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Executive Summary  
The Souris (Mouse) River originates in the Province of Saskatchewan, passes through the State of North 
Dakota, and then crosses into the Province of Manitoba before joining the Assiniboine River. 
Unprecedented flooding in the Souris River Basin in 2011 focused attention on review of the Operating 
Plan contained in Annex A of the 1989 International Agreement. In addition, Article V of the Agreement 
requires that the Operating Plan be reviewed periodically to maximize the provision of flood control and 
water supply benefits that can be provided.  

The first step in the process of identifying and evaluating changes to the Souris River Operating Plan was 
to solicit feedback regarding present day operations. Input was requested from the Souris River Plan 
Formulation Committee (PFC). Primary interaction with basin stakeholders occurred through discussions 
with the Plan of Study (POS) Resource and Agency Advisory Group (RAAG) and Public Advisory Group 
(PAG). 

During the first phase of analysis, resources were dedicated to developing consistent and effective 
means of communicating results to interested stakeholders. This effort consisted of developing R-based 
scripts that could be used to streamline the definition of model inputs and the production of graphics to 
display model results. As part of developing these post-processing steps, a procedure for analyzing 
output using a series of Performance Indicators was developed. Performance Indicators were evaluated 
using a series of scripts targeted at demonstrating the costs and benefits to specific study themes 
associated with changing and augmenting different aspects of the operating plan.  

Based on the recommendations and concerns expressed by the PFC, RAAG and PAG, a series of building 
block scenarios were formulated supporting an evaluation of operational constraints (bookend 
scenarios) and discrete changes to the current operating plan. To evaluate the efficacy of the suggested 
changes to operating procedures, the scenarios identified during this second phase of analysis were 
modeled in HEC-ResSim. Results were compared to baseline, HEC-ResSim results representing present 
day operations. During this phase, the historic period of record from 1930 to 2017 was used for analysis. 
Historic index events representing the high, moderate and low flow regime were identified to evaluate 
modeled scenarios.  

The development of a revised operating plan was an iterative process whereby scenarios were modeled 
and evaluated by a technical team, and then results were presented to the PFC, the PAG and RAAG. 
Phase three consisted of further assessment of discrete scenarios based on feedback from both the 
technical experts and the entities consulted. During this phase, scenarios were refined, expanded upon, 
and added to, to ensure that opportunities to better the management of the Souris River Project were 
fully explored and vetted. During this stage, scenarios targeted at a similar study theme were combined 
and evaluated to ensure compatibility and to eliminate redundancies. In addition to analyzing the 
proposed changes using the historic record, stochastically-generate traces representing additional, 
potential realizations of climatic forcings in the basin were analyzed.  

The fourth phase of the assessment consisted of combining scenarios into fully developed operating 
plans. During this phase, combined scenarios were further refined to make them more amendable to 
real time operations. The final phase of analysis consisted of fully vetting the proposed changes to the 
operating plan and demonstrating their ability to improve hydrologic conditions in the basin in terms of 
ease of operation, flood risk management and water supply.  
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1. Introduction  
The determination of a revised operating plan for the Souris River Basin Project requires coordination 

with a variety of local, state, provincial and federal stakeholders, as well as an in-depth technical 

analysis. Alternative evaluation consists of translating the concerns and recommendations brought forth 

by interested parties into an analysis framework that supports decision making. To accomplish this, the 

Plan of Study technical team developed a HEC-ResSim model to support the evaluation of proposed 

changes to the operating plan. By assessing proposed modifications to the operating plan using a 

consistent baseline modeling framework, suggested changes could be evaluated in a consistent and 

reproducible fashion. Details related to the HEC-ResSim model development can be found in the HH6 

ResSim Modeling Report. Both deterministically-generated historic streamflow data and stochastically-

generated streamflow data was used in alternative analysis. Details related to historic model inputs are 

summarized in the HH1 Report. Information related to the stochastically-generated data products is 

provided in the HH2 Report documentation.  

R-based scripts were developed to streamline the process of creating input files to the ResSim model as 

well as model outputs. Performance Indicator-based post-processing scripts were applied to ResSim 

output to evaluate the efficacy of the operating plan in terms of specific study themes. Information 

defining the development of Performance Indicators can be found in the DW4 report. By presenting 

model outputs in a uniform fashion, results could be communicated efficiently, accurately, and clearly. 

In addition to using ResSim and Performance Indicator analysis to evaluate proposed operating plans, 

the technical team also dedicated resources to analyzing specific aspects of the basin’s hydrology and 

the operation of the reservoir system outside of ResSim in order to address concerns brought up by 

stakeholders. A Hydro Visualization tool was also developed to share results and allow individuals to 

quickly and easily compare different proposed operating plans.  

2. Baseline HEC-ResSim Model (HH6) 
The baseline HEC-ResSim model adopted for this study extends from the Canadian reservoirs to the 

international border crossing near Westhope, North Dakota. The model was developed using HEC-

ResSim version 3.3 with imperial units and runs on a daily time step. The model network consists of the 

four major reservoirs (Rafferty Reservoir, Boundary Reservoir, Grant Devine Lake, and Lake Darling), two 

modeled diversions (Boundary Diversion Channel, Rafferty Pipeline), the five J. Clark Salyer National 

Wildlife Refuge Structure impoundments (Pool 320, Pool 326, Pool 332, Pool 341, and Pool 357), and a 

number of routing reaches.  

Within the baseline version of the ResSim model, Rafferty Reservoir, Boundary Dam, Grant Devine Lake 

and Lake Darling were modeled to reflect the operating guidelines prescribed by Annex A and Annex B 

outlined in the 1989 Agreement. Modeling assumptions were also based on the Lake Darling Water 

Control Manual, observed operations and real-time operating standards of practice submitted by the 

Saskatchewan Water Security Agency (WSA), SaskPower, the U.S Fish and Wildlife Service (USFWS) and 

the U.S. Army Corps of Engineers (USACE). Hydrologic routing reaches link the reservoirs to downstream 

points of interest. To capture flood wave timing and attenuation through the Salyer refuge structures, 

the Salyer impoundments are explicitly modeled. The model also includes a portion of the Des Lacs River 

from Foxholm, ND to its confluence with the Souris River at Burlington, ND. The ResSim network is 

displayed in Figure 1. More information can be found in the HH6 ResSim Model Report. 
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Figure 1 ResSim reservoir network
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2.1 Model Verification: Observed vs. Modeled 

The objective in verifying a reservoir model is not to exactly match observed pool elevations and 

outflows, but rather to verify that the model generally follows historic operations. This process is 

different than calibrating/verifying rainfall-runoff models or hydraulic models. This is because rainfall-

runoff models and hydraulic models typically have more discrete parameters which can be adjusted to 

match observed streamflow response. Additionally, rainfall-runoff and hydraulic models are typically 

used to model shorter durations, while ResSim can be applied to produce continuous, long-term 

simulations. Finally, there is a human element to reservoir operations that a model is not able to fully 

replicate. For reservoir models, verification is performed to ensure the physical constraints and 

operational rules included in the model correctly mimic reservoir behavior over long periods of time.  

Between 1998 and 2017 Rafferty Reservoir, Boundary Reservoir, Grant Devine Lake and Lake Darling 

were operated in accordance to the current operating guidelines specified in the 1989 Agreement, with 

a minor modification to apportionment that began in 2003. The ResSim model was verified using the 

period of record from 2006 through 2009. This portion of the period of record was selected to test rule 

logic, because these years include three low flow years preceding a flood year in 2009. The 2001, 2011 

and 2013 events were used to verify flood control operations. The period from 1998 through 2017 was 

used to further verify model performance when run for a longer period of time. For more information 

related to model verification, see the HH6 Report.  

Real time operating decisions can deviate from what is prescribed by formal operating guidelines based 

on conditions in the watershed at the time of a flood or drought event. These discretionary decisions are 

difficult to capture with a reservoir model, because they are based on real time information (forecasts, 

specific circumstances, etc.). Additionally, Annex A does not include much guidance pertaining to flood 

operations in response to rainfall events. This leads to discretionary decisions being made in response to 

late spring, summer and early fall events. These real time operating decisions are reflected within the 

observed record but have too much variability to be captured by standardized modeling assumptions. 

Where modeled operations deviate from historical operations, the differences between observed and 

modeled releases can typically be explained based on the circumstances relevant to a specific event. The 

differences between several observed and modeled events of interest is described in further detail in 

Appendix A-1.  

2.2 Model inputs (HH1 & HH2) 

To model the Souris River Basin, HEC-ResSim requires input flow time series data for all junctions 

located at the upstream extents of the model, as well as at various intervening junctions to represent 

local flow contributions. A summary of the time series required as inputs to ResSim are presented in 

Table 1.  
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Table 1. Summary of inflow locations 

Location Type 

Rafferty Reservoir Inflow & Net Evaporation 

Boundary Reservoir Inflow & Net Evaporation 

Short Creek Tributary Flow 

Short Creek Confluence Local Flow 

Upstream Moose Mountain 
Creek 

Local Flow 

Grant Devine Reservoir Inflow & Net Evaporation 

Sherwood Local Flow 

Glen Ewen  Local Flow 

Lake Darling Local Flow & Net Evaporation 

Des Lacs River- Foxholm Tributary Flow 

Burlington Tributary Local Flow 

Des Lacs Confluence Local Flow 

Minot Local Flow 

Velva Local Flow 

Verendrye Local Flow 

Wintering River Tributary Flow 

Bantry Local Flow 

Willow Creek Tributary Flow 

Salyer - Pool 320 Local Flow 

Stone Creek Tributary Flow 

Deep River Tributary Flow 

Cut Bank Creek Tributary Flow 

Salyer - Pool 332 Local Flow 

Salyer - Pool 341 Local Flow 

Boundary Creek Tributary Flow 

Salyer - Pool 357 Local Flow 

 

2.2.1 Deterministic Model inputs (HH1) 

The inputs generated as part of the 2013 and 2018 Reconstructed Hydrology Reports (HH1) were used 

to model the historic period of record from 1930 through 2017. The baseline dataset consisted of 

inflows to and evaporative loses from Rafferty Reservoir, Grant Devine Reservoir, Boundary Reservoir, 

and Lake Darling Reservoir, as well as intervening local flow hydrographs and tributary inflow 

hydrographs for the drainage areas between the three Canadian, headwaters reservoirs and Westhope, 

North Dakota.  

Data sources used to support the development of the HH1 dataset included streamflow and stage data 

recorded by the U.S. Geological Survey (USGS), Environment and Climate Change Canada (ECCC), the 

USFWS and the USACE. Precipitation data for the United States was acquired from NOAA’s National 
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Center for Environmental Information and Oregon State’s Northwest Alliance for Computation Science 

and Engineering (PRISM dataset). Precipitation data used for Saskatchewan was adopted from ECCC. 

Adopted evaporation data was derived using a modified version of Meyer’s equation and was provided 

by the WSA. 

Methods used to approximate flow time series where observed data was unavailable included MOVE.1, 

MOVE.3, a flow-duration based algorithm, drainage area transfer (general relations), the holdout 

method and reservoir reverse routing (mass balance approach). Both the holdout method and reverse 

routing rely on the principle of mass balance/conservation of mass. More information related to how 

historic data inputs were produced can be found within the HH1 report.  

2.2.1.1 Model Inputs – Negative Flows 

Reverse routing and the holdout method produce flow records that include corrections for errors in 

observation data collection and errors in hydrologic routing. The flow records generated also 

cumulatively account for losses or gains that were not explicitly included in their calculation. When the 

cumulative impact of unaccounted for net losses or negative errors in a ResSim input is greater than the 

volume of water contained in the reservoir element or the amount of positive flow contributing to a 

model junction or node at which the input is being added to, this results in a net negative, computed 

flow. The negative flows need to be carried forward and applied, because they satisfy the conservation 

of mass. However, ResSim is unable to route negative flows. This issue is particularly apparent when 

modeling unregulated flows because there are no additional inputs or stored volumes of water available 

to offset negative inputs at the upstream-most elements.  

Negative flows are set to zero when river reach routing operations are carried out by ResSim. Negative 

flows are only maintained when direct or null routing is applied. Negative inflows to reservoir elements 

are not an issue, because reservoir elements have enough volume to offset any negative inflows to the 

reservoir. When negative flows are zeroed out in a routing reach, negative volume is not accounted for 

in the system and the model erroneously ends up with too much volume.  

The impact of negative flows is not operationally significant when modeling regulated flow conditions 

(high/low/moderate flows) or moderate/high unregulated flows. The error in model results at Sherwood 

or Minot is likely to be highest for the unregulated case, under low flow conditions. This directly affects 

how the model carries out the apportionment calculation, because apportionment releases are reliant 

on the determination of the unregulated record at Sherwood. For the Souris River Plan of Study, the 

ResSim model was used to compare reservoir management alternatives. Since the model was being 

used as a comparative tool, it was not anticipated that the lost negative flow volume would impact how 

alternatives are ranked because the impact of zeroing out the negative flow volumes would be 

consistent from alternative to alternative. More information related to the effect of the negative flows is 

included in the HH6 ResSim model report, as well as Appendix A-2.  

2.2.2 Stochastic Model Inputs (HH2)  

The USGS, in cooperation with the North Dakota State Water Commission (NDSWC), developed a 

stochastic water balance model for simulating Souris River natural (unregulated) streamflow. Input to 

the stochastic water balance model was derived from stochastically generated precipitation, 

temperature, and potential evapotranspiration (PET) for the Souris River Basin. Precipitation and 
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temperature were modeled after statistical properties of historic conditions recorded at weather 

stations in and around the Souris River Basin between 1912 and 2011. The Hamon method was applied 

to estimate monthly PET as a function of monthly average temperature, position (latitude), and time of 

the year. 

