A rate structure which could incorporate the changes in population over time, rather than 
assuming that the repayment population would be the 2050 population projection, would change 
the per household repayment.  A rate structure like this would probably increase the repayment 
on a per household basis. 
 
State of North Dakota Contribution 
The State of North Dakota has historically provided some non-reimbursable grant funding to 
assist MR&I projects.  If the amount of the state grant changed from what was evaluated in this 
analysis, the repayment rate on a per household basis would change accordingly.   
 
Federal Financed Portion 
Typically the annual repayment required for the federally financed portion of a project is based 
on actual use.  This results in extending the repayment period beyond 40 years at the constant 
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repayment rates.  If the repayment period is extended longer than 40 years, the monthly rates 
would be lower. 
 
EIS Option Attachments 
Tables K.1.8 through K.1.13 show the financial analysis calculations for each alternative based 
the EIS Financing Option.  Results from these tables are summarized in table K.1.7.  The 
spreadsheets were developed in Microsoft Excel and used the financial assumptions described 
earlier in the text.  Table K.14 shows the estimated GDU assigned costs related to use of the 
Principal Supply Works. 
 
       Table K.1.8 – Inputs Used in the Financial Analysis for the Action Alternatives – EIS Option. 

Other Inputs
GDU Interest Rate 3.225%
Municipal Bonding Rate 5.000%
Interest During Construction (Federal Rate) 7.000%
Interest During Construction (State Rate) 10.850%
1000 Gallons per house per month 6
Cap of Federal Financing (In thousands) 250,000

Percentage Financed on New Construction, excluding Biota Treatment
Federally Financed 33.33333333%
Bonding 33.33333333%
State Contribution 33.33333333%
Grant Program 0.00000000%

100%

State Grant Program MR&I
Grant Program - Federal Share 65.00%
Grant Program - Non Federal Share 35.00%

100%
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          Table K.1.9 – Financial Analysis North Dakota In-Basin Alternative – EIS Option. 
 

Amounts in thousands excluding household costs

Construction Costs
New Construction, excluding Biota WTP $457,292
GDU Assigned Costs $0
Biota WTP $0

Subtotal $457,292

Total Reimbursable Investment Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $163,101
Municipal Bonding + IDC State Rate $168,969
Grant Program, Non Federal Share + IDC State Rate $0
Total Reimbursable Investment Costs $332,070

Total Non-reimbursable Investment Costs
Biota Treatment Plant + IDC Federal Rate $0
State Contribution on New Construction + IDC State Rate $168,969
Grant Program, Federal Share + IDC Federal Rate $0
Total Non-reimbursable Investment Costs $168,969

Total Investment Costs $501,040

Annual Reimbursable Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $7,315
OM&R, except Biota WTP $5,604
Municipal Bonding + IDC State Rate $9,847
Grant Program, Non Federal Share + IDC State Rate $0
Total Annual Reimbursable Costs $22,766

Annual Non-reimbursable Costs
Biota Treatment Plant + IDC Federal Rate $0
State Contribution on New Construction + IDC State Rate $9,847
OM&R, on Biota WTP $0
Grant Program, Federal Share + IDC Federal Rate $0
Total Annual Non-reimbursable Costs $9,847

Total Annual Investment Costs $32,613

Household Costs Dollars/Month $ per 1000 gal.
Reimbursable MR&I Cost $5.33 $0.89
Non-reimbursable Supply Costs $2.30 $0.38

$7.63 $1.27

Reimbursable Cost per Acre Foot
Cost per acre-ft. annually $289.20
Annual cost for an industry (2,000 acre-ft. per year) $578,395

North Dakota In-Basin
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      Table K.1.10 – Financial Analysis Red River Basin Alternative – EIS Option. 

 

Amounts in thousands excluding household costs

Construction Costs
New Construction, excluding Biota WTP $415,438
GDU Assigned Costs $0
Biota WTP $0

Subtotal $415,438

Total Reimbursable Investment Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $148,173
Municipal Bonding + IDC State Rate $153,504
Grant Program, Non Federal Share + IDC State Rate $0
Total Reimbursable Investment Costs $301,677

Total Non-reimbursable Investment Costs
Biota Treatment Plant + IDC Federal Rate $0
State Contribution on New Construction + IDC State Rate $153,504
Grant Program, Federal Share + IDC Federal Rate $0
Total Non-reimbursable Investment Costs $153,504

Total Investment Costs $455,182

Annual Reimbursable Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $6,646
OM&R, except Biota WTP $6,676
Municipal Bonding + IDC State Rate $8,946
Grant Program, Non Federal Share + IDC State Rate $0
Total Annual Reimbursable Costs $22,267

Annual Non-reimbursable Costs
Biota Treatment Plant + IDC Federal Rate $0
State Contribution on New Construction + IDC State Rate $8,946
OM&R, on Biota WTP $0
Grant Program, Federal Share + IDC Federal Rate $0
Total Annual Non-reimbursable Costs $8,946

Total Annual Investment Costs $31,213

Household Costs Dollars/Month $ per 1000 gal.
Reimbursable MR&I Cost $5.21 $0.87
Non-reimbursable Supply Costs $2.09 $0.35

$7.30 $1.22

Reimbursable Cost per Acre Foot
Cost per acre-ft. annually $282.86
Annual cost for an industry (2,000 acre-ft. per year) $565,723

Red River Basin
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      Table K.1.11 – Financial Analysis GDU Import to Sheyenne River Alternative – EIS Option. 

 

Amounts in thousands excluding household costs

Construction Costs
New Construction, excluding Biota WTP $578,775
GDU Assigned Costs $11,030
Biota WTP $110,708

Subtotal $700,513

Total Reimbursable Investment Costs
GDU Supply + IDC Federal Rate $11,802
Federally Financed + IDC Federal Rate $206,430
Municipal Bonding + IDC State Rate $213,857
Grant Program, Non Federal Share + IDC State Rate $0
Total Reimbursable Investment Costs $432,089

Total Non-reimbursable Investment Costs
Biota Treatment Plant + IDC Federal Rate $118,458
State Contribution on New Construction + IDC State Rate $213,857
Grant Program, Federal Share + IDC Federal Rate $0
Total Non-reimbursable Investment Costs $332,315

Total Investment Costs $764,404

Annual Reimbursable Costs
GDU Supply + IDC Federal Rate $529
Federally Financed + IDC Federal Rate $9,258
OM&R, except Biota WTP $2,286
Municipal Bonding + IDC State Rate $12,463
Grant Program, Non Federal Share + IDC State Rate $0
Total Annual Reimbursable Costs $24,537

Annual Non-reimbursable Costs
Biota Treatment Plant + IDC Federal Rate $5,313
State Contribution on New Construction + IDC State Rate $12,463
OM&R, on Biota WTP $5,283
Grant Program, Federal Share + IDC Federal Rate $0
Total Annual Non-reimbursable Costs $23,059

Total Annual Investment Costs $47,596

Household Costs Dollars/Month $ per 1000 gal.
Reimbursable MR&I Cost $5.74 $0.96
Non-reimbursable Supply Costs $5.39 $0.90

$11.13 $1.86

Reimbursable Cost per Acre Foot
Cost per acre-ft. annually $311.69
Annual cost for an industry (2,000 acre-ft. per year) $623,379

GDU Import to Sheyenne River
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      Table K.1.12 – Financial Analysis GDU Import Pipeline Alternative – EIS Option. 

 

Amounts in thousands excluding household costs

Construction Costs
New Construction, excluding Biota WTP $813,694
GDU Assigned Costs $7,685
Biota WTP $89,571

Subtotal $910,950

Total Reimbursable Investment Costs
GDU Supply + IDC Federal Rate $8,223
Federally Financed + IDC Federal Rate $290,218
Municipal Bonding + IDC State Rate $300,660
Grant Program, Non Federal Share + IDC State Rate $0
Total Reimbursable Investment Costs $599,100

Total Non-reimbursable Investment Costs
Biota Treatment Plant + IDC Federal Rate $95,841
State Contribution on New Construction + IDC State Rate $300,660
Grant Program, Federal Share + IDC Federal Rate $0
Total Non-reimbursable Investment Costs $396,501

Total Investment Costs $995,601

Annual Reimbursable Costs
GDU Supply + IDC Federal Rate $369
Federally Financed + IDC Federal Rate $13,016
OM&R, except Biota WTP $4,356
Municipal Bonding + IDC State Rate $17,522
Grant Program, Non Federal Share + IDC State Rate $0
Total Annual Reimbursable Costs $35,263

Annual Non-reimbursable Costs
Biota Treatment Plant + IDC Federal Rate $4,298
State Contribution on New Construction + IDC State Rate $17,522
OM&R, on Biota WTP $8,761
Grant Program, Federal Share + IDC Federal Rate $0
Total Annual Non-reimbursable Costs $30,581

Total Annual Investment Costs $65,844

Household Costs Dollars/Month $ per 1000 gal.
Reimbursable MR&I Cost $8.25 $1.37
Non-reimbursable Supply Costs $7.15 $1.19

$15.40 $2.57

Reimbursable Cost per Acre Foot
Cost per acre-ft. annually $447.94
Annual cost for an industry (2,000 acre-ft. per year) $895,882

GDU Import Pipeline
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      Table K.1.13 – Financial Analysis Missouri River Import to Red River Valley Alternative – EIS Option. 

 

Amounts in thousands excluding household costs

Construction Costs
New Construction, excluding Biota WTP $900,786
GDU Assigned Costs $0
Biota WTP $151,210

Subtotal $1,051,996

Total Reimbursable Investment Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $321,280
Municipal Bonding + IDC State Rate $332,840
Grant Program, Non Federal Share + IDC State Rate $0
Total Reimbursable Investment Costs $654,121

Total Non-reimbursable Investment Costs
Biota Treatment Plant + IDC Federal Rate $161,795
State Contribution on New Construction + IDC State Rate $332,840
Grant Program, Federal Share + IDC Federal Rate $0
Total Non-reimbursable Investment Costs $494,635

Total Investment Costs $1,148,756

Annual Reimbursable Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $14,409
OM&R, except Biota WTP $4,117
Municipal Bonding + IDC State Rate $19,397
Grant Program, Non Federal Share + IDC State Rate $0
Total Annual Reimbursable Costs $37,924

Annual Non-reimbursable Costs
Biota Treatment Plant + IDC Federal Rate $7,256
State Contribution on New Construction + IDC State Rate $19,397
OM&R, on Biota WTP $4,985
Grant Program, Federal Share + IDC Federal Rate $0
Total Annual Non-reimbursable Costs $31,639

Total Annual Investment Costs $69,562

Household Costs Dollars/Month $ per 1000 gal.
Reimbursable MR&I Cost $8.87 $1.48
Non-reimbursable Supply Costs $7.40 $1.23

$16.27 $2.71

Reimbursable Cost per Acre Foot
Cost per acre-ft. annually $481.74
Annual cost for an industry (2,000 acre-ft. per year) $963,482

Missouri River to Red River Valley Import
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Table K.1.14 – GDU Assigned Costs Related to use of Principal Supply Works – EIS Option. 

Alternative 
Capacity 
Required  

(cfs) 
Assigned GDU 

Construction Costs ($) 
Assigned GDU Annual 

OM&R Costs ($) 

Incremental GDU Principal Supply 
Works Costs (10 cfs) 1 10 $904,136 $7,353
      
 GDU Import to Sheyenne River 122 $11,030,461 $89,707
     
GDU Import Pipeline 85 $7,685,157 $62,501
     

1  Costs were originally estimated at a capacity of 10 cfs, which was used as the basis for estimating the 
other alternative capacity costs. 
 
 

Financial Analysis Attachment 
 
Financing Options Detailed Spreadsheets 
More detailed spreadsheets on the three financing options [EIS Option (Option One), Option 
Two and Option Three] are attached.  Tables in the attachment are listed with the option number 
first and the table number (as listed below) last.  For example, table 1-4 is for the EIS Option and 
shows the GDU assigned costs.  Each option’s detailed analysis includes the following tables: 
 

• Project costs (table 1) 
• Financial assumptions (table 2) 
• GDU Principal Supply Works use of facilities sub-cost allocation (table 3) 
• GDU assigned costs (table 4) 
• Each alternatives breakdown of costs (tables 5-9) 
• Summary of reimbursable costs per household (table 10) 
• Summary of annual costs (table 11) 
• Summary of monthly repayment costs (table 12) 



Revised: 9/18/06

Values in thousands

ND In-Basin
Red River 

Basin

GDU Import 
to Sheyenne 

River

GDU 
Import 

Pipeline

Missouri 
River Import 

to RRV
New Construction, excluding Biota WTP 457,292 415,438 578,775 813,694 900,786
GDU Assigned Costs 0 0 11,030 7,685 0
Biota WTP Construction 0 0 110,708 89,571 151,210

Construction, Total 457,292 415,438 700,513 910,950 1,051,996

Annual OM&R, GDU 0 0 90 63 0
Annual OM&R, Reimbursable Investments 5,604 6,676 2,196 4,293 4,117
Annual OM&R, Non-reimbursable Biota WTP 0 0 5,283 8,761 4,985

Annual OM&R, Total 5,604 6,676 7,569 13,117 9,102

3./  Biota treatment is federal non-reimbursable cost.  The remainder is financed 1/3 federally,
1/3 state contribution, and 1/3 locally.

DRAFT
Internal Use Only

EIS Option (Option One)
Table  1-1

Project Costs



Other Inputs Years Factor
GDU Interest Rate 3.225% 40 0.04484985
Municipal Bonding Rate 5.000% 40 0.05827816
Interest During Construction (Federal Rate) 7.000% 1.0700
Interest During Construction (State Rate) 10.850% 1.1085
1000 Gallons per house per month 6
Cap of Federal Financing (In thousands) 250,000

Percentage Financed on New Construction, excluding Biota Treatment
Federally Financed 33.33333333%
Bonding 33.33333333%
State Contribution 33.33333333%
Grant Program 0.00000000%

100%

State Grant Program MR&I
Grant Program - Federal Share 65.00%
Grant Program - Non Federal Share 35.00%

100%
3./  Biota treatment is federal non-reimbursable cost.  The remainder is financed 1/3 federally,
1/3 state contribution, and 1/3 locally.

Option for Federal Financing Cap:1=ON, 0=OFF 0 OFF

2050 Projections
Population 418,978

People Per Household
2.4

Commercial Use Adjustment *Commercial is 30% of Municipal, 
70% therefore divide by 70%

Equivalent Households, without Industry 249,392

Municipal Demand % (Remainder is Industry) *Divide by  Municipal/rural percent
70%

Equivalent Households
Total Equivalent Households 356,274

Municipal and Rural Projections
Average Demand of Water (acre-feet per year) 63,440
Maximum Demand of Water (acre-feet per year) 88,245

Industrial Use of Water
Average Demand of Water (acre-feet per year) 22,566
Maximum Demand of Water (acre-feet per year) 25,039

Gallons Per Acre Foot
325,851

Notes:

GDU Supply is reimbursable at 3.225% for 40 years
Biota Treatment Plant Construction is nonreimbursable
Annual OM&R is all reimbursable, except for the Biota Treatment Plant

Table 1-2



GDU Main Supply Works Costs 
 "Use of Facilities" Sub allocation Method

Revised on: 18-Sep-06

*  Based on the GDU Water Supply Allocation, 82.78% of joint supply works costs are reimbursable for irrigation and MR&I combined.

determine appropriate costs to recover for projects using GDU supply works.
*  An example for Red River Valley Alternative is provided in columns H to K, and amount to in Construction, assigned, and IDC costs, and $15,000 for annual OM&R
for each 10 cfs of capacity used.
*  Percent Remaining Joint Costs - Water Supply: 82.50%
 

Total GDU Joint Supply Costs Reimbursable Joints Supply costs GDU supply 
Costs to  Remaining Total Costs to  Remaining Total Effective Used Percent Reimb costs
 9/30/2004  Costs Costs  9/30/2004  Costs Costs capacity 1./ capacity Used RRV Alt.7A

  Feature  ---------------- 1,000's of Dollars -------------  ---------------- 1,000's of Dollars ------------- Acre-feet % ($1,000)
Snake creek Pump Plant $20,830 $11,300 $32,130 $17,184 $9,322 $26,507 1,860              10 0.5376% $143
McClusky Canal $94,452 $15,690 110,142 $77,921 $12,944 90,865 1,860              10 0.5376% $489
Permanent Oper. Facilities $6,420 $66 6,486 $5,296 $54 5,351 1,860              10 0.5376% $29
New Rockford Canal $57,479 $20,021 77,500 $47,419 $16,517 63,936 1,585              0 0.0000% $0
Mitigation, scattered $16,602 $1,000 17,602 $13,696 $825 14,521 1,860              10 0.5376% $78
Audubon mitigation $16,000 $2,650 18,650 $13,200 $2,186 15,386 1,860              10 0.5376% $83
New Rockford Feeder/outlet $1,090 $0 1,090 $899 $0 899 1,585              0 0.0000% $0
Salvage/TCOE ($7,600) $0 (7,600) ($6,270) $0 (6,270) 1,860              10 0.5376% ($34)
 Total Joints $205,273 $50,727 $256,000 $169,346 $41,849 $211,194    2./ $787
IDC on Construction (6.29% of Total Joint Construction Cost) $13,284    $49
Joint assigned Const. Cost pumping and power (for irrigation or MR&I) -- from cost alloc.  2./ $11,413 $61
Joint assigned IDC pumping and power (for irrigation or MR&I) -- from cost allocation= 82.78%  2./ $1,191 $6
Total GDU supply cost from allocation: $237,082 RRV, Alternative Reimbursable Costs   = $904.14

 1./ Effective Capacity is the amount after all system losses are equally shared and accounted for.  The losses are 100 cfs for SCPP and Audubon (evap),
      75 cfs for McClusky Canal (actual data), and 15 cfs for New Rockford Canal.  Therefore, SCPP = 2,050-190=1,860 cfs;  McClusky Canal = 1,950-90=1,860 cfs; 
      and New Rockford Canal = 1600-15=1,585 cfs.  

2./ These cells are linked to the GDU Cost Allocation report because they include data from the Assigned Cost Sub-Allocation.

     Table 1-3

4./  The reimbursable IDC for MR&I has not been adjusted to the exact rate, which is 3.225%.  At the time of contract negotiations the IDC should be adjusted.

*  Since only irrigation or MR&I require repayment, Reclamation uses this percentage to apply the "use of facilities" sub allocation method to determine appropriate costs to 

 Joint OM&R cost from April 2005 cost update report page 23 less NR Canal, less MP-59-74 * 82.78% (use only 50% 
of mitigation OM&R)  3./ 

3./  This cell includes data linked to the main GDU Cost Allocation page as "Remaining Joint Costs", OM&R annualized.  Also, the average percent use is .5376%, which was used to apply to 
assigned PS-MBP and OM&R.

$1,368 $7.35RRV Reimbursable OM&R Cost 



Description of Alternatives Capacity Assigned GDU Assigned GDU
Report on Red River Valley Needs and Options Required Construction Annual OM&R

(cfs) Costs  ($) Costs  ($)
GDU principal supply works used for MR&I and irrigation 10 $904,136 $7,353

GDU Import to Sheyenne River 122 $11,030,461 $89,707
  

GDU Import Pipeline 85 $7,685,157 $62,501
  

 
  

                 Garrison Diversion Unit, Assigned Costs Related to the use of the Principal Supply Works
TABLE 1-4



Amounts in thousands excluding household costs

Construction Costs
New Construction, excluding Biota WTP $457,292
GDU Assigned Costs $0
Biota WTP $0

Subtotal $457,292

Total Reimbursable Investment Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $163,101
Municipal Bonding + IDC State Rate $168,969
Grant Program, Non Federal Share + IDC State Rate $0
Total Reimbursable Investment Costs $332,070

Total Non-reimbursable Investment Costs
Biota Treatment Plant + IDC Federal Rate $0
State Contribution on New Construction + IDC State Rate $168,969
Grant Program, Federal Share + IDC Federal Rate $0
Total Non-reimbursable Investment Costs $168,969

Total Investment Costs $501,040

Annual Reimbursable Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $7,315
OM&R, except Biota WTP $5,604
Municipal Bonding + IDC State Rate $9,847
Grant Program, Non Federal Share + IDC State Rate $0
Total Annual Reimbursable Costs $22,766

Annual Non-reimbursable Costs
Biota Treatment Plant + IDC Federal Rate $0
State Contribution on New Construction + IDC State Rate $9,847
OM&R, on Biota WTP $0
Grant Program, Federal Share + IDC Federal Rate $0
Total Annual Non-reimbursable Costs $9,847

Total Annual Investment Costs $32,613

Household Costs Dollars/Month $ per 1000 gal.
Reimbursable MR&I Cost $5.33 $0.89
Non-reimbursable Supply Costs $2.30 $0.38

$7.63 $1.27

Reimbursable Cost per Acre Foot
Cost per acre-ft. annually $289.20
Annual cost for an industry (2,000 acre-ft. per year) $578,395

Inputs Used for the Financial Analysis

GDU Interest Rate 3.225%
Municipal Bonding Rate 5.000%
Interest During Construction (Federal Rate) 7.000%
Interest During Construction (State Rate) 10.850%
Years of Annualization 40
1000 Gallons per house per month 6
Total Equivalent Households 356,274
Cap of Federal Financing (In thousands) 250,000
Option for Federal Financing Cap:1=ON, 0=OFF OFF

Percentage Financed on New Construction, excluding Biota Treatment
Federally Financed 33.3333%
Bonding 33.3333%
State Contribution 33.3333%
Grant Program 0.0000%

100.0000%

State Grant Program MR&I
Grant Program - Federal Share 65.0000%
Grant Program - Non Federal Share 35.0000%

100.0000%

Table 1-5
North Dakota In-Basin



Amounts in thousands excluding household costs

Construction Costs
New Construction, excluding Biota WTP $415,438
GDU Assigned Costs $0
Biota WTP $0

Subtotal $415,438

Total Reimbursable Investment Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $148,173
Municipal Bonding + IDC State Rate $153,504
Grant Program, Non Federal Share + IDC State Rate $0
Total Reimbursable Investment Costs $301,677

Total Non-reimbursable Investment Costs
Biota Treatment Plant + IDC Federal Rate $0
State Contribution on New Construction + IDC State Rate $153,504
Grant Program, Federal Share + IDC Federal Rate $0
Total Non-reimbursable Investment Costs $153,504

Total Investment Costs $455,182

Annual Reimbursable Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $6,646
OM&R, except Biota WTP $6,676
Municipal Bonding + IDC State Rate $8,946
Grant Program, Non Federal Share + IDC State Rate $0
Total Annual Reimbursable Costs $22,267

Annual Non-reimbursable Costs
Biota Treatment Plant + IDC Federal Rate $0
State Contribution on New Construction + IDC State Rate $8,946
OM&R, on Biota WTP $0
Grant Program, Federal Share + IDC Federal Rate $0
Total Annual Non-reimbursable Costs $8,946

Total Annual Investment Costs $31,213

Household Costs Dollars/Month $ per 1000 gal.
Reimbursable MR&I Cost $5.21 $0.87
Non-reimbursable Supply Costs $2.09 $0.35

$7.30 $1.22

Reimbursable Cost per Acre Foot
Cost per acre-ft. annually $282.86
Annual cost for an industry (2,000 acre-ft. per year) $565,723

Inputs Used for the Financial Analysis

GDU Interest Rate 3.225%
Municipal Bonding Rate 5.000%
Interest During Construction (Federal Rate) 7.000%
Interest During Construction (State Rate) 10.850%
Years of Annualization 40
1000 Gallons per house per month 6
Total Equivalent Households 356,274
Cap of Federal Financing (In thousands) 250,000
Option for Federal Financing Cap:1=ON, 0=OFF OFF

Percentage Financed on New Construction, excluding Biota Treatment
Federally Financed 33.3333%
Bonding 33.3333%
State Contribution 33.3333%
Grant Program 0.0000%

100.0000%

State Grant Program MR&I
Grant Program - Federal Share 65.0000%
Grant Program - Non Federal Share 35.0000%

100.0000%

Table 1-6
Red River Basin



Amounts in thousands excluding household costs

Construction Costs
New Construction, excluding Biota WTP $578,775
GDU Assigned Costs $11,030
Biota WTP $110,708

Subtotal $700,513

Total Reimbursable Investment Costs
GDU Supply + IDC Federal Rate $11,802
Federally Financed + IDC Federal Rate $206,430
Municipal Bonding + IDC State Rate $213,857
Grant Program, Non Federal Share + IDC State Rate $0
Total Reimbursable Investment Costs $432,089

Total Non-reimbursable Investment Costs
Biota Treatment Plant + IDC Federal Rate $118,458
State Contribution on New Construction + IDC State Rate $213,857
Grant Program, Federal Share + IDC Federal Rate $0
Total Non-reimbursable Investment Costs $332,315

Total Investment Costs $764,404

Annual Reimbursable Costs
GDU Supply + IDC Federal Rate $529
Federally Financed + IDC Federal Rate $9,258
OM&R, except Biota WTP $2,286
Municipal Bonding + IDC State Rate $12,463
Grant Program, Non Federal Share + IDC State Rate $0
Total Annual Reimbursable Costs $24,537

Annual Non-reimbursable Costs
Biota Treatment Plant + IDC Federal Rate $5,313
State Contribution on New Construction + IDC State Rate $12,463
OM&R, on Biota WTP $5,283
Grant Program, Federal Share + IDC Federal Rate $0
Total Annual Non-reimbursable Costs $23,059

Total Annual Investment Costs $47,596

Household Costs Dollars/Month $ per 1000 gal.
Reimbursable MR&I Cost $5.74 $0.96
Non-reimbursable Supply Costs $5.39 $0.90

$11.13 $1.86

Reimbursable Cost per Acre Foot
Cost per acre-ft. annually $311.69
Annual cost for an industry (2,000 acre-ft. per year) $623,379

Inputs Used for the Financial Analysis

GDU Interest Rate 3.225%
Municipal Bonding Rate 5.000%
Interest During Construction (Federal Rate) 7.000%
Interest During Construction (State Rate) 10.850%
Years of Annualization 40
1000 Gallons per house per month 6
Total Equivalent Households 356,274
Cap of Federal Financing (In thousands) 250,000
Option for Federal Financing Cap:1=ON, 0=OFF OFF