The Souris River Basin and much of the northern Great Plains fluctuate between extended periods of 

dry/normal and wet conditions that can last for over a century long (Lapp et al. 2013; Ryberg, 2015). 

Statistical analysis of decadal precipitation indicates that this change likely occurred around 1970 (Kolars 

et al. 2015). The stochastic climate model reproduces both short-term variability in the historical 

meteorological records and the long-term variability (multi-decadal to century) exhibited by extended 

tree ring-based estimates of precipitation. For more information on the development of the non-

stationary meteorological data, the reader is directed to read Kolars et al. (2015). To generate natural 

(unregulated) streamflow in 15 sub-basins with outlets co-located with stream gages, the water balance 

model simulated hydrological conditions using the meteorological inputs with static basin properties 

(soil water storage and permeability) to estimate monthly streamflow. Monthly streamflow for each 

sub-basin was initially disaggregated into three values per month, or to an approximate 10-day time 

step.  

In total, 100 synthetic timeseries with a length of 100 years were simulated for each of the stochastic 

meteorological data and unregulated streamflow sites for a total of 10,000 individual years/traces. The 

streamflows from each of the sub-basins were further disaggregated using statistical techniques to be 

representative of daily streamflows at locations consistent with input locations and data types (flow, net 

evaporation, and Standardized Precipitation Evapotranspiration Index) required by the Souris River 

ResSim model. More information related to how stochastic modeling outputs were developed and made 

to conform to the HEC-ResSim model is described in the Stochastic Modeling Report for HH2 and the 

ResSim Report (HH6). To expedite the process of translating stochastically-generated output into a 

format that could be inputted into HEC-ResSim, a post-processing script and README was developed 

outlining this process. This information is contained in Appendix A-3 to this report.  

2.3 Model Nomenclature/Scenario Setup 

Because modeling scenarios required modification to the baseline reservoir network in ResSim, each 

modeled scenario required a unique ResSim Network and Alternative. Separate ResSim Alternatives 

were created when assessing a given ResSim Network using stochastic versus historic data inputs. For 

each scenario, the modified reservoir network was assigned a name which consisted of a 2-3 character 

numeric scenario identifier, a 2-3 character abbreviation describing the scenario being analyzed, 

followed by a two letter abbreviation describing the subset of scenarios/or scenario objective relevant 

to the case being analyzed.  

Example: During Phase 2, each scenario being evaluated was assigned a two number descriptor. The 

“Unregulated” condition was model Scenario 8. Thus, the network associated with the “Unregulated” 

scenario might be 8a_Urg_BM to signify that it represents the unregulated (Urg) scenario and that it is a 

benchmark (BM) condition run.  

For the historic model runs, the network name and alternative name would generally be the same. The 

only limitation was that the alternative name was restricted to 10 characters, while the network name 
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could be longer. However, for the stochastic model runs, a separate ResSim alternative had to be 

generated because the model inputs were being modified. For a stochastic model run, the alternative 

name consisted of a 2-3 character numeric scenario identifier, a 2-3 character abbreviation describing 

the scenario being analyzed followed by a 3 character abbreviation representing the stochastic trace 

being evaluated. For example, if stochastic trace 25 was being analyzed for the “Unregulated” scenario, 

the alternative name might be 8a_Urg_025.  

Separate simulations had to be setup for stochastic versus historic model runs because they required 

different time windows (Jan 15, 1930-Dec 31, 2017; Lookback 01 Jan, 1930 versus Jan 15, 3000-Dec 31, 

3099; Lookback 01 Jan 3000).  

Nomenclature specific to each scenario analyzed is specified within the modeling appendices. 

Nomenclature differs slightly from this protocol due to the number of modelers and because this 

nomenclature evolved throughout the study, but in general modelers were instructed to follow these 

naming conventions when developing scenarios and alternatives in HEC-ResSim.  

2.4 Initial Reservoir Conditions 

For both the stochastic model runs and the historic model runs, initial conditions were specified for 

January 1st and were based on normal pool conditions. Normal pool conditions represent the average of 

the January 1st pools during non-drought years. J. Clark Refuge Structures were assumed to be at their 

guide curve (conservation pool) elevations on January 1st. The starting, January 1st pool conditions for 

the Souris River Project reservoirs are summarized in Table 2. All pools were assumed to be at or below 

their guide curve/conservation pool elevations so no releases were being made from the reservoirs on 

January 1st. Appendix A-4 present additional information related to how normal initial reservoir 

conditions were defined. 

Table 2. Starting Pool Elevations – 1930-2017 Analysis 

Reservoir Starting Pool 

Elevation (feet) 

Starting Pool 

Elevation (meters) 

Significance 

Rafferty 1802.82 549.50 Normal 1 Feb Drawdown 

Boundary 1836.77 559.85 Normal 1 Jan Pool1 

Grant Devine 1840.55 561.00 Normal 1 Feb Drawdown 

Lake Darling 1596.00 486.46 Normal 1 Feb Drawdown 

Dam 357 1414.10 431.02 1 Jan Guide Curve Elevation 

Dam 341 1414.70 431.20 1 Jan Guide Curve Elevation 

Dam 332 1417.00 431.90 1 Jan Guide Curve Elevation 

Dam 326 1420.20 432.88 1 Jan Guide Curve Elevation 

Dam 320 1423.30 433.82 1 Jan Guide Curve Elevation 
1 Normal pool conditions represent the average of the 1 Jan pools during non-drought years. A period of record 

simulation run from 1946-2017 was analyzed to generate a reasonable representation of normal pool. 

For the historic model runs, an additional set of initial pool conditions representing a low pool starting 

condition was analyzed to assess the 1930s drought sequence. Low pool conditions represent the 

average of the January 1st pools during drought sequences. These values are displayed in Table 3. 
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Drought sequences were identified from 1957-1969 and 1984-1996. The time window for the 1930s 

drought simulation starts on January 15, 1930. The model initialization (warm-up) period starts on Jan 1, 

1930. J. Clark Refuge Structures were assumed to be at their guide curve (conservation pool) elevations 

on January 1st, 1930 (see Table 2). All Souris River project pools were assumed to be at or below their 

guide curve/conservation pool elevations so no releases were being made from the reservoirs on 01 Jan 

1930 for the low initial pool scenario. Appendix A-4 presents additional information related to how low 

pool initial reservoir conditions were defined. 

Table 3. Starting Pool Elevations- Low Pool Initial Conditions – 1930s drought 

Reservoir Starting 

Pool 

Elevation 

(feet) 

Starting Pool 

Elevation 

(meters) 

Normal 1 Feb 

Target Elevation 

(feet) 

Normal 1 Feb 

Target Elevation 

(meters) 

Rafferty 1789.49 545.44 1802.82 549.50 

Boundary 1834.59 559.18 1840.00 560.80 

Grant Devine 1834.79 559.24 1840.55 561.00 

Lake Darling 1592.07 485.26 1596.00 486.46 

 

3. Output Evaluation  
3.1 Selection of Historic Index Events (HH1) 

For the majority of initial, Phase 2 scenarios analyzed, result plots for a series of seven index events and 

two drought sequences were produced. For each scenario, ResSim results were generated for the entire 

historic record: 1930-2017. Performance Indicator analysis was also generated using the entire period of 

record as an input. Technical team members reviewed the results produced for every year in the period 

of record and this data is readily available in electronic format upon request.  

It would be difficult to display results for the entire period of record at a meaningful resolution. Thus, to 

streamline the process of developing report documentation and presentation materials, a series of index 

events were selected, and R-scripts were generated to extract the timeseries data associated with these 

index events from the continuous datasets produced by ResSim. For certain scenarios, results were 

plotted for additional events that better illustrated the impact of changes made to the baseline model. 

The decision document generated to describe how historic index events were selected is included as 

Appendix A-4 to this report. 

Index events were selected based on an analysis of the unregulated flow series at the USGS’s long-term 

gaging station located along the Souris River at Sherwood. Index events were selected to be 

representative of the high, moderate and low flow regimes. Peak mean daily flows and annual runoff 

volumes were evaluated to select the index years. For the high flow/flood events, the years with the 

largest peak mean daily flows and/or largest annual volumes were selected. The 2011, 1976, 1975 and 

1969 events were selected as high flow events. The normal runoff years were selected by comparing 

annual runoff volumes and peak mean daily flows to historical medians. Medians were used rather than 

averages since the extreme high flow years skew the distributions. The 1946, 1952 and 1987 events 

were selected to be representative of moderate/normal flow years. Since droughts are multi-year 
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events, results from two historic drought sequences were selected: 1988-1993 and 1931-1937. Two 

different sets of initial pool conditions were analyzed to assess the 1930s drought sequence. A period of 

record simulation run from 1946-2017 was analyzed to generate a series of reasonable initial pool 

conditions representative of normal pool and low pool conditions. Normal pool conditions represent the 

average of the 01 January pools during non-drought years. Low pool conditions represent the average of 

the 01 January pools during drought sequences (see Table 2 and Table 3).  

As the study progressed through Phases 3, 4, and 5, it became apparent that changes to reservoir pool 

elevations and river flows as a result of a given alternative were not always captured by the selected 

index events. Thus, in later phases, ResSim model outputs are generally shown for the years in which the 

given scenario/alternative has the greatest impact on reservoir pool elevations and/or river flows 

throughout the basin. Other events that demonstrate a given operational change may be shown to aid 

in the discussion of the results. In general, years in which reservoir pool elevations and river flows do 

not change relative to the baseline simulation are not shown. 

3.2 Selection of Stochastic Traces (HH2)  

The purpose of including stochastically-generated output is to test events and streamflow sequences 
outside of the recorded streamflow history. These additional timeseries of streamflow can be used to 
evaluate proposed operating scenarios. Thus, the technical experts responsible for evaluating proposed 
changes to the Souris River Project Operating Plan worked in collaboration with USGS representation to 
identify stochastically-generated streamflow outputs that can be used to evaluate the efficacy of a given 
change to the operating plan. 
  
Stochastic traces were selected based upon the change to the operating plan that was being tested and 

perceived thresholds of streamflow required for testing. In some cases, entire 100-year traces were 

input and run in HEC-ResSim, and the simulation was evaluated as a whole. In others, only short 

sequences of years were run through the ResSim model, and the technical team focused its analysis on 

individual events. The length of simulation depended on the analysis being performed. Stochastic traces 

of interest were selected using unbiased, statistically-based methods. More detail related to how 

stochastic traces were generated and selected for use in the study is described in the HH2 report. If 

stochastic traces were used to analyze a particular alternative, the criteria used to select each trace is 

documented in the technical appendix for the given alternative. 

3.3 Presentation & Evaluation of Results (DW4) 

Output from ResSim was processed using a series of R-based scripts. Scripts were used to quickly and 

easily generate consistent plots displaying flow hydrographs at critical locations within the basin as well 

as plots illustrating reservoir operations. A summary of the R-based scripts used in support of this effort 

is included in Appendix A-5.  

Metrics were developed to support the consistent evaluation of proposed scenarios against several 

predefined performance indicators (PIs). To define PIs, the DW4 team, made up of representatives from 

the Water Security Agency (WSA), U.S. Army Corps of Engineers (USACE), North Dakota State Water 

Commission (NDSWC), and Manitoba Sustainable Development (MBSD), identified seven study themes 

important to stakeholders in the basin. Study themes consist of major operating objectives including 

flood control and water supply, as well as enhancement of environmental and agriculture benefits. PIs 
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were also developed to represent supplementary operating objectives related to erosion, recreation, 

and cultural resources. Additionally, PIs were developed to evaluate revisions to the operating plan in 

terms of dam safety.  

The DW4 team gathered as much data and input as possible from government agencies, private 

enterprise, and other stakeholders to form quantitative, performance indicator-based relationships 

between model outputs such as stream flow or reservoir stage and potential impacts to humans, the 

environment, or wildlife. Primary interaction with basin stakeholders occurred through discussions with 

the Resource and Agency Advisory Group (RAAG) and Public Advisory Group (PAG). The RAAG consists of 

members from private companies, local governments, and state/provincial and federal agencies in 

Canada and the United States that own infrastructure that controls flows, oversee floodplain 

development activities, have a public service interest in how water is managed, or have a regulatory 

responsibility for water in the Souris River Basin. The PAG is a select group of citizens from throughout 

the basin that have volunteered to represent their communities in support of the study. The DW4 team 

has worked with the RAAG and the PAG to identify a series of PIs to illustrate the efficacy of a given 

change to the operation of the project.   

For this study, PIs are displayed as tables or two-dimensional curves with flow or stage on the x-axis and 

an impact or benefit of interest on the y-axis. Since flow and river use vary spatially and temporally, all 

PI curves are reach-specific and many are seasonal. Performance Indicator evaluation is carried out 

using an R-based, post-process script that computes and displays PI results on a series of plots. More 

information related to the development of performance indicators can be found within the Data 

Collection for the Analysis of Alternatives Report (DW4). For an explanation of how to read the PI plots 

presented in the documentation of each alternative, as well as a short description of all the PIs, see 

Appendix A-7. Appendix A-7 is designed to be a quick reference guide when viewing the PI plots. 

4. Alternatives Summary 
Alternative analysis consisted of a five phase process. Note that in the process of assessing proposed 

changes to the operating plan, scenarios were defined as discrete changes to the operating plan, while 

alternatives implied fully developed operating plans consisting of multiple modifications to present day 

operation. Note there is a distinction between a “scenario” and an “alternative” in this report, but the 

two terms are used interchangeably in subsequent documentation for the Plan of Study. 

The initial phase was dedicated to identifying desired changes to the Souris River Project Operating Plan. 