Percentage Financed on New Construction, excluding Biota Treatment
Federally Financed 33%
Bonding 33%
State Contribution 33%
Grant Program 0%

100%

State Grant Program MR&I
Grant Program - Federal Share 65%
Grant Program - Non Federal Share 35%

100%

Table 1-7
GDU Import to Sheyenne River



Amounts in thousands excluding household costs

Construction Costs
New Construction, excluding Biota WTP $813,694
GDU Assigned Costs $7,685
Biota WTP $89,571

Subtotal $910,950

Total Reimbursable Investment Costs
GDU Supply + IDC Federal Rate $8,223
Federally Financed + IDC Federal Rate $290,218
Municipal Bonding + IDC State Rate $300,660
Grant Program, Non Federal Share + IDC State Rate $0
Total Reimbursable Investment Costs $599,100

Total Non-reimbursable Investment Costs
Biota Treatment Plant + IDC Federal Rate $95,841
State Contribution on New Construction + IDC State Rate $300,660
Grant Program, Federal Share + IDC Federal Rate $0
Total Non-reimbursable Investment Costs $396,501

Total Investment Costs $995,601

Annual Reimbursable Costs
GDU Supply + IDC Federal Rate $369
Federally Financed + IDC Federal Rate $13,016
OM&R, except Biota WTP $4,356
Municipal Bonding + IDC State Rate $17,522
Grant Program, Non Federal Share + IDC State Rate $0
Total Annual Reimbursable Costs $35,263

Annual Non-reimbursable Costs
Biota Treatment Plant + IDC Federal Rate $4,298
State Contribution on New Construction + IDC State Rate $17,522
OM&R, on Biota WTP $8,761
Grant Program, Federal Share + IDC Federal Rate $0
Total Annual Non-reimbursable Costs $30,581

Total Annual Investment Costs $65,844

Household Costs Dollars/Month $ per 1000 gal.
Reimbursable MR&I Cost $8.25 $1.37
Non-reimbursable Supply Costs $7.15 $1.19

$15.40 $2.57

Reimbursable Cost per Acre Foot
Cost per acre-ft. annually $447.94
Annual cost for an industry (2,000 acre-ft. per year) $895,882

Inputs Used for the Financial Analysis

GDU Interest Rate 3.225%
Municipal Bonding Rate 5.000%
Interest During Construction (Federal Rate) 7.000%
Interest During Construction (State Rate) 10.850%
Years of Annualization 40
1000 Gallons per house per month 6
Total Equivalent Households 356,274
Cap of Federal Financing (In thousands) 250,000
Option for Federal Financing Cap:1=ON, 0=OFF OFF

Percentage Financed on New Construction, excluding Biota Treatment
Federally Financed 33.3333%
Bonding 33.3333%
State Contribution 33.3333%
Grant Program 0.0000%

100.0000%

State Grant Program MR&I
Grant Program - Federal Share 65.0000%
Grant Program - Non Federal Share 35.0000%

100.0000%

Table 1-8
GDU Import Pipeline



Amounts in thousands excluding household costs

Construction Costs
New Construction, excluding Biota WTP $900,786
GDU Assigned Costs $0
Biota WTP $151,210

Subtotal $1,051,996

Total Reimbursable Investment Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $321,280
Municipal Bonding + IDC State Rate $332,840
Grant Program, Non Federal Share + IDC State Rate $0
Total Reimbursable Investment Costs $654,121

Total Non-reimbursable Investment Costs
Biota Treatment Plant + IDC Federal Rate $161,795
State Contribution on New Construction + IDC State Rate $332,840
Grant Program, Federal Share + IDC Federal Rate $0
Total Non-reimbursable Investment Costs $494,635

Total Investment Costs $1,148,756

Annual Reimbursable Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $14,409
OM&R, except Biota WTP $4,117
Municipal Bonding + IDC State Rate $19,397
Grant Program, Non Federal Share + IDC State Rate $0
Total Annual Reimbursable Costs $37,924

Annual Non-reimbursable Costs
Biota Treatment Plant + IDC Federal Rate $7,256
State Contribution on New Construction + IDC State Rate $19,397
OM&R, on Biota WTP $4,985
Grant Program, Federal Share + IDC Federal Rate $0
Total Annual Non-reimbursable Costs $31,639

Total Annual Investment Costs $69,562

Household Costs Dollars/Month $ per 1000 gal.
Reimbursable MR&I Cost $8.87 $1.48
Non-reimbursable Supply Costs $7.40 $1.23

$16.27 $2.71

Reimbursable Cost per Acre Foot
Cost per acre-ft. annually $481.74
Annual cost for an industry (2,000 acre-ft. per year) $963,482

Inputs Used for the Financial Analysis

GDU Interest Rate 3.225%
Municipal Bonding Rate 5.000%
Interest During Construction (Federal Rate) 7.000%
Interest During Construction (State Rate) 10.850%
Years of Annualization 40
1000 Gallons per house per month 6
Total Equivalent Households 356,274
Cap of Federal Financing (In thousands) 250,000
Option for Federal Financing Cap:1=ON, 0=OFF OFF

Percentage Financed on New Construction, excluding Biota Treatment
Federally Financed 33.3333%
Bonding 33.3333%
State Contribution 33.3333%
Grant Program 0.0000%

100.0000%

State Grant Program MR&I
Grant Program - Federal Share 65.0000%
Grant Program - Non Federal Share 35.0000%

100.0000%

Table 1-9
Missouri River to Red River Valley Import



Dollars/Month $ per 1000 Gallons
North Dakota In-Basin $5.33 $0.89
Red River Basin $5.21 $0.87
GDU Import to Sheyenne River $5.74 $0.96
GDU Import Pipeline $8.25 $1.37
Missouri River to RRV Import $8.87 $1.48
Inputs Used for the Financial Analysis

GDU Interest Rate 3.225%
Municipal Bonding Rate 5.000%
Interest During Construction (Federal Rate) 7.000%
Interest During Construction (State Rate) 10.850%
Years of Annualization 40
1000 Gallons per house per month 6
Total Equivalent Households 356,274
Cap of Federal Financing (In thousands) 250,000
Option for Federal Financing Cap:1=ON, 0=OFF OFF

Percentage Financed on New Construction, excluding Biota Treatment
Federally Financed 33.3333%
Bonding 33.3333%
State Contribution 33.3333%
Grant Program 0.0000%

100.0000%

State Grant Program MR&I
Grant Program - Federal Share 65.0000%
Grant Program - Non Federal Share 35.0000%

100.0000%

Alternative Reimbursable Costs Per Household

Table 1-10



ND In-Basin Red River Basin
GDU Import to 

Sheyenne River GDU Import Pipeline
Missouri River 
to RRV Import

Reimbursable $17,162,272 $15,591,482 $22,250,879 $30,906,918 $33,806,703
Non-reimbursable $9,847,226 $8,945,951 $17,776,017 $21,820,361 $26,653,796
  Total Annual Costs $27,009,498 $24,537,433 $40,026,897 $52,727,279 $60,460,498

ND In-Basin Red River Basin
GDU Import to 

Sheyenne River GDU Import Pipeline
Missouri River 
to RRV Import

Reimbursable $5,604,000 $6,676,000 $2,286,000 $4,356,000 $4,117,000
Non-reimbursable $0 $0 $5,283,000 $8,761,000 $4,985,000
  Total Annual OM&R Costs $5,604,000 $6,676,000 $7,569,000 $13,117,000 $9,102,000

ND In-Basin Red River Basin
GDU Import to 

Sheyenne River GDU Import Pipeline
Missouri River 
to RRV Import

Reimbursable $22,766,272 $22,267,482 $24,536,879 $35,262,918 $37,923,703
Non-reimbursable $9,847,226 $8,945,951 $23,059,017 $30,581,361 $31,638,796
  Total Annual Costs $32,613,498 $31,213,433 $47,595,897 $65,844,279 $69,562,498

Inputs Used for the Financial Analysis Percentage Financed on New Construction, excluding Biota Treatment
Federally Financed 33.3333%

GDU Interest Rate 3.225% Bonding 33.3333%
Municipal Bonding Rate 5.000% State Contribution 33.3333%
Interest During Construction (Federal Rate) 7.000% Grant Program 0.0000%
Interest During Construction (State Rate) 10.850% 100.0000%
Years of Annualization 40
1000 Gallons per house per month 6 State Grant Program MR&I
Total Equivalent Households 356,274 Grant Program - Federal Share 65.0000%
Cap of Federal Financing (In thousands) $250,000 Grant Program - Non Federal Share 35.0000%
Option for Federal Financing Cap:1=ON, 0=OFF OFF 100.0000%

 - - - - - - - - - - - - - - Dollars - - - - - - - - - - - - - - - - - -

Annual OM&R Costs

Total Annual Costs

 - - - - - - - - - - - - - -Dollars - - - - - - - - - - - - - - - - - -

Annual Investment Costs

 - - - - - - - - - - - - - - Dollars - - - - - - - - - - - - - - - - - -

Table 1-11
Option EIS



ND In-Basin Red River Basin
GDU Import to 

Sheyenne River GDU Import Pipeline
Missouri River 
to RRV Import

Reimbursable MR&I Cost $5.33 $5.21 $5.74 $8.25 $8.87
Non-reimbursable MR&I Cost $2.30 $2.09 $5.39 $7.15 $7.40
   Total Repayment $7.63 $7.30 $11.13 $15.40 $16.27

ND In-Basin Red River Basin
GDU Import to 

Sheyenne River GDU Import Pipeline
Missouri River 
to RRV Import

Reimbursable MR&I Cost $0.89 $0.87 $0.96 $1.37 $1.48
Non-reimbursable MR&I Cost $0.38 $0.35 $0.90 $1.19 $1.23
   Total Repayment $1.27 $1.22 $1.86 $2.57 $2.71

Inputs Used for the Financial Analysis Percentage Financed on New Construction, excluding Biota Treatment
Federally Financed 33.3333%

GDU Interest Rate 3.225% Bonding 33.3333%
Municipal Bonding Rate 5.000% State Contribution 33.3333%
Interest During Construction (Federal Rate) 7.000% Grant Program 0.0000%
Interest During Construction (State Rate) 10.850% 100.0000%
Years of Annualization 40
1000 Gallons per house per month 6 State Grant Program MR&I
Total Equivalent Households 356,274 Grant Program - Federal Share 65.0000%
Cap of Federal Financing (In thousands) $250,000 Grant Program - Non Federal Share 35.0000%
Option for Federal Financing Cap:1=ON, 0=OFF OFF 100.0000%

Dollars per 1,000 Gallons

Repayment

Table 1-12
Option EIS

Repayment

Dollars/Month/Household



Revised: 9/18/06

Values in thousands

ND In-Basin
Red River 

Basin

GDU Import 
to Sheyenne 

River

GDU 
Import 

Pipeline

Missouri 
River to RRV 

Import
New Construction, excluding Biota WTP 457,292 415,438 578,775 813,694 900,786
GDU Assigned Costs 0 0 11,030 7,685 0
Biota WTP Construction 0 0 110,708 89,571 151,210

Construction, Total 457,292 415,438 700,513 910,950 1,051,996

Annual OM&R, GDU 0 0 90 63 0
Annual OM&R, Reimbursable Investments 5,604 6,676 2,196 4,293 4,117
Annual OM&R, Non-reimbursable Biota WTP 0 0 5,283 8,761 4,985

Annual OM&R, Total 5,604 6,676 7,569 13,117 9,102

1./  100% federally financed.  Only non-reimbursable costs are the biota treatment plant.

DRAFT
Internal Use Only

Option Two
Table 2-1

Project Costs



Other Inputs Years Factor
GDU Interest Rate 3.225% 40 0.04484985
Municipal Bonding Rate 5.000% 40 0.05827816
Interest During Construction (Federal Rate) 7.000% 1.0700
Interest During Construction (State Rate) 10.850% 1.1085
1000 Gallons per house per month 6
Cap of Federal Financing 250,000

Percentage Financed on New Construction, excluding Biota WTP
Federally Financed 100.00000000%
Bonding 0.00000000%
State Contribution 0.00000000%
Grant Program 0.00000000%

100%

State Grant Program MR&I
Grant Program - Federal Share 65.00%
Grant Program - Non Federal Share 35.00%

100%
1./  100% federally financed.  Only non-reimbursable costs are the biota treatment plant.

Option for Federal Financing Cap:1=ON, 0=OFF 0 OFF

2050 Projections
Population 418,978

People Per Household
2.4

Commercial Use Adjustment *Commercial is 30% of Municipal, 
70% therefore divide by 70%

Equivalent Households, without Industry 249,392

Municipal Demand % (Remainder is Industry) *Divide by  Municipal/rural percent
70%

Equivalent Households
Total Equivalent Households 356,274

Municipal and Rural Projections
Average Demand of Water (acre-feet per year) 63,440
Maximum Demand of Water (acre-feet per year) 88,245

Industrial Use of Water
Average Demand of Water (acre-feet per year) 22,566
Maximum Demand of Water (acre-feet per year) 25,039

Gallons Per Acre Foot
325,851

Notes:

GDU Supply is reimbursable at 3.225% for 40 years
Biota WTP Construction is nonreimbursable
Annual OM&R is all reimbursable, except for the Biota WTP

Table 2-2



GDU Main Supply Works Costs 
 "Use of Facilities" Sub allocation Method

Revised on: 18-Sep-06

*  Based on the GDU Water Supply Allocation, 82.78% of joint supply works costs are reimbursable for irrigation and MR&I combined.

determine appropriate costs to recover for projects using GDU supply works.
*  An example for Red River Valley Alternative is provided in columns H to K, and amount to in Construction, assigned, and IDC costs, and $15,000 for annual OM&R
for each 10 cfs of capacity used.
*  Percent Remaining Joint Costs - Water Supply: 82.50%
 

Total GDU Joint Supply Costs Reimbursable Joints Supply costs GDU supply 
Costs to  Remaining Total Costs to  Remaining Total Effective Used Percent Reimb costs
 9/30/2004  Costs Costs  9/30/2004  Costs Costs capacity 1./ capacity Used RRV Alt.7A

  Feature  ---------------- 1,000's of Dollars -------------  ---------------- 1,000's of Dollars ------------- Acre-feet % ($1,000)
Snake creek Pump Plant $20,830 $11,300 $32,130 $17,184 $9,322 $26,507 1,860              10 0.5376% $143
McClusky Canal $94,452 $15,690 110,142 $77,921 $12,944 90,865 1,860              10 0.5376% $489
Permanent Oper. Facilities $6,420 $66 6,486 $5,296 $54 5,351 1,860              10 0.5376% $29
New Rockford Canal $57,479 $20,021 77,500 $47,419 $16,517 63,936 1,585              0 0.0000% $0
Mitigation, scattered $16,602 $1,000 17,602 $13,696 $825 14,521 1,860              10 0.5376% $78
Audubon mitigation $16,000 $2,650 18,650 $13,200 $2,186 15,386 1,860              10 0.5376% $83
New Rockford Feeder/outlet $1,090 $0 1,090 $899 $0 899 1,585              0 0.0000% $0
Salvage/TCOE ($7,600) $0 (7,600) ($6,270) $0 (6,270) 1,860              10 0.5376% ($34)
 Total Joints $205,273 $50,727 $256,000 $169,346 $41,849 $211,194    2./ $787
IDC on Construction (6.29% of Total Joint Construction Cost) $13,284    $49
Joint assigned Const. Cost pumping and power (for irrigation or MR&I) -- from cost alloc.  2./ $11,413 $61
Joint assigned IDC pumping and power (for irrigation or MR&I) -- from cost allocation= 82.78%  2./ $1,191 $6
Total GDU supply cost from allocation: $237,082 RRV, Alternative Reimbursable Costs   = $904.14

 1./ Effective Capacity is the amount after all system losses are equally shared and accounted for.  The losses are 100 cfs for SCPP and Audubon (evap),
      75 cfs for McClusky Canal (actual data), and 15 cfs for New Rockford Canal.  Therefore, SCPP = 2,050-190=1,860 cfs;  McClusky Canal = 1,950-90=1,860 cfs; 
      and New Rockford Canal = 1600-15=1,585 cfs.  

2./ These cells are linked to the GDU Cost Allocation report because they include data from the Assigned Cost Sub-Allocation.

     Table 2-3

4./  The reimbursable IDC for MR&I has not been adjusted to the exact rate, which is 3.225%.  At the time of contract negotiations the IDC should be adjusted.

*  Since only irrigation or MR&I require repayment, Reclamation uses this percentage to apply the "use of facilities" sub allocation method to determine appropriate costs to 

 Joint OM&R cost from April 2005 cost update report page 23 less NR Canal, less MP-59-74 * 82.78% (use only 50% 
of mitigation OM&R)  3./ 

3./  This cell includes data linked to the main GDU Cost Allocation page as "Remaining Joint Costs", OM&R annualized.  Also, the average percent use is .5376%, which was used to apply to 
assigned PS-MBP and OM&R.

$1,368 $7.35RRV Reimbursable OM&R Cost 



Description of Alternatives Capacity Assigned GDU Assigned GDU
Report on Red River Valley Needs and Options Required Construction Annual OM&R

(cfs) Costs  ($) Costs  ($)
GDU principal supply works used for MR&I and irrigation 10 $904,136 $7,353

GDU Import to Sheyenne River 122 $11,030,461 $89,707
  

GDU Import Pipeline 85 $7,685,157 $62,501
  

 
  

                 Garrison Diversion Unit, Assigned Costs Related to the use of the Principal Supply Works
TABLE 2-4



Amounts in thousands excluding household costs

Construction Costs
New Construction, excluding Biota WTP $457,292
GDU Assigned Costs $0
Biota WTP $0

Subtotal $457,292

Total Reimbursable Investment Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $489,302
Municipal Bonding + IDC State Rate $0
Grant Program, Non Federal Share + IDC State Rate $0
Total Reimbursable Investment Costs $489,302

Total Non-reimbursable Investment Costs
Biota Treatment Plant + IDC Federal Rate $0
State Contribution on New Construction + IDC State Rate $0
Grant Program, Federal Share + IDC Federal Rate $0
Total Non-reimbursable Investment Costs $0

Total Investment Costs $489,302

Annual Reimbursable Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $21,945
OM&R, except Biota WTP $5,604
Municipal Bonding + IDC State Rate $0
Grant Program, Non Federal Share + IDC State Rate $0
Total Annual Reimbursable Costs $27,549

Annual Non-reimbursable Costs
Biota Treatment Plant + IDC Federal Rate $0
State Contribution on New Construction + IDC State Rate $0
OM&R, on Biota WTP $0
Grant Program, Federal Share + IDC Federal Rate $0
Total Annual Non-reimbursable Costs $0

Total Annual Investment Costs $27,549

Household Costs Dollars/Month $ per 1000 gal.
Reimbursable MR&I Cost $6.44 $1.07
Non-reimbursable Supply Costs $0.00 $0.00

$6.44 $1.07

Reimbursable Cost per Acre Foot
Cost per acre-ft. annually $349.95
Annual cost for an industry (2,000 acre-ft. per year) $699,908

Inputs Used for the Financial Analysis

GDU Interest Rate 3.225%
Municipal Bonding Rate 5.000%
Interest During Construction (Federal Rate) 7.000%
Interest During Construction (State Rate) 10.850%
Years of Annualization 40
1000 Gallons per house per month 6
Total Equivalent Households 356,274
Cap of Federal Financing 250,000
Option for Federal Financing Cap:1=ON, 0=OFF OFF

Percentage Financed on New Construction, excluding Biota WTP
Federally Financed 100.0000%
Bonding 0.0000%
State Contribution 0.0000%
Grant Program 0.0000%

100.0000%

State Grant Program MR&I
Grant Program - Federal Share 65.0000%
Grant Program - Non Federal Share 35.0000%

100.0000%

Table 2-5
North Dakota In-Basin



Amounts in thousands excluding household costs

Construction Costs
New Construction, excluding Biota WTP $415,438
GDU Assigned Costs $0
Biota WTP $0

Subtotal $415,438

Total Reimbursable Investment Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $444,519
Municipal Bonding + IDC State Rate $0
Grant Program, Non Federal Share + IDC State Rate $0
Total Reimbursable Investment Costs $444,519

Total Non-reimbursable Investment Costs
Biota Treatment Plant + IDC Federal Rate $0
State Contribution on New Construction + IDC State Rate $0
Grant Program, Federal Share + IDC Federal Rate $0
Total Non-reimbursable Investment Costs $0

Total Investment Costs $444,519

Annual Reimbursable Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $19,937
OM&R, except Biota WTP $6,676
Municipal Bonding + IDC State Rate $0
Grant Program, Non Federal Share + IDC State Rate $0
Total Annual Reimbursable Costs $26,613

Annual Non-reimbursable Costs
Biota Treatment Plant + IDC Federal Rate $0
State Contribution on New Construction + IDC State Rate $0
OM&R, on Biota WTP $0
Grant Program, Federal Share + IDC Federal Rate $0
Total Annual Non-reimbursable Costs $0

Total Annual Investment Costs $26,613

Household Costs Dollars/Month $ per 1000 gal.
Reimbursable MR&I Cost $6.22 $1.04
Non-reimbursable Supply Costs $0.00 $0.00

$6.22 $1.04

Reimbursable Cost per Acre Foot
Cost per acre-ft. annually $338.06
Annual cost for an industry (2,000 acre-ft. per year) $676,114

Inputs Used for the Financial Analysis

GDU Interest Rate 3.225%
Municipal Bonding Rate 5.000%
Interest During Construction (Federal Rate) 7.000%
Interest During Construction (State Rate) 10.850%
Years of Annualization 40
1000 Gallons per house per month 6
Total Equivalent Households 356,274
Cap of Federal Financing 250,000
Option for Federal Financing Cap:1=ON, 0=OFF OFF

Percentage Financed on New Construction, excluding Biota WTP
Federally Financed 100.0000%
Bonding 0.0000%
State Contribution 0.0000%
Grant Program 0.0000%

100.0000%

State Grant Program MR&I
Grant Program - Federal Share 65.0000%
Grant Program - Non Federal Share 35.0000%

100.0000%

Table 2-6
Red River Basin



Amounts in thousands excluding household costs

Construction Costs
New Construction, excluding Biota WTP $578,775
GDU Assigned Costs $11,030
Biota WTP $110,708

Subtotal $700,513

Total Reimbursable Investment Costs
GDU Supply + IDC Federal Rate $11,802
Federally Financed + IDC Federal Rate $619,289
Municipal Bonding + IDC State Rate $0
Grant Program, Non Federal Share + IDC State Rate $0
Total Reimbursable Investment Costs $631,091

Total Non-reimbursable Investment Costs
Biota Treatment Plant + IDC Federal Rate $118,458
State Contribution on New Construction + IDC State Rate $0
Grant Program, Federal Share + IDC Federal Rate $0
Total Non-reimbursable Investment Costs $118,458

Total Investment Costs $749,549

Annual Reimbursable Costs
GDU Supply + IDC Federal Rate $529
Federally Financed + IDC Federal Rate $27,775
OM&R, except Biota WTP $2,286
Municipal Bonding + IDC State Rate $0
Grant Program, Non Federal Share + IDC State Rate $0
Total Annual Reimbursable Costs $30,590

Annual Non-reimbursable Costs
Biota Treatment Plant + IDC Federal Rate $5,313
State Contribution on New Construction + IDC State Rate $0
OM&R, on Biota WTP $5,283
Grant Program, Federal Share + IDC Federal Rate $0
Total Annual Non-reimbursable Costs $10,596

Total Annual Investment Costs $41,186

Household Costs Dollars/Month $ per 1000 gal.
Reimbursable MR&I Cost $7.16 $1.19
Non-reimbursable Supply Costs $2.48 $0.41

$9.63 $1.61

Reimbursable Cost per Acre Foot
Cost per acre-ft. annually $388.59
Annual cost for an industry (2,000 acre-ft. per year) $777,172

Inputs Used for the Financial Analysis

GDU Interest Rate 3.225%
Municipal Bonding Rate 5.000%
Interest During Construction (Federal Rate) 7.000%
Interest During Construction (State Rate) 10.850%
Years of Annualization 40
1000 Gallons per house per month 6
Total Equivalent Households 356,274
Cap of Federal Financing 250,000
Option for Federal Financing Cap:1=ON, 0=OFF OFF

Percentage Financed on New Construction, excluding Biota WTP
Federally Financed 100.0000%
Bonding 0.0000%
State Contribution 0.0000%
Grant Program 0.0000%

100.0000%

State Grant Program MR&I
Grant Program - Federal Share 65.0000%
Grant Program - Non Federal Share 35.0000%

100.0000%

Table 2-7
GDU Import to Sheyenne River



Amounts in thousands excluding household costs

Construction Costs
New Construction, excluding Biota WTP $813,694
GDU Assigned Costs $7,685
Biota WTP $89,571

Subtotal $910,950

Total Reimbursable Investment Costs
GDU Supply + IDC Federal Rate $8,223
Federally Financed + IDC Federal Rate $870,653
Municipal Bonding + IDC State Rate $0
Grant Program, Non Federal Share + IDC State Rate $0
Total Reimbursable Investment Costs $878,876

Total Non-reimbursable Investment Costs
Biota Treatment Plant + IDC Federal Rate $95,841
State Contribution on New Construction + IDC State Rate $0
Grant Program, Federal Share + IDC Federal Rate $0
Total Non-reimbursable Investment Costs $95,841

Total Investment Costs $974,717

Annual Reimbursable Costs
GDU Supply + IDC Federal Rate $369
Federally Financed + IDC Federal Rate $39,049
OM&R, except Biota WTP $4,356
Municipal Bonding + IDC State Rate $0
Grant Program, Non Federal Share + IDC State Rate $0
Total Annual Reimbursable Costs $43,773

Annual Non-reimbursable Costs
Biota Treatment Plant + IDC Federal Rate $4,298
State Contribution on New Construction + IDC State Rate $0
OM&R, on Biota WTP $8,761
Grant Program, Federal Share + IDC Federal Rate $0
Total Annual Non-reimbursable Costs $13,059

Total Annual Investment Costs $56,833

Household Costs Dollars/Month $ per 1000 gal.
Reimbursable MR&I Cost $10.24 $1.71
Non-reimbursable Supply Costs $3.05 $0.51

$13.29 $2.22

Reimbursable Cost per Acre Foot
Cost per acre-ft. annually $556.05
Annual cost for an industry (2,000 acre-ft. per year) $1,112,099