The second and third phases consisted of discretely modeling proposed changes to the Operating Plan 

(scenarios) and carrying out supplementary analysis to provide context and aid in alternative 

formulation. The fourth and fifth phases of analysis were dedicated to evaluating fully developed 

operating plans consisting of several different modifications to present day operations (alternatives). 

During the fourth and fifth phases, additional, supplementary analysis was conducted to aid in the 

definition of the proposed operating plan.  

All scenarios and alternatives modeled in ResSim were compared to the baseline model output. The 

definition of the baseline model is summarized in Section 2. The HH6 ResSim modeling report defines 

baseline modeling assumptions in greater detail. 
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4.1 Initial Scenario Identification Process  

To formulate the proposed operating plan, the International Joint Commission (IJC) made a considerable 

effort to consult with the public, government agencies and various sectors representing all jurisdictions 

in the Souris River Basin. The public was primarily consulted via the PAG, and feedback from relevant 

resource agencies was solicited through the RAAG. Separate PAG and RAAG workshops were held in 

Minot, ND on March 18-21, 2019. A combined PAG/RAAG workshop was also held in Estevan, SK on 

April 29, 2019. The goal of these workshops was to obtain ideas for analysis targeted at altering or 

better informing river flow management.  

The RAAG expressed a high level of interest in re-assessing pre-flood drawdown levels and timing. The 

RAAG also requested that maximum allowable flows at Sherwood and Minot be reassessed and that the 

revised operating plan better categorize the differences between flood and non-flood operations. Both 

the PAG and the RAAG expressed a great deal of interest in adding flexibility to the revised operating 

plan and assessing the efficacy of the apportionment agreement. The RAAG and the PAG were also 

interested in maintaining higher riverine flows to support water quality. Requests for structural 

modifications to the existing system were vocalized during the 2019 March/April workshops, but 

constructing new storage sites or physically modifying existing water management projects is beyond 

the scope of the plan of study. Appendix A-6 summarizes the changes to operation recommended by 

the PAG and RAAG as a result of the March and April workshops.  

In addition to consulting the PAG and the RAAG, the Plan of Study Plan Formulation Committee (PFC) 

also provided feedback regarding which scenarios are of interest for the study.  

Based on feedback from the PAG, RAAG and PFC the initial list of scenarios and alternatives to be 

evaluated included:  

 Baseline – Annex A/B 

 Scenario 1 – Dry Dam Scenario 

 Scenario 2 – Full Supply Level (FSL) Scenario 

 Scenario 3 – Agricultural flooding 

 Scenario 4 – Change target flows 

 Scenario 5 – Minimum Flows 

 Scenario 6 – Conditional Feb 1 drawdown 

 Scenario 7 – Apportionment Year 

 Alternative 8 – Unregulated and Pre-Agreement 

 Scenario 9 – Dam Safety 

 Scenario 10 – Spring Drawdown 

 Scenario 11 – Summer rainfall 

 Scenario 12 – Saskatchewan (SK) retains full entitlement 

4.2 Initial Evaluation Criteria 

At the onset of alternative analysis, the PFC developed a list of criteria that could be applied to rank 

changes to the operating plan being proposed. Criteria was as follows: 
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 Addresses PAG Concerns 

 Addresses RAAG Concerns 

 Addresses Terms of Reference 

 Implementable  

 Level of Effort Required 

Based on this criteria, Scenarios 4 and 6 were not evaluated during Phase 2, because data required for 

assessment was not yet available, thus undermining the team’s ability to carry out an evaluation of 

either changing target flows or the February 1st drawdown targets.  

4.3 Summary of Phase 2 Scenario Analysis 

The objective of Phase 2 was to model discrete changes to the reservoir system and to learn more about 

the system’s limitations and the range of change that can feasibly be implemented. As part of Phase 2, 

10 different scenarios were modeled. Each scenario was evaluated in HEC-ResSim using the HH1 

historical input data for the period of record from 1930-2017 (1946-2017 for scenarios modeled prior to 

the completion of the full, 1930-2017 dataset). Unless otherwise noted, results are presented for the 

index events identified in Section 3.1 and evaluated using the Performance Indicators described in 

Section 3.3.  

Based on the results, a recommendation was provided by the technical team regarding whether or not 

the scenario should be analyzed further and/or carried forward to subsequent phases of the study. This 

recommendation was provided to the PFC. With feedback from the PAG, RAAG and International Souris 

River Board (ISRB), the PFC provided a recommendation to the Study Board regarding whether or not a 

proposed change to the operating plan should be retained. This process is outlined by the flowchart in 

Figure 2.  

The following sections describe the scenarios/alternative analyzed during Phase 2 in more detail.  

Section 4.3.1 discusses Alternative 8, Section 4.3.2 discusses why Scenario 4 was not carried forward in 

this phase, Section 4.3.3 discusses why Scenario 6 was not carried forward in this phase, Section 4.3.4 

discusses the results for the remaining nine scenarios, Section 4.3.5 discusses the selection criteria for 

determining which scenarios to carry forward into Phase 3, and Section 4.3.6 discusses the 

recommendations.  
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Figure 2. Phase 2 ResSim Modeling process
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4.3.1 Assessment of Unregulated/Pre-Agreement Conditions (Scenario 8) 

Two alternatives representative of the unregulated condition and the pre-agreement condition in the 

Souris River Basin were requested for analysis by the Plan Formulation Committee (PFC). These 

alternatives were modeled in ResSim to enable the Plan of Study team to evaluate the efficacy of the 

present day operating plan.  

The unregulated alternative consisted of a ‘state of nature’ simulation where the impacts of Rafferty, 

Boundary, Grant Devine and Lake Darling reservoirs had been removed. Note that this is not a true state 

of nature analysis as it did not remove nor would it be possible to remove the effects of other 

anthropogenic changes in the basin such as transportation links, urbanization, drainage, and agriculture. 

Unregulated conditions were modeled to provide for a benchmark, reference simulation where effects 

from upstream regulation are not included in the flow record. Overall, unregulated flows were greater in 

peak and volume in riverine reaches than for the baseline, regulated condition. This alternative is 

summarized in Appendix B-1.  

The pre-agreement alternative represents Souris River Basin conditions prior to the 1989 International 

Souris River Water Supply and Flood Control Agreement. The purpose of this scenario was to model 

basin conditions prior to the construction of Grant Devine and Rafferty reservoirs. Prior to the 

implementation of the 1989 Agreement, Boundary and Darling reservoirs were operated in accordance 

to the 1959 Interim Operating Measures agreement between the Governments of Canada and the 

United States. The 1959 Interim agreement focused on water supply operation.  

Overall, pre-agreement flows were greater in peak and volume in riverine reaches than the baseline, 

regulated condition. Lake Darling’s pool elevation and releases were greater during flood events for the 

pre-Agreement condition. Prior to the Agreement, Lake Darling’s pool would have been higher during 

droughts because there was less storage upstream. During dry periods, Boundary’s pool remained 

higher for baseline conditions relative to pre-agreement conditions due to supplemental inflow from 

Rafferty. A description of how the pre-agreement condition was modeled is included in Appendix B-2.  

In general, the reservoir system operated as it is today significantly reduces flood damages throughout 

the entirety of the study area and increases water supply in Saskatchewan. 

4.3.2 Agricultural Flooding –Reduced Duration 

Flooding can be managed in terms of minimizing flood magnitude and flood duration. As part of Phase 2, 

a scenario was modeled in an effort to minimize the magnitude of flows reaching Bantry, North Dakota. 

An alternate approach would be to allow for shorter durations of greater releases from Lake Darling in 

an effort to reduce the duration at which flooding remains above a given threshold.   

During Phase 2, it was proposed that this be accomplished by modeling a second scenario aimed at 

reducing agricultural damages. This scenario would require two changes, an increased maximum flow 

constraint at Minot, ND to 8,000 cfs (227 cms) all year long and a corresponding increased maximum 

flow constraint at the Sherwood crossing. The appropriate maximum flow constraint at Sherwood would 

be determined by the ResSim modeler, with a suggested starting point of 6,400 cfs (181 cms). The 

objective of modeling this scenario was to determine whether or not increasing the maximum flow limit 

at Minot would result in a decrease in agricultural damages throughout the basin, particularly 
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downstream of Minot, by allowing flood waters to move through the system faster in the spring, 

resulting in shorter duration floods and lower flows during the growing season. 

Due to scheduling limitations, this scenario was put on hold in Phase 2. However, further exploration of 

the capacity of the reservoir system to limit downstream agricultural damages was completed in Phase 3 

of the Plan of Study in Alternative 303, and further evaluation of the Sherwood and Minot spring 

maximum flow limits was completed as part of Alternative 312. 

4.3.3 Normal Drawdown Analysis 

Normal drawdown of Rafferty, Grant Devine, and Lake Darling occurs during the late fall and winter 
months. Additional drawdown is required in February and March if a spring flood is forecasted. In 
addition to evaluating changes to the February/March pre-flood drawdown, interest was expressed in 
reevaluating fall/winter drawdown procedures. There is interest in evaluating the viability of a variable 
February 1st, normal drawdown target dependent on antecedent basin conditions. Antecedent 
conditions could be soil moisture, snowpack, river conditions, or long-term climate patterns.  
 
The objective of reevaluating fall drawdown is to answer the following questions:  

(1) Does a flexible February 1 drawdown, with a higher drawdown target during a “dry” year and a 
lower drawdown target during a “wet” year, benefit the basin? 

(2) Can the reservoir operators, with a reasonable amount of certainty, predict whether or not the 
following year will be “dry” or “wet” using data currently available in the basin? 

 
Due to scheduling limitations, this scenario was not modeled as part of Phase 2. However, a 

methodology for incorporating a variable fall/winter drawdown was developed in Phase 3.5 scenario 

618. 

4.3.4 Summary of Building Block Scenarios Analyzed 

A summary of the remaining nine scenarios analyzed as part of Phase 2 is presented in 
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Table 4. A detailed technical appendix was developed for each scenario analyzed (Appendices B-3 

through B-11).  
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Table 4. Phase 2 Scenario Summary  

Scenario 
#  

Scenario Name Scenario Description Requested 
by the 

PAG/RAAG? 

Results Summary Appendix 

1 Dry Dam Scenario 
(Bookend/Reference 
Scenario) 

Assess the maximum flood control 
benefits that the Souris River project 
could provide if operated as Dry Dams 

Yes Dry dam operation could provide substantial 
flood peak reduction at the expense of Canadian 
water supply.   

B-3 

2 FSL Scenario 
(Bookend/Reference 
Scenario) 

Assess the maximum water supply 
benefits that the Souris River Project 
could provide if held at FSL. 

No Offers some minimal water supply benefits 
relative to the baseline at the cost of significant 
flood protection benefits 

B-4 

3 Agricultural 
Flooding 

Minimize agricultural impacts by limiting 
flows downstream of Lake Darling at 
Bantry, ND 

Yes Lake Darling does not have enough capacity to 
consistently keep releases below highly 
restrictive agricultural damage thresholds.  

B-5 

5 Minimum Flows Apply minimum flow rules at key 
locations to benefit fish & wildlife.  

Yes Maintaining higher flows year-round is possible, 
but it significantly impacts Saskatchewan’s 
water supply during droughts. 

B-6 

7 Apportionment Year Change the start of the apportionment 
year from Jan. 1st to Nov. 1st in an effort 
to reduce surplus delivered to ND.  

No Shifting the apportionment year only impacts 
years where a wet fall is followed by a dry 
spring. There appear to be some benefits.   

B-7 

9 Dam Safety Ensure Dam Safety of Rafferty and Grant 
Devine reservoirs. 

No Increases May inflow to Lake Darling. Could 
reduce summer rainfall flood peaks. 

B-8 

10 Spring Drawdown Assess the impact of altering pre-flood 
drawdown targets.  

Yes There are potential benefits, however, shifts in 
drawdown targets should be tied to forecasted 
inflows.  

B-9 

11 Summer Rainfall Better defines summer rainfall 
operations.  

Yes May induce flooding by increasing releases from 
reservoirs to generate storage space. Has 
potential to reduce summer rainfall peaks. 
There are a minimal number of summer flood 
events in the historic record.  

B-10 

12 SK Full Entitlement 
(Bookend/Reference 
Scenario) 

Determination of how much water can 
be allocated on a firm basis (without 
shortages) to Saskatchewan.  

Yes Through an iterative process, it was determined 
that only 0.13 cms (4.5 cfs) can be removed 
from Rafferty at a constant, uniform rate.  

B-11 
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4.3.5 Proposed PFC Initial Selection Criteria 

After Phase 2 modeling was complete, the PFC developed a series of filters to be used to select scenarios 

defining changes to the operating plan. Filters identified by the PFC are as follows: 

 Implementable by reservoir operators. 

 Input from the PAG, RAAG, International Souris River Board (ISRB), and Indigenous groups 

should be taken into consideration. 

 Addresses the Study’s terms of reference. 

 Impacts from a scenario should be able to be adequately studied and analyzed by the study 

team. A scenario must be tractable.  

 The scenario must be targeted at answering a specific question. 

 The scenario must be targeted at informing reservoir operation. 

 The scenario must build upon the objectives laid out in the 1989 Agreement (i.e. water supply 

and flood control). 

In addition to identifying the filters listed above, the PFC generated a series of overarching criteria to be 

applied to evaluate potential changes to the operating plan in Phases 4 and 5. The list of criteria 

determined by the PFC is as follows:  

 A proposed change in operation should offer an improvement over Annex A/B. 

 A proposed change should not acerbate water shortages or flood risk when compared to the 

state of nature/unregulated condition. 