Inputs Used for the Financial Analysis

GDU Interest Rate 3.225%
Municipal Bonding Rate 5.000%
Interest During Construction (Federal Rate) 7.000%
Interest During Construction (State Rate) 10.850%
Years of Annualization 40
1000 Gallons per house per month 6
Total Equivalent Households 356,274
Cap of Federal Financing 250,000
Option for Federal Financing Cap:1=ON, 0=OFF OFF

Percentage Financed on New Construction, excluding Biota WTP
Federally Financed 100.0000%
Bonding 0.0000%
State Contribution 0.0000%
Grant Program 0.0000%

100.0000%

State Grant Program MR&I
Grant Program - Federal Share 65.0000%
Grant Program - Non Federal Share 35.0000%

100.0000%

Table 2-8
GDU Import Pipeline



Amounts in thousands excluding household costs

Construction Costs
New Construction, excluding Biota WTP $900,786
GDU Assigned Costs $0
Biota WTP $151,210

Subtotal $1,051,996

Total Reimbursable Investment Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $963,841
Municipal Bonding + IDC State Rate $0
Grant Program, Non Federal Share + IDC State Rate $0
Total Reimbursable Investment Costs $963,841

Total Non-reimbursable Investment Costs
Biota Treatment Plant + IDC Federal Rate $161,795
State Contribution on New Construction + IDC State Rate $0
Grant Program, Federal Share + IDC Federal Rate $0
Total Non-reimbursable Investment Costs $161,795

Total Investment Costs $1,125,636

Annual Reimbursable Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $43,228
OM&R, except Biota WTP $4,117
Municipal Bonding + IDC State Rate $0
Grant Program, Non Federal Share + IDC State Rate $0
Total Annual Reimbursable Costs $47,345

Annual Non-reimbursable Costs
Biota Treatment Plant + IDC Federal Rate $7,256
State Contribution on New Construction + IDC State Rate $0
OM&R, on Biota WTP $4,985
Grant Program, Federal Share + IDC Federal Rate $0
Total Annual Non-reimbursable Costs $12,241

Total Annual Investment Costs $59,587

Household Costs Dollars/Month $ per 1000 gal.
Reimbursable MR&I Cost $11.07 $1.85
Non-reimbursable Supply Costs $2.86 $0.48

$13.94 $2.32

Reimbursable Cost per Acre Foot
Cost per acre-ft. annually $601.42
Annual cost for an industry (2,000 acre-ft. per year) $1,202,840

Inputs Used for the Financial Analysis

GDU Interest Rate 3.225%
Municipal Bonding Rate 5.000%
Interest During Construction (Federal Rate) 7.000%
Interest During Construction (State Rate) 10.850%
Years of Annualization 40
1000 Gallons per house per month 6
Total Equivalent Households 356,274
Cap of Federal Financing 250,000
Option for Federal Financing Cap:1=ON, 0=OFF OFF

Percentage Financed on New Construction, excluding Biota WTP
Federally Financed 100.0000%
Bonding 0.0000%
State Contribution 0.0000%
Grant Program 0.0000%

100.0000%

State Grant Program MR&I
Grant Program - Federal Share 65.0000%
Grant Program - Non Federal Share 35.0000%

100.0000%

Table 2-9
Missouri River to RRV Import



Dollars/Month $ per 1000 Gallons
North Dakota In-Basin $6.44 $1.07
Red River Basin $6.22 $1.04
GDU Import to Sheyenne River $7.16 $1.19
GDU Import Pipeline $10.24 $1.71
Missouri River to RRV Import $11.07 $1.85
Inputs Used for the Financial Analysis

GDU Interest Rate 3.225%
Municipal Bonding Rate 5.000%
Interest During Construction (Federal Rate) 7.000%
Interest During Construction (State Rate) 10.850%
Years of Annualization 40
1000 Gallons per house per month 6
Total Equivalent Households 356,274
Cap of Federal Financing 250,000
Option for Federal Financing Cap:1=ON, 0=OFF OFF

Percentage Financed on New Construction, excluding Biota WTP
Federally Financed 100.0000%
Bonding 0.0000%
State Contribution 0.0000%
Grant Program 0.0000%

100.0000%

State Grant Program MR&I
Grant Program - Federal Share 65.0000%
Grant Program - Non Federal Share 35.0000%

100.0000%

Alternative Reimbursable Costs Per Household

Table 2-10



ND In-Basin Red River Basin
GDU Import to 

Sheyenne River GDU Import Pipeline
Missouri River 
to RRV Import

Reimbursable $21,945,140 $19,936,594 $28,304,351 $39,417,434 $43,228,124
Non-reimbursable $0 $0 $5,312,804 $4,298,453 $7,256,468
  Total Annual Costs $21,945,140 $19,936,594 $33,617,155 $43,715,887 $50,484,591

ND In-Basin Red River Basin
GDU Import to 

Sheyenne River GDU Import Pipeline
Missouri River 
to RRV Import

Reimbursable $5,604,000 $6,676,000 $2,286,000 $4,356,000 $4,117,000
Non-reimbursable $0 $0 $5,283,000 $8,761,000 $4,985,000
  Total Annual OM&R Costs $5,604,000 $6,676,000 $7,569,000 $13,117,000 $9,102,000

ND In-Basin Red River Basin
GDU Import to 

Sheyenne River GDU Import Pipeline
Missouri River 
to RRV Import

Reimbursable $27,549,140 $26,612,594 $30,590,351 $43,773,434 $47,345,124
Non-reimbursable $0 $0 $10,595,804 $13,059,453 $12,241,468
  Total Annual Costs $27,549,140 $26,612,594 $41,186,155 $56,832,887 $59,586,591

Inputs Used for the Financial Analysis Percentage Financed on New Construction, excluding Biota WTP
Federally Financed 100.0000%

GDU Interest Rate 3.225% Bonding 0.0000%
Municipal Bonding Rate 5.000% State Contribution 0.0000%
Interest During Construction (Federal Rate) 7.000% Grant Program 0.0000%
Interest During Construction (State Rate) 10.850% 100.0000%
Years of Annualization 40
1000 Gallons per house per month 6 State Grant Program MR&I
Total Equivalent Households 356,274 Grant Program - Federal Share 65.0000%
Cap of Federal Financing $250,000 Grant Program - Non Federal Share 35.0000%
Option for Federal Financing Cap:1=ON, 0=OFF OFF 100.0000%

Annual Investment Costs

 - - - - - - - - - - - - - - Dollars - - - - - - - - - - - - - - - - - -

Table 2-11
Option One

 - - - - - - - - - - - - - - Dollars - - - - - - - - - - - - - - - - - -

Annual OM&R Costs

Total Annual Costs

 - - - - - - - - - - - - - -Dollars - - - - - - - - - - - - - - - - - -



ND In-Basin Red River Basin
GDU Import to 

Sheyenne River GDU Import Pipeline
Missouri River 
to RRV Import

Reimbursable MR&I Cost $6.44 $6.22 $7.16 $10.24 $11.07
Non-reimbursable MR&I Cost $0.00 $0.00 $2.48 $3.05 $2.86
   Total Repayment $6.44 $6.22 $9.63 $13.29 $13.94

ND In-Basin Red River Basin
GDU Import to 

Sheyenne River GDU Import Pipeline
Missouri River 
to RRV Import

Reimbursable MR&I Cost $1.07 $1.04 $1.19 $1.71 $1.85
Non-reimbursable MR&I Cost $0.00 $0.00 $0.41 $0.51 $0.48
   Total Repayment $1.07 $1.04 $1.61 $2.22 $2.32

Inputs Used for the Financial Analysis Percentage Financed on New Construction, excluding Biota WTP
Federally Financed 100.0000%

GDU Interest Rate 3.225% Bonding 0.0000%
Municipal Bonding Rate 5.000% State Contribution 0.0000%
Interest During Construction (Federal Rate) 7.000% Grant Program 0.0000%
Interest During Construction (State Rate) 10.850% 100.0000%
Years of Annualization 40
1000 Gallons per house per month 6 State Grant Program MR&I
Total Equivalent Households 356,274 Grant Program - Federal Share 65.0000%
Cap of Federal Financing $250,000 Grant Program - Non Federal Share 35.0000%
Option for Federal Financing Cap:1=ON, 0=OFF OFF 100.0000%

Dollars per 1,000 Gallons

Repayment

Table 2-12
Option One

Repayment

Dollars/Month/Household



Revised: 9/18/06

Values in thousands

ND In-Basin
Red River 

Basin

GDU Import 
to Sheyenne 

River

GDU 
Import 

Pipeline

Missouri 
River to RRV 

Import
New Construction, excluding Biota WTP 457,292 415,438 578,775 813,694 900,786
GDU Assigned Costs 0 0 11,030 7,685 0
Biota WTP Construction 0 0 110,708 89,571 151,210

Construction, Total 457,292 415,438 700,513 910,950 1,051,996

Annual OM&R, GDU 0 0 90 63 0
Annual OM&R, Reimbursable Investments 5,604 6,676 2,196 4,293 4,117
Annual OM&R, Non-reimbursable Biota WTP 0 0 5,283 8,761 4,985

Annual OM&R, Total 5,604 6,676 7,569 13,117 9,102

2./  Biota treatment is federal non-reimbursable cost.  The remainder is financed 100% by local.

DRAFT
Internal Use Only

Option Three
Table 3-1

Project Costs



Other Inputs Years Factor
GDU Interest Rate 3.225% 40 0.04484985
Municipal Bonding Rate 5.000% 40 0.05827816
Interest During Construction (Federal Rate) 7.000% 1.0700
Interest During Construction (State Rate) 10.850% 1.1085
1000 Gallons per house per month 6
Cap of Federal Financing 250,000

Percentage Financed on New Construction, excluding Biota Treatment
Federally Financed 0.00000000%
Bonding 100.00000000%
State Contribution 0.00000000%
Grant Program 0.00000000%

100%

State Grant Program MR&I
Grant Program - Federal Share 65.00%
Grant Program - Non Federal Share 35.00%

100%
2./  Biota treatment is federal non-reimbursable cost.  The remainder is financed 100% by local.

Option for Federal Financing Cap:1=ON,  0=OFF 0 OFF

2050 Projections
Population 418,978

People Per Household
2.4

Commercial Use Adjustment *Commercial is 30% of Municipal, 
70% therefore divide by 70%

Equivalent Households, without Industry 249,392

Municipal Demand % (Remainder is Industry) *Divide by  Municipal/rural percent
70%

Equivalent Households
Total Equivalent Households 356,274

Municipal and Rural Projections
Average Demand of Water (acre-feet per year) 63,440
Maximum Demand of Water (acre-feet per year) 88,245

Industrial Use of Water
Average Demand of Water (acre-feet per year) 22,566
Maximum Demand of Water (acre-feet per year) 25,039

Gallons Per Acre Foot
325,851

Notes:

GDU Supply is reimbursable at 3.225% for 40 years
Biota Treatment Plant Construction is nonreimbursable
Annual OM&R is all reimbursable, except for the Biota Treatment Plant

Table 3-2



GDU Main Supply Works Costs 
 "Use of Facilities" Sub allocation Method

Revised on: 18-Sep-06

*  Based on the GDU Water Supply Allocation, 82.78% of joint supply works costs are reimbursable for irrigation and MR&I combined.

determine appropriate costs to recover for projects using GDU supply works.
*  An example for Red River Valley Alternative is provided in columns H to K, and amount to in Construction, assigned, and IDC costs, and $15,000 for annual OM&R
for each 10 cfs of capacity used.
*  Percent Remaining Joint Costs - Water Supply: 82.50%
 

Total GDU Joint Supply Costs Reimbursable Joints Supply costs GDU supply 
Costs to  Remaining Total Costs to  Remaining Total Effective Used Percent Reimb costs
 9/30/2004  Costs Costs  9/30/2004  Costs Costs capacity 1./ capacity Used RRV Alt.7A

  Feature  ---------------- 1,000's of Dollars -------------  ---------------- 1,000's of Dollars ------------- Acre-feet % ($1,000)
Snake creek Pump Plant $20,830 $11,300 $32,130 $17,184 $9,322 $26,507 1,860              10 0.5376% $143
McClusky Canal $94,452 $15,690 110,142 $77,921 $12,944 90,865 1,860              10 0.5376% $489
Permanent Oper. Facilities $6,420 $66 6,486 $5,296 $54 5,351 1,860              10 0.5376% $29
New Rockford Canal $57,479 $20,021 77,500 $47,419 $16,517 63,936 1,585              0 0.0000% $0
Mitigation, scattered $16,602 $1,000 17,602 $13,696 $825 14,521 1,860              10 0.5376% $78
Audubon mitigation $16,000 $2,650 18,650 $13,200 $2,186 15,386 1,860              10 0.5376% $83
New Rockford Feeder/outlet $1,090 $0 1,090 $899 $0 899 1,585              0 0.0000% $0
Salvage/TCOE ($7,600) $0 (7,600) ($6,270) $0 (6,270) 1,860              10 0.5376% ($34)
 Total Joints $205,273 $50,727 $256,000 $169,346 $41,849 $211,194    2./ $787
IDC on Construction (6.29% of Total Joint Construction Cost) $13,284    $49
Joint assigned Const. Cost pumping and power (for irrigation or MR&I) -- from cost alloc.  2./ $11,413 $61
Joint assigned IDC pumping and power (for irrigation or MR&I) -- from cost allocation= 82.78%  2./ $1,191 $6
Total GDU supply cost from allocation: $237,082 RRV, Alternative Reimbursable Costs   = $904.14

 1./ Effective Capacity is the amount after all system losses are equally shared and accounted for.  The losses are 100 cfs for SCPP and Audubon (evap),
      75 cfs for McClusky Canal (actual data), and 15 cfs for New Rockford Canal.  Therefore, SCPP = 2,050-190=1,860 cfs;  McClusky Canal = 1,950-90=1,860 cfs; 
      and New Rockford Canal = 1600-15=1,585 cfs.  

2./ These cells are linked to the GDU Cost Allocation report because they include data from the Assigned Cost Sub-Allocation.

     Table 3-3

4./  The reimbursable IDC for MR&I has not been adjusted to the exact rate, which is 3.225%.  At the time of contract negotiations the IDC should be adjusted.

*  Since only irrigation or MR&I require repayment, Reclamation uses this percentage to apply the "use of facilities" sub allocation method to determine appropriate costs to 

 Joint OM&R cost from April 2005 cost update report page 23 less NR Canal, less MP-59-74 * 82.78% (use only 50% 
of mitigation OM&R)  3./ 

3./  This cell includes data linked to the main GDU Cost Allocation page as "Remaining Joint Costs", OM&R annualized.  Also, the average percent use is .5376%, which was used to apply to 
assigned PS-MBP and OM&R.

$1,368 $7.35RRV Reimbursable OM&R Cost 



Description of Alternatives Capacity Assigned GDU Assigned GDU
Report on Red River Valley Needs and Options Required Construction Annual OM&R

(cfs) Costs  ($) Costs  ($)
GDU principal supply works used for MR&I and irrigation 10 $904,136 $7,353

GDU Import to Sheyenne River 122 $11,030,461 $89,707
  

GDU Import Pipeline 85 $7,685,157 $62,501
  

 
  

                 Garrison Diversion Unit, Assigned Costs Related to the use of the Principal Supply Works
TABLE 3-4



Amounts in thousands excluding household costs

Construction Costs
New Construction, excluding Biota WTP $457,292
GDU Assigned Costs $0
Biota WTP $0

Subtotal $457,292

Total Reimbursable Investment Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $0
Municipal Bonding + IDC State Rate $506,908
Grant Program, Non Federal Share + IDC State Rate $0
Total Reimbursable Investment Costs $506,908

Total Non-reimbursable Investment Costs
Biota Treatment Plant + IDC Federal Rate $0
State Contribution on New Construction + IDC State Rate $0
Grant Program, Federal Share + IDC Federal Rate $0
Total Non-reimbursable Investment Costs $0

Total Investment Costs $506,908

Annual Reimbursable Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $0
OM&R, except Biota WTP $5,604
Municipal Bonding + IDC State Rate $29,542
Grant Program, Non Federal Share + IDC State Rate $0
Total Annual Reimbursable Costs $35,146

Annual Non-reimbursable Costs
Biota Treatment Plant + IDC Federal Rate $0
State Contribution on New Construction + IDC State Rate $0
OM&R, on Biota WTP $0
Grant Program, Federal Share + IDC Federal Rate $0
Total Annual Non-reimbursable Costs $0

Total Annual Investment Costs $35,146

Household Costs Dollars/Month $ per 1000 gal.
Reimbursable MR&I Cost $8.22 $1.37
Non-reimbursable Supply Costs $0.00 $0.00

$8.22 $1.37

Reimbursable Cost per Acre Foot
Cost per acre-ft. annually $446.45
Annual cost for an industry (2,000 acre-ft. per year) $892,904

Inputs Used for the Financial Analysis

GDU Interest Rate 3.225%
Municipal Bonding Rate 5.000%
Interest During Construction (Federal Rate) 7.000%
Interest During Construction (State Rate) 10.850%
Years of Annualization 40
1000 Gallons per house per month 6
Total Equivalent Households 356,274
Cap of Federal Financing 250,000
Option for Federal Financing Cap:1=ON,  0=OFF OFF

Percentage Financed on New Construction, excluding Biota Treatment
Federally Financed 0.0000%
Bonding 100.0000%
State Contribution 0.0000%
Grant Program 0.0000%

100.0000%

State Grant Program MR&I
Grant Program - Federal Share 65.0000%
Grant Program - Non Federal Share 35.0000%

100.0000%

Table 3-5
North Dakota In-Basin



Amounts in thousands excluding household costs

Construction Costs
New Construction, excluding Biota WTP $415,438
GDU Assigned Costs $0
Biota WTP $0

Subtotal $415,438

Total Reimbursable Investment Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $0
Municipal Bonding + IDC State Rate $460,513
Grant Program, Non Federal Share + IDC State Rate $0
Total Reimbursable Investment Costs $460,513

Total Non-reimbursable Investment Costs
Biota Treatment Plant + IDC Federal Rate $0
State Contribution on New Construction + IDC State Rate $0
Grant Program, Federal Share + IDC Federal Rate $0
Total Non-reimbursable Investment Costs $0

Total Investment Costs $460,513

Annual Reimbursable Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $0
OM&R, except Biota WTP $6,676
Municipal Bonding + IDC State Rate $26,838
Grant Program, Non Federal Share + IDC State Rate $0
Total Annual Reimbursable Costs $33,514

Annual Non-reimbursable Costs
Biota Treatment Plant + IDC Federal Rate $0
State Contribution on New Construction + IDC State Rate $0
OM&R, on Biota WTP $0
Grant Program, Federal Share + IDC Federal Rate $0
Total Annual Non-reimbursable Costs $0

Total Annual Investment Costs $33,514

Household Costs Dollars/Month $ per 1000 gal.
Reimbursable MR&I Cost $7.84 $1.31
Non-reimbursable Supply Costs $0.00 $0.00

$7.84 $1.31

Reimbursable Cost per Acre Foot
Cost per acre-ft. annually $425.72
Annual cost for an industry (2,000 acre-ft. per year) $851,446

Inputs Used for the Financial Analysis

GDU Interest Rate 3.225%
Municipal Bonding Rate 5.000%
Interest During Construction (Federal Rate) 7.000%
Interest During Construction (State Rate) 10.850%
Years of Annualization 40
1000 Gallons per house per month 6
Total Equivalent Households 356,274
Cap of Federal Financing 250,000
Option for Federal Financing Cap:1=ON,  0=OFF OFF

Percentage Financed on New Construction, excluding Biota Treatment
Federally Financed 0.0000%
Bonding 100.0000%
State Contribution 0.0000%
Grant Program 0.0000%

100.0000%

State Grant Program MR&I
Grant Program - Federal Share 65.0000%
Grant Program - Non Federal Share 35.0000%

100.0000%

Table 3-6
Red River Basin



Amounts in thousands excluding household costs

Construction Costs
New Construction, excluding Biota WTP $578,775
GDU Assigned Costs $11,030
Biota WTP $110,708

Subtotal $700,513

Total Reimbursable Investment Costs
GDU Supply + IDC Federal Rate $11,802
Federally Financed + IDC Federal Rate $0
Municipal Bonding + IDC State Rate $641,572
Grant Program, Non Federal Share + IDC State Rate $0
Total Reimbursable Investment Costs $653,374

Total Non-reimbursable Investment Costs
Biota Treatment Plant + IDC Federal Rate $118,458
State Contribution on New Construction + IDC State Rate $0
Grant Program, Federal Share + IDC Federal Rate $0
Total Non-reimbursable Investment Costs $118,458

Total Investment Costs $771,832

Annual Reimbursable Costs
GDU Supply + IDC Federal Rate $529
Federally Financed + IDC Federal Rate $0
OM&R, except Biota WTP $2,286
Municipal Bonding + IDC State Rate $37,390
Grant Program, Non Federal Share + IDC State Rate $0
Total Annual Reimbursable Costs $40,205

Annual Non-reimbursable Costs
Biota Treatment Plant + IDC Federal Rate $5,313
State Contribution on New Construction + IDC State Rate $0
OM&R, on Biota WTP $5,283
Grant Program, Federal Share + IDC Federal Rate $0
Total Annual Non-reimbursable Costs $10,596

Total Annual Investment Costs $50,801

Household Costs Dollars/Month $ per 1000 gal.
Reimbursable MR&I Cost $9.40 $1.57
Non-reimbursable Supply Costs $2.48 $0.41

$11.88 $1.98

Reimbursable Cost per Acre Foot
Cost per acre-ft. annually $510.72
Annual cost for an industry (2,000 acre-ft. per year) $1,021,439

Inputs Used for the Financial Analysis

GDU Interest Rate 3.225%
Municipal Bonding Rate 5.000%
Interest During Construction (Federal Rate) 7.000%
Interest During Construction (State Rate) 10.850%
Years of Annualization 40
1000 Gallons per house per month 6
Total Equivalent Households 356,274
Cap of Federal Financing 250,000
Option for Federal Financing Cap:1=ON,  0=OFF OFF

Percentage Financed on New Construction, excluding Biota Treatment
Federally Financed 0.0000%
Bonding 100.0000%
State Contribution 0.0000%
Grant Program 0.0000%

100.0000%

State Grant Program MR&I
Grant Program - Federal Share 65.0000%
Grant Program - Non Federal Share 35.0000%

100.0000%

Table 3-7
GDU Import to Sheyenne River



Amounts in thousands excluding household costs

Construction Costs
New Construction, excluding Biota WTP $813,694
GDU Assigned Costs $7,685
Biota WTP $89,571

Subtotal $910,950

Total Reimbursable Investment Costs
GDU Supply + IDC Federal Rate $8,223
Federally Financed + IDC Federal Rate $0
Municipal Bonding + IDC State Rate $901,980
Grant Program, Non Federal Share + IDC State Rate $0
Total Reimbursable Investment Costs $910,203

Total Non-reimbursable Investment Costs
Biota Treatment Plant + IDC Federal Rate $95,841
State Contribution on New Construction + IDC State Rate $0
Grant Program, Federal Share + IDC Federal Rate $0
Total Non-reimbursable Investment Costs $95,841

Total Investment Costs $1,006,044

Annual Reimbursable Costs
GDU Supply + IDC Federal Rate $369
Federally Financed + IDC Federal Rate $0
OM&R, except Biota WTP $4,356
Municipal Bonding + IDC State Rate $52,566
Grant Program, Non Federal Share + IDC State Rate $0
Total Annual Reimbursable Costs $57,291

Annual Non-reimbursable Costs
Biota Treatment Plant + IDC Federal Rate $4,298
State Contribution on New Construction + IDC State Rate $0
OM&R, on Biota WTP $8,761
Grant Program, Federal Share + IDC Federal Rate $0
Total Annual Non-reimbursable Costs $13,059

Total Annual Investment Costs $70,350

Household Costs Dollars/Month $ per 1000 gal.
Reimbursable MR&I Cost $13.40 $2.23
Non-reimbursable Supply Costs $3.05 $0.51

$16.46 $2.74

Reimbursable Cost per Acre Foot
Cost per acre-ft. annually $727.76
Annual cost for an industry (2,000 acre-ft. per year) $1,455,511

Inputs Used for the Financial Analysis

GDU Interest Rate 3.225%
Municipal Bonding Rate 5.000%
Interest During Construction (Federal Rate) 7.000%
Interest During Construction (State Rate) 10.850%
Years of Annualization 40
1000 Gallons per house per month 6
Total Equivalent Households 356,274
Cap of Federal Financing 250,000
Option for Federal Financing Cap:1=ON,  0=OFF OFF

Percentage Financed on New Construction, excluding Biota Treatment
Federally Financed 0.0000%
Bonding 100.0000%
State Contribution 0.0000%
Grant Program 0.0000%

100.0000%

State Grant Program MR&I
Grant Program - Federal Share 65.0000%
Grant Program - Non Federal Share 35.0000%

100.0000%

Table 3-8
GDU Import Pipeline



Amounts in thousands excluding household costs

Construction Costs
New Construction, excluding Biota WTP $900,786
GDU Assigned Costs $0
Biota WTP $151,210

Subtotal $1,051,996

Total Reimbursable Investment Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $0
Municipal Bonding + IDC State Rate $998,521
Grant Program, Non Federal Share + IDC State Rate $0
Total Reimbursable Investment Costs $998,521

Total Non-reimbursable Investment Costs
Biota Treatment Plant + IDC Federal Rate $161,795
State Contribution on New Construction + IDC State Rate $0
Grant Program, Federal Share + IDC Federal Rate $0
Total Non-reimbursable Investment Costs $161,795

Total Investment Costs $1,160,316

Annual Reimbursable Costs
GDU Supply + IDC Federal Rate $0
Federally Financed + IDC Federal Rate $0
OM&R, except Biota WTP $4,117
Municipal Bonding + IDC State Rate $58,192
Grant Program, Non Federal Share + IDC State Rate $0
Total Annual Reimbursable Costs $62,309

Annual Non-reimbursable Costs
Biota Treatment Plant + IDC Federal Rate $7,256
State Contribution on New Construction + IDC State Rate $0
OM&R, on Biota WTP $4,985
Grant Program, Federal Share + IDC Federal Rate $0
Total Annual Non-reimbursable Costs $12,241

Total Annual Investment Costs $74,550

Household Costs Dollars/Month $ per 1000 gal.
Reimbursable MR&I Cost $14.57 $2.43
Non-reimbursable Supply Costs $2.86 $0.48

$17.44 $2.91

Reimbursable Cost per Acre Foot
Cost per acre-ft. annually $791.50
Annual cost for an industry (2,000 acre-ft. per year) $1,583,009

Inputs Used for the Financial Analysis

GDU Interest Rate 3.225%
Municipal Bonding Rate 5.000%
Interest During Construction (Federal Rate) 7.000%
Interest During Construction (State Rate) 10.850%
Years of Annualization 40
1000 Gallons per house per month 6
Total Equivalent Households 356,274
Cap of Federal Financing 250,000
Option for Federal Financing Cap:1=ON,  0=OFF OFF

Percentage Financed on New Construction, excluding Biota Treatment
Federally Financed 0.0000%
Bonding 100.0000%
State Contribution 0.0000%
Grant Program 0.0000%

100.0000%

State Grant Program MR&I
Grant Program - Federal Share 65.0000%
Grant Program - Non Federal Share 35.0000%

100.0000%

Table 3-9
Missouri River to RRV Import



Dollars/Month $ per 1000 Gallons
North Dakota In-Basin $8.22 $1.37
Red River Basin $7.84 $1.31
GDU Import to Sheyenne River $9.40 $1.57
GDU Import Pipeline $13.40 $2.23
Missouri River to RRV Import $14.57 $2.43
Inputs Used for the Financial Analysis

GDU Interest Rate 3.225%
Municipal Bonding Rate 5.000%
Interest During Construction (Federal Rate) 7.000%
Interest During Construction (State Rate) 10.850%
Years of Annualization 40
1000 Gallons per house per month 6
Total Equivalent Households 356,274
Cap of Federal Financing 250,000
Option for Federal Financing Cap:1=ON,  0=OFF OFF

Percentage Financed on New Construction, excluding Biota Treatment
Federally Financed 0.0000%
Bonding 100.0000%
State Contribution 0.0000%
Grant Program 0.0000%

100.0000%

State Grant Program MR&I
Grant Program - Federal Share 65.0000%
Grant Program - Non Federal Share 35.0000%

100.0000%

Alternative Reimbursable Costs Per Household

Table 3-10



ND In-Basin Red River Basin
GDU Import to 

Sheyenne River GDU Import Pipeline
Missouri River 
to RRV Import

Reimbursable $29,541,677 $26,837,852 $37,918,964 $52,934,522 $58,191,984
Non-reimbursable $0 $0 $5,312,804 $4,298,453 $7,256,468
  Total Annual Costs $29,541,677 $26,837,852 $43,231,768 $57,232,975 $65,448,452

ND In-Basin Red River Basin
GDU Import to 

Sheyenne River GDU Import Pipeline
Missouri River 
to RRV Import

Reimbursable $5,604,000 $6,676,000 $2,286,000 $4,356,000 $4,117,000
Non-reimbursable $0 $0 $5,283,000 $8,761,000 $4,985,000
  Total Annual OM&R Costs $5,604,000 $6,676,000 $7,569,000 $13,117,000 $9,102,000

ND In-Basin Red River Basin
GDU Import to 

Sheyenne River GDU Import Pipeline
Missouri River 
to RRV Import

Reimbursable $35,145,677 $33,513,852 $40,204,964 $57,290,522 $62,308,984
Non-reimbursable $0 $0 $10,595,804 $13,059,453 $12,241,468
  Total Annual Costs $35,145,677 $33,513,852 $50,800,768 $70,349,975 $74,550,452

Inputs Used for the Financial Analysis Percentage Financed on New Construction, excluding Biota Treatment
Federally Financed 0.0000%

GDU Interest Rate 3.225% Bonding 100.0000%
Municipal Bonding Rate 5.000% State Contribution 0.0000%
Interest During Construction (Federal Rate) 7.000% Grant Program 0.0000%
Interest During Construction (State Rate) 10.850% 100.0000%
Years of Annualization 40
1000 Gallons per house per month 6 State Grant Program MR&I
Total Equivalent Households 356,274 Grant Program - Federal Share 65.0000%
Cap of Federal Financing $250,000 Grant Program - Non Federal Share 35.0000%
Option for Federal Financing Cap:1=ON,  0=OFF OFF 100.0000%

Annual Investment Costs

 - - - - - - - - - - - - - - Dollars - - - - - - - - - - - - - - - - - -

Table 3-11
Option Two

 - - - - - - - - - - - - - - Dollars - - - - - - - - - - - - - - - - - -

Annual OM&R Costs

Total Annual Costs

 - - - - - - - - - - - - - -Dollars - - - - - - - - - - - - - - - - - -



ND In-Basin Red River Basin
GDU Import to 

Sheyenne River GDU Import Pipeline
Missouri River 
to RRV Import

Reimbursable MR&I Cost $8.22 $7.84 $9.40 $13.40 $14.57
Non-reimbursable MR&I Cost $0.00 $0.00 $2.48 $3.05 $2.86
   Total Repayment $8.22 $7.84 $11.88 $16.46 $17.44

ND In-Basin Red River Basin
GDU Import to 

Sheyenne River GDU Import Pipeline
Missouri River 
to RRV Import

Reimbursable MR&I Cost $1.37 $1.31 $1.57 $2.23 $2.43
Non-reimbursable MR&I Cost $0.00 $0.00 $0.41 $0.51 $0.48
   Total Repayment $1.37 $1.31 $1.98 $2.74 $2.91

Inputs Used for the Financial Analysis Percentage Financed on New Construction, excluding Biota Treatment
Federally Financed 0.0000%

GDU Interest Rate 3.225% Bonding 100.0000%
Municipal Bonding Rate 5.000% State Contribution 0.0000%
Interest During Construction (Federal Rate) 7.000% Grant Program 0.0000%
Interest During Construction (State Rate) 10.850% 100.0000%
Years of Annualization 40
1000 Gallons per house per month 6 State Grant Program MR&I
Total Equivalent Households 356,274 Grant Program - Federal Share 65.0000%
Cap of Federal Financing $250,000 Grant Program - Non Federal Share 35.0000%
Option for Federal Financing Cap:1=ON,  0=OFF OFF 100.0000%

Dollars per 1,000 Gallons

Repayment

Table 3-12
Option Two

Repayment

Dollars/Month/Household
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Appendix K.2 – Benefit Cost Analysis for Red River Valley Water 
Supply Project 
 
Introduction 
An evaluation of the economic feasibility of a municipal, rural and industrial (MR&I) water 
supply project requires the estimation of the benefits and costs associated with the project.  If the 
benefits generated by an MR&I project are greater than the costs of the project, the project would 
be considered economically feasible.   
 
Most water supply benefits accrue directly to water users through increased water 
quantity/reliability, improved water quality, or some other improvement.  Some benefits may 
also accrue to non-users from simply knowing that an area with inadequate water supplies will 
receive improved water service, but these indirect benefits are very difficult to quantify and are 
not included in this analysis.   
 
The costs of an MR&I project include all engineering costs of construction, construction 
materials and equipment costs, annual operation and maintenance costs, and any mitigation costs 
that may result from a project.  The MR&I costs used in this benefit cost analysis are shown in 
Appendix K.1.  This includes costs for the five action alternatives considered in the SDEIS.  
 
Principles and Guidelines Analyses Requirement 
The Garrison Diversion Unit (GDU) is exempt from the requirement to use Economic and 
Environmental Principles and Guidelines for Water and Related Land Resources Implementation 
Studies (Principles and Guidelines) analyses to demonstrate Project economic feasibility.  The 
GDU Reformulation Act of 1986 authorized the implementation of recommendations of the 
GDU Commission Final Report dated December 20, 1984.  The 1986 Reformulation Act 
amended the original 1965 GDU authorization.  The Commission Final Report serves as a 
surrogate for a normal feasibility report, and all language referring to Reclamation’s November 
1962 report (Supplement to HD 325) was removed from the revised authorization.  Since 1987, 
the Secretary of the Interior continues to submit budget proposals to Congress with no Principles 
and Guidelines or benefit costs analysis.  
 
Even though GDU is exempt from Principles and Guidelines analyses, we have included an 
estimate of National Economic Development (NED) and Regional Development (RD) benefits. 
We have also computed the NED benefit/cost ratios for all alternatives.  These analyses are not a 
requirement but are being conducted voluntarily to address comments received from the review 
of the DEIS. 
 
Estimate of Project Benefits 
A theoretically sound basis for quantifying the economic benefits of an MR&I project is needed 
to evaluate economic feasibility.  The Principles and Guidelines provide some guidance on 
techniques that can be used to estimate MR&I water supply benefits.  The Principles and 
Guidelines state that the conceptual basis for evaluating the benefits from improved municipal 
and industrial water supplies is society’s willingness to pay for the increase in the value of goods 
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and services attributable to the water supply (U.S. Water Resources Council, 1983).  Willingness 
to pay can be defined as the price (dollar amount) that an individual or firm is willing to give up 
or pay to acquire a good or service.  Therefore, willingness to pay is the basis for determining the 
market demand price of a good. 
 
The goods and services attributable to the provision of municipal and industrial water supplies 
would include water for drinking, washing clothes and dishes, irrigating lawns and gardens, food 
processing, various types of production, bathing, etc.  It would be very difficult, if not impossible, 
and time consuming to measure the value of each of these water related outputs.  However, these 
values are reflected through the willingness or water users to pay for the water necessary to 
produce these goods and services.  Willingness to pay is the price water users would pay in order 
get water and it reflects the economic value of water as it contributes to the production of desirable 
goods and service. 
 
Willingness to pay can be measured by estimating what people are willing to pay based on their 
preferences as revealed by their actual payment patterns or by asking them directly what they 
would pay in a hypothetical situation.  The technique based on preferences as revealed by actual 
payments is used in this analysis.  
 
The willingness of consumers to pay for a reliable, good quality water supply depends on the 
satisfaction or utility they obtain from the service and is reflected through the demand curve for 
water.  Consumer surplus is the difference between what a consumer would be willing to pay for 
a good or service and what that consumer actually has to pay.  Consumer surplus is represented 
as the area under the demand curve and above market price and represents consumer benefits 
from the good or service. 
 
Economic benefits also accrue to producers of a good or service.  For producers the area above 
the supply curve and below market price is a measure benefit to producers.  This producer 
surplus is represented as the difference between what a supplier is paid for a good or service and 
what it costs to supply the good.  The sum of consumer surplus and producer surplus provides a 
measure of the total economic benefit of a good or service.  This concept is used in this analysis 
to estimate water supply benefits in the Red River Valley. 
 
The relationship between willingness to pay and the demand curve allows the use of demand 
curves to measure the benefit (or cost) of a price decrease (increase) to consumers, while the 
supply curve represents the cost of providing a good or service and can be used measure benefits 
to producers.  Figure K.2.1 shows the concept of consumer and producer surplus graphically. 
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            $25  Consumer surplus 
   Price        
            $15  Supply 

            $10       Producer surplus 
                 Demand 
      0     750               Quantity 
 

Figure K2.1 – Example Supply and Demand Curves. 
 
The example in figure K.2.1 shows the total benefit for a hypothetical good or service.  The 
supply curve in figure K.2.1 indicates that at a price of $10 per unit or less there are no producers 
who would be willing to provide that good or service while at a price of $25 or higher there are 
no consumers who are willing to pay the price for the good or service.  The consumer surplus 
would be equal to $10 ($25 - $15.00) multiplied by 375 (.5 x 750), or $3,750.  The producer 
surplus would be equal to $5.00 ($15.00 - $10.00) multiplied by 375 (.5 x 750), or $1,875.  
Therefore, the total benefits from the provision of this good or service would be $5,625. 
 
Using measures of consumer and producer surplus requires estimation of the supply and demand 
curves.  If we know that at a price of $25 none of the product will be purchased and at $15 a total 
of 750 unit will be sold, then a demand curve can be estimated assuming demand is a linear 
relationship.  However, using only two points to estimate demand can lead to imprecision.  The 
greater the number of observed price-quantity combinations, the more accurate the estimated 
demand curve. 
 
The supply curve can be estimated in a similar manner, showing price and quantity supplied 
combinations.  It should be noted that the supply curve for MR&I water supplies may be nearly 
horizontal if the per unit cost of providing various quantities of water are very similar.  In the 
case of a horizontal supply curve, the benefits of providing municipal and industrial water 
supplies would be measured solely by the change in consumer surplus. 
 
Once the demand and supply curves are both derived, the change in benefits resulting from shifts 
in supply and demand can be estimated.  Figure K.2.2 shows conceptually the effect of a change 
in benefits from a shift in the supply curve.  In this case there is some improvement in the 
provision of a good or service which allows more to be produced at the same cost or the same 
quantity can be produced at a lower cost. 
 
The initial condition in figure K.2.2 corresponds with the example presented in figure K.2.1, 
with total benefits of $5,625.  With the assumed shift in supply, producers are willing to supply 
more of the good at a given price.  As a result, additional benefits are realized as shown by the 
shaded area.  The consumer surplus with the new supply curve is equal to $15 ($25 - $10.00) 
multiplied by 550 (.5 x 1,100), or $8,250.  The producer surplus would be equal to $9.00 ($10.00 
- $1.00) multiplied by 550 (.5 x 1,100), or $4,950.  Therefore, the total benefits from the 
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provision of this good or service with the shift in supply is $13,200.  The shift in supply results 
in a net benefit to society of $7,575 ($13,200 - $5,625). 
 
 
            $25 
               Original consumer surplus (above $15) 
         Price 
                 Original Supply 
            $15      New Supply  
            $10         Additional 
              $1          Demand  benefit 
      0   750  1,100               Quantity 
 

Figure K.2.2 – Change in Consumer Surplus from Shift in Supply Curve. 
 
The supply and demand could both shift outward simultaneously, which would represent  a 
situation where there is an increase in the available water supply and an associated increase in 
the demand for the improved water supply.  The eventual change in price and quantity would 
depend on the relative magnitude of changes in supply and demand. 
 
A demand curve for domestic water supplies is estimated using data for 96 municipalities and 
water utilities in the western U.S.  The results of the model estimation are compared to the 
results of previous studies to check the reliability of the model.  Representative benefits are then 
estimated for several municipalities in the Red River Valley using the estimated demand curve.  
The benefit estimates are aggregated to derive a representative municipal and industrial water 
supply benefit for the Red River Valley.  For the purposes of this analysis, it is assumed the 
supply curve for municipal and industrial water is horizontal and will not shift. 
 
Background and Previous Studies 
Several studies have been completed which have identified the factors that influence domestic 
water demand and have estimated the demand curves.  These studies included a wide variety of 
variables that explain levels of water use, several different measures of price, used different 
functional forms to model demand, and different supply conditions. 
 
One measure that can be used to compare the results of various studies is the estimated price and 
income elasticity of demand.  Estimates of price and income elasticity of demand for water have 
been consistently shown to be inelastic in past studies.  Price elasticity of demand is a measure of 
the change in the quantity of a good or service obtained as a result of a change in the price of the 
good or service.  Income elasticity of demand can be defined as the change in the quantity of a 
good or service obtained as a result of a change in the income of the individual obtaining the 
good.    A general definition of elasticity is: 
 

(1)  Elasticity = (∆x/x)/(∆y/y) or the percentage change in x divided by the percentage change in y 

  
For a normal good price elasticity is negative (a higher price results in less purchased) and 
income elasticity is positive (a higher income results in more purchased).  Demand for a good 
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with an absolute value of elasticity greater than 1 is said to be elastic, meaning that the quantity 
demanded is very responsive to a change in price.  An absolute value of elasticity less than 1 is 
inelastic demand, where a percentage change in price results in a percentage change in quantity 
demanded that is less than the percentage change in price.  Most of the previous studies of 
domestic water demand have estimated inelastic price and income elasticities of demand.  For 
price, this means that a change in price results in a relatively small change in the quantity of 
water demanded.  Given that water does not have any real substitutes and generally represents a 
small percentage of total household expenditures and business operating costs, demand would be 
expected to be price inelastic.   
 
The price elasticity of demand is potentially useful because it can be used to estimate demand 
curves when sufficient price and quantity data are not available to estimate a demand curve.  If 
the price elasticity of demand for a good is known, along with the current quantity exchanged in 
the market, then the effect of relatively small changes in the quantity supplied on prices can be 
predicted.  Alternatively, if a project will lead to a predictable change in prices (rather than 
quantities), then the price elasticity of demand can be used to estimate the impact a project will 
have on the quantity demanded.  Therefore, price elasticity estimates available on a regional 
basis could be used to help estimate the benefits of municipal water supplies.   
 
As an example, assume that the price elasticity of demand for domestic water supplies is 
estimated to be -0.5.  In other words, if the price of water increases by 1%, then the quantity of 
water demanded will decrease by ½%.  Also assume that the current water rate is $5 per 1,000 
gallons and that the current water demand for water is 1.0 billion gallons.  Assume further that a 
project is being proposed that would increase the amount of water supplied by 100 million 
gallons, or a 10% increase.  Based on a price elasticity of demand of -0.5, a 10% increase in 
quantity will result in a 5% decrease in price assuming markets are competitive.  The estimated 
market price would decrease to $4.75 per 1,000 gallons.  The measure of price that should be 
used to value the increase in domestic water supplies would be the average of the original price 
and the new representative “price” with a project, or $4.87 ([$5.00 + $4.75]/2). 
 
Price elasticities that have been estimated in previously completed water demand studies are 
summarized in table K.2.1.  In addition to presenting the price elasticities, the table also 
identifies the author, date and geographic area of each study conducted. 
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Table K.2.1 – Price Elasticities Estimated in Previous Water Demand Studies. 
Author(s) Date Price elasticities Geographic region 
Agthe and Billings 
 - short run 
 - long run 
Agthe, Billings, Dobra, Raffiee 
 - long run 
 - short run 
Billings and Day 
Espey, Espey, and Shaw 
Foster and Beattie 
 - Rocky Mountains 
 - Southwest 
Gottlieb 
Howe and Linaweaver 
Jones and Morris 
Martin and Wilder 
Nieswiadomy 
Nieswiadomy and Molina 
Nieswiadomy and Cobb 
 - increasing block rate structure 
 - decreasing block rate structure 
Piper 
Renwick and Archibald 
 - all water users 
 - less than $20,000 income 
 - $20,000 to $59,999 income 
 - $60,000 to $99,999 income 
 - over $100,000 income 
Renwick, Green, McCorkle 
Schneider and Whitlach 
 - residential 
 - commercial 
 - industrial 
Weber 
Williams 
Williams and Suh 
 - long run residential 
 - long run commercial 
 - long run industrial 
Wong 
 - Cities over 25,000 people 
 - Cities 10,000 to 24,999 people 
 - Cities 5,000 to 9,999 people 
 - Towns less than 5,000 people 
Young 

1980 
 
 
1986 
 
 
1989 
1997 
1979 
 
 
1963 
1967 
1984 
1992 
1992 
1989 
1993 
 
 
2003 
1998 
 
 
 
 
 
1998 
1991 
 
 
 
1989 
1985 
1986 
 
 
 
1972 
 
 
 
 
1973 

 
-0.179 to -0.358 
-0.266 to -0.705 
 
-0.125 to -0.624 
-0.019 to -0.364 
-0.200 to -0.710 
-0.51 
 
-0.226 
-0.122 
-0.656 to -0.680 
-0.231 
-0.14 to -0.44 
-0.32 to -0.70 
-0.17 to -0.45 
-0.002 to -0.460 
 
-0.64 
-0.46 
-0.32 
 
-0.33 
-0.53 
-0.21 
-0.22 
-0.11 
-0.16 to -0.20 
 
-0.110 to -0.262 
-0.234 to -0.918 
-0.112 to -0.438 
-0.202 
-0.05 to -1.09 
 
-0.294 to -0.485 
-0.141 to -0.360 
-0.438 to -0.735 
 
-0.530 
-0.817 
-0.463 
-0.257 
-0.41 to -0.60 

Tucson, AZ 
 
 
Tucson, AZ 
 
 
Tucson, AZ 
U.S. 
U.S. 
 
 
Kansas 
U.S. 
Denver, CO 
Columbia, SC 
U.S. 
Denton, TX 
 
U.S. 
 
U.S. 
Southern CA 
 
 
 
 
 
California 
Columbus, OH 
 
 
 
Oakland, CA 
U.S. 
U.S. 
 
 
 
Chicago area 
 
 
 
 
Tucson, AZ 

 
 
A General Demand Model for the Western United States 
The data used for this analysis were obtained from the American Water Works Association 2004 
Water and Wastewater Rate Survey (American Water Works Association, 2004).  Water use, 
water cost, and other socio-economic data were obtained for 96 municipalities in the western 
U.S.  Information in the survey includes water and wastewater system characteristics, charges, 
and affordability.  The water utilities are separated according to location, system size as 
measured by water sold, and water rate structures.  Water charges are further separated into 
charges to wholesale and residential users.  The cost data used in the demand models represent 
an average cost per gallon which is translated into an average cost per ac-ft.  The water use data 
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are aggregated for all users, including residential, commercial, and government uses.  The 
general water use model from which benefits are estimated is: 
 
Water use per connection = f(Cost of water per ac-ft, median household income, average household   

size, average annual temperature, and average annual precipitation). 

 
Cost of Water  The average cost of water per acre-foot is a measure of the price of water paid by 
water users.  Economic theory suggests that for normal goods people will demand less of a good 
or service as the price of the good or service increases, assuming other variables such as income 
and the price of other goods remains constant.  Therefore, the cost/price coefficient should be 
negative.  The price variable included in a demand model should be representative of the cost 
actually paid by water users to purchase water.  Ideally, the price included in the model should 
be a marginal price, indicating the additional cost imposed on the user for obtaining an additional 
unit of the good or service.  However, the model estimated in this analysis is an aggregated 
model across several different water suppliers, where average use is assumed to be influenced by 
average price.  So, the assumption in this model is that relative differences in the cost of water 
from site to site will influence the relative level of water use all other variables held constant.  
Average use and average cost will capture these relative differences. 
 
Income  The median household income variable is included in the model to capture the financial 
resources available for water users to purchase water and other goods and services that may 
contribute to water consumption.  A higher income would be expected to contribute to greater 
water use all other factors held constant.  A higher income was also assumed to represent an 
overall level of economic activity that would support commercial enterprises and increased 
commercial water use.  Therefore, the income coefficient is expected to be positive in the 
estimated model. 
 
Climatic Variables  Previous research results have shown that there is a statistically significant 
relationship between water use in a geographic region and climate in that region.  Average 
annual temperature and precipitation are climate variables intended to capture the influence of 
weather variables on primarily outdoor water use.  Rainfall has the obvious impact of providing 
water for lawns and outdoor plants.  Therefore, rainfall would be expected to have a negative 
impact on water use.  High temperatures can lead to the need for more water for outdoor use and 
drinking.  As a result, the temperature variable would be expected to have a positive influence on 
water use.  Similar to the average cost variable described, the aggregate nature of the model 
allows the use of aggregate climate variables to capture the relative difference in climate that 
affects water use. 
 
Household Size  The water use variable in the estimated model represents annual use per 
connection.  The household size variable is a measure of the average number of people 
attributable to each water connection.  Assuming that most connections are residential, larger 
households should result in greater levels of water use simply because more people are using each 
connection for their domestic water use.  Therefore, the household size coefficient should have a 
positive sign. 
 



SDEIS Appendix K.2 – Benefit Cost Analysis 
 

K.2 - 8 

(2) AF/HH = 0.13031 - .000252539*COST/AF + .0080699*TEMP - .008727*PRECIP + 
              (-3.69)*                                            (2.61)*        (-4.47)*       
          .000006346*INCOME + .1009461*HHSIZE 
           (1.29)              (1.44) 
                 
Where: AF/HH = water use in acre-feet per household per year 
  COST/AF = cost of water per ac-ft 
  TEMP = average annual temperature 
  PRECIP = average annual precipitation 
  INCOME = median annual household income 
  HHSIZE = average household size 

F Statistic = 12.19* 
Adjusted R² = .37 

  Observations = 96 
  Price Elasticity = -.318 
  Income Elasticity = .379       

Potential Missing Variables  The estimated demand equation includes the cost (price) of water, 
climatic variables for temperature and precipitation, median household income, and household 
size as variables that influence water use per account.  However, other factors would probably 
influence water use in different cities.  For example, differences in water quality and reliability 
could influence water use.  In addition, the estimated model represents water use per account.  
These accounts include all accounts, residential and commercial.  Therefore, commercial 
variables such as value of goods and services used and type of commercial establishments in the 
area may influence water use.  It is believed that the income variable is a broad enough measure 
of overall economic well being to capture some of the commercial influences on water demand. 
  
The major concern with missing variables is that the absence of these variables will cause bias in 
the modeling results.  There is no reason to suspect that any of the omitted variables mentioned 
would create any systematic bias in the results.  However, to the extent that an omitted water 
quality variable would be significant the project benefits may have been underestimated because 
the project would provide a reliable high quality water supply. 
 
Estimating the Model 
Several different types of functional forms could be used to estimate a model of MR&I water 
demand.  The most basic model is a model that is linear in its variables.  Two important 
characteristics of the linear model are: 1) the model has a constant slope and 2) the elasticities of 
the explanatory variables vary according to the quantity of goods and services purchased.  The 
linear form is overly simplistic in many cases.  Most economic relationships are not linear due to 
variables that have threshold and saturation effects.  For example, a very large change in the 
price of water at low levels of individual use may lead to a small change in water use because 
most of current use is necessary.  At relatively high levels of individual use a change in the price 
of water may lead to a relatively large change in the quantity of water used because a greater 
proportion of water use is discretionary rather than a necessity.  However, the linear model does 
provide a good indicator of the relationships between variables that have occurred in the past.  
 
A model that is frequently used to estimate water demand relationships is called the log-log 
model.  In a log-log model all of the variables are transformed using the natural log and the 
transformed variables are then estimated as a linear model.  The log-log transformation results in 
constant price elasticities and varying slope throughout the range of the dependent variable.  