 A proposed change should not jeopardize dam safety. 

 Scenarios should be evaluated in terms of their potential to propagate flood risk downstream or 

increase flood risk at some location/at some times of the year. 

 Scenarios should be evaluated in terms of their ability to provide resilience to the potential 

future impacts of climate change. 

These filters and criteria were used to aid in the definition and evaluation of the Phase 2 and 3 building 

block scenarios. These filters and criteria were revisited, redefined and expanded upon during 

subsequent phases of the study. The PFC emphasized that each change to the operating plan should 

reflect a specific goal which can in turn be used to determine the effectiveness of the new operating 

plan.  

4.3.6 Summary of Recommendations 

Based on the output generated by the technical modeling team and feedback received from the PAG, 

RAAG and PFC, recommendations were formulated regarding how to proceed with Phase 2 scenarios in 

Phase 3. These recommendations are summarized in Table 5.  
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Table 5. Phase 2 Recommendations for Phase 3 

Scenario #  Scenario Name Recommendation 

1 Dry Dam Scenario 
(Bookend/Reference Scenario) 

Scenario is for context only. Summarize results in Appendix B-3 and use as a reference 
for subsequent phases of the study. No additional analysis will be done in Phase 3. 

2 FSL Scenario 
(Bookend/Reference Scenario) 

Scenario is for context only. Summarize results in Appendix B-4 and use as a reference 
for subsequent phases of the study. No additional analysis will be done in Phase 3. 

3 Agricultural Flooding Further evaluation in Phase 3 related to the best location to apply a maximum flow 
constraint to minimize agricultural damages. Additional analysis to determine the impact 
that uncontrolled local flows have on localized flooding downstream of Lake Darling. 
Determination of most restrictive flow restraint that can reasonably be managed for.  

5 Minimum Flows Further analysis to assess how minimum flow requirements should be applied to find a 
balance between water supply and fish and wildlife benefits.  

7 Apportionment Year Additional analysis targeted at evaluating efficacy at reducing surplus delivered to ND 
and insurance that adjusting the apportionment year doesn’t undermine ND’s water 
supply. Evaluation of scenario using additional events and stochastic traces. 

8 Unregulated/Pre-Agreement Additional analysis was requested to evaluate the duration of high flows and efficacy of 
Annex A/B operations. 

9 Dam Safety This scenario will be evaluated in conjunction with other scenarios targeted at modifying 
late spring/summer flood operations (Phase 3.5).  

10 Spring Drawdown Additional analysis will be conducted to evaluate the efficacy of this scenario including 
more variations on increasing available flood storage prior to spring runoff.  

11 Summer Rainfall This scenario will be carried forward and better defined in terms of seasonality, pool 
elevation triggers, and maximum flow constraints. Evaluation of scenario using 
additional events and stochastic traces.   

12 SK Full Entitlement 
(Bookend/Reference Scenario) 

Scenario is for context only. Summarize results in Appendix B-11 and use as a reference 
for subsequent phases of the study. No additional analysis will be done in Phase 3. 
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4.4 Summary of Phase 3 Scenario Analysis  

The objective of Phase 3 was to incorporate the recommendations from Phase 2 in order to continue to 

model discrete changes to the reservoir system and to learn more about the impact that changes to the 

operating plan have on streamflow response. As part of Phase 3, six different scenarios were modeled. 

Four scenarios were continuations of the modeling done as part of Phase 2: 303 (Agricultural Flooding), 

310 (Minimum Fish and Wildlife Flows), 308 (Spring Drawdown) and 305 (Summer Rainfall). Scenarios 

311 (Normal Drawdown) and 312 (Spring Flood Targets) had been recommended for analysis but were 

unable to be evaluated during Phase 2 due to a lack of readily available information. These two 

scenarios were modeled as part of Phase 3.  

Each of these six scenarios was evaluated in HEC-ResSim using the HH1 historical input data for the 

period spanning 1930-2017. Hydrographs are presented for events that most clearly demonstrate how 

alternative operating rules impact reservoir pool elevations and river flows. Model results are evaluated 

using the Performance Indicators described in Section 3.3. If the technical team felt that using additional 

events could provide better resolution to scenario evaluation, HH2 stochastic modeling traces were also 

used to evaluate scenarios in Phase 3.   

In addition to modeling the scenarios described above in ResSim, the technical team carried out 

additional analysis outside of ResSim related to further evaluating the ResSim results produced in Phase 

2. This analysis consisted of analyzing Phase 2 output to better understand the efficacy of Annex A/B 

(Scenario 301), reservoir drawdown (Scenarios 308 and 311), the relationship between flow 

contributions and agricultural impacts (Scenario 303), and the effects of shifting the apportionment year 

(Scenario 309). 

Based on the results of the Phase 3 analysis, a recommendation was provided by the technical team 

regarding whether the scenario should be analyzed further and/or carried forward to subsequent 

phases of the study. This process is outlined by the flowchart in Figure 3.  
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Figure 3. Phase 3 flow-chart
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4.4.1 Summary of Building Block Scenarios Analyzed 

A summary of the eight scenarios analyzed as part of Phase 3 is presented in Table 6. A detailed 

technical appendix was developed for each scenario analyzed (Appendices C-1 through C-8).     

4.4.1.1 Drawdown Assessment 

A more general assessment of reservoir drawdown was conducted using an Excel spreadsheet based 

approach. This assessment is presented in Appendix G-1. The objective of this assessment was to gain a 

better understanding of how drawing down the reservoirs impacts flood and water supply operations in 

the basin. Plan of Study, Phase 3 operating scenarios 308 and 311 consist of proposed changes to the 

normal and spring drawdowns, respectively. The spreadsheet based analysis was applied to aid in the 

optimization of the targeted 01 February normal drawdown elevation and the pre- spring runoff flood 

drawdown. The assessment served to minimize the number of optimization trials necessary in ResSim 

and as a means of better framing the results produced by the ResSim trials for scenarios 308 and 311.  

Looking at the storage between February 1 normal drawdown and full supply level, the following results 

are described.   The spreadsheet based analysis indicated that for 36% of the years analyzed the spring 

inflow volume to Grant Devine Reservoir is not enough to bring the pool up to full supply (FSL). By 

raising the normal drawdown target by approximately 2.5 feet (0.76 m), FSL can be reached 90% of the 

time at Grant Devine. At Rafferty the analysis indicates that during 51% of the years the inflow volume 

to Rafferty and Boundary Reservoirs is not enough to bring Rafferty’s pool back up to full supply. By 

raising the normal drawdown target at Rafferty by approximately 3 feet (0.91 m), FSL can be reached 

90% of the time. For 22% of the years analyzed, spring inflow volume to Lake Darling Reservoir is not 

enough to bring the pool back up to full supply. By raising the normal drawdown target at Lake Darling 

by approximately 0.5 feet (0.15 m), FSL can be reached over 90% of the time. This indicates that at all 

three reservoirs the normal drawdown target should be higher to support water supply operations.   

To better understand when spring drawdown is necessary, as currently prescribed by Annex A, a 

spreadsheet based analysis targeted at assessing whether present day drawdown targets accomplish 

flood risk management and water supply objectives, as well as a screening level inflow volume 

frequency assessment was carried out. At Grant Devine, it appears that the reservoir is drawn down to 

its maximum drawdown when projected inflows are occurring at about a 13% annual exceedance 

probability. Additional springtime drawdown takes place when projected inflows are occurring at about 

a 45% annual exceedance probability. At Rafferty, it appears that the reservoir is drawn down to its 

maximum drawdown when projected inflows are occurring at about a 9% annual exceedance 

probability. Additional springtime drawdown takes place when projected inflows are occurring at about 

a 27% annual exceedance probability. At Lake Darling, it appears that the reservoir is drawn down to its 

maximum drawdown when projected inflows are occurring at about a 16% annual exceedance 

probability. Additional springtime drawdown takes place when projected inflows are occurring at about 

a 46% annual exceedance probability. In general, the specified spring drawdown appears to provide 

adequate storage for spring runoff at all three reservoirs without compromising the pool’s ability to get 

back to full supply level. Drawing the reservoirs below their current maximum spring drawdown targets 

would be operationally difficult and would not provide significant additional benefits because additional 

drawdown at these low pool elevations does not provide for a significant amount of additional storage.
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Table 6. Phase 3 Scenario Summary  

Scenario 
#  

Scenario Name Scenario Description Results Summary Appendix 

301 Efficacy of 
Annex A/B 

Analysis of Unregulated, Pre-Agreement ResSim Phase 
2 output. Comparisons were made between monthly 
average flows, annual peaks, & bankfull exceedences. 

The current Annex A/B Agreement is effective at 
reducing flooding and providing water supply.   

C-1 

303 Agricultural 
Flooding 

Identify flow constraints that Lake Darling could 
control for to limit agricultural impacts and add 
constraints for Saskatchewan.  

Reservoir impacts decrease downstream. Lake Darling 
impacts flows at Bantry, ND. Uncontrolled flow can be 
significant at Bantry. It is possible to reduce 
downstream agricultural impacts to a degree.  

C-2 

305 Summer 
Floods 

Model summer operating rules in which Sherwood 
and Minot targets vary by reservoir pool elevation 

Allowing for higher summer releases at high pool 
elevations has the potential to alter flood peaks and 
durations.  

C-3 

308 Spring 
Drawdown 

Optimize spring (after Feb 1) drawdown to maximize 
flood control benefits by shifting plates in Annex A
  

Altering the February 1st drawdown target does not 
provide operationally significant benefits and has the 
potential to detract from water supply.  

C-4 

309 Apportionment 
Year Shift 

Further evaluation of Phase 2 ResSim output to assess 
impacts if the apportionment year is shifted. Lake 
Darling’s ability to reach FSL, the volume of flow at 
Sherwood, and the annual surplus was evaluated.  

There appears to be water supply benefits at Grant 
Devine without having a major impact on North 
Dakota’s water supply.  

C-5 

310 Minimum Fish 
& Wildlife 
Releases 

Simulate various minimum release constraints to 
identify if the reservoirs can provide a year-round 
minimum flow without compromising water supply 

Impacts low flow years. Tested minimum releases of 4, 
10, & 15 cfs. During low flow years reservoir pools were 
lower. This places water supply in jeopardy.  

C-6 

311 Normal 
Drawdown 

Investigate whether the Normal (Feb 1) Drawdown 
target should be increased or decreased to provide 
additional flood control or water supply benefits 

Current normal drawdown targets are too high during 
moderate & dry years making it difficult for the pools to 
reach FSL. Holding pools to FSL or targeting a more 
moderate fall drawdown target enables the pools to 
reach FSL more frequently without increasing flood risk.  

C-7 

312 Spring Flood 
Targets 

Investigate the effect of increasing the spring targets 
(maximums) at Sherwood and Minot from the current 
targets specified by plates A-5 and A-6 in Annex A. 
Scenario impacts high flow operation.  

Constraints at Estevan are more restrictive than 
constraints at Sherwood. If constraints at Estevan are 
relaxed there is potential to reduce flooding. Altering 
constraints at Minot can reduce flooding.  

C-8 
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4.4.2 Proposed PFC Phase 4 Alternative Evaluation Criteria 

After Phase 3 modeling was complete, the PFC generated a list of filters to use to formulate Phase 4 

alternatives and determined which criteria would be used to evaluate the operating plans tested in 

Phase 4.  

The filters that will be used to generate Phase 4 alternatives are as follows:  

 An alternative should be implementable by reservoir operators 

 Input from the PAG, RAAG, International Souris River Board (ISRB), and Indigenous groups 

should be taken into consideration 

 Impacts from an alternative should be able to be adequately studied and analyzed by the study 

team. An alternative must be tractable.  

The alternatives that will be modeled in Phase 4 will be evaluated using the following criteria: 

 Compatibility: Changes to the operating plan must be compatible with one another. The 

operating rules must be consistent throughout the system, between seasons and across all 

operating objectives. 

 Redundancy: Operating rules should not result in the same impact on reservoir management. 

Each rule should have a unique effect on the overall operation of the system.  

 Complementary: Changes to the operating plan should not conflict with one another. When 

applying multiple changes to the operating plan, these changes should not negate or detract 

from the impact of one another.  

 A proposed operating plan must fill in the gaps in the existing agreement or address conflicting 

information within the existing agreement.  

4.4.3 Summary of Recommendations - Building Block Scenarios  

Based on the output generated by the technical modeling team and feedback received from the PAG, 

RAAG and PFC, recommendations were formulated regarding how to proceed. These recommendations 

are summarized in 
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Table 7. Phase 3 recommendations for Phases 3.5 & 4 

Scenario 

# 

Analysis Description Recommendation  

301 Efficacy of Annex A/B 

Operations 

This assessment provides for additional context. Additional analysis has been requested to evaluate whether basin 

hydrology has changed since the original agreement was written (Yield Assessment). Pursuing additional analysis in 

Phase 4 will be subject to resource availability.  

303 Feasibility of Reducing 

Agricultural Damages 

In Phase 3.5, 303 will be combined with 305 (summer rainfall) to refine pool elevation-based summer operating rules. 

Constraints targeted at reducing agricultural damages will also be evaluated alongside WSA dam safety constraints. 

305 Summer Rainfall Flood 

Rules 

As part of Phase 3.5, this scenario will be combined with 303 (Agricultural Damages) to refine pool elevation-based 

summer operating rules. Summer flood constraints will also be evaluated alongside WSA dam safety constraints. In 

Phase 3.5 Lake Darling’s top of summer flood control pool will be redefined. A balance needs to be determined 

between the following two operating objectives: lower peaks vs. lower durations of high flows. PFC and RAAG/PAG 

input is required.  