Water demand in 
this analysis is 
modeled using both 
linear and log-log 
models and the 
results compared to 
evaluate which 
model performs 
best.  The modeling 
equations and 
results are shown in 
below.  The results 
shown in (2) are for 
the linear model and 
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(3) lnAF/HH = -4.4528 - .262397*lnCOST/AF + .495264*lnTEMP - .266096*lnPRECIP 

+ 
                                                    (-4.96)*              (2.50)*  (-5.51)* 
          .378825*lnINCOME + .561974*lnHHSIZE 
   (1.59)            (2.47)* 
           
Where: lnAF/HH = natural log of water use in acre-feet per household per year 
  lnCOST/AF = natural log of the cost of water per ac-ft 
  lnTEMP = natural log of average annual temperature 
  lnPRECIP = natural log of average annual precipitation 
  lnINCOME = natural log of median annual household income 
  lnHHSIZE = natural log of average household size 

F Statistic = 18.85* 
Adjusted R² = .48 

  Observations = 96 
  Price Elasticity = -.262 
  Income Elasticity = .379 

the results shown in 
(3) are for the log-
log model.  It 
should be noted that 
for the log-log 
model the 
coefficient for the 
income term can be 
interpreted as the 
income elasticity of 
demand for water.  
The estimated 
income elasticity of 
.379 in equation (3) 
is similar to other 
income elasticities reported in the literature. 
 
The numbers in parentheses under the coefficient estimates are t-statistics, which indicate the 
significance of the variables in explaining water use.  Significance is measured in terms of levels of 
confidence that they are different from zero.  A higher level of confidence indicates a greater 
chance that the coefficient is different from zero.  One asterisk (*) indicates a variable is 
significantly different from zero at the 99% level and two asterisks (**) indicate a 90% level of 
confidence.  The F statistic is a measure of the significance of the entire model in explaining a 
change in the dependent variable.  Adjusted R² is a measure of the amount of variation in the 
dependent variable that is explained by the model.  A “perfect” model would have an adjusted R² 
of 1.0 and an irrelevant model would have an adjusted R² of 0. 
 
The modeling results are generally quite good, with the log-log model performing somewhat better 
than the linear model as indicated by an additional significant variable and somewhat higher 
statistical significance.  This is similar to the results of previous water demand studies.  The 
insignificance of the income variable in both models was somewhat unexpected.  This could be 
due to the fact that the water use data represent both residential and commercial users.  All of the 
coefficients had the expected signs and the price elasticities were very similar to the results of 
previous studies. 
 
Two additional water use/demand models were estimated using data from ten Red River Valley 
communities to help evaluate the appropriateness of applying a regional model of municipal and 
industrial water demand in the western U.S. to the Red River Valley.  The small number of 
observations and limited number of variables used in the site specific models precludes using these 
models for estimating benefits.  Climate and income variables were not included in these models 
because there was not enough variation in those variables within the Red River Valley for them to 
be statistically significant.  The small region modeling results shown in (4) are for the linear model 
and the results presented in (5) are for the log-log model.  The price elasticities of the local 
models were very similar to the price elasticities of the western U.S. model, supporting the use of 
the larger regional model in the Red River Valley.  
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(5) lnAF/HH = -0.552776 - .276777*lnCOST/AF + 1.672525*lnHHSIZE
                                  (-2.13)*     (2.19)* 
 
Where: lnAF/HH = natural log of water use in acre-feet per household per year 
  lnCOST/AF = natural log of the cost of water per ac-ft 
  lnHHSIZE = natural log of average household size 

F Statistic = 3.74** 
Adjusted R² = .38 

  Observations = 10 
  Price Elasticity = -.277 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Estimation of Benefits 
The benefits associated with providing MR&I water supplies can be measured as the area under 
the demand curve between the relevant prices and quantities for a MR&I water supply.  The 
relevant quantities are represented by the amount of water purchased without the Project under 
consideration and the quantity of water with a Project.  In this case the relevant quantities 
provided by the Project are not known with certainty because future shortages cannot be known 
with certainty.  The documented need for the Project is based on shortages during drought years.  
During years when there would be significant shortages without a Project, the benefits of water 
provided by the Project would be very high due to the large difference in quantity with and 
without the Project.  However, during those years when there would be no shortage without a 
Project, the benefits of the Project would be significantly lower.  The average benefit of water 
was estimated in this analysis using the current level of water use per household as the base level 
of use and water use that is 0.1 acre-feet per year higher than current use to represent use with a 
project.  This increase in use does not correspond to a particular level of demand predicted in the 
future, but is used to represent a moderate change in use that may be expected if a supplemental 
water supply existed.  It should also be noted that estimated benefits would be essentially the 
same if an increase or decrease in quantity was assumed.  Using an average or typical value of 
benefits attributable to a supplemental water supply is the same methodology that is used for 
valuing agricultural benefits associated with supplemental irrigation water supplies. 
 
MR&I water benefits were calculated by integrating equation (3) and solving for the area under 
the demand curve between the implicit price for current levels of water use and water use at a 
new level and corresponding price.  This calculation is shown as equation (6). 
 
 

(4) AF/HH = -0.148977 - .000051513*COST/AF + .234206*HHSIZE
                               (-2.08)                 (2.13) 
 
Where: AF/HH = water use in acre-feet per household per year 
  COST/AF = cost of water per ac-ft 
  HHSIZE = average household size 

F Statistic = 2.50** 
Adjusted R² = .36 

  Observations = 10 
  Price Elasticity = -.262 
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(6) Area = 0.144594 * TEMP .495264 * PRECIP -.266096 * INCOME .378825 * HHSIZE .561974  
   * [(P1 (1-.262397) – P0 (1-.262397)) / (1-.262397)] 
 
where:    Area = area under demand curve between P0 and P1 
               TEMP = average annual temperature 
                PRECIP = average annual precipitation 
                INCOME = median annual household income 
                HHSIZE = average household size 
              P0 = current price at current level of use 
              P1 = price at corresponding level of use that is 0.1 acre-feet per year greater than current use  

 
The above calculation provides the area under the demand curve and to the right of the y-axis.  To 
derive economic benefits the above calculation is adjusted to find the area below the demand curve 
but above the lower price that corresponds to a 0.1 acre-foot per year increase in use.  This is done 
by subtracting the area of the quantity and price change that exists under both prices and quantities.  
This is analogous to the change in benefits illustrated in figures K.2.1 and K.2.2 assuming a 
horizontal supply curve. 
 
In order to estimate the benefits per ac-ft of water representative values for the non-price variables 
need to be input into equation (6).  For this analysis benefits are estimated for 10 different 
municipalities in the Red River Valley.  The input values for these variables are shown in table 
K.2.2. 
 
Table K.2.2 – Variable Values Used to Estimate MR&I Water Supply Benefits. 

 
Municipality 

Annual Average 
Temperature 

Annual 
Precipitation 

Median Household 
Income 

Household 
Size 

Fargo 
Grafton 
Grand Forks 
Langdon 
Larimore 
Lisbon 
Moorhead, MN 
Park River 
Valley City 
Wahpeton 

41.50 
41.21 
40.46 
35.92 
39.04 
41.04 
41.46 
40.46 
39.79 
43.33 

21.19 
18.32 
19.60 
18.11 
20.41 
20.18 
21.19 
19.89 
18.89 
21.87 

$35,510 
$33,231 
$35,785 
$28,839 
$33,292 
$38,024 
$34,781 
$30,347 
$28,050 
$33,471 

2.20 
2.35 
2.18 
2.20 
2.42 
2.19 
2.43 
2.18 
2.09 
2.28 

 
As mentioned above, average MR&I water benefits were calculated for each municipality using 
the current level of use at each municipality and a level of use that is 10% higher than the current 
level of use for the corresponding municipality along with the prices associated with each 
quantity.  In addition, benefits were also estimated assuming: 

• a 0.1 acre-foot per year increase in quantity from a base price that is equal to the simple 
average cost per ac-ft for all 10 municipalities, 

• a 0.1 acre-foot per year increase in quantity from a base price that is equal to the 
weighted average cost per ac-ft for all 10 municipalities using population as a weight, 

• the quantities associated with the current cost of water for each municipality and a cost of 
$1,000 per ac-ft. 

 
Different base quantities and prices were used to estimate benefits in order to estimate a range of 
potential benefits that could be expected for a range of possible water use scenarios.  The 
benefits per ac-ft of water using each of these prices and quantities are presented in table K.2.3. 
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Table K.2.3 – Range of Annual MR&I Benefits per ac-ft by Municipality and Representative Benefits for All 
Red River Valley Users. 

Municipality 
0.1  ac-ft  

Increase in 
Quantity, Current 

Cost 

0.1 ac-ft  
Increase 

in Quantity, 
Simple 

Average Cost 

0.1 ac-ft 
Increase 

in Quantity, 
Weighted 

Average Cost 

Current Cost 
And New Cost of 
$1,000 Per ac-ft 

2000 
Population Used 

to Weigh 
Benefits 

Fargo 
Grafton 
Grand Forks 
Langdon 
Larimore 
Lisbon 
Moorhead 
Park River 
Valley City 
Wahpeton 
Simple 
 average 
Weighted 
 Average 

$850 
$820 
$760 

$1,090 
$1,600 

$820 
$890 

$1,380 
$800 
$800 

 
$980 

 
$840 

$1,040 
$1,060 
$1,040 
$1,000 
$1,050 
$1,050 
$1,060 
$1,020 
$1,000 
$1,050 

 
$1,040 

 
$1,040 

$860 
$880 
$860 
$830 
$870 
$870 
$880 
$840 
$830 
$870 

 
$860 

 
$860 

$1,130 
$1,090 
$1,050 
$1,330 
$1,630 
$1,100 
$1,140 
$1,510 
$1,110 
$1,090 

 
$1,220 

 
$1,120 

90,599 
4,516 

49,321 
2,101 
1,433 
2,292 

32,177 
1,535 
6,826 
8,586 

 
NA 

 
NA 

 
The average of all the Red River Valley wide estimates (simple averages and weighted averages 
combined) is $995 per ac-ft per year.  The estimated benefits range from $760 to $1,630 per ac-ft 
annually. 
 
Benefits of a Water Supply, a Supply Provided Year Around Versus a 
Supplemental Supply only provided During Periods of Drought 
The above analysis provides estimates of the benefits generated by a change in water supply 
assuming the elasticities and quantities during average conditions apply to each additional unit of 
water on an annual basis.  However, there is likely to be a greater need for a project during 
periods of shortage while during wet years supplies under no action may be sufficient to meet the 
need.  Therefore, this analysis does not show how benefits during a shortage would compare to 
benefits during a typical year. 
 
Previous water supply studies have shown that water users are willing to pay fairly high  prices 
for water during periods of drought and price elasticity tends to be relatively low during a 
drought (an increase in price has little effect on quantity demanded) when use is already at a 
relatively low level.  So, a decrease in the quantity of water available during a drought will result 
in a much larger loss in water supply benefits than during a non-drought year.  As a result, the 
benefits of avoiding a shortage during drought conditions will be much larger than the average 
benefits associated with an increased water supply during normal conditions. 
 
To get an idea of the potential level of water supply benefits during a drought, the western 
regional model was used to estimate benefits when use is limited during drought conditions.  The 
Final Needs and Options Report (Reclamation, 2005a) indicated that under Scenario One during 
a 1930’s drought shortages would occur in Fargo, West Fargo, Moorhead, Drayton, and 
Langdon.  Of these five municipalities, the western regional model was used to estimate 
municipal and industrial benefits for Fargo, Moorhead, and Langdon.  The Final Needs and 
Options report (Reclamation, 2005a) presented average use shortages during the worst drought 
year.  Drought year MR&I benefits were estimated using the same socio-economic data as 
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discussed in the Estimation of Benefits  section and the Scenario One shortages identified in the 
Final Needs and Options Report.  The results are presented in table K.2.4. 
 
Table K.2.4 – Annual MR&I Water Supply Benefits during the Worst Year of a 1930s-Type Drought.   

Municipality Percentage of full 
supply available 

Annual use per 
household 
(acre-feet) 

Annual use per 
household during 

worst drought year 
(acre-feet) 

Annual benefit 
per acre-foot 
during worst 
drought year 

Fargo 
Moorhead 
Langdon 

35.9% 
47.5% 
41.1% 

.417 

.431 

.350 

.150 

.205 

.144 

$12,000 
$6,300 

$10,700 

 
It needs to be stressed that the benefits presented in table K.2.4 represent the highest level of 
benefits from a water supply that would be expected during the worst year of a prolonged 
drought.  This level of benefit would accrue over a short period of time and would need to be 
adjusted according to the probability of a drought occurring during any given year.  However, 
the estimated benefits during a severe drought do show the potential benefit of avoiding a 
shortage. 
 
Benefits of Municipal and Industrial Water Supplies versus the Price Charged for 
Water 
The economic benefits estimated for MR&I water should not be confused with the price of water 
charged to consumers or the price of water that you would typically see charged for water on a 
per ac-ft basis.  In many cases the price charged for water covers the cost of supplying water and 
is not representative of the actual willingness to pay for water.  For example, at a discount rate of 
5.125% the present value of water supply benefits at $1,000 per ac-ft annually would be 
approximately $19,500 per ac-ft in perpetuity.  This value is considerably higher than the price 
of water for a permanent water right in most of the western U.S.  However, the estimated 
benefits represent the actual social benefit generated by the water resource. 
 
The Impact of Changes in Price Elasticity of Demand on Water Supply Benefits 
The review of literature indicated the price elasticity of demand for MR&I water typically ranged 
from a low of about -0.2 to a high of roughly -0.7 depending on geographic area, socio-economic 
conditions, pricing, and other variables.  The estimated elasticity from the western regional 
model used in this analysis was approximately -0.26, which is on the low end of the range of 
estimates.  As a sensitivity analysis, a range of elasticities were input into the western regional 
model to evaluate how changes in elasticity would influence the estimated MR&I water benefits.       
 
Using a price elasticity of -0.2, which is slightly lower than the elasticity estimated in the western 
regional model, the estimated benefit assuming a 0.1 acre-foot increase in quantity used and the 
current cost is $900 per acre-foot compared to $850 per acre-foot estimated using the western 
regional model.  Using a price elasticity of -0.4, which is higher than the western regional model, 
the benefit would be $690 per acre-foot.  This shows that the benefit estimates are sensitive to 
changes in the elasticity estimates. 
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National Economic Development Benefit Analysis 
The analysis in the previous section showed that the average MR&I benefits based on a range of 
assumptions related to changes in water use were calculated to be $995.00 per ac-ft. This 
amounts to $240.19 per household per year. There are 356,274 equivalent households served by 
each alternative with an average demand of 86,006 ac-ft per year. Some alternatives provide 
incidental benefits to purposes other than MR&I, or free up surface water for other uses. 
However, no benefits were calculated due to the difficulty of estimating such benefits. Therefore 
the annual benefits for each alternative amount to $85,575,000 which calculation is shown in 
table A in the attachment to this appendix. The current interest rate for use in Principles and 
Guidelines  analysis is 5.125%. The investment costs were annualized using a 100 year project 
life at 5.125%. These annual costs are added to the annual OM&R costs in calculating the total 
annual costs. The annual benefits ($85.575 million) are divided be the total annual costs to 
determine the Benefit/Cost ratio.  
 
Table K.2.5 summarizes the results of the NED Benefit/Cost Ratio calculations.  The second 
column shows the annual investment of the alternative capital costs at an 5.125% interest rate 
while the third column shows the annual OM&R costs. The fourth column adds the costs from 
column two and three which is the total annual costs for each alternative.  The last column shows 
the NED Benefit/Cost Ratio which is the total annual cost divided by the annual estimated 
benefits which are $85,575,000.     The detailed calculations of the NED MR&I Benefit/Cost 
ratios is provided in tables B through F in the attachment of this appendix. 
 
Table K.2.5 - NED Benefit/Cost Ratios – 5.125% Interest Rate. 

Alternative Results 
from Table 

Annual 
Investment 

(thousands $) 

Annual 
OM&R 

(thousands $) 
Total Annual 
(thousands $) 

NED 
Benefit/ 

Cost 
Ratio 

North Dakota In-Basin Table B 26,219 5,604 31,823 2.69 
Red River Basin Table C 23,820 6,676 30,496 2.81 
GDU Import to Sheyenne River Table D 40,165 7,569 47,734 1.79 
GDU Import Pipeline Table E 52,230 13,117 65,347 1.31 
Missouri River Import to Red 
River Valley Table F 60,317 9,102 69,419 1.23 

 
 
Regional Benefits using Drought Damage Estimates plus NED Benefits for Non 
Drought Years 
Table K.2.6 shows the estimated water demand shortages for each year during a 1930s-type 
drought (table from SDEIS, Chapter 4, Social and Economic Issues).  The last column of the 
table shows the estimated economic impact from implementation of drought contingency 
measures in that year.  The total estimated impact over the 10-year 1930s-type drought would be 
$20.7 billion.   
 
There could be a great deal of variability in these impact estimates.  The cumulative affect from 
consecutive years of drought are not accounted for in the analysis.  For example, an industry may 
have moderate reduction in output (lost revenue) during one-year due to reduced water 
availability; however, if that situation persisted for multiple years, the industry may eventually 
go bankrupt so the economic impact is a 100% loss for that industry.  Other industries may have 
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some water use flexibility and be able to adapt to less water availability reducing the economic 
impact on their business. 
 
 
Table K.2.6 - Annual Economic Impact during 1930s Type Drought. 

Year Water Demand Shortage 
(ac-ft) 

Water Demand Shortage 
(%) 

Approximate Annual 
Regional Impacts 

(millions $) 
1931 12,275 9.1% $105.6 
1932 14,312 10.6% $204.8 
1933 23,492 17.4% $898.0 
1934 55,080 40.9% $4,208.1 
1935 26,647 19.8% $1,288.6 
1936 50,838 37.7% $3,802.0 
1937 39,674 29.4% $2,733.2 
1938 37,415 27.8% $2,517.0 
1939 30,841 22.9% $1,807.8 
1940 43,989 32.6% $3,146.3 

Total   $20,711.4 
  
A detailed assessment of Regional benefits was not completed in this analysis. However, 
assuming that the estimates above represent the largest share of regional benefits, one can 
combine these with the NED benefits and compare them to the total investment and annual 
OM&R costs. Both the benefits and costs are discounted to present day values (PV) at 5.125% 
interest in calculating the Benefit/Cost Ratios.  Four estimates were made for each alternative 
based on the drought beginning in year 1, 11, 21, or 31.  These are summarized in tables K.2.7 
through K.2.11.  Even if a drought were not to occur until years 31 to 40, the Regional benefits 
from eliminating 10 years of drought impacts far outweigh the costs with Benefit/Cost Ratios 
ranging from 4.0 – 9.1.  The attachment to this appendix shows each of the excel tables (G 
through Z) used to calculate the Benefit/Cost Ratios for each of the five alternatives.  
 
Table K.2.7 - Regional Benefits over 10 Year Drought – North Dakota In-Basin Alternative. 

 
Table K.2.8 - Regional Benefits over 10 Year Drought – Red River Basin Alternative. 

 
 
 

Results from 
Table 

Year Drought 
Occurs 

Total 
Discounted Benefits 
(Millions of Dollars) 

Investment Costs and 
Annual OM&R Costs, 
(Millions of Dollars) 

Benefit/Cost 
Ratio 

Regional Benefits 
Table G Years 1 to 10 $16,460 $553 29.7 
Table H Years 11 to 20 $10,676 $581 18.4 
Table I Years 21 to 30 $7,167 $597 12.0 
Table J Years 31 to 40 $5,038 $606 8.3 

Results from 
Table 

Year Drought 
Occurs 

Total 
Discounted Benefits 
(Millions of Dollars) 

Investment Costs and 
Annual OM&R Costs, 
(Millions of Dollars) 

Benefit/Cost 
Ratio 

Regional Benefits 
Table K Years 1 to 10 $16,460 $516 31.9 
Table L Years 11 to 20 $10,676 $548 19.5 
Table M Years 21 to 30 $7,167 $568 12.6 
Table N Years 31 to 40 $5,038 $580 8.7 
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Table K.2.9 - Regional Benefits over 10 Year Drought -GDU Import to Sheyenne River Alternative. 

 
 
Table K.2.10 - Regional Benefits over 10 Year Drought – GDU Import Pipeline Alternative. 

 
 
Table K.2.11 - Regional Benefits over 10 Year Drought – Missouri River Import to Red River Valley 
Alternative. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Results from 
Table 

Year Drought 
Occurs 

Total 
Discounted Benefits 
(Millions of Dollars) 

Investment Costs and 
Annual OM&R Costs, 
(Millions of Dollars) 

Benefit/Cost 
Ratio 

Regional Benefits 
Table O Years 1 to 10 $16,460 $840 19.6 
Table P Years 11 to 20 $10,676 $877 12.2 
Table Q Years 21 to 30 $7,167 $899 8.0 
Table R Years 31 to 40 $5,038 $913 5.5 

Results from 
Table 

Year Drought 
Occurs 

Total 
Discounted Benefits 
(Millions of Dollars) 

Investment Costs and 
Annual OM&R Costs, 
(Millions of Dollars) 

Benefit/Cost 
Ratio 

Regional Benefits 
Table S Years 1 to 10 $16,460 $1,118 14.7 
Table T Years 11 to 20 $10,676 $1,181 9.0 
Table U Years 21 to 30 $7,167 $1,221 5.9 
Table V Years 31 to 40 $5,038 $1,244 4.0 

Results from 
Table 

Year Drought 
Occurs 

Total 
Discounted Benefits 
(Millions of Dollars) 

Investment Costs and 
Annual OM&R Costs, 
(Millions of Dollars) 

Benefit/Cost 
Ratio 

Regional Benefits 
Table W Years 1 to 10 $16,460 $1,242 13.2 
Table X Years 11 to 20 $10,676 $1,287 8.3 
Table Y Years 21 to 30 $7,167 $1,314 5.5 
Table Z Years 31 to 40 $5,038 $1,330 3.8 
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Attachments 
 

For 
 

Appendix K.2 
Benefit Cost Analysis for Red River Valley Water Supply Project 

 
Tables A through Z 
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  --- MR&I Benefits per Acre-Foot ---- $995 IDC Rate: 1.1112
Interest: 5.125%

Water use per household/year (ac-ft per year) 0.241400 Project life 100
Total Equivalent households 356,274
Total Water use (ac-ft per year) 86,005

             Annual MR&I Benefit, NED $85,574,520.88

        -----Annual benefit in thousands of dollars ---- $85,574.52

 
Average Annual Water use for all alternative is 86,006 ac.ft --- or .2414 per equivalent household
Therefore if benefits are $995 per acre foot, this amounts to about  $240.19 per household per year 

 Table A - MR&I Benefits per Acre-Foot, NED 

 

 
 

                            -------   All values in thousands except benefit-cost ratio   ---------------      Inputs
IDC Rate: 1.1112
Interest: 5.125%

Project life 100

Construction Costs Const cost 457,292
    Construction & Assigned Costs + IDC $508,143 Assigned costs 0
    Annualized Investment Costs $26,219 Biota 0

Total Constructi 457,292
    OM&R $5,604 IDC 50851
    Total Annual Costs $31,823 Total Investmen 508,143

Annual Benefits
    MR&I $85,575
   Total Annual Benefits, NED $85,575

Benefit-Cost Ratio 2.69

North Dakota In-Basin

Benefit-Cost Ratio Analysis, NED

 Table B - Benefit/Cost Ratio - North Dakota In-Basin Alternative. 
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                            -------   All values in thousands except benefit-cost ratio   ---------------      Inputs
IDC Rate: 1.1112
Interest: 5.125%

Project life 100

Construction Costs Const cost 415,438
    Construction & Assigned Costs + IDC $461,635 Assigned costs 0
    Annualized Investment Costs $23,820 Biota 0

Total Constructi 415,438
    OM&R $6,676 IDC 46197
    Total Annual Costs $30,496 Total Investmen 461,635

Annual Benefits
    MR&I $85,575
   Total Annual Benefits, NED $85,575

Benefit-Cost Ratio 2.81

 Table C - Benefit/Cost Ratio - Red River Basin Alternative. 

Red River Basin

Benefit-Cost Ratio Analysis, NED

 
 

                            -------   All values in thousands except benefit-cost ratio   ---------------      Inputs
                                                       Table K.3.9

IDC Rate: 1.1112125
Interest: 5.125%

Project life 100
Construction Costs Const cost 578,775
    Construction & Assigned Costs + IDC $778,419 Assigned costs 11,030
    Annualized Investment Costs $40,165 Biota 110,708

Total Constructi 700,513
    OM&R $7,569 IDC 77906
    Total Annual Costs $47,734 Total Investmen 778,419

Annual Benefits
    MR&I $85,575
   Total Annual Benefits, NED $85,575

Benefit-Cost Ratio 1.79

GDU Import to Sheyenne River

Benefit-Cost Ratio Analysis, NED

 Table D - Benefit/Cost Ratio - GDU Import to Sheyeene River Alternative. 
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                            -------   All values in thousands except benefit-cost ratio   ---------------      Inputs
IDC Rate: 1.1112
Interest: 5.125%

Project life 100
Construction Costs Const cost 813,694
    Construction & Assigned Costs + IDC $1,012,248 Assigned costs 7,685
    Annualized Investment Costs $52,230 Biota 89,571

Total Constructi 910,950
    OM&R $13,117 IDC 101298
    Total Annual Costs $65,347 Total Investmen 1,012,248

Annual Benefits
    MR&I $85,575
   Total Annual Benefits, NED $85,575

Benefit-Cost Ratio 1.31

 Table E - Benefit/Cost Ratio - GDU Import Pipeline Alternative. 

Benefit-Cost Ratio Analysis, NED

GDU Import Pipeline

 
 

                            -------   All values in thousands except benefit-cost ratio   ---------------      Inputs
IDC Rate: 1.1112
Interest: 5.1250%

Project life 100
Construction Costs Const cost 900,786
    Construction & Assigned Costs + IDC $1,168,978 Assigned costs 0
    Annualized Investment Costs $60,317 Biota 151,210

Total Constructi 1,051,996
    OM&R $9,102 IDC 116982
    Total Annual Costs $69,419 Total Investmen 1,168,978

Annual Benefits
    MR&I $85,575
   Total Annual Benefits, NED $85,575

Benefit-Cost Ratio 1.23

 Table F - Benefit/Cost Ratio - Missouri River Import to RRV Alternative. 

Missouri River Import to RRV

Benefit-Cost Ratio Analysis, NED
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Table G - North Dakota In Basin Alternative. 
 i=5.125% Drought Present Val. PV damages Investment cost

Damage of Damages plus NED Plus OM&R
Year PV Factor Millions $ Millions $ Millions $ Millions $

1 1 $105.6 $105.60 $191.18 $513.70
2 0.951249 $204.8 $194.79 $276.19 $519.03
3 0.904874 $898.0 $812.61 $890.05 $524.09
4 0.860760 $4,208.1 $3,622.18 $3,695.85 $528.91
5 0.818796 $1,288.6 $1,055.09 $1,125.17 $533.50
6 0.778879 $3,802.0 $2,961.31 $3,027.96 $537.86
7 0.740907 $2,733.2 $2,025.06 $2,088.47 $542.01
8 0.704787 $2,517.0 $1,773.91 $1,834.23 $545.96
9 0.670428 $1,807.8 $1,211.97 $1,269.35 $549.71

10 0.637743 $3,146.3 $2,006.54 $2,061.12 $553.28
Benefits, years 1 to 10 $15,769.07 $16,459.56

Regional Development  ----  B/C Ratio = 29.7  
 
Table H - North Dakota In Basin Alternative. 

 i=5.125% Drought Present Val. PV damages Investment cost
Damage of Damages plus NED Plus OM&R

Year PV Factor Millions $ Millions $ Millions $ Millions $
1 1 $0.0 $0.00 $85.58 $513.70
2 0.951249 $0.0 $0.00 $81.41 $519.03
3 0.904874 $0.0 $0.00 $77.44 $524.09
4 0.860760 $0.0 $0.00 $73.66 $528.91
5 0.818796 $0.0 $0.00 $70.07 $533.50
6 0.778879 $0.0 $0.00 $66.66 $537.86
7 0.740907 $0.0 $0.00 $63.41 $542.01
8 0.704787 $0.0 $0.00 $60.32 $545.96
9 0.670428 $0.0 $0.00 $57.38 $549.71

10 0.637743 $0.0 $0.00 $54.58 $553.28
Benefits, years 1 to 10 $0.00 $690.50

11 0.606652 $105.6 $64.06 $115.98 556.68
12 0.577077 $204.8 $118.17 $167.55 559.91
13 0.548944 $898.0 $492.97 $539.95 562.99
14 0.522182 $4,208.1 $2,197.41 $2,242.09 565.91
15 0.496725 $1,288.6 $640.08 $682.58 568.69
16 0.472509 $3,802.0 $1,796.48 $1,836.92 571.34
17 0.449473 $2,733.2 $1,228.51 $1,266.97 573.86
18 0.427561 $2,517.0 $1,076.15 $1,112.74 576.25
19 0.406717 $1,807.8 $735.25 $770.05 578.53
20 0.386889 $3,146.3 $1,217.27 $1,250.38 580.69

Benefits, years 11 to 20 $9,566.34 $9,985.23
Benefits/Costs, years 1 to 20 $9,566.34 $10,675.73 580.69

Regional Development  ----  B/C Ratio = 18.4  
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Table I - North Dakota In Basin Alternative. 
 i=5.125% Drought Present Val. PV damages Investment cost

Damage of Damages plus NED Plus OM&R
Year PV Factor Millions $ Millions $ Millions $ Millions $

1 1 $0.00 $0.00 $85.58 $513.70
2 0.951249 $0.00 $0.00 $81.41 $519.03
3 0.904874 $0.00 $0.00 $77.44 $524.09
4 0.860760 $0.00 $0.00 $73.66 $528.91
5 0.818796 $0.00 $0.00 $70.07 $533.50
6 0.778879 $0.00 $0.00 $66.66 $537.86
7 0.740907 $0.00 $0.00 $63.41 $542.01
8 0.704787 $0.00 $0.00 $60.32 $545.96
9 0.670428 $0.00 $0.00 $57.38 $549.71

10 0.637743 $0.00 $0.00 $54.58 $553.28
Benefits,  years 1 to 10 $0.00 $690.50

11 0.606652 $0.00 $0.00 $51.92 $556.68
12 0.577077 $0.00 $0.00 $49.39 $559.91
13 0.548944 $0.00 $0.00 $46.98 $562.99
14 0.522182 $0.00 $0.00 $44.69 $565.91
15 0.496725 $0.00 $0.00 $42.51 $568.69
16 0.472509 $0.00 $0.00 $40.44 $571.34
17 0.449473 $0.00 $0.00 $38.47 $573.86
18 0.427561 $0.00 $0.00 $36.59 $576.25
19 0.406717 $0.00 $0.00 $34.81 $578.53
20 0.386889 $0.00 $0.00 $33.11 $580.69

Benefits,  years 11 to 20 $0.00 $418.89
21 0.368027 $105.6 $38.86 $70.36 582.75
22 0.350085 $204.8 $71.69 $101.65 584.72
23 0.333018 $898.0 $299.06 $327.56 586.58
24 0.316783 $4,208.1 $1,333.06 $1,360.17 588.35
25 0.301339 $1,288.6 $388.30 $414.09 590.04
26 0.286649 $3,802.0 $1,089.84 $1,114.37 591.65
27 0.272674 $2,733.2 $745.28 $768.61 593.17
28 0.259381 $2,517.0 $652.85 $675.05 594.63
29 0.246736 $1,807.8 $446.04 $467.15 596.01
30 0.234707 $3,146.3 $738.46 $758.55 597.32

Benefits, years 21 to 30 $5,803.44 $6,057.57
Benefits/Costs, years 1 to 30 $5,803.44 $7,166.95 597.32

Regional Development  ----  B/C Ratio = 12.0  
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Table J - North Dakota In Basin Alternative. 
 i=5.125% Drought Present Val. PV damages Investment cost

Damage of Damages plus NED Plus OM&R
Year PV Factor Millions $ Millions $ Millions $ Millions $

1 1 0.00 0.00 $85.58 513.70
2 0.951249 0.00 0.00 $81.41 519.03
3 0.904874 0.00 0.00 $77.44 524.09
4 0.860760 0.00 0.00 $73.66 528.91
5 0.818796 0.00 0.00 $70.07 533.50
6 0.778879 0.00 0.00 $66.66 537.86
7 0.740907 0.00 0.00 $63.41 542.01
8 0.704787 0.00 0.00 $60.32 545.96
9 0.670428 0.00 0.00 $57.38 549.71

10 0.637743 0.00 0.00 $54.58 553.28
Benefits, years 1 to 10 0.00 $690.50

11 0.606652 0.00 0.00 $51.92 556.68
12 0.577077 0.00 0.00 $49.39 559.91
13 0.548944 0.00 0.00 $46.98 562.99
14 0.522182 0.00 0.00 $44.69 565.91
15 0.496725 0.00 0.00 $42.51 568.69
16 0.472509 0.00 0.00 $40.44 571.34
17 0.449473 0.00 0.00 $38.47 573.86
18 0.427561 0.00 0.00 $36.59 576.25
19 0.406717 0.00 0.00 $34.81 578.53
20 0.386889 0.00 0.00 $33.11 580.69

Benefits, years 11 to 20 0.00 $418.89  
21 0.368027 0.00 0.00 $31.50 582.75
22 0.350085 0.00 0.00 $29.96 584.72
23 0.333018 0.00 0.00 $28.50 586.58
24 0.316783 0.00 0.00 $27.11 588.35
25 0.301339 0.00 0.00 $25.79 590.04
26 0.286649 0.00 0.00 $24.53 591.65
27 0.272674 0.00 0.00 $23.34 593.17
28 0.259381 0.00 0.00 $22.20 594.63
29 0.246736 0.00 0.00 $21.12 596.01
30 0.234707 0.00 0.00 $20.09 597.32

Benefits, years 21 to 30 0.00 $254.12  
31 0.223265 $105.6 23.58 $42.68 597.32
32 0.212380 $204.8 43.49 $61.66 598.51
33 0.202026 $898.0 181.43 $198.72 599.64
34 0.192177 $4,208.1 808.70 $825.15 600.72
35 0.182808 $1,288.6 235.57 $251.21 601.74
36 0.173896 $3,802.0 661.15 $676.04 602.72
37 0.165418 $2,733.2 452.12 $466.28 603.64
38 0.157354 $2,517.0 396.05 $409.52 604.52
39 0.149683 $1,807.8 270.59 $283.40 605.36
40 0.142385 $3,146.3 447.99 $460.18 606.16

Benefits, years 31 to 40 3,520.67 $3,674.84
Benefits/Costs,  years 1 to 40 3,520.67 5,038.34 606.16

Regional Development  ----  B/C Ratio = 8.3  
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Table K - Red River Basin Alternative.

 i=5.125% Drought Present Val. PV damages Investment cost
Damage of Damages plus NED Plus OM&R

Year PV Factor Millions $ Millions $ Millions $ Millions $
1 1 $105.6 105.60 $191.18 468.30
2 0.951249 $204.8 194.79 $276.19 474.67
3 0.904874 $898.0 812.61 $890.05 480.74
4 0.860760 $4,208.1 3,622.18 $3,695.85 486.50
5 0.818796 $1,288.6 1,055.09 $1,125.17 491.99
6 0.778879 $3,802.0 2,961.31 $3,027.96 497.21
7 0.740907 $2,733.2 2,025.06 $2,088.47 502.17
8 0.704787 $2,517.0 1,773.91 $1,834.23 506.89
9 0.670428 $1,807.8 1,211.97 $1,269.35 511.39

10 0.637743 $3,146.3 2,006.54 $2,061.12 515.66
Benefits, years 1 to 10 15,769.07 $16,459.56

Regional Development  ----  B/C Ratio = 31.9  
 
Table L - Red River Basin Alternative.

 i=5.125% Drought Present Val. PV damages Investment cost
Damage of Damages plus NED Plus OM&R

Year PV Factor Millions $ Millions $ Millions $ Millions $
1 1 0.00 0.00 $85.58 468.30
2 0.951249 0.00 0.00 $81.41 474.67
3 0.904874 0.00 0.00 $77.44 480.74
4 0.860760 0.00 0.00 $73.66 486.50
5 0.818796 0.00 0.00 $70.07 491.99
6 0.778879 0.00 0.00 $66.66 497.21
7 0.740907 0.00 0.00 $63.41 502.17
8 0.704787 0.00 0.00 $60.32 506.89
9 0.670428 0.00 0.00 $57.38 511.39

10 0.637743 0.00 0.00 $54.58 515.66
Benefits, years 1 to 10 0.00 $690.50

11 0.606652 $105.6 64.06 $115.98 519.72
12 0.577077 $204.8 118.17 $167.55 523.59
13 0.548944 $898.0 492.97 $539.95 527.27
14 0.522182 $4,208.1 2,197.41 $2,242.09 530.77
15 0.496725 $1,288.6 640.08 $682.58 534.09
16 0.472509 $3,802.0 1,796.48 $1,836.92 537.26
17 0.449473 $2,733.2 1,228.51 $1,266.97 540.27
18 0.427561 $2,517.0 1,076.15 $1,112.74 543.14
19 0.406717 $1,807.8 735.25 $770.05 545.86
20 0.386889 $3,146.3 1,217.27 $1,250.38 548.45

Benefits, years 11 to 20 9,566.34 $9,985.23  
Benefits/Costs,  years 1 to 20 10,675.73 548.45

Regional Development  ----  B/C Ratio = 19.5  
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Table M - Red River Basin Alternative.
 i=5.125% Drought Present Val. PV damages Investment cost

Damage of Damages plus NED Plus OM&R
Year PV Factor Millions $ Millions $ Millions $ Millions $

1 1 0.00 0.00 $85.58 468.30
2 0.951249 0.00 0.00 $81.41 474.67
3 0.904874 0.00 0.00 $77.44 480.74
4 0.860760 0.00 0.00 $73.66 486.50
5 0.818796 0.00 0.00 $70.07 491.99
6 0.778879 0.00 0.00 $66.66 497.21
7 0.740907 0.00 0.00 $63.41 502.17
8 0.704787 0.00 0.00 $60.32 506.89
9 0.670428 0.00 0.00 $57.38 511.39

10 0.637743 0.00 0.00 $54.58 515.66
Benefits, years 1 to 10 0.00 $690.50

11 0.606652 0.00 0.00 $51.92 519.72
12 0.577077 0.00 0.00 $49.39 523.59
13 0.548944 0.00 0.00 $46.98 527.27
14 0.522182 0.00 0.00 $44.69 530.77
15 0.496725 0.00 0.00 $42.51 534.09
16 0.472509 0.00 0.00 $40.44 537.26
17 0.449473 0.00 0.00 $38.47 540.27
18 0.427561 0.00 0.00 $36.59 543.14
19 0.406717 0.00 0.00 $34.81 545.86
20 0.386889 0.00 0.00 $33.11 548.45

Benefits, years 11 to 20 0.00 $418.89  
21 0.368027 $105.6 38.86 $70.36 550.92
22 0.350085 $204.8 71.69 $101.65 553.26
23 0.333018 $898.0 299.06 $327.56 555.50
24 0.316783 $4,208.1 1,333.06 $1,360.17 557.62
25 0.301339 $1,288.6 388.30 $414.09 559.64
26 0.286649 $3,802.0 1,089.84 $1,114.37 561.56
27 0.272674 $2,733.2 745.28 $768.61 563.38
28 0.259381 $2,517.0 652.85 $675.05 565.12
29 0.246736 $1,807.8 446.04 $467.15 566.78
30 0.234707 $3,146.3 738.46 $758.55 568.35

Benefits, years 21 to 30 5,803.44 $6,057.57  
Benefits/Costs,  years 1 to 30 7,166.95 568.35

Regional Development  ----  B/C Ratio = 12.6  
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Table N - Red River Basin Alternative.
 i=5.125% Drought Present Val. PV damages Investment cost

Damage of Damages plus NED Plus OM&R
Year PV Factor Millions $ Millions $ Millions $ Millions $

1 1 0.00 0.00 $85.58 468.30
2 0.951249 0.00 0.00 $81.41 474.67
3 0.904874 0.00 0.00 $77.44 480.74
4 0.860760 0.00 0.00 $73.66 486.50
5 0.818796 0.00 0.00 $70.07 491.99
6 0.778879 0.00 0.00 $66.66 497.21
7 0.740907 0.00 0.00 $63.41 502.17
8 0.704787 0.00 0.00 $60.32 506.89
9 0.670428 0.00 0.00 $57.38 511.39

10 0.637743 0.00 0.00 $54.58 515.66
Benefits, years 1 to 10 0.00 $690.50

11 0.606652 0.00 0.00 $51.92 519.72
12 0.577077 0.00 0.00 $49.39 523.59
13 0.548944 0.00 0.00 $46.98 527.27
14 0.522182 0.00 0.00 $44.69 530.77
15 0.496725 0.00 0.00 $42.51 534.09
16 0.472509 0.00 0.00 $40.44 537.26
17 0.449473 0.00 0.00 $38.47 540.27
18 0.427561 0.00 0.00 $36.59 543.14
19 0.406717 0.00 0.00 $34.81 545.86
20 0.386889 0.00 0.00 $33.11 548.45

Benefits, years 11 to 20 0.00 $418.89  
21 0.368027 0.00 0.00 $31.50 550.92
22 0.350085 0.00 0.00 $29.96 553.26
23 0.333018 0.00 0.00 $28.50 555.50
24 0.316783 0.00 0.00 $27.11 557.62
25 0.301339 0.00 0.00 $25.79 559.64
26 0.286649 0.00 0.00 $24.53 561.56
27 0.272674 0.00 0.00 $23.34 563.38
28 0.259381 0.00 0.00 $22.20 565.12
29 0.246736 0.00 0.00 $21.12 566.78
30 0.234707 0.00 0.00 $20.09 568.35

Benefits, years 21 to 30 0.00 $254.12  
31 0.223265 $105.6 23.58 $42.68 569.84
32 0.212380 $204.8 43.49 $61.66 571.27
33 0.202026 $898.0 181.43 $198.72 572.62
34 0.192177 $4,208.1 808.70 $825.15 573.91
35 0.182808 $1,288.6 235.57 $251.21 575.13
36 0.173896 $3,802.0 661.15 $676.04 576.30
37 0.165418 $2,733.2 452.12 $466.28 577.41
38 0.157354 $2,517.0 396.05 $409.52 578.46
39 0.149683 $1,807.8 270.59 $283.40 579.46
40 0.142385 $3,146.3 447.99 $460.18 580.42

Benefits, years 31 to 40 3,520.67 $3,674.84
Benefits/Costs,  years 1 to 40 3,520.67 5,038.34 580.42

Regional Development  ----  B/C Ratio = 8.7  
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Table O - GDU Import to Sheyenne River Alternative. 
 5.1250% Drought Present Val. PV damages Investment cost

Damage of Damages plus NED Plus OM&R
Year PV Factor Millions $ Millions $ Millions $ Millions $

1 1 $105.6 $105.60 $191.18 $786.00
2 0.951249 $204.8 $194.79 $276.19 $793.23
3 0.904874 $898.0 $812.61 $890.05 $800.11
4 0.860760 $4,208.1 $3,622.18 $3,695.85 $806.65
5 0.818796 $1,288.6 $1,055.09 $1,125.17 $812.87
6 0.778879 $3,802.0 $2,961.31 $3,027.96 $818.79
7 0.740907 $2,733.2 $2,025.06 $2,088.47 $824.42
8 0.704787 $2,517.0 $1,773.91 $1,834.23 $829.78
9 0.670428 $1,807.8 $1,211.97 $1,269.35 $834.87

10 0.637743 $3,146.3 $2,006.54 $2,061.12 $839.72
Benefits, years 1 to 10 $15,769.07 $16,459.56

Regional Development  ----  B/C Ratio = 19.6  
 
Table P - GDU Import to Sheyenne River Alternative. 

 5.1250% Drought Present Val. PV damages Investment cost
Damage of Damages plus NED Plus OM&R

Year PV Factor Millions $ Millions $ Millions $ Millions $
1 1 $0.0 $0.00 $85.58 $786.00
2 0.951249 $0.0 $0.00 $81.41 $793.23
3 0.904874 $0.0 $0.00 $77.44 $800.11
4 0.860760 $0.0 $0.00 $73.66 $806.65
5 0.818796 $0.0 $0.00 $70.07 $812.87
6 0.778879 $0.0 $0.00 $66.66 $818.79
7 0.740907 $0.0 $0.00 $63.41 $824.42
8 0.704787 $0.0 $0.00 $60.32 $829.78
9 0.670428 $0.0 $0.00 $57.38 $834.87

10 0.637743 $0.0 $0.00 $54.58 $839.72
Benefits, years 1 to 10 $0.00 $690.50

11 0.606652 $105.6 $64.06 $115.98 $844.33
12 0.577077 $204.8 $118.17 $167.55 $848.72
13 0.548944 $898.0 $492.97 $539.95 $852.89
14 0.522182 $4,208.1 $2,197.41 $2,242.09 $856.86
15 0.496725 $1,288.6 $640.08 $682.58 $860.63
16 0.472509 $3,802.0 $1,796.48 $1,836.92 $864.22
17 0.449473 $2,733.2 $1,228.51 $1,266.97 $867.64
18 0.427561 $2,517.0 $1,076.15 $1,112.74 $870.89
19 0.406717 $1,807.8 $735.25 $770.05 $873.98
20 0.386889 $3,146.3 $1,217.27 $1,250.38 $876.92

Benefits, years 11 to 20 $9,566.34 $9,985.23
Benefits/Costs, years 1 to 20 $9,566.34 $10,675.73 876.92

Regional Development  ----  B/C Ratio = 12.2  
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Table Q - GDU Import to Sheyenne River Alternative. 
 5.1250% Drought Present Val. PV damages Investment cost

Damage of Damages plus NED Plus OM&R
Year PV Factor Millions $ Millions $ Millions $ Millions $

1 1 $0.00 $0.00 $85.58 $786.00
2 0.951249 $0.00 $0.00 $81.41 $793.23
3 0.904874 $0.00 $0.00 $77.44 $800.11
4 0.860760 $0.00 $0.00 $73.66 $806.65
5 0.818796 $0.00 $0.00 $70.07 $812.87
6 0.778879 $0.00 $0.00 $66.66 $818.79
7 0.740907 $0.00 $0.00 $63.41 $824.42
8 0.704787 $0.00 $0.00 $60.32 $829.78
9 0.670428 $0.00 $0.00 $57.38 $834.87

10 0.637743 $0.00 $0.00 $54.58 $839.72
Benefits,  years 1 to 10 $0.00 $690.50

11 0.606652 $0.00 $0.00 $51.92 $844.33
12 0.577077 $0.00 $0.00 $49.39 $848.72
13 0.548944 $0.00 $0.00 $46.98 $852.89
14 0.522182 $0.00 $0.00 $44.69 $856.86
15 0.496725 $0.00 $0.00 $42.51 $860.63
16 0.472509 $0.00 $0.00 $40.44 $864.22
17 0.449473 $0.00 $0.00 $38.47 $867.64
18 0.427561 $0.00 $0.00 $36.59 $870.89
19 0.406717 $0.00 $0.00 $34.81 $873.98
20 0.386889 $0.00 $0.00 $33.11 $876.92

Benefits,  years 11 to 20 $0.00 $418.89
21 0.368027 $105.6 $38.86 $70.36 $879.72
22 0.350085 $204.8 $71.69 $101.65 $882.38
23 0.333018 $898.0 $299.06 $327.56 $884.91
24 0.316783 $4,208.1 $1,333.06 $1,360.17 $887.32
25 0.301339 $1,288.6 $388.30 $414.09 $889.61
26 0.286649 $3,802.0 $1,089.84 $1,114.37 $891.78
27 0.272674 $2,733.2 $745.28 $768.61 $893.86
28 0.259381 $2,517.0 $652.85 $675.05 $895.83
29 0.246736 $1,807.8 $446.04 $467.15 $897.70
30 0.234707 $3,146.3 $738.46 $758.55 $899.49

Benefits, years 21 to 30 $5,803.44 $6,057.57
Benefits/Costs, years 1 to 30 $5,803.44 $7,166.95 899.49

Regional Development  ----  B/C Ratio = 8.0  
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Table R - GDU Import to Sheyenne River Alternative. 
 5.1250% Drought Present Val. PV damages Investment cost

Damage of Damages plus NED Plus OM&R
Year PV Factor Millions $ Millions $ Millions $ Millions $

1 1 0.00 0.00 $85.58 786.00
2 0.951249 0.00 0.00 $81.41 793.23
3 0.904874 0.00 0.00 $77.44 800.11
4 0.860760 0.00 0.00 $73.66 806.65
5 0.818796 0.00 0.00 $70.07 812.87
6 0.778879 0.00 0.00 $66.66 818.79
7 0.740907 0.00 0.00 $63.41 824.42
8 0.704787 0.00 0.00 $60.32 829.78
9 0.670428 0.00 0.00 $57.38 834.87

10 0.637743 0.00 0.00 $54.58 839.72
Benefits, years 1 to 10 0.00 $690.50

11 0.606652 0.00 0.00 $51.92 844.33
12 0.577077 0.00 0.00 $49.39 848.72
13 0.548944 0.00 0.00 $46.98 852.89
14 0.522182 0.00 0.00 $44.69 856.86
15 0.496725 0.00 0.00 $42.51 860.63
16 0.472509 0.00 0.00 $40.44 864.22
17 0.449473 0.00 0.00 $38.47 867.64
18 0.427561 0.00 0.00 $36.59 870.89
19 0.406717 0.00 0.00 $34.81 873.98
20 0.386889 0.00 0.00 $33.11 876.92

Benefits, years 11 to 20 0.00 $418.89  
21 0.368027 0.00 0.00 $31.50 879.72
22 0.350085 0.00 0.00 $29.96 882.38
23 0.333018 0.00 0.00 $28.50 884.91
24 0.316783 0.00 0.00 $27.11 887.32
25 0.301339 0.00 0.00 $25.79 889.61
26 0.286649 0.00 0.00 $24.53 891.78
27 0.272674 0.00 0.00 $23.34 893.86
28 0.259381 0.00 0.00 $22.20 895.83
29 0.246736 0.00 0.00 $21.12 897.70
30 0.234707 0.00 0.00 $20.09 899.49

Benefits, years 21 to 30 0.00 $254.12  
31 0.223265 $105.6 23.58 $42.68 901.18
32 0.212380 $204.8 43.49 $61.66 902.80
33 0.202026 $898.0 181.43 $198.72 904.33
34 0.192177 $4,208.1 808.70 $825.15 905.79
35 0.182808 $1,288.6 235.57 $251.21 907.18
36 0.173896 $3,802.0 661.15 $676.04 908.51
37 0.165418 $2,733.2 452.12 $466.28 909.76
38 0.157354 $2,517.0 396.05 $409.52 910.96
39 0.149683 $1,807.8 270.59 $283.40 912.10
40 0.142385 $3,146.3 447.99 $460.18 913.18

Benefits, years 31 to 40 3,520.67 $3,674.84
Benefits/Costs,  years 1 to 40 3,520.67 5,038.34 913.18

Regional Development  ----  B/C Ratio = 5.5  
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Table S - GDU Import Pipeline Alternative. 
 i=5.125% Drought Present Val. PV damages Investment cost

Damage of Damages plus NED Plus OM&R
Year PV Factor Millions $ Millions $ Millions $ Millions $

1 1 $105.6 105.60 $191.18 1,025.10
2 0.951249 $204.8 194.79 $276.19 1,037.56
3 0.904874 $898.0 812.61 $890.05 1,049.42
4 0.860760 $4,208.1 3,622.18 $3,695.85 1,060.69
5 0.818796 $1,288.6 1,055.09 $1,125.17 1,071.42
6 0.778879 $3,802.0 2,961.31 $3,027.96 1,081.62
7 0.740907 $2,733.2 2,025.06 $2,088.47 1,091.33
8 0.704787 $2,517.0 1,773.91 $1,834.23 1,100.56
9 0.670428 $1,807.8 1,211.97 $1,269.35 1,109.34

10 0.637743 $3,146.3 2,006.54 $2,061.12 1,117.70
Benefits, years 1 to 10 15,769.07 $16,459.56
Benefits/Costs,  years 1 to 10 16,459.56 1,117.70

Regional Development  ----  B/C Ratio = 14.7  
 
Table T - GDU Import Pipeline Alternative.