308 Spring Drawdown 

Change 

This scenario will not be carried forward, because it does not significantly reduce flood risk and has the potential to 

undermine water supply 

309 Apportionment Year 

Shift 

Potential benefits of 309 are likely to disappear with reduced fall drawdowns. Further analysis is required to assess 

impacts to ND water supply. This scenario will be combined with 311 as part of Phase 3.5. 

310 Minimum Fish & 

Wildlife Release 

The impacts of applying a minimum release rule for Fish and Wildlife undermines Saskatchewan’s water supply. The 

USFWS would have to carry out extensive coordination with ND Fish and Game to alter low flow operation at Lake 

Darling. This additional coordination is outside the scope/timeline allotted for this study. This scenario will not be 

carried forward, unless another resource agency in ND is able to devote resources to this scenario.  

311 Raise Normal 

Drawdown Target 

May eliminate benefits of 309. Further analysis is required to assess relationship with antecedent conditions. This 

scenario will be combined with 309 as part of Phase 3.5. 

312 Spring Target Flows Release constraints at Estevan will be reevaluated throughout phases 3.5 and 4. Spring targets will be reevaluated 

during Phase 4 to ensure compatibility with summer rainfall targets and to optimize flood control operations.  
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4.5 Summary of Phase 3.5 Scenario Analysis  

After the Phase 3 analysis was completed, the PFC recommended that several complex scenarios be 

evaluated to ensure that the discrete changes to the operating plan analyzed in Phase 3 are compatible, 

complementary and devoid of redundancies. The PFC also requested that additional resources be 

dedicated to determining whether or not there existed a variable that could be relied upon to provide 

insight into spring flood conditions based on antecedent fall conditions.  

4.5.1 Summary of Complex Scenarios Analyzed (Phase 3.5) 

A summary of the three complex scenarios analyzed as part of Phase 3.5 is presented in Table 6. Phase 3 

Scenario SummaryTable 8. A detailed technical appendix was developed for each scenario analyzed 

(Appendices D-1 through D-3).  
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Table 8. Phase 3.5 Complex, Combined Scenarios 

Scenario 
#  

Scenario 
Name 

Scenario Description Results Summary Appendix 

608 Summer 
Flood 
Operations 

Consist of a combination of scenarios 303 & 305. This 
scenario is targeted at limiting agricultural impacts 
and better managing summer rainfall events. Release 
limits are dependent on pool elevation. The objective 
of this analysis is to ensure compatibility between 
303 and 305 and to optimize pool elevation vs. 
release constraint relationships.  

Higher pool elevations trigger higher target 
flows. If higher releases are allowed, the pool 
remains high for shorter durations. By 
creating storage space, there is the potential 
for reduced peaks associated with subsequent 
events. Limiting the magnitude of releases 
during floods increases the duration of 
relatively high flows and reservoir pools.  

D-1 

914 Summer 
Flood 
Operations 
with WSA 
Dam Safety 
Rules 

WSA Dam Safety rules are concurrently applied 
alongside the changes to summer flood operations 
being analyzed as part of 608. Dam Safety Rules are 
modeled using the same approach that was applied 
in Phase 2 for scenario 9. The objective of this 
analysis is to ensure compatibility between proposed 
changes to summer flood operations and WSA’s 
planned Dam Safety Operations. 

Higher pool elevations trigger higher target 
flows. If higher releases are allowed, the pool 
remains high for shorter durations. By 
creating storage space, there is the potential 
for reduced peaks associated with subsequent 
events. Limiting the magnitude of releases 
during floods increases the duration of 
relatively high flows. 

D-2 

620 Management 
of Fall Flows 
& Water 
Supply 

Consists of a combination of scenarios 309 and 311. 
The start of the apportionment year is shifted to fall 
and the normal February 1st drawdown target is 
modified. These two scenarios are both targeted at 
better meeting water supply objectives. This 
assessment involves comparing the results of 620 to 
311 in an effort to avoid potential redundancies that 
might arise by implementing both 309 and 311.  

The benefits to Saskatchewan’s water supply 
are cancelled out by the changes proposed to 
the February 1st drawdown. There is no 
operationally significant difference between 
the results produced by modeling 620 versus 
311.  

D-3 
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4.5.2 Scenario 618: SPEI & Normal Drawdown – Initial Assessment  

The Souris River Basin is part of the Prairie Pothole Region. Prairie pothole topography adds complexity 

to any hydrologic assessment of a basin. Prairie potholes create a network of natural storage that results 

in variable contributing drainage area as the distributed storage sites fill and spill. Due to the topography 

of the Souris River Basin, there is a significant degree of interdependence between events which impacts 

antecedent basin conditions. As a consequence, numerous factors contribute to spring flooding in the 

Souris River Basin including antecedent moisture conditions (soil moisture and stored water), snow 

water equivalent, the timing of snowmelt and spring rainfall. While it is impossible to forecast the 

snowpack and melt conditions at freeze-up, there are techniques available to assess the ‘wetness’ of the 

basin at in the late-fall/early winter. 

Currently, Rafferty Reservoir, Grant Devine Lake and Lake Darling are drawn down to their respective 

February 1st normal drawdown levels regardless of conditions in the basin. Scenario 311 results indicate 

that not drawing down in years when the basin is ‘dry’ at freeze-up would increase the frequency of 

reaching full supply levels in the spring. Reaching full supply levels has water supply, recreational, and 

ecological benefits.  As part of Phase 3.5, Scenario 307 was analyzed. To analyze 307, the Plan of Study 

technical team was tasked with finding a variable representative of fall moisture conditions that could 

be applied to be predictive of spring runoff potential.  

4.5.2.1 Forecast Assessment 

The identification of antecedent moisture condition indices was carried out as part of the HH10 Forecast 

Assessment. Greater detail related to this evaluation can be found within the HH10 report. Based on an 

evaluation of several different antecedent moisture condition indices, the HH10 report recommends 

using the Standardized Precipitation Evapotranspiration Index (SPEI). As part of Phase 3.5, an evaluation 

was carried out to see how this index could be used to guide fall/winter drawdown operations.  

SPEI is a drought index designed to take into account both precipitation (P) and evapotranspiration (ET), 

while assessing drought potential and basin moisture conditions. SPEI is an extension of the 

Standardized Precipitation Index (SPI).  SPEI was selected because it takes into consideration both P and 

ET, there is flexibility associated with its determination, and it can be computed relatively easily based 

on readily available precipitation and temperature data. SPEI can be used as an indicator of basin 

moisture conditions at user specified timescales (i.e., 1-month, 3-month, 6-month, 9-month, 12-month 

etc.).  

4.5.2.2 Application of SPEI 

SPEI was calculated using meteorological data collected for the period of record between 1930 and 2017 

at the following climate stations: Yellow Grass for Rafferty, Carlyle and Oxbow for Grant Devine and 

Foxholm for Lake Darling. SPEI was calculated for 3, 6, 9 and 12 month periods. To evaluate the efficacy 

of using SPEI as an indicator of potential spring runoff conditions, the relationship between SPEI and 

spring runoff volume was evaluated at each reservoir. Spring runoff was defined using reservoir inflow 

hydrographs computed as part of the HH1 dataset. For Lake Darling, only uncontrolled runoff was 

evaluated (runoff generated below the Canadian Dams). The spring runoff period was defined from 

March 1st to May 31st.  
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Historic fall SPEI was plotted versus historic runoff quantities, extracted from the HH1 dataset, for the 

following spring freshet. It was determined that a 3-month SPEI value computed on the 31st of October 

offered the most benefit to forecasting subsequent spring conditions. A 3-month SPEI at the end of 

October 31st takes into consideration the months of August, September and October. After a 

presentation and discussions with the Plan Formulation Committee, there was a feeling that a period 

longer than three months should be used as extreme moisture conditions are often the product of 

several months of anomalies as opposed to just three months. It was suggested that an average of the 3-

month and 12-month SPEI be assessed. This would put more weight on the most recent three months, 

essentially counting it twice, but also consider a longer period.  When regressed with the spring runoff 

volumes the coefficient of correlation was improved slightly (see Table 9). While the relationship 

between SPEI and spring runoff is not strong, it is clear that the average of the 3-month and 12-month 

SPEI values provides for a reliable indicator of whether there is the potential for an extreme event in the 

spring (see Figure 4, Figure 5 and Figure 6). If SPEI is below zero there is a low risk of high spring runoff 

in the following year. Therefore, the study team concluded that fall/winter drawdown targets can be 

adjusted based on SPEI.  

 

Figure 4. Average 3-month & 12- month SPEI vs March 1st – May 31st Inflow Volume to Rafferty Reservoir. The dashed, red line 
represents the volume between FSL and the Normal Feb 1st drawdown target at Rafferty.  
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Figure 5. Average 3-month & 12- month SPEI vs March 1st – May 31st Inflow Volume to Grant Devine Reservoir. The dashed, red 
line represents the volume between FSL and the Normal Feb 1st drawdown target at Grant Devine Reservoir.  
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Figure 6. Average 3-month & 12- month SPEI vs March 1st – May 31st Uncontrolled Inflow Volume to Lake Darling Reservoir. The 
dashed, red line represents the volume between FSL and the Normal Feb 1st drawdown target at Lake Darling 

Table 9: SPEI vs Spring Runoff Regression Statistics 

SPEI Time Scale (Months) 
R2 (p-value) 

Rafferty Grant Devine Lake Darling 

3 0.17 ( < 0.05) 0.28 ( < 0.05) 0.05 ( < 0.05) 

6 0.12 ( < 0.05) 0.28 ( < 0.05) 0.04 ( > 0.05) 

9 0.11 ( < 0.05) 0.25 ( < 0.05) 0.03 ( < 0.05) 

12 0.10 ( < 0.05) 0.23 ( < 0.05) 0.03 ( < 0.05) 

Average of 3 and 12 0.18 ( <0.05) 0.34 ( < 0.05) 0.05 ( <0.05) 

 

4.5.2.3 Normal Drawdown & SPEI Recommendation 

During Phase 3.5 representatives from the USFWS, the USACE and the WSA met to discuss the results of 

the Phase 3 Scenario 311 analysis. Based on the results of the 311 analysis and the recommendations 
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provided by the USFWS, USACE and WSA, February 1st drawdown targets were defined for Dry, Normal 

and Wet antecedent conditions. For Dry antecedent conditions, no fall/winter drawdown would occur. 

Full Supply Level, or normal pool, would be targeted between October 31 and February 1. For Wet 

antecedent conditions, the February 1st drawdown targets currently recommended within Annex A 

would continue to be applied. For Normal conditions, a more moderate drawdown would be carried out 

for Rafferty and Grant Devine and no drawdown would be conducted for Lake Darling. These February 

1st target pools are specified in Table 10.  

Based on the assessment of SPEI and the results of the Scenario 311 analysis, it is suggested that SPEI be 

used to define the Dry, Normal and Wet antecedent basin conditions according to the thresholds 

specified in Table 10. The February 1st normal drawdown target should be based on the average of the 

3-month and 12-month SPEI computed on October 31st.  

Table 10. February 1st Drawdown Target Defined by SPEI 

Reservoir 

Dry Fall 

Conditions 

SPEI < - 0.5 

Normal Fall Conditions 

SPEI -0.5 to 0.5 

Wet Fall Conditions 

SPEI > 0.5 

 February 1st Drawdown Targets 

Rafferty  550.5 m 550.0 m 549.5 m 

Grant Devine 562.0 m 561.5 m 561.0 m 

Lake Darling 1597 ft 1597 ft 1596 ft 

 

As part of the Phase 4 analysis, the technical team would determine how to compute SPEI values for 

stochastic traces and how to model SPEI-dependent normal drawdowns within HEC-ResSim. Additional 

SPEI versus drawdown target relationships would be assessed to optimize the normal drawdown. The 

optimization process would consist of further testing to ensure that the adopted normal drawdown 

targets maximize both water supply and flood risk management benefits. Model runs would be carried 

out to fully vet whether or not altering the normal drawdown target can provide for an operationally 

significant and beneficial change in the timing of drawdown releases and the procurement of pre-flood 

storage space. In Phase 4, optimization would include consideration of both higher and lower normal 

drawdown targets relative to the normal drawdown targets currently specified within Annex A.  

4.5.3 Input Requested & Received from PFC Related to Complex Scenarios  

Scenario 608 consists of applying eight trigger elevations to control incrementally increasing maximum 

allowable releases from Grant Devine, Rafferty and Lake Darling reservoirs. Prior to incorporating the 

results from complex scenario 608 into Phase 4, the technical team requested feedback from the PFC 

related to the following questions: 
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 Question 1: At the first two trigger elevations, would it be preferable to restrict maximum 

releases from the reservoirs to lower flow magnitudes for longer (up to higher pool elevations) 

or would basin interests prefer that releases were stepped up more quickly to the current 

summer targets?  

 Question 2: At the second two trigger elevations, should releases be restricted for agricultural 

interests for longer or should the pools be allowed to make larger releases sooner to prevent 

the pool from climbing further and to generate storage space?  

 Question 3: Once at a more moderate pool elevation (5th and 6th trigger elevations) should flow 

be gradually ramped up with pool elevation or should there be bigger increases in maximum 

releases as the pool elevation climbs?   

 Question 4: Should the reservoirs be allowed to release up to the maximum allowable target 

flows at Sherwood or Minot when the reservoir pool reach their 5th trigger pool elevation or the 

7th trigger pool elevation? 

  Question 5: If WSA dam safety changes to the Canadian dams are applied along with Scenario 

608, how should Lake Darling be operated? 

o Option 1 & 2: Lake Darling is operated as recommended for 608. For low to moderate 

pool elevations, maximum releases are made to limit agricultural impacts. The allowable 

releases increase with pool elevation up to 5,000 cfs. Once Lake Darling is at its 

maximum allowable flood level (1601 feet) release restrictions are removed (inflow = 

outflow) 

o Option 3: Lake Darling is operated as recommended for 608. However, maximum 

allowable releases from Lake Darling are only restricted up to the current, summer top 

of flood control elevation: 1598 feet. Once the pool reaches 1598 feet release 

restrictions are removed (inflow =outflow) 

o Option 4: Lake Darling is operated as recommended for 608. However, maximum 

allowable releases from Lake Darling are only restricted up to a pool of 1599 feet. Once 

the pool reaches 1599 feet release restrictions are removed (inflow =outflow) 

Requiring lower releases for longer durations will result in higher maximum pool elevations for a longer 

duration during an event but will increase the potential for limiting agricultural impacts. As pools exceed 

a given threshold, higher pool elevations amount to higher target flows. If larger releases are allowed to 

be made sooner, the duration at which the pool will remain high is reduced. This creates storage space 

for subsequent events.  

The PFC recommended that two realizations of the scenarios analyzed as part of 608 be included in 

Phase 4 alternatives:  

Within the first set of alternatives, summer operations should be targeted at minimizing flood peaks to 

prevent agricultural damages. Releases should be restricted to lower magnitudes for longer at low pool 

elevations. Releases should be restricted to 160 cfs at Sherwood and 200 cfs at Minot for the first two 

incremental increases in pool elevation defined by Scenario 608. At Sherwood/Minot, for the third and 

fourth incremental increases in pool elevation defined by Scenario 608, releases should be maintained 

at 400 cfs/500 cfs and 800 cfs/1,000 cfs, respectively. At more moderate pool elevations, flow should be 

ramped up gradually with pool elevation, as opposed to making larger increases in maximum releases as 
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pool elevation climbs. The maximum allowable targets at Sherwood (4,000 cfs) and Minot (5,000 cfs) are 

to be applied when the pools reach their 7th elevation trigger.  

Within the second set of alternatives, larger releases should be allowed during the summer months to 

reduce the duration at which pools and release magnitudes remain relatively high. This is more akin to 

how flows would be passed downstream during natural (unregulated) flow conditions. This approach 

minimizes the potential for dam safety concerns and ensures that there is storage available to manage 

subsequent events. Although the pools should be operated to reduce agricultural impacts at the first 

two trigger elevations defined by Scenario 608, releases should be ramped up significantly thereafter. 

The maximum allowable targets at Sherwood (4,000 cfs) and Minot (5,000 cfs) are be applied when the 

pools reach their 5th elevation trigger. 

The PFC recommended that when Scenario 608 operations are combined with WSA’s dam safety 

operations, Lake Darling should be operated such that once its pool reaches 1599 ft (487.4 m) the 

maximum allowable target at Minot (5,000 cfs, 142 cms) is applied. Once the pool reaches top of flood 

control (1601 ft, 487.98 m) restrictions are removed (inflow =outflow). It was found that if release 

restrictions were removed prematurely, this did not provide adequate flood storage during the summer 

months. 

4.5.4 Summary of Recommendations – Complex Scenarios 

Based on the output generated by the technical modeling team and feedback received from the RAAG 

co-chairs and PFC, recommendations were formulated regarding how to proceed. Results from the 

Phase 3.5 analysis were presented to the RAG and PAAG during Phase 3. Recommendations received 

during the Phase 3 RAAG/PAG workshops were incorporated into alternatives as part of Phase 4. These 

recommendations are summarized in Table 11.  
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Table 11. Phase 3.5 recommendations for Phase 4 

Scenario #  Analysis Description Recommendation 

608 Summer Flood Operations Balances downstream agricultural concerns with risk to reservoir pools. Two 
elevation-flow rules, one designed to limit flood peaks and the other designed to 
limit duration of high flows, will be carried forward into Phase 4. 

914 Summer Flood Operations with WSA 
Dam Safety Rules 

Cases 1, 3, and 4 did not provide adequate flood storage during the summer 
months, mostly passing inflow during larger events. Case 2 (5,000 cfs @ 1599 ft; 
inflow = outflow @ 1601 ft) will be used at Lake Darling when dam safety 
operations are applied at Rafferty and Grant Devine in Phase 4. 

620 Management of Fall Flows & Water 
Supply 

Carry Scenario 311 into Phase 4. Carry out additional analysis to verify that there is 
no evidence that a wet fall (as indicated by SPEI) followed by a dry spring (snow fails 
to materialize) would lead to additional benefits derived by 309.  

618 SPEI Dependent Normal Drawdown  Carry 618 into Phase 4. As part of the Phase 4 analysis the technical team will 
determine how to compute SPEI values for stochastic traces and how to model 
SPEI-dependent normal drawdowns within HEC-ResSim. Get additional feedback 
related to SPEI vs Drawdown targets. Consider larger changes in normal drawdown 
targets and both raising and lowering normal drawdown targets in Phase 4.  
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4.5.5 Major Decisions Prior to Phase 4 

Between Phases 3 and 4, the Plan Formulation Committee (PFC) made several key decisions regarding 

which operational changes should be pursued as part of Phase 4 and which operational changes should 

not. These decisions are summarized in the list below. 

Higher Minimum Flows in Saskatchewan – will not be pursued 

Increasing minimum flow thresholds were found to increase water supply risk in Saskatchewan during 

drought periods and endanger reservoir fisheries. There was also concern that operators may be legally 

obligated to maintain minimum flows year-round if a riverine fishery becomes established below 

Rafferty, Boundary, or Grant Devine reservoirs. In Phase 3, it was determined year-round minimum 

flows could not be maintained without an unacceptable increase in water supply risk. 

Higher Minimum Flows in North Dakota – will not be pursued at this time 

In order to minimize risk to Lake Darling’s water supply, any increased minimum flow requirement must 

be tied to reservoir pool elevation. However, there is not enough data available to determine how 

minimum flows should relate to pool elevation. If agencies in North Dakota complete the research 

necessary to relate pool elevation at Lake Darling to sustainable minimum flow targets, a corresponding 

minimum flow rule could be modeled in the future. 

Increased Spring Drawdowns – will not be pursued 

Drawing down the reservoirs further prior to a large flood event was not found to significantly reduce 

flood damages due to physical capacity and outlet limitations. 

Summer Operations to Limit Agricultural Impacts – carried forward 

There are potential benefits to a more robust summer operating plan than is currently included in the 

International Agreement. At low pool elevations, releases can be limited to 160 cfs (4.5 cms) at 

Sherwood and 200 cfs (5.7 cms) at Minot from June 1st to October 31st. These flow thresholds 

correspond to in-bank flows at all locations in the basin during normal years. At middle to high pool 

elevations, these lower releases cannot be safely maintained. Two pool elevation-dependent summer 

operating rules, one designed to minimize summer flood peaks and other designed to minimize duration 

of summer flooding, should be tested in Phase 4. 

Normal Drawdown based on Antecedent Conditions – carried forward 

Normal drawdown targets should be based on antecedent, fall conditions in Phase 4. Greater normal 

drawdowns under wet conditions, as well as lesser normal drawdown targets under dry conditions, 

should be tested. Aggregated 3- and 12-month SPEI values should be used to represent antecedent, fall 

conditions in Phase 4. “Dry” should correspond to an SPEI value less than -0.5, “Normal” should 

correspond to an SPEI value between -0.5 and 0.5, and “Wet” should correspond to an SPEI value 

greater than 0.5. While SPEI can be used to facilitate alternatives analysis, further investigation into the 

methodology for determining antecedent, fall conditions should be conducted prior to any methodology 

being adopted in a final, formal operating plan. 

4.6 Summary of Phase 4 Alternative Analysis 

The objective of Phase 4 was to carry out an assessment of proposed operating plans based on output 

from Phases 2 and 3. The PFC determined a list of alternatives built from the building block scenarios 
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modeled and analyzed in the preceding phases. In Phase 4, five alternatives were modeled. Each 

alternative consisted of modifications to the normal, winter drawdown schedule, spring maximum flow 

limits, and summer operating rules. Within each alternative, two to four variants were formulated. 

Alternative variants included additional modifications to spring operating limits (variant b), the addition 

of the dam safety rules proposed by the WSA (variant c), and the shifting of the apportionment year 

(variant d). 

Each alternative was evaluated in HEC-ResSim using the HH1 historical input data for the period 

between 1930-2017. ResSim results are presented for selected events that demonstrate how 

operational changes impact reservoir pool elevations and river flows. Performance Indicator (PI) results 

are also presented for the period 1930-2017, but, unlike in Phases 2 and 3, PI plots strategically compare 

one alternative to another alternative. This allows each PI plot to show how a specific operational 

change impacts performance metrics, even though each alternative consists of a variety of 

modifications. 

In addition to modeling the alternatives described above in ResSim, the technical team carried out 

additional analyses outside of ResSim to validate the decisions that had been made by the PFC in Phase 

3 and confirm assumptions regarding the capacity of the Souris River System. These analyses consisted 

of further evaluating the results of Phase 3 Scenario 308 to ensure additional spring drawdown is not 

justified and performing a spreadsheet-based analysis to assess the feasibility of maintaining minimum 

flows throughout the mainstem of the Souris River. 

Based on the results of the Phase 4 analysis, recommendations were provided by the technical team, 

the PAG, the RAAG and the PFC regarding whether or not the alternative operating plans being modeled 

should be applied as part of Phase 5. This process is outlined by the flowchart in Figure 7.  
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Figure 7. Phase 4 flow-chart
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4.6.1 HEC-ResSim Model Optimization 

Prior to modeling Phase 4 alternatives, the baseline HEC-ResSim model representative of the current 

reservoir operations defined in Annex A/B of the International Agreement was updated to better 

represent how the reservoirs are operated in real time and improve model performance. Each Phase 4 

alternative was created by modifying this updated, baseline HEC-ResSim model. For a detailed 

description of the changes made to the baseline model, see the Souris River Plan of Study HEC-ResSim 

Model (HH6) report and Appendix E. 

4.6.2 Minimum Flow Assessment 

To confirm modifications to the minimum flow rules currently defined by the International Agreement 

should not be pursued, the technical team completed a spreadsheet-based analysis of various minimum 

flow thresholds. See Appendix G-2. This assessment concluded increased in-channel minimum flow 

requirements could be achieved if the reservoirs were allowed to fall to their normal drawdown 

elevations following the spring runoff period. However, if Full Supply Level (FSL) is to be maintained 

throughout the year, there would be negligible benefits in Saskatchewan to maintaining a high minimum 

flow requirement and moderate benefits in North Dakota. 

This assessment reinforced the decision made by the PFC in Phase 3 to not include any modifications to 

minimum flow requirements in the Phase 4 alternatives. Due to the assumptions necessary for this 

analysis and the lack of information available regarding the minimum pool elevation each operating 

agency would be willing to accommodate in order to maintain an increased minimum flow requirement, 

more research is necessary before a modified minimum flow rule could be codified in an operating plan. 

The technical team did not have the resources necessary to accomplish such research within the 

timeline of the Plan of Study. 

4.6.3 Evaluating the Effectiveness of Additional Spring Drawdown 

To confirm the spring drawdown targets currently defined within Annex A should not be modified, the 

study team performed additional analysis of the spring drawdown targets in Phase 4. This analysis 

reviewed the previous assessment of the spring drawdown targets conducted in Phase 2 (Appendix G-1) 

and performed additional analysis of the results of Phase 3 Alternative 308. Further research concluded 

the spring drawdown targets prescribed by Annex A provide adequate spring runoff storage without 

compromising water supply. Additional drawdown of the reservoirs during the spring would not 

significantly decrease the magnitude or duration of flood peaks at Verendrye, ND. This analysis is 

included in Appendix G-3. 

4.6.4 Fall/Winter Normal Drawdown & SPEI 

At the request of the PFC, additional normal drawdown targets were evaluated as part of Phase 4. Two 

sets of normal drawdown targets were formulated. The first set (Case 1) maintained the current normal 

drawdown targets during wet periods. The second set (Case 2) decreased normal drawdown targets 

during wet periods in order to support the spring drawdown. In both cases, normal drawdown targets 

were increased during dry years to reduce water supply risk. The two sets of fall drawdown targets 

analyzed are presented in   
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Table 12.  
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Table 12. Phase 4 February 1st Drawdown Targets 

Reservoir 
Full Supply 

Level 

Dry Fall Conditions 

SPEI < - 0.5 

Normal Fall Conditions 

SPEI -0.5 to 0.5 

Wet Fall Conditions 

SPEI > 0.5 

 Case 1: February 1st Drawdown Targets 

February 1st Drawdown Target For Wet Years Remains Unchanged 

Rafferty  550.5 m 550.5 m 550.0 m 549.5 m 

Grant Devine 562.0 m 562.0 m 561.5 m 561.0 m 

Lake Darling 1597 ft 1597 ft 1597 ft 1596 ft 

 Case 2: February 1st Drawdown Targets 

February 1st Drawdown Target For Wet Years is Lower 

Rafferty  550.5 m 550.5 m 549.5 m 549.0 m 

Grant Devine 562.0 m 562.0 m 561.0 m 560.0 m 

Lake Darling 1597 ft 1597 ft 1596 ft 1595 ft 

 

4.6.5 Spring Operations 

Several modifications to the timing and magnitude of spring maximum allowable flow limits at 

Sherwood, ND and Minot, ND were evaluated in Phase 4 using several different alternatives. These 

modifications included setting maximum flow limits based on antecedent conditions (SPEI), reducing 

maximum allowable flows May 1st through May 15th, reducing maximum allowable flows May 15th 

through May 31st, and increasing maximum allowable flows February 1st through May 31st. All changes to 

spring operations evaluated are shown in Table 13. 

Table 13. Modifications to spring maximum flow limits at Sherwood, ND and Minot, ND evaluated in Phase 4 

 
Maximum Allowable Flow at 

Sherwood, ND 
Maximum Allowable Flow at 

Minot, ND 
Alternative(s) 
with change 

Change #1 

Wet: 4,000 cfs (113.3 cms) 

Normal: 2,000 cfs (56.6 cms) 

Dry: 800 cfs (22.7 cms) 

 

Reduced to 800 cfs (23 cms) May 

1st – May 19th 

Wet: 5,000 cfs (141.6 cms) 

Normal: 2,500 cfs (70.8 cms) 

Dry: 1,000 cfs (28.3 cms) 

 

Reduced to 1,000 cfs (28 cms) 

May 1st – May 19th 

401a 

Change #2 
Reduced to no more than 2,000 

cfs (57 cms) May 15th – May 31st 

Reduced to no more than 2,500 

cfs (71 cms) May 15th – May 31st 

402a, d     403a, d 

404a          405a 

Change #3 
Increased to 4,000 cfs (113 cms) 

Feb 1st – May 14th 

Increased to 5,000 cfs (142 cms) 

Feb 1st – May 14th 

402b          403b 

404b          405b 
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4.6.6 Summer Operations 

Two pool elevation-dependent summer operating plans were studied in Phase 4. The first plan aimed to 

minimize the duration of summer flood events, and the second plan aimed to minimize the magnitude 

of summer flood peaks. Both plans set maximum allowable flow limits at Sherwood, ND and Minot, ND 

based on pool elevations of upstream reservoirs. At Sherwood, the maximum allowable flow limit was 

determined by the pool elevations of Rafferty and Grant Devine reservoirs. At Minot, the maximum 

allowable flow limit was determined by the pool elevation of Lake Darling reservoir. This methodology 

was carried forward from Phase 3.5 Alternative 608. The pool elevation-maximum flow limit relationship 

for each summer operating plan is shown in Table 14 and Table 15. 

Table 14. Maximum allowable summer flow thresholds at Sherwood, ND in Phase 4 summer operating plans 

Rafferty Pool 
Elevation 

Grant Devine Pool 
Elevation 

Maximum Allowable Flow at Sherwood, ND 

Alternatives 401, 402, 403 Alternatives 404, 405 

(ft) (m) (ft) (m) (cfs) (cms) (cfs) (cms) 

1817.6 554.0 1860.2 567.0 4,000 113.3 4,000 113.3 

1815.9 553.5 1853.7 565.0 4,000 113.3 4,000 113.3 

1814.3 553.0 1852.0 564.5 2,000 56.6 4,000 113.3 

1812.7 552.5 1850.4 564.0 1,200 34.0 4,000 113.3 

1811.0 552.0 1848.8 563.5 800 22.7 2,000 56.6 

1809.4 551.5 1847.1 563.0 400 11.3 2,000 56.6 

1807.7 551.0 1845.5 562.5 160 4.5 160 4.5 

1806.1 550.5 1843.83 562.0 160 4.5 160 4.5 

 

Table 15. Maximum allowable summer flow thresholds at Minot, ND in Phase 4 summer operating plans 

Lake Darling Pool Elevation 
Maximum Allowable Flow at Minot, ND 

Alternatives 401, 402, 403 Alternatives 404, 405 

(ft) (m) (cfs) (cms) (cfs) (cms) 

1600.5 487.8 5,000 141.6 5,000 141.6 

1600.0 487.7 5,000 141.6 5,000 141.6 

1599.5 487.5 2,500 70.8 5,000 141.6 

1599.0 487.4 1,500 42.5 5,000 141.6 

1598.5 487.2 1,000 28.3 2,500 70.8 

1598.0 487.1 500 14.2 2,500 70.8 

1597.5 486.9 200 5.7 200 5.7 

1597.0 486.8 200 5.7 200 5.7 
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4.6.7 Increasing Spring Maximum Flow Limits to Reduce Duration of Floods (variant b) 

In the initial phase of alternative development, the study team received feedback from the RAAG and 

PAG indicating there is interest in the basin in moving water through the reservoir system faster in the 

spring. This could potentially allow agricultural producers to access land within the floodplain earlier in 

the growing season. To test whether or not allowing higher releases from the reservoirs during the 

spring flood reduces the duration of flooding, higher maximum flow limits at Sherwood, ND and Minot, 

ND are modeled in the alternatives variants labeled with the letter “b.” In these variants, spring 

maximum flow limits at Sherwood and Minot are always set to 4,000 cfs (113 cms) and 5,000 cfs (142 

cms), respectively. 

4.6.8 Further Assessment of WSA Dam Safety Rules (variant c) 

The dam safety operations proposed by the Water Security Agency (WSA) were studied in Phase 4 by 

adding the proposed rules to each basic alternative. The alternative variants that include these dam 

safety rules are labeled with the letter “c.” The proposed dam safety operations consist of drawing 

down Rafferty and Grant Devine reservoirs to a predetermined Inflow Design Flood Supply Level (IDFSL) 

during the month of May and ensuring the reservoirs do not rise above IDFSL throughout the summer 

months. If necessary, maximum allowable flow restrictions may be exceeded to accomplish these 

objectives. At Rafferty, IDFSL is 1 m (3 ft) above Full Supply Level (FSL). At Grant Devine, IDFSL is 

equivalent to FSL. 

4.6.9 Further Assessment of Apportionment Shift (variant d) 

To evaluate how shifting the apportionment year to November 1st through October 31st impacts water 

supply in Saskatchewan and North Dakota under each normal drawdown schedule evaluated in Phase 4, 

the apportionment year was shifted in alternative variants 402d and 403d. 

4.6.10 Summary of Alternatives Analyzed 

Each alternative in Phase 4 consisted of a “basic” alternative formulation along with several variants. 

The “basic” alternative was labeled with a numerical identifier followed by the letter “a.” Each variant 

was labeled with the letters “b,” “c,” or “d.” Each alternative operating plan was differentiated by its 

winter, spring, and summer operating rules. Figure 8 summarizes how each basic alternative differs from 

the operating plan defined by the International Agreement, and Figure 9 shows how each alternative 

variant differs from its corresponding basic alternative. A detailed technical appendix was developed 

detailing the modeling process and evaluation results for all Phase 4 alternatives (Appendix E).  
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Figure 8. Summary of basic alternatives studied in Phase 4 

401a
Winter Operations:

•Normal February 
1st Drawdown 
Targets Based on 
Antecedent Basin 
Conditions with 
Water Supply 
Focus in Dry Years 
and Flood Control 
forcus in Wet 
Years

Winter Operations: 

* Maximum 
Allowable Flows 
Increased at 
Sherwood & Minot 
from November 
1st through 
January 31st

Spring Operations:

•Flexibility in 
Maximum 
Allowable Flows at 
Sherwood and 
Minot based on 
Antecedent Basin 
Conditions

•Maximum 
Allowable Flows 
Reduced at 
Sherwood and 
Minot from May 
1st through May 
19th

Summer 
Operations:

•Focused on 
Minimizing 
Magnitude of 
Peak Flows 
(reduce 
Agricultural 
impacts)

•Maintain 
Summer 
Operations 
trhough October 
31st

•Lake Darling Top 
of Flood Control 
= 1601 ft

402a
Winter Operations:

•Flexibility in 
Normal February 
1st Drawdown 
Targets Based on 
Antecedent Basin 
Conditions and 
Focused on 
Maintaining Water 
Supply

Spring Operations:

•Unchanged from 
Annex A from 
February 1st 
through May 14th

•Maximum 
Allowable Flows 
Reduced at 
Sherwood and 
Minot from May 
15th through May 
31st

Summer 
Operations:

•Focused on 
Minimizing 
Magnitude of 
Peak Flows 
(reduce 
Agricultural 
impacts)

•Maintain Summer 
Operations 
trhough October 
31st

•Lake Darling Top 
of Flood Control = 
1601 ft

403a
Winter Operations:

•Flexibility in 
Normal February 
1st Drawdown 
Targets Based on 
Antecedent Basin 
Conditions and 
Focused on 
Maintaining Water 
Supply in Dry Years 
and on Flood 
Control in Wet 
Years

Spring Operations:

•Unchanged from 
Annex A from 
February 1st 
through May 14th

•Maximum 
Allowable Flows 
Reduced at 
Sherwood and 
Minot from May 
15th through May 
31st

Summer 
Operations:

•Focused on 
Minimizing 
Magnitude of 
Peak Flows 
(reduce 
Agricultural 
impacts)

•Maintain Summer 
Operations 
trhough October 
31st

•Lake Darling Top 
of Flood Control = 
1601 ft

404a
Winter Operations:

•Flexibility in 
Normal February 
1st Drawdown 
Targets Based on 
Antecedent Basin 
Conditions and 
Focused on 
Maintaining Water 
Supply

Spring Operations:

•Unchanged from 
Annex A from 
February 1st 
through May 14th

•Maximum 
Allowable Flows 
Reduced at 
Sherwood and 
Minot from May 
15th through May 
31st

Summer 
Operations:

•Focused on 
Minimizing 
Duration of Peak 
Flows (mimic 
natural flow 
conditions)

•Maintain Summer 
Operations 
trhough October 
31st

•Lake Darling Top 
of Flood Control = 
1601 ft

405a
Winter Operations:

• Flexibility in 
Normal February 
1st Drawdown 
Targets Based on 
Antecedent Basin 
Conditions and 
Focused on 
Maintaining Water 
Supply in Dry Years 
and on Flood 
Control in Wet 
Years

Spring Operations:

•Unchanged from 
Annex A from 
February 1st 
through May 14th

•Maximum 
Allowable Flows 
Reduced at 
Sherwood and 
Minot from May 
15th through May 
31st

Summer 
Operations:

•Focused on 
Minimizing 
Duration of Peak 
Flows (mimic 
natural flow 
conditions)

•Maintain Summer 
Operations 
trhough October 
31st

•Lake Darling Top 
of Flood Control = 
1601 ft
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Figure 9. Summary of Phase 4 alternative variants 

4.6.11 Proposed PFC Phase 5 Alternative Evaluation Criteria 

After Phase 4 modeling was complete, the PFC generated a list of filters to use to formulate Phase 5 

alternatives and determined which criteria would be used to evaluate the operating plans tested in 

Phase 5.  

The filters used to select and refine Phase 5 alternative operating plans were to be as follows:  

 Input from the PAG, RAAG, International Souris River Board (ISRB), and Indigenous groups 

should be taken into consideration as part of the proposed operating plan.  

 A proposed operating plan should address the study terms of reference.  

 Impacts from an alternative should be able to be adequately studied and analyzed by the study 

team. An alternative must be tractable.  

The alternatives modeled in Phase 5 were to be evaluated using the following criteria: 

 A proposed change should not exacerbate water shortages or flood risk when compared to the 

state of nature/unregulated condition. 

 A proposed change should not jeopardize dam safety. 

 Scenarios should be evaluated in terms of their potential to propagate flood risk downstream or 

increase flood risk at some location/at some times of the year. 

 Scenarios should be evaluated in terms of their ability to provide resilience to the potential 

future impacts of climate change. 

401a

Not applied 
(N/A)

401c
Addition of WSA 
Dam Safety Rules

N/A

402a
402b

Maximum 
Allowable Spring 

Flows at Sherwood 
and Minot Set to 

4k and 5k cfs, 
respectively

402c
Addition of WSA 
Dam Safety Rules

402d
Addition of 

Apportionment 
year Shift

403a
403b

Maximum 
Allowable Spring 

Flows at Sherwood 
and Minot Set to 

4k and 5k cfs, 
respectively

403c
Addition of WSA 
Dam Safety Rules

403d
Addition of 

Apportionment 
year Shift

404a
404b

Maximum 
Allowable Spring 

Flows at Sherwood 
and Minot Set to 

4k and 5k cfs, 
respectively

404c
Addition of WSA 
Dam Safety Rules

N/A

405a
405b

Maximum 
Allowable Spring 

Flows at Sherwood 
and Minot Set to 

4k and 5k cfs, 
respectively

405c
Addition of WSA 
Dam Safety Rules

N/A
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 The proposed operating plan should incorporate mechanisms for adaptive management. The 

operating plan needs to be both authoritative and dynamic.  

 All proposed operating plans need to clearly reflect how they differ from the present day 

operating plan in concise language that can be understood by operators and the general public.  

4.6.12 Summary of Recommendations – Alternatives Analyzed 

Based on the output generated by the technical modeling team and feedback received from the PAG, 

RAAG and PFC, recommendations were formulated regarding how to proceed. The filters and criteria 

outlined in Section 4.4.2 were applied to determine which proposed operating plans should be applied 

in Phase 5. These recommendations are summarized in Table 16.  
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Table 16. Phase 4 recommendations for Phase 5 

Alternative 

Variants 
Analysis Description Recommendation 

402a, 404a SPEI-Dependent 

Normal Drawdown 

(water supply-focused 

targets) 

Carry forward into Phase 5. Water supply-focused normal drawdown targets can improve water 

supply during dry years, and this improvement can carry over into subsequent years. The ability for 

each reservoir to reach its spring drawdown elevation is not impacted. To avoid negative impacts to 

habitat and water quality, consider drawing down the reservoirs a small amount during dry years. 

401a, 403a, 

405a 

SPEI-Dependent 

Normal Drawdown 

(flood control-focused 

targets) 

Carry forward into Phase 5. Flood control-focused normal drawdown targets can decrease the 

magnitude of releases required to reach spring drawdown targets. If the reservoirs are drawn down 

during dry years, negative impacts to fish habitat and water quality should decrease. Note flood 

control-focused normal drawdown targets do negatively impact water supply during dry years, and 

this effect can carry over into subsequent years. 

402d, 403d Shifting Apportionment 
Year to Nov 1-Oct 31 

Carry forward into Phase 5. While some water supply benefits were observed for Saskatchewan, the 
extent to which North Dakota’s water supply is impacted remains unclear. When water supply-
focused normal drawdown targets are adopted, benefits due to the apportionment shift are 
decreased. The greatest benefit to Saskatchewan water supply is likely to occur when a dry spring is 
preceded by a wet fall. In Phase 5, identify wet fall-dry spring year combinations and use as inputs to 
apportionment shift alternative. 

401a SPEI-Dependent Spring 
Maximum Flow Limits 

Do not carry forward. Forecasted runoff computations during February/March are more accurate 
predictors of spring runoff potential than SPEI. 

401a Reducing Spring 
Maximum Flow Limits 
May 1-May 15 

Can reduce flood impacts during the month of May in small to moderate flood years but increases 
dam safety risk during large flood events. Carry forward into Phase 5 with the caveat that this 
operation not be implemented during large flood events. Investigate tying this operation to 
forecasted runoff volumes at Sherwood, ND. 

402a, 403a, 
404a, 405a 

Reducing Spring 
Maximum Flow Limits 
May 15-May 25 During 
Large Events 

Slightly reduces peak flows during large, late spring flood events. Has no effect during small flood 
years, when the spring maximum flow limit at Sherwood, ND is less than 2,000 cfs (57 cms). While it 
is not necessary to carry this operation forward for further analysis in Phase 5, it may be included in 
the final, selected operating plan. 
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Alternative 

Variants 
Analysis Description Recommendation 

402b, 403b, 
404b, 405b 

Increasing Spring 
Maximum Flow Limits 
Feb 1-May 31 

Do not carry forward. Higher reservoir releases increase peak flows and do not significantly reduce 
the duration of flooding. 

401a, 402a, 
403a 

Summer Operating 
Plan Designed to 
Minimize Flood Peaks 

Carry forward into Phase 5. Reduces flood peaks relative to the baseline simulation. Allows for higher 
reservoir releases when necessary to minimize dam safety risk. Relative to the summer operating 
plan designed to minimize flood duration, this plan provides greater flood reduction at the expense 
of slightly higher reservoir pool elevations for a longer period of time. 

404a, 405a Summer Operating 
Plan Designed to 
Minimize Flood 
Duration 

Carry forward into Phase 5. As modeled, this plan does not decrease flood peaks and does not 
significantly reduce the duration of flooding. However, there is greater flexibility given to reservoir 
operators to manage pool elevations, and reservoir releases in both summer operating plans may be 
similar if the HEC-ResSim model is constrained such that Lake Darling does not make releases larger 
than inflow into the reservoir.  

401c, 402c, 
403c, 404c, 
405c 

WSA Dam Safety 
Operations 

The proposed dam safety operations increase flood risk during extreme events (2011). Carry forward 
into Phase 5, but separate from other Phase 5 alternative evaluation. Analyze the stochastic record 
to determine how likely dam safety operations are to be initiated at Rafferty and Grant Devine. 
Improve the HEC-ResSim dam safety model to more realistically simulate dam safety operations 
during less extreme flood years such as 1975 and 1976. 
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4.7 Summary of Phase 5 Alternative Analysis 

The objective of Phase 5 was to perform an in-depth analysis of the proposed operational changes 

recommended in Phase 4 and perform any additional analyses necessary to inform the study team’s 

recommendation of a final, proposed operating plan. 

In Phase 5, seven alternatives were formulated to evaluate each operational change currently 

recommended from Phase 4. The alternatives were created in such a way that the differences between 

two alternatives could be used to evaluate a specific, seasonal change to the operating plan. Seasonal 

operational changes studied in Phase 5 included two sets of normal, winter drawdown targets based on 

antecedent conditions, the extension of the normal drawdown to March 1st, reduction of maximum 

allowable flow limits during non-flood and small to moderate flood years, two summer operating plans, 

and the apportionment shift. 

The in-depth analysis included vetting alternative operating plans using historic streamflow inputs 

generated as part of HH1 and stochastic traces generated as part of HH2. A greater level of statistical 

analysis on HEC-ResSim alternative results was performed. The frequency of bankfull exceedance at 

critical locations along the Souris River was determined. Performance Indicators (PIs) were computed for 

subsets of years within the historic period of record to more easily demonstrate the impacts associated 

with each unique change to the operating plan evaluated. 

In addition to modeling the alternatives described above in ResSim, the technical team carried out 

additional analyses outside of ResSim to confirm assumptions regarding the thresholds described by the 

International Agreement. These analyses consisted of quantifying the water supply yield of the Souris 

River basin and assessing whether or not the flood triggers defined by the International Agreement 

should be modified to correspond to the updated 1 in 10 flood event. 

The final additional technical analysis conducted in Phase 5 involved improving the dam safety modeling 

methodology utilized in Phase 4. While referred to as an “alternative” in its documentation, this ResSim 

simulation was not evaluated as a true alternative operating plan. Rather, this analysis was a modeling 

exercise only that will be useful if ResSim is used for any additional analysis of WSA’s proposed dam 

safety operations outside of the Plan of Study. 

Based on the results of the Phase 5 analysis, recommendations were provided by the RAAG and the PFC 

regarding the alternatives that should be presented to the International Souris River Study Board (ISRSB) 

for final approval. This process is outlined by the flowchart in Figure 10. 
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Figure 10. Phase 5 flow-chart
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4.7.1 Flood Trigger Assessment 

In Annex A, a flood year is triggered when the forecasted, 30-day unregulated runoff volume at 

Sherwood, ND exceeds 175,200 ac-ft (216,000 dam3) OR the forecasted, 30-day local runoff volume at 

Sherwood, ND exceeds 30,000 ac-ft (37,000 dam3). These thresholds corresponded to a 1 in 10 event in 

the 1980s, when Annex A was originally written. In Phase 5, the technical team evaluated these 

thresholds to determine whether or not they should be modified to correspond to the updated 1 in 10, 

30-day unregulated and 30-day local flow volumes at Sherwood, ND computed in 2018. 

An analysis conducted using spreadsheets, ResSim, and the performance indicators utilized for 

alternative evaluation concluded the original flood triggers correspond well with the physical capacity of 

the reservoir system. While the 1 in 10 year event computed in 2018 is larger than the 1 in 10 event 

computed in the 1980s, more frequent initiation of flood operations than originally intended does not 

negatively impact water supply. If flood operations were initiated less frequently, there would be a 

greater number of flood-related impacts. For a detailed description of this analysis, see Appendix G-4. 

4.7.2 Basin Yield Stationarity Assessment 

To evaluate how flow in the Souris River basin has changed since the 1989 Agreement was ratified, the 

technical team completed flow duration and volume frequency analyses at several key locations using 

the reconstructed hydrology developed in HH1 and the Unregulated ResSim simulation (Phase 2 

Alternative 08a). After computing flow duration and volume frequency curves for the inflow to Rafferty, 

Boundary, and Grant Devine reservoirs as well as Sherwood, ND (unregulated) and Minot, ND 

(unregulated) for the periods 1930-1980 and 1930-2017, the team concluded there are operationally 

significant increases in discharge at low exceedance probabilities (1-5%) at Rafferty, Sherwood, and 

Minot when the 1930-2017 period is compared to the 1930-1980 period. All five locations showed 

operationally significant increases in discharge during some periods of the year, and most showed 

significant increase in discharge for low exceedance probability events during the spring, indicating 

spring flows have generally increased in the Souris River basin since 1980. For a detailed description of 

this analysis, see Appendix G-5. 

4.7.3 Fall/Winter Operations 

The two normal drawdown schedules evaluated in Phase 4 were carried forward into Phase 5. However, 

the set of normal, winter drawdown targets focused on conserving water supply was modified slightly at 

Lake Darling. The set of normal, winter drawdown targets focused on reducing flood risk (Case 2 in 

Phase 4) was modified such that a moderate drawdown would be initiated during dry conditions, and 

only a slightly greater drawdown than is currently defined within Annex A would be initiated during wet 

conditions. Since a moderate drawdown was initiated during dry conditions, this set of normal, winter 

drawdown targets was considered to be flood control/fish & wildlife-focused. The two sets of fall 

drawdown targets analyzed are presented in Table 17. Bolded, italicized values indicate a modification 

from Phase 4. 
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Table 17. Phase 5 Fall/Winter Drawdown Targets 

Reservoir 
Full Supply 

Level 

Dry Fall Conditions 

SPEI < - 0.5 

Normal Fall Conditions 

SPEI -0.5 to 0.5 

Wet Fall Conditions 

SPEI > 0.5 

 Case 1: February 1st/March 1st Drawdown Targets 

Water Supply-Focused 

Rafferty  550.5 m 550.5 m 550.0 m 549.5 m 

Grant Devine 562.0 m 562.0 m 561.5 m 561.0 m 

Lake Darling 1597 ft 1597 ft 1596.5 ft 1596 ft 

 Case 2: February 1st/March 1st Drawdown Targets 

Flood Control/Fish & Wildlife-Focused 

Rafferty  550.5 m 550.0 m 549.5 m 549.0 m 

Grant Devine 562.0 m 561.5 m 561.0 m 560.5 m 

Lake Darling 1597 ft 1596.5 ft 1596 ft 1595.5 ft 

 

In addition to testing two sets of normal, winter drawdown targets, the study team also analyzed the 

effects of extending the normal drawdown period to March 1st. Under the current operating agreement, 

the normal drawdown elevation is targeted by February 1st. However, feedback from the International 

Souris River Board (ISRB) suggested an extended normal drawdown period may improve water quality 

and aquatic habitat. 

4.7.4 Spring Operations 

Reducing maximum allowable flows at Sherwood, ND and Minot, ND during the month of May proved 

beneficial during small flood events in Phase 4 Alternative 401a. In Phase 5, maximum allowable flow 

limits at Sherwood and Minot were reduced during non-flood and small to moderate flood years from 

February 1st through April 24th and were further reduced April 25th through May 24th. These limits are 

shown in Table 18. 

Table 18. Maximum allowable spring flow limits studied in Phase 5 during non-flood and small-moderate flood years 

Date Alternative Maximum Flow Limit 
Sherwood, ND 

Alternative Maximum Flow Limit 
Minot, ND 

(cfs) (cms) (cfs) (cms) 

Feb 1 – Apr 24 
(All Years) 

1,600 45 2,000 57 

Apr 25 – May 24 
(All Years) 

800 23 1,000 28 

 

After evaluating Phase 4 results, a “small to moderate” flood year was defined as a year in which the 30-

day, unregulated runoff volume at Sherwood, ND was less than 200,000 ac-ft (246,700 dam3). Phase 5 

results were evaluated to determine whether this small to moderate flood threshold should be 

modified. 
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4.7.5 Summer Operations 

The same two summer operating plans evaluated in Phase 4 were carried forward for more detailed 

evaluation in Phase 5. Adjustments were made to the ResSim model such that Lake Darling would not 

make releases greater than peak inflow to the reservoir during the summer operating period. The 

summer operating plan aimed to minimize the duration of summer floods was labeled “Option 1.” The 

summer operating plan aimed to minimize the magnitude of summer flood peaks was labeled “Option 

2.” These two plans are shown in  

Table 19 and  

Table 20. 

Table 19. Maximum allowable summer flow thresholds at Sherwood, ND in Phase 5 summer operating plans 

Rafferty Pool 
Elevation 

Grant Devine Pool 
Elevation 

Maximum Allowable Flow at Sherwood, ND 

Option 1 Option 2 

(ft) (m) (ft) (m) (cfs) (cms) (cfs) (cms) 

1817.6 554.0 1860.2 567.0 4,000 113.3 4,000 113.3 

1815.9 553.5 1853.7 565.0 4,000 113.3 4,000 113.3 

1814.3 553.0 1852.0 564.5 4,000 113.3 2,000 56.6 

1812.7 552.5 1850.4 564.0 4,000 113.3 1,200 34.0 

1811.0 552.0 1848.8 563.5 2,000 56.6 800 22.7 

1809.4 551.5 1847.1 563.0 2,000 56.6 400 11.3 

1807.7 551.0 1845.5 562.5 160 4.5 160 4.5 

1806.1 550.5 1843.83 562.0 160 4.5 160 4.5 
 

Table 20. Maximum allowable summer flow thresholds at Minot, ND in Phase 5 summer operating plans 

Lake Darling Pool Elevation 
Maximum Allowable Flow at Minot, ND 

Option 1 Option 2 

(ft) (m) (cfs) (cms) (cfs) (cms) 

1600.5 487.8 5,000 141.6 5,000 141.6 

1600.0 487.7 5,000 141.6 5,000 141.6 

1599.5 487.5 5,000 141.6 2,500 70.8 

1599.0 487.4 5,000 141.6 1,500 42.5 

1598.5 487.2 2,500 70.8 1,000 28.3 

1598.0 487.1 2,500 70.8 500 14.2 

1597.5 486.9 200 5.7 200 5.7 

1597.0 486.8 200 5.7 200 5.7 

 

4.7.6 Apportionment Shift 



62 
 
 

To further evaluate the effects of shifting the apportionment year to November 1st through October 31st, 

34 sequences of years were identified within the HH2 stochastic hydrology dataset in which a dry spring 

follows a wet fall. According to analyses of the apportionment shift performed during Phases 2, 3, and 4, 

wet fall-dry