 i=5.125% Drought Present Val. PV damages Investment cost
Damage of Damages plus NED Plus OM&R

Year PV Factor Millions $ Millions $ Millions $ Millions $
1 1 0.00 0.00 $85.58 1,025.10
2 0.951249 0.00 0.00 $81.41 1,037.56
3 0.904874 0.00 0.00 $77.44 1,049.42
4 0.860760 0.00 0.00 $73.66 1,060.69
5 0.818796 0.00 0.00 $70.07 1,071.42
6 0.778879 0.00 0.00 $66.66 1,081.62
7 0.740907 0.00 0.00 $63.41 1,091.33
8 0.704787 0.00 0.00 $60.32 1,100.56
9 0.670428 0.00 0.00 $57.38 1,109.34

10 0.637743 0.00 0.00 $54.58 1,117.70
Benefits, years 1 to 10 0.00 $690.50

11 0.606652 $105.6 64.06 $115.98 1,125.64
12 0.577077 $204.8 118.17 $167.55 1,133.20
13 0.548944 $898.0 492.97 $539.95 1,140.39
14 0.522182 $4,208.1 2,197.41 $2,242.09 1,147.23
15 0.496725 $1,288.6 640.08 $682.58 1,153.74
16 0.472509 $3,802.0 1,796.48 $1,836.92 1,159.93
17 0.449473 $2,733.2 1,228.51 $1,266.97 1,165.82
18 0.427561 $2,517.0 1,076.15 $1,112.74 1,171.42
19 0.406717 $1,807.8 735.25 $770.05 1,176.75
20 0.386889 $3,146.3 1,217.27 $1,250.38 1,181.82

Benefits, years 11 to 20 9,566.34 $9,985.23  
Benefits/Costs,  years 1 to 20 10,675.73 1,181.82

Regional Development  ----  B/C Ratio = 9.0  
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Table U - GDU Import Pipeline Alternative. 
 i=5.125% Drought Present Val. PV damages Investment cost

Damage of Damages plus NED Plus OM&R
Year PV Factor Millions $ Millions $ Millions $ Millions $

1 1 0.00 0.00 $85.58 1,025.10
2 0.951249 0.00 0.00 $81.41 1,037.56
3 0.904874 0.00 0.00 $77.44 1,049.42
4 0.860760 0.00 0.00 $73.66 1,060.69
5 0.818796 0.00 0.00 $70.07 1,071.42
6 0.778879 0.00 0.00 $66.66 1,081.62
7 0.740907 0.00 0.00 $63.41 1,091.33
8 0.704787 0.00 0.00 $60.32 1,100.56
9 0.670428 0.00 0.00 $57.38 1,109.34

10 0.637743 0.00 0.00 $54.58 1,117.70
Benefits, years 1 to 10 0.00 $690.50

11 0.606652 0.00 0.00 $51.92 1,125.64
12 0.577077 0.00 0.00 $49.39 1,133.20
13 0.548944 0.00 0.00 $46.98 1,140.39
14 0.522182 0.00 0.00 $44.69 1,147.23
15 0.496725 0.00 0.00 $42.51 1,153.74
16 0.472509 0.00 0.00 $40.44 1,159.93
17 0.449473 0.00 0.00 $38.47 1,165.82
18 0.427561 0.00 0.00 $36.59 1,171.42
19 0.406717 0.00 0.00 $34.81 1,176.75
20 0.386889 0.00 0.00 $33.11 1,181.82

Benefits, years 11 to 20 0.00 $418.89  
21 0.368027 $105.6 38.86 $70.36 1,186.64
22 0.350085 $204.8 71.69 $101.65 1,191.22
23 0.333018 $898.0 299.06 $327.56 1,195.59
24 0.316783 $4,208.1 1,333.06 $1,360.17 1,199.74
25 0.301339 $1,288.6 388.30 $414.09 1,203.68
26 0.286649 $3,802.0 1,089.84 $1,114.37 1,207.44
27 0.272674 $2,733.2 745.28 $768.61 1,211.01
28 0.259381 $2,517.0 652.85 $675.05 1,214.41
29 0.246736 $1,807.8 446.04 $467.15 1,217.64
30 0.234707 $3,146.3 738.46 $758.55 1,220.72

Benefits, years 21 to 30 5,803.44 $6,057.57  
Benefits/Costs,  years 1 to 30 7,166.95 1,220.72

Regional Development  ----  B/C Ratio = 5.9  
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Table V - GDU Import Pipeline Alternative. 
 i=5.125% Drought Present Val. PV damages Investment cost

Damage of Damages plus NED Plus OM&R
Year PV Factor Millions $ Millions $ Millions $ Millions $

1 1 0.00 0.00 $85.58 1,025.10
2 0.951249 0.00 0.00 $81.41 1,037.56
3 0.904874 0.00 0.00 $77.44 1,049.42
4 0.860760 0.00 0.00 $73.66 1,060.69
5 0.818796 0.00 0.00 $70.07 1,071.42
6 0.778879 0.00 0.00 $66.66 1,081.62
7 0.740907 0.00 0.00 $63.41 1,091.33
8 0.704787 0.00 0.00 $60.32 1,100.56
9 0.670428 0.00 0.00 $57.38 1,109.34

10 0.637743 0.00 0.00 $54.58 1,117.70
Benefits, years 1 to 10 0.00 $690.50

11 0.606652 0.00 0.00 $51.92 1,125.64
12 0.577077 0.00 0.00 $49.39 1,133.20
13 0.548944 0.00 0.00 $46.98 1,140.39
14 0.522182 0.00 0.00 $44.69 1,147.23
15 0.496725 0.00 0.00 $42.51 1,153.74
16 0.472509 0.00 0.00 $40.44 1,159.93
17 0.449473 0.00 0.00 $38.47 1,165.82
18 0.427561 0.00 0.00 $36.59 1,171.42
19 0.406717 0.00 0.00 $34.81 1,176.75
20 0.386889 0.00 0.00 $33.11 1,181.82

Benefits, years 11 to 20 0.00 $418.89  
21 0.368027 0.00 0.00 $31.50 1,186.64
22 0.350085 0.00 0.00 $29.96 1,191.22
23 0.333018 0.00 0.00 $28.50 1,195.59
24 0.316783 0.00 0.00 $27.11 1,199.74
25 0.301339 0.00 0.00 $25.79 1,203.68
26 0.286649 0.00 0.00 $24.53 1,207.44
27 0.272674 0.00 0.00 $23.34 1,211.01
28 0.259381 0.00 0.00 $22.20 1,214.41
29 0.246736 0.00 0.00 $21.12 1,217.64
30 0.234707 0.00 0.00 $20.09 1,220.72

Benefits, years 21 to 30 0.00 $254.12  
31 0.223265 $105.6 23.58 $42.68 1,223.64
32 0.212380 $204.8 43.49 $61.66 1,226.42
33 0.202026 $898.0 181.43 $198.72 1,229.07
34 0.192177 $4,208.1 808.70 $825.15 1,231.59
35 0.182808 $1,288.6 235.57 $251.21 1,233.98
36 0.173896 $3,802.0 661.15 $676.04 1,236.26
37 0.165418 $2,733.2 452.12 $466.28 1,238.43
38 0.157354 $2,517.0 396.05 $409.52 1,240.49
39 0.149683 $1,807.8 270.59 $283.40 1,242.45
40 0.142385 $3,146.3 447.99 $460.18 1,244.31

Benefits, years 31 to 40 3,520.67 $3,674.84
Benefits/Costs,  years 1 to 40 3,520.67 5,038.34 1,244.31

Regional Development  ----  B/C Ratio = 4.0  
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Table W - Missouri River Import to Red River Valley Alternative.
 i=5.125% Drought Present Val. PV damages Investment cost

Damage of Damages plus NED Plus OM&R
Year PV Factor Millions $ Millions $ Millions $ Millions $

1 1 $105.6 105.60 $191.18 1,178.10
2 0.951249 $204.8 194.79 $276.19 1,186.76
3 0.904874 $898.0 812.61 $890.05 1,194.99
4 0.860760 $4,208.1 3,622.18 $3,695.85 1,202.82
5 0.818796 $1,288.6 1,055.09 $1,125.17 1,210.27
6 0.778879 $3,802.0 2,961.31 $3,027.96 1,217.36
7 0.740907 $2,733.2 2,025.06 $2,088.47 1,224.10
8 0.704787 $2,517.0 1,773.91 $1,834.23 1,230.52
9 0.670428 $1,807.8 1,211.97 $1,269.35 1,236.62

10 0.637743 $3,146.3 2,006.54 $2,061.12 1,242.42
Benefits, years 1 to 10 15,769.07 $16,459.56
Benefits/Costs,  years 1 to 10 16,459.56 1,242.42

Regional Development  ----  B/C Ratio = 13.2  
 
Table X - Missouri River Import to Red River Valley Alternative.

 i=5.125% Drought Present Val. PV damages Investment cost
Damage of Damages plus NED Plus OM&R

Year PV Factor Millions $ Millions $ Millions $ Millions $
1 1 0.00 0.00 $85.58 1,178.10
2 0.951249 0.00 0.00 $81.41 1,186.76
3 0.904874 0.00 0.00 $77.44 1,194.99
4 0.860760 0.00 0.00 $73.66 1,202.82
5 0.818796 0.00 0.00 $70.07 1,210.27
6 0.778879 0.00 0.00 $66.66 1,217.36
7 0.740907 0.00 0.00 $63.41 1,224.10
8 0.704787 0.00 0.00 $60.32 1,230.52
9 0.670428 0.00 0.00 $57.38 1,236.62

10 0.637743 0.00 0.00 $54.58 1,242.42
Benefits, years 1 to 10 0.00 $690.50

11 0.606652 $105.6 64.06 $115.98 1,247.94
12 0.577077 $204.8 118.17 $167.55 1,253.19
13 0.548944 $898.0 492.97 $539.95 1,258.19
14 0.522182 $4,208.1 2,197.41 $2,242.09 1,262.94
15 0.496725 $1,288.6 640.08 $682.58 1,267.46
16 0.472509 $3,802.0 1,796.48 $1,836.92 1,271.76
17 0.449473 $2,733.2 1,228.51 $1,266.97 1,275.85
18 0.427561 $2,517.0 1,076.15 $1,112.74 1,279.74
19 0.406717 $1,807.8 735.25 $770.05 1,283.44
20 0.386889 $3,146.3 1,217.27 $1,250.38 1,286.96

Benefits, years 11 to 20 9,566.34 $9,985.23  
Benefits/Costs,  years 1 to 20 10,675.73 1,286.96

Regional Development  ----  B/C Ratio = 8.3  
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Table Y - Missouri River Import to Red River Valley Alternative.
 i=5.125% Drought Present Val. PV damages Investment cost

Damage of Damages plus NED Plus OM&R
Year PV Factor Millions $ Millions $ Millions $ Millions $

1 1 0.00 0.00 $85.58 1,178.10
2 0.951249 0.00 0.00 $81.41 1,186.76
3 0.904874 0.00 0.00 $77.44 1,194.99
4 0.860760 0.00 0.00 $73.66 1,202.82
5 0.818796 0.00 0.00 $70.07 1,210.27
6 0.778879 0.00 0.00 $66.66 1,217.36
7 0.740907 0.00 0.00 $63.41 1,224.10
8 0.704787 0.00 0.00 $60.32 1,230.52
9 0.670428 0.00 0.00 $57.38 1,236.62

10 0.637743 0.00 0.00 $54.58 1,242.42
Benefits, years 1 to 10 0.00 $690.50

11 0.606652 0.00 0.00 $51.92 1,247.94
12 0.577077 0.00 0.00 $49.39 1,253.19
13 0.548944 0.00 0.00 $46.98 1,258.19
14 0.522182 0.00 0.00 $44.69 1,262.94
15 0.496725 0.00 0.00 $42.51 1,267.46
16 0.472509 0.00 0.00 $40.44 1,271.76
17 0.449473 0.00 0.00 $38.47 1,275.85
18 0.427561 0.00 0.00 $36.59 1,279.74
19 0.406717 0.00 0.00 $34.81 1,283.44
20 0.386889 0.00 0.00 $33.11 1,286.96

Benefits, years 11 to 20 0.00 $418.89  
21 0.368027 $105.6 38.86 $70.36 1,290.31
22 0.350085 $204.8 71.69 $101.65 1,293.50
23 0.333018 $898.0 299.06 $327.56 1,296.53
24 0.316783 $4,208.1 1,333.06 $1,360.17 1,299.41
25 0.301339 $1,288.6 388.30 $414.09 1,302.15
26 0.286649 $3,802.0 1,089.84 $1,114.37 1,304.76
27 0.272674 $2,733.2 745.28 $768.61 1,307.24
28 0.259381 $2,517.0 652.85 $675.05 1,309.61
29 0.246736 $1,807.8 446.04 $467.15 1,311.85
30 0.234707 $3,146.3 738.46 $758.55 1,313.99

Benefits, years 21 to 30 5,803.44 $6,057.57  
Benefits/Costs,  years 1 to 30 7,166.95 1,313.99

Regional Development  ----  B/C Ratio = 5.5  
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Table Z - Missouri River Import to Red River Valley Alternative.
 i=5.125% Drought Present Val. PV damages Investment cost

Damage of Damages plus NED Plus OM&R
Year PV Factor Millions $ Millions $ Millions $ Millions $

1 1 0.00 0.00 $85.58 1,178.10
2 0.951249 0.00 0.00 $81.41 1,186.76
3 0.904874 0.00 0.00 $77.44 1,194.99
4 0.860760 0.00 0.00 $73.66 1,202.82
5 0.818796 0.00 0.00 $70.07 1,210.27
6 0.778879 0.00 0.00 $66.66 1,217.36
7 0.740907 0.00 0.00 $63.41 1,224.10
8 0.704787 0.00 0.00 $60.32 1,230.52
9 0.670428 0.00 0.00 $57.38 1,236.62

10 0.637743 0.00 0.00 $54.58 1,242.42
Benefits, years 1 to 10 0.00 $690.50

11 0.606652 0.00 0.00 $51.92 1,247.94
12 0.577077 0.00 0.00 $49.39 1,253.19
13 0.548944 0.00 0.00 $46.98 1,258.19
14 0.522182 0.00 0.00 $44.69 1,262.94
15 0.496725 0.00 0.00 $42.51 1,267.46
16 0.472509 0.00 0.00 $40.44 1,271.76
17 0.449473 0.00 0.00 $38.47 1,275.85
18 0.427561 0.00 0.00 $36.59 1,279.74
19 0.406717 0.00 0.00 $34.81 1,283.44
20 0.386889 0.00 0.00 $33.11 1,286.96

Benefits, years 11 to 20 0.00 $418.89  
21 0.368027 0.00 0.00 $31.50 1,290.31
22 0.350085 0.00 0.00 $29.96 1,293.50
23 0.333018 0.00 0.00 $28.50 1,296.53
24 0.316783 0.00 0.00 $27.11 1,299.41
25 0.301339 0.00 0.00 $25.79 1,302.15
26 0.286649 0.00 0.00 $24.53 1,304.76
27 0.272674 0.00 0.00 $23.34 1,307.24
28 0.259381 0.00 0.00 $22.20 1,309.61
29 0.246736 0.00 0.00 $21.12 1,311.85
30 0.234707 0.00 0.00 $20.09 1,313.99

Benefits, years 21 to 30 0.00 $254.12  
31 0.223265 $105.6 23.58 $42.68 1,316.02
32 0.212380 $204.8 43.49 $61.66 1,317.95
33 0.202026 $898.0 181.43 $198.72 1,319.79
34 0.192177 $4,208.1 808.70 $825.15 1,321.54
35 0.182808 $1,288.6 235.57 $251.21 1,323.20
36 0.173896 $3,802.0 661.15 $676.04 1,324.78
37 0.165418 $2,733.2 452.12 $466.28 1,326.29
38 0.157354 $2,517.0 396.05 $409.52 1,327.72
39 0.149683 $1,807.8 270.59 $283.40 1,329.08
40 0.142385 $3,146.3 447.99 $460.18 1,330.38

Benefits, years 31 to 40 3,520.67 $3,674.84
Benefits/Costs,  years 1 to 40 3,520.67 5,038.34 1,330.38

Regional Development  ----  B/C Ratio = 3.8  
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Appendix L.1 – Environmental Mitigation 
 
Groundwater 
The activities proposed under the action alternatives would incorporate appropriate 
environmental commitments based upon the type of proposed feature.  Where and when 
necessary, these environmental commitments would dictate design and operational 
considerations.  The different action alternative features propose three changes to aquifers 
including:  1) ASR, 2) change in use, or 3) increased development.   
 
The ASR Project features would affect the Moorhead, West Fargo North, and West Fargo South 
Aquifers.  ASR features are some of the most challenging of the proposed project features 
because of uncertainty associated with the effectiveness of long-term ASR in these aquifers.   
 
• Prior to construction of any ASR feature, a pilot study will determine the water quality and 

physical characteristics sufficiently to adequately design an effective ASR system and to 
answer questions that would arise during permitting.  These three features will require 
specialized permits from the respective state and federal agencies with regulatory control 
over underground injection of water.  Conditions in these permits will address injection and 
withdrawal rates for Project water, monitoring groundwater levels around the wellfield, and 
monitoring and control of geochemical reactions between native groundwater and injected 
waters.  If an alternative is implemented that includes ASR, the Project will comply with 
conditions stipulated in all permits issued by regulatory agencies. 

 
• The best available construction techniques will be used to minimize environmental impacts 

during wellfield construction for ASR, change in use, and increased development.  
 
Groundwater levels will be monitored during increased wellfield development to determine 
acceptable withdrawal rates in order to minimize impacts to existing uses and resources.  
Groundwater quality will also be monitored, as necessary and as defined by permits. 
 
Aquatic Communities 
The flow recommendations from the North Dakota Game and Fish Department were 
incorporated into the aquatic need recommendations of the GDU Import to the Sheyenne River 
Alternative.  These recommendations are a means to benefit biodiversity management goals for 
the Sheyenne River and Red Rivers.  There is uncertainty and limited predictive capability when 
dealing effectively with complex river ecosystems and recommendations to benefit those 
ecosystems.  Monitoring or researching ecosystem response to a change in driving variables like 
aquatic needs flows is important.   
 

• The Impact Mitigation Team will use adaptive management principles or other 
methods to monitor the effectiveness of the North Dakota Game and Fish 
Department’s recommendations for the GDU Import to Sheyenne River Alternative. 
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• A water permit will be obtained from the State Engineer to address the North Dakota 
Game and Fish Department aquatic needs recommendations. 

 
Water Quality 
Expectations are that some water quality monitoring requirement may be requested during initial 
operation of the project, to better understand and confirm the results presented within this 
SDEIS. This may or may not be a condition of a regulatory (i.e., permit) requirement. Water 
quality modeling suggests there is a potential to alter a given water quality parameter of more 
than 15%.  This could reach the North Dakota definition of significant effect, as defined in North 
Dakota Administrative Code 33-16-02.1, Appendix IV.  Therefore, an appropriate water quality 
monitoring program would be implemented within that context.  
 
Risk of Invasive Species 
 
Design Criteria for Project 

 The pipeline design will incorporate adequate coatings, linings, and active cathodic 
protection to reduce corrosion.    

 
 Pipeline - overlain with sufficient fill to reduce the possibility of freezing. 

 
 A computerized supervisory control data acquisition system - to monitor the entire 

operation of the biota treatment plant.  Example: monitoring of turbidity entering UV 
disinfection 

 
 Standby power units - located at the biota treatment plant to ensure continuous 

monitoring in case of a temporary or total power outage. 
 
Commitments During Final Design and Operation 

 All waste streams from the biota treatment plant will be retained and disposed of within 
the Missouri River basin. 

 
 Water quality monitoring of raw water sources will be implemented to determine how 

seasonal changes in water quality may affect biota treatment plant design. 
 

 A long-term water monitoring plan - developed to assess the effectiveness of biota 
treatment in meeting the established treatment goals.  

 
 An emergency response plan, with special emphasis on preventing potential transfer of 

invasive species at the biota treatment plant, will be developed.  
 

 The operator of the biota treatment plant will assume responsibility for compliance 
monitoring, as established in the long-term monitoring plan. 

 
 Reclamation will assume ultimate responsibility for the OM&R of the biota treatment 

plant. 
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 An adaptive management plan will be implemented to assess control system efficacy and 
make modifications to the control system if the risk changes. 

 
Natural Resource Lands 
 
General 
• Mitigation for fish and wildlife losses incurred because of construction of the Project shall be 

on an acre-for-acre basis, based on ecological equivalency, concurrent with Project 
construction, as required by DWRA.   
 

• Before every construction season, the co-leads will meet with the Service and the appropriate 
state wildlife agencies to determine a procedure to minimize impacts to natural resource 
lands.  A reconnaissance survey of construction easements will be conducted to identify and 
verify wetlands, grasslands, woodlands, and riparian areas subject to disturbance and or 
destruction in the Project area during construction activities.  In addition, surveys will be 
completed for rare natural communities prior to any surface disturbance in areas containing 
potential habitat.  The Impact Mitigation Team will be consulted, as necessary, to determine 
appropriate avoidance and/or protection measures.  If adverse impacts cannot be avoided, 
appropriate procedures and requirements for mitigation will be discussed with the Impact 
Mitigation Team. 

 
• Disturbance of vegetation will be minimized through construction site management (e.g., 

utilizing previously disturbed areas, using existing easements when feasible, and designating 
limited equipment/materials storage yards and staging areas). 

 
• Buried pipelines will be constructed adjacent to existing highways and roadways where 

practical.  Buried pipelines may be constructed within roadway ROWs when it presents 
advantages. 

 
• Strip and respread topsoil on buried pipeline corridors, pump station sites, and all ROWs, 

except when the buried pipeline is installed by a trencher or a plow.  Where topsoil depths 
exceed 12 inches, the top 12 inches will be salvaged.  Sufficient topsoil to facilitate 
revegetation should be segregated from subsoil during trenching operations and returned 
after backfilling.  Gravel may be placed around the edge of pump station and storage 
reservoirs to control weeds. 

 
• Chisel plow compacted areas and remove large rocks to develop a good seedbed. 
 
• Ensure compaction of trench backfill to prevent settlement for mainline segments.  Inspect 

the line after one year to check for subsidence and correct subsidence problems where these 
occur. 

 
• Mound soil over the trench of small diameter pipelines (approximately 6 inches or less); 

allow a year for settlement, and then grade trench to match existing topography. 
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• Place all excavated material from streams or wetlands above the high water mark, when 
water is present, where possible.  Where not possible, minimize the placement of soil 
materials in streams or wetlands. 

 
• Employ erosion control measures where necessary to reduce wind and water erosion.  

Erosion and sediment controls would be monitored daily during construction for 
effectiveness, particularly after storm events, and only the most effective techniques would 
be utilized. 

 
• Identify buried pipeline segments requiring special reclamation efforts using soils maps and 

field survey data during final engineering design. 
 
• Construction methods that temporarily block drainage flows would be limited in duration.  If 

temporary blocks were necessary, flexible water barriers or similar technique would be used. 
 
• Place no permanent or temporary structures in any floodplain, riparian area, wetland or 

stream that would interfere with floodwater movement. 
 
• Groundwater well sites would be properly spaced and placed as deep as possible to avoid 

and/or minimize impacts on nearby wetlands and rivers. 
 
Wetlands 
• Avoid buried pipeline construction and associated activities in all wetlands where practical.  

If construction is necessary in or near wetlands, timing of construction will be deferred to late 
summer (after July 15) or fall to avoid high water conditions and to decrease disruption of 
waterfowl or other wildlife during the nesting season, where practical 

 
• Avoid construction of all aboveground permanent facilities in wetlands. 

 
• When large wetlands are along road ROW, the buried pipeline will be placed in the ROW 

where possible to reduce impacts. 
 

• Prior to beginning construction through Conservation Reserve Program lands or program 
wetlands, the Natural Resource Conservation Service, Consolidated Farm Services Agency, 
and respective landowners will be consulted to ensure that landowner eligibility in farm 
subsidy programs (if applicable) will not be jeopardized and that Swampbuster requirements 
will not be violated by construction. 

 
• Backfill trenches to restore an impermeable layer, where necessary. 
 
• Use diaphragms or cutoff collars where soils and engineering evaluations indicate these are 

needed to prevent draining wetlands.  The Impact Mitigation Team in consultation with 
agencies with jurisdiction will review engineering construction specifications for wetland 
crossings.  The Impact Mitigation Team can recommend changes in specifications or routing 
to minimize impacts where necessary. 
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• If possible, avoid placing trench spoil material within wetland boundaries when wetlands are 
moist. 

 
• Where existing North Dakota wetlands cannot be reconstructed in their current location, 

create or restore wetlands on an acre per acre basis as defined by the GDU Mitigation 
Ledger.   

 
• Whenever possible, Minnesota wetlands including streams impacted during Project 

construction would be restored to pre-Project conditions.  Where existing Minnesota 
wetlands cannot be reconstructed in their current location, consultation with the state of 
Minnesota will be initiated, as necessary, to determine appropriate avoidance and/or 
protection measures.  If adverse impacts cannot be avoided, state of Minnesota wetland 
mitigation procedures will be followed. 

 
• Discharges of fill material associated with unavoidable crossings of wetlands or intermittent 

streams will be carried out in compliance with provisions of Section 404 of the Clean Water 
Act and the nationwide and/or Project-specific permit requirements of the Corps.  The 
Natural Resource Conservation Service will evaluate isolated, nonnavigable wetlands outside 
the jurisdiction of the Corps for jurisdiction and impacts.  

 
• Establish a long-term well monitoring plan to assess potential impacts to local wetlands that 

may be impacted by well placement and aquifer withdrawals.  The Impact Mitigation Team 
would review this plan. 

 
Stream Crossings 
• Initiate construction when streams are dry whenever practical.  Construction will directional 

bore under perennial streams, where practical.  At flowing intermittent streams, directional 
borings perpendicular to flows will be used whenever practical.  The contractor will make at 
least two boring attempts before using an alternative crossing method.  Where it is not 
practical to bore, construction will open cut through intermittent streams.  The Impact 
Mitigation Team will review engineering specifications for intermittent stream crossings in 
consultation with agencies with jurisdiction.  The Impact Mitigation Team can recommend 
specification changes to minimize impacts where necessary.  Use standard reclamation 
practices to reclaim vegetation and minimize erosion. 

 
• Place silt barriers, fabric mats, or other effective means on slopes or other eroding areas 

where necessary to reduce sediments into stream channels and wetlands until vegetation is 
re-established.  This will be accomplished as soon as practical after disturbance activities.  If 
rain is predicted, no construction will commence unless surfaces are treated with geotextile 
fabric, mulch, seeding, or other techniques to stabilize stream banks or other exposed areas 
subject to potential erosion. 

 
• Pipelines will be installed at depths of 6 feet or more below channel beds at waterway 

crossings. 
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• Avoid discharge of fill material at unavoidable stream crossings, as specified under 
provisions of Section 404 of the CWA. 

 
• Prevent contamination of water at construction sites from spills of fuel, lubricants, and 

chemicals, by following safe storage and handling procedures and North Dakota Department 
of Health guidelines. 

 
Grasslands 
• Avoid buried pipeline and permanent facilities construction and associated activities in all 

native prairie areas where practical. 
 
• Whenever possible, native prairie affected during Project construction will be restored to pre-

Project conditions.  Where existing North Dakota native prairie cannot be re-seeded in its 
current location, then mitigation procedures will be reviewed by the Impact Mitigation Team 
and will follow GDU Mitigation Ledger procedures. 

 
• Where existing Minnesota native prairie cannot be re-seeded in its current location, then 

mitigation will be ecologically equivalent and acre for acre, with review by the Impact 
Mitigation Team. 

 
• Reseed disturbed native grassland with native species; seed mix to be determined during the 

final design and reviewed by the Impact Mitigation Team.  Reseed planted grassland with a 
seed mixture appropriate for the site and water, if necessary, during establishment. 

 
• Areas requiring re-vegetation will be seeded during the first appropriate season after 

redistribution of topsoil.  If reseeding cannot be accomplished within 10 days of topsoil 
replacement, erosion control measures will be implemented to limit soil loss.  Local native 
grass species should be used (mixture to be reviewed by the Impact Mitigation Team). 

 
• Grassland and highway ROW reseeding will be completed prior to May 15, where feasible.  

If spring reseeding is not feasible, fall reseeding would be performed between August 15 and 
October 15 (prior to ground freezing). 

 
• To reduce erosion, water bars would be installed at specified intervals, depending upon soil 

type, grade, and terrain on disturbed slopes with grades of 6% or greater.  Water bars would 
not be used in areas of row cropping.  

 
• Vegetation and soil removal would be accomplished in a manner that will prevent erosion 

and sedimentation. 
 
• Control noxious weeds, as specified under state law, within the buried pipeline corridors 

during and following construction.  Apply herbicides only in accordance with labeled 
instructions and state, federal, and local regulations. 

• Work with landowners to defer grazing on newly seeded areas for a minimum of two years. 
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• Monitor grass-seeding plantings for three years.  Where seeding does not adequately succeed, 
reseed with appropriate species. 

 
Woodlands and Riparian Areas 
• Avoid woodland and riparian areas where practical when constructing buried pipeline and 

aboveground permanent facilities.  
 
• Whenever possible, woodland and riparian areas impacted by the Project will be restored.  

Where existing North Dakota woodland and riparian areas cannot be restored in original 
locations, then mitigation will be reviewed by the Impact Mitigation Team and will follow 
GDU Mitigation Ledger procedures.  Where existing Minnesota woodland and riparian areas 
cannot be restored in original locations, then mitigation will be in ecological equivalents, 
acre for acre, and be reviewed by the Impact Mitigation Team. 

 
• Replace and replant trees of similar species off site at a ratio of two trees planted for each 

tree removed, when shelterbelts, riparian woodlands, or woodland vegetation cannot be 
avoided. 

 
• Control weed growth in tree plantings and monitor tree plantings for three years.  Where 

plantings do not adequately succeed, replant with appropriate species. 
 
Wildlife 
 
Environmental Commitments for Mammals 
• Areas potentially hazardous to wildlife will be adequately protected (e.g., fenced, netted) to 

prevent access to wildlife. 
 
• To protect wildlife and their habitat, Project-related travel will be restricted to existing roads 

and Project easements; no off-road travel will be allowed, except in emergencies. 
 
• Wildlife-proof fencing will be used on reclaimed areas, if it is determined that wildlife 

species and/or livestock are impeding successful vegetation establishment. 
 
• Where practical, pipeline routes and facility sites will be designed to minimize disturbances 

to areas, wetlands, riparian areas, wooded areas, and grasslands. 
 
Environmental Commitments for Migratory Birds 
• Before every construction season, the co-leads will meet with the Service and the appropriate 

state wildlife agencies to determine a procedure to minimize impacts to migratory birds.  
Construction activities that would occur between January 1 and July 31 will be discussed. 

 
• In areas with migratory bird crossing concerns, all permanent and temporary power or 

communication lines associated with the Project will be buried, where practical.  If burial is 
not possible, the lines will be designed and located to avoid raptor collisions and/or 
electrocutions pursuant to Avian Power Line Interaction Committee protocol (1994, 1996, 
2005, and 2006).  Expanded protection for above-ground power lines will include a number 
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measures.  There will be a provision of greater than 90-inch spacing between conductors or 
grounding features.  Exposed conducting features will be appropriately insulated.  Anti-
perching devices will be used, as appropriate.  Steel pole use will be avoided, where 
practical.  Line aviation markers will be used where power lines are adjacent to significant 
habitat areas, e.g. adjacent to wetlands or where wetlands are crossed, native prairie, and 
feeding areas. 

 
Federal and State Protected Species 
 
General 
The following commitments would be implemented to avoid adverse impacts to all federally 
listed species: 
• For the alternative selected, a pre-construction survey would be conducted by a qualified 

biologist(s) to ensure no federally or state listed species are present in or use the construction 
area.  If any species were found, then consultation with the Service and state natural resource 
agencies would be initiated, as necessary, to determine appropriate avoidance and/or 
protection measures.  Construction activities would be delayed until there is concurrence on 
which activities may be implemented to avoid adverse impacts to federal and state listed 
species.  If adverse impacts cannot be avoided, formal Section 7 consultation will be initiated 
with the Service. 
 

• If any federally or state listed species are encountered during construction, all ground 
disturbing activities in the immediate area would be stopped immediately until consultation 
with the Service and appropriate state agencies can be completed to determine appropriate 
steps to avoid any effects to these species, including cessation of construction in the area. 

 
Species Specific Commitments 
Bald Eagle 
• All surface-disturbing and construction activities would be seasonally restricted from January 

15 to August 1 within 0.25 mile of any active bald eagle nest or winter roosts identified as 
essential bald eagle wintering roosts as described in the Northern States Bald Eagle Recovery 
Plan (Service 1983). 
 

• In areas with migratory bird crossing concerns, all permanent and temporary power or 
communication lines associated with the Project would be buried where practical.  If burial 
were not possible, the lines would be designed and located to avoid raptor collisions and/or 
electrocutions pursuant to Avian Power Line Interaction Committee protocol (1994, 1996, 
and 2005).  Expanded protection measures for above ground power lines would also include: 
provision of greater than 90-inch spacing between conductors or grounding features; 
appropriate insulation of exposed conducting features; use of anti-perching devices as 
appropriate; avoidance of steel pole use where practical; and appropriate use of line aviation 
markers where power lines may occur adjacent to significant habitat areas e.g. adjacent to or 
across wetlands, native prairie, and feeding areas. 
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Piping Plover and Interior Least Tern 
• All surface-disturbing and construction activities would be seasonally restricted from May 15 

to August 15 within 0.25 mile of any active piping plover and interior least tern nest. 
 
• Reclamation would prepare a final Biological Assessment on the preferred alternative to be 

submitted to the Service.  Reclamation would complete formal section 7 consultation with 
the Service if necessary. 
 

• Reclamation would continue recovery and conservation efforts for Missouri River species as 
participants on the Missouri River Basin Interagency Roundtable and Missouri River 
Recovery Implementation Committee. 
 

Tiger Beetle 
• The MNDNR would be contacted prior to any proposed construction activities to review 

their Natural Heritage Program Inventory for all known tiger beetle sites.  This information 
would be sent to the Mitigation Impact Team, who would review the results and determine 
the need for additional surveys.  If beetles are found, consultation with the Impact Mitigation 
Team and MNDNR would be initiated and measures implemented to insure no take of tiger 
beetles. 
 

Ram’s-Head Lady’s slipper 
• Habitat surveys would be conducted in the buried pipeline and wellfield areas of Becker 

County, Minnesota.  If habitats for the ram’s-head lady’s slipper were identified, the Natural 
Heritage Program Inventory would be re-checked to ensure there are no known sites for this 
species in the buried pipeline ROW and wellfield areas.  However, if potential habitat for this 
species were found, botanical surveys would be conducted to ensure this species would not 
be taken.   Survey data would be sent to the Mitigation Impact Team, who would review the 
results.  If the ram’s-head lady’s slipper is found, consultation with the Impact Mitigation 
Team and MNDNR would be initiated and measures implemented to insure no take of the 
ram’s-head lady’s slipper. 

 
Protected Areas 
• If Service properties (including fee and easement) cannot be avoided, local Service managers 

will be contacted in order to implement appropriate procedures.  Ensure that Service Refuge 
and Wetland Management District staff have accurate buried pipeline route maps to 
coordinate routing through Service wetland and grassland easements.  Establish local 
coordination procedures to ensure timely evaluation and appropriate procedures for 
implementing review and compliance with the National Wildlife Refuge System 
Improvement Act of 1997.  The GDU mitigation environmental ledger will be reviewed for 
potential exchange for impacted Service easements. 

 
• Buried pipeline construction and associated activities will avoid protected areas where 

practical.  When impacts cannot be avoided, avoid construction activities during primary 
seasonal recreational use or during nesting and place buried pipelines in road ROWs where 
possible to reduce impacts.  Restore vegetation in construction areas. 
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• Avoid construction of all permanent facilities, excluding buried pipeline construction, in 
protected areas.  If construction cannot be avoided on protected land agreements will be 
worked out with the appropriate agencies through the Impact Mitigation Team for locating 
facilities to minimize impacts to protected lands.  The GDU mitigation environmental ledger 
will be reviewed for potential exchange for impacted protected lands. 

 
Indian Trust Assets 
• Reclamation will continue to consult with potentially affected tribes through the final design 

of a selected alternative and implementation stages.  Reclamation will consult with 
potentially affected tribes to determine whether any ITAs may be directly affected by project 
plans and specifications.  If any ITAs are identified that may be affected by the project, 
Reclamation will consult with the affected tribe(s) to determine the most appropriate 
avoidance or mitigation measures. 

 
Historic Properties 
Reclamation is presently consulting with the North Dakota and Minnesota SHPOs to develop a 
programmatic agreement under Section 106 of the National Historic Preservation Act (Appendix 
I).  This agreement will address how Reclamation will comply with the National Historic 
Preservation Act and other related laws and regulations, such as the Native American Graves 
Protection and Repatriation Act.  This agreement will be for the life of the project and will 
outline the consultation process to determine inventory needs and identify the standards to be 
used for resource evaluations and mitigation.  In addition, Reclamation will continue 
consultation with interested tribes. 
 
Reclamation anticipates that previously unidentified cultural resources that would qualify as 
historic properties may be present in unsurveyed areas of pipeline alignments or other impact 
zones.  These historic properties could be affected by the Project, but the following 
environmental commitments will minimize adverse effects to historic properties.  
 

• Avoidance will be the preferred method for treating historic properties.  However, should 
that not be possible, the programmatic agreement will identify the standards to be used in 
developing mitigation plans. 

 
• Once a preferred alternative has been selected and Congress has authorized construction, 

Reclamation will implement the programmatic agreement will comply with the terms of 
this programmatic agreement for the life of the project. 

 
• Reclamation will consult under Section 106 of the National Historic Preservation Act 

with appropriate Indian tribes regarding the locations of and potential impacts to 
properties of traditional religious and cultural importance.  If any such properties cannot 
be avoided and must be mitigated, Reclamation will invite the appropriate tribes to 
participate in development of an appropriate treatment plan. 

 
Reclamation anticipates that previously unidentified cultural resources that would qualify as 
historic properties may be present in unsurveyed areas of pipeline alignments or other impact 
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zones.  These historic properties could be affected by the Project, but the following 
environmental commitments will minimize adverse effects to historic properties.  
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Appendix L.2 – Common and Scientific Names Used in SDEIS 
 
Introduction 
This appendix contains table L.2.1, which is a list of all common and scientific names 
used in the SDEIS document and appendices.  The names are organized according to the 
following categories:  mammals, birds, reptiles and amphibians, fish, arthropods, 
mollusks, vascular plants, blue-green algae, protozoa and metazoan, and bacteria. Within 
each category, names are listed alphabetically by common name, followed by scientific 
name.   Those species with a special status are noted in the third column, with a key to 
status given at the end of this appendix.  For more information on special status species 
see appendices G.1 and G.2.  
 
 
Table L.2.1 – Common and Scientific Names Used in the SDEIS. 

Common Name Scientific Name Status 

Mammals 

Badger Taxidea taxus  
Beaver Castor canadensis  
Black bear Ursus americanus  
Black-tailed prairie dog Cynomys ludovicianus  
Bobcat Felis rufus  
Canada lynx Lynx canadensis US F 
Coyote Canis latrans  
Eastern cottontail Sylvilagus floridanus  
Fisher Martes pennanti  
Fox Vulpes sp.   
Fox squirrel Sciurus niger  
Gray squirrel Sciurus carolinensis  
Gray wolf Canis lupis US F 
Grey fox Urocyon cinereoargenteus  
Least chipmunk Eutamias minimus  
Mink Mustela vison  
Moose Alces alces  
Muskrat Ondatra zibethica  
Northern flying squirrel Glaucomys sabrinus  
Pine marten Martes americana  
Raccoon Procyon lotor  
Red Fox Vulpes vulpes  
Red Squirrel Tamiasciurus hudsonicus  
Richardson's ground squirrel Spermophilus richardsonii  
River otter Lutra canadensis  
Snowshoe hare Lepus americanus  
Southern flying squirrel Glaucomys sabrinus  
Spotted skunk Spilogale putorius MN S  
Striped skunk Mephitis mephitis  
Thirteen-lined ground squirrel Spermophilus tridecemlineatus  
Virginia opossum Didelphis virginiana  
White-tailed deer Odocoileus virginianus  
White-tailed jackrabbit Lepus townsendii  
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Common Name Scientific Name Status 

Birds 

American bittern Ixobrychus exilis ND C 
American white pelican Pelecanus erythrorhynchos ND C 
Bald eagle Haliaeetus leucocephalus US F  
Baird’s sparrow Ammodramus bairdii ND C 

MN S 
Black-billed cuckoo Coccyzus erythropthalmus ND C 
Black tern Chlidonias niger ND C 
Blue-winged teal Anus discors  
Bobolink  Dolichonyx oryzivorus  
Burrowing owl Speotyto cunicularia MN S  
Cerulean warbler Dendroica cerulea  
Chestnut-collared longspur  Calcarius ornatus ND C 

MN S 
Common tern    Sterna hirundo MN S  
Ferruginous hawk Butteo regalis ND C 
Forster’s tern Sterna paradisaea  
Franklin’s gull Larus pipixcan ND C 
Grasshopper sparrow Ammodramus savannarum ND C 
Great blue heron Ardea herodias  
Greater prairie-chicken  Tympanuchus cupido  
Harris sparrow Zonotrichia querula  
Henslow’s sparrow   Ammodramus henslowii MN S 
Hooded warbler Wilsonia citrine  
Horned grebe   Podiceps auritus MN S 
Lark bunting Calamospiza melanocorys ND C 
Least tern  Sterna antillarum US F  
LeConte's sparrow Ammodramus lecontii  
Loggerhead shrike   Lanius ludovicianus MN S 
Long-billed curlew Numenius americanus ND C 
Marbled godwit Limosa fedoa ND C 
Meadowlark Sturnella neglecta  
Nelson’s sharp-tailed sparrow Ammodramus nelsoni ND C 
Piping plover  Charadrius melodus US F 
Sharp-tailed grouse Tympanuchus phasianellus  
Sprague’s pipit Anthus spragueii ND C 
Swainson’s hawk Buteo swainsoni ND C 
Red-shouldered hawk Buteo lineatus  
Trumpeter swan   Cygnus buccinator MN S 
Upland sandpiper Bartramia longicauda ND C 
Waxwing Bombycilla sp.  
Willet Catoptrophorus semipalmatus ND C 
Wilson’s phalarope  Phalaropus tricolor ND C 

MN S  
Whooping crane Grus americana US F 
Yellow rail Coturnicops noveboracensis ND C 
 
Reptiles and Amphibians  

Canadian toad Bufo hemiophrys ND C 
Leopard frog Rana pipiens    
Painted turtle Chrysemys picta 

  

Plains spadefoot toad Scaphiopus bombifrons ND C 
Smooth green snake Opheodrys vernalis ND C 
Western hognose snake Heterodon nasicus ND C 
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Common Name Scientific Name Status 
 
Fish 

Bighead carp Aristichthys nobilis   
Bigmouth buffalo Ictiobus cyprinellus Can F 
Bigmouth shiner Notropis dorsalis  
Black bullhead Ameiurus melas  
Black crappie  Pomoxis nigromaculatus  
Blackside darter Percina maculata  
Blue gill Lepomis macrochirus  
Blue sucker Cycleptus elongatus ND C 
Bluntnose minnow Pimephales notatus  
Brook stickleback Culaea inconstans  
Brook trout Salvelinus fontinalis  
Brown bullhead Ameiurus natalis  
Brown trout Salmo trutta  
Common carp Cyprinus carpio  
Channel catfish Ictalurus punctatus  
Chestnut lamprey Ichthyomyzon castaneus Can F 
Chinook salmon  Oncorhynchus tshawytscha  
Ciscoe Coregonus artedi  
Common shiner Luxilus cornutus  
Crappie Pomoxis spp.  
Creek chub Semotilus atromaculatus  
Dace Rhinichthys spp.  
Emerald shiner Notropis therinoides  
Fathead minnow Pimephales promelas  
Flathead chub Platygobio gracilis  
Gizzard shad Dorosoma cepedium   
Goldeye Hiodon alosoides  
Golden redhorse Moxostoma erythrurum  
Hornyhead chub Nocomis biguttatus  
Iowa darter Etheostoma exile  
Jonny darter Etheostoma nigrum  
Lake sturgeon Acipenser fulvescens Can F 
Lake trout Salvelinus namaycush  
Largemouth bass Micropterus salmoides  
Least darter Etheostoma microperca       
Logperch Percina caprodes  
Longnose dace Rhinichthys cataractae  
Mooneye Hiodon tergisus  
Muskellunge Esox masquinongy  
Northern pike Esox lucius  
Northern redbelly dace Phoxinus eos  
Orangespotted sunfish Lepomis humilis  
Pallid sturgeon Scaphirhynchus albus US F 
Paddlefish Polydon spathula  
Pearl dace Margariscus margarita ND C 
Pugnose shiner Notropis anogenus  
Pumpkinseed sunfish Lepomis gibbosus  
Rainbow smelt   Osmerus mordax  
Rainbow trout Oncorhynchus mykiss  
River carpsucker Carpoides carpio  
Rock bass Ambloplites rupestris  
Shiner Notropis sp.  
Sand shiner Notropis stramineus  
Sauger Sander canadense  
Shorthead redhorse Moxostoma macrolepidotum  
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Common Name Scientific Name Status 
Shovelnose sturgeon  Scaphirynchus platorynchus  
Shortjaw cisco Coregonus zenithicus Can F 
Sicklefin chub Macrhybopsis meeki ND C 
Silver chub Macrhybopsis storeriana Can F 
Smallmouth bass Micropterus dolomieu  
Spotfin shiner Cyprinella spiloptera  
Sturgeon Acipenser sp.  
Sturgeon chub Macrhybopsis gelida ND C 
Sucker Catostomus sp.  
Sunfish Lepomis sp.  
Tiger muskie Esox masquinongy x Esox lucius  
Utah chub Gila atraria  
Walleye Stizostedion vitreum  
White bass Morone chrysops  
White crappie Pomoxis annularis  
White sucker Catostomus commersoni  
Yellow bullhead Ameiurus natalis  
Yellow perch Perca flavescens  
Zander Stizostedion lucioperca  

Arthropods  

Assiniboia skipper Hesperia comma assiniboia MN S 
Dakota skipper Hesperia dacotae US F 
Garita skipper  Oarisma garita MN S 
Spiny water flea Bythotrephes cederstromemi  
Tiger Beetle Cicindela denikei MN S  
Tiger Beetle Cicindela fulgida westbournei  MN S 
Tiger beetle Cicindela limbata nympha MN S 
Uhler’s skipper Oeneis uhleri varuna MN S 

Mollusks 

Asiatic clam Corbicula fluminea  
Creek heelsplitter Lasmigona compressa  
Creeper mussel Strophitus undulatus  
Black sandshell Ligumia recta  
Fatmucket Lampsilis siliquoidea  
Fluted shell Lasmigona costata  
Giant floater  Pyganodon grandis  
Lake Winnipeg physa snail Physella winnipegensis Can F 
Mapleleaf Quadrula quadrula  
Mucket Actinonaias ligamentina MN S 
New Zealand mud snail Potamopyrgus antipodarum   
Pink heelsplitter Potamilus alatus  
Pocketbook Lampsilis altilis  
Threeridge Amblema plicata  
Wabash pigtoe Fusconaia flava  
Zebra mussel Dreissena polymorpha  

Vascular Plants 

Alder  Alnus spp.  
American elm Ulmus americanus  
American ginsing Panax quinquefolium  
American plum Prunus americana  
Annual skeletonweed Shinnersoseris rostrata MN S 
Aspen Populus sp.  
Balsam poplar  Populus balsamifera  
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Basswood Tilia americana  
Beaked spike rush Eleocharis rostellata MN S 
Birch Betula sp.   
Big bluestem Andropogon gerardii   
Blanket flower Gaillardia sp.  
Blue gramma Bouteloua gracilis  
Bog birch Betula pumila  
Box elder Acer segunda  
Bur oak Quercus macrocarpa  
Butternut Juglans cinerea  
Canadian wormwood  Artemisia campestris  ssp. borealis  
Cattail Typha angustifolia  
Chinese elm Ulmus parvifolia  
Chokecherry Prunus virginiana  
Cooper’s milk vetch Astragalus neglectus  
Cottonwood Populus deltoides  
Creeping juniper Juniperus horizontalis  
Elm Ulmus sp.   
Eurasian water-milfoil Myriophyllum spicatum   
Few-flowered spike rush Eleocharis pauciflora  
Frenchman’s bluff moonwort Botrychium gallicomontanum MN S 
Garber’s sedge Carex garberi MN S 
Gray ragwort Senecio canus MN S 
Green ash Fraxinus americana  
Hackberry Celtis occidentalis  
Hair-like beak rush Rhynchospora capillacea  
Hairy fimbristylis Fimbristylis puberula MN S 
Hawthorn Crataegus sp.  
Hickory Carya sp.  
Hill’s thistle Cirsium hillii  
Holboell’s rockcress Arabis holboelli  
Hydrilla  Hydrilla verticillata  
Indian grass Sorghastrum nutans  
Ironwood Carpinus caroliniana  
Juneberry Amelanchier alnifolia  
Lead plant Amorpha canescens   
Little blue stem Schizachyrium scoparium  
Low milk vetch Astragalus lotiflorus  
Marsh arrow grass  Triglochin palustre  
Needlegrass Achnatherum occidentale  
Northern reed grass Calamagrostis stricta  
Nuttall’s ground-rose Chamaerhodos nuttalii  
Pasqueflower Pulsatilla patens  
Pale moonwort Botrychium pallidum MN S 
Paper birch Betula papyrifera  
Pinchberry Amelanchier sp.  
Prairie moonwort  Botrychium crenulatum   
Prairie sandreed Calamovilfa longifolia  
Porcupine grass  Stipa spartea  
Purple coneflower Echinacea purpurea  
Purple loosestrife Lythrum salicaria  
Ram’s-head lady’s slipper Cypripedium arietinum MN S 
Red mulberry Morus rubra  
Red saltwort Salicornia rubra MN S 
Red-stemmed dogwood Cornus sericea  
Red three-awn Aristida purpurea  
Russian olive Elaeagnus angustifolia  
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Sea milkwort Glaux maritima MN S 
Sea naiad Najas marina  
Salt cedar Tamarix spp.  
Siberian elm Ulmus pumila  
Siberian yarrow Achillea sibirica MN S 
Short-beaked arrowhead Sagittaria brevirostra  
Short-pointed umbrella sedge Cyperus acuminatus MN S 
Side-oats gramma Bouteloua curtipendula  
Silver berry  Elaeagnus commutata  
Silver maple Acer saccharinum  
Slippery elm Ulmus fulva  
Small white water lily Nymphaea odorata MN S 
Sterile sedge Carex sterilis MN S 
Sugar maple Acer saccharum  
Sullivant’s milkweed Asclepias sullivantii MN S 
Switch grass Panicum virgatum  
Trembling aspen Populus tremuloides  
Water hyacinth Crytosporidium parvum  
Western prairie fringed orchid Plantanthera praeclara US F 
Wheat grass Agropyron smithii  
Widgeon-grass Ruppia maritima  
Willows Salix spp.  
Wooly sedge Carex lanuginosa  

Blue-green algae  

Anabaena Anabaena flos-aquae  
AFA blue-green algae Aphanizomenon flos-aquae  
Microcystis Microcystis aeruginosa  

Protozoa and Metazoa 

Cryptosporidium Cryptosporidium sp.  
Cryptosporidium Cryptosporidium parvum  
Whirling disease Myxobolus cerebralis  
Polypodium  Polypodium hydriforme  
Giardia Giardia sp.  
Giardia  Giardia lamblia  
Giardia Giardia muris  

Bacteria  

Enteric redmouth Yersinia ruckeri  
E. coli Escherichia coli  
Legionella Legionella spp.  
Salmonella Salmonella spp.   
 
Key to Status 
 
US F- United States Federally Listed  
Can F- Canada Federally Listed 
MN S- Minnesota State Listed 
ND C- North Dakota Species of Conservation Priority 
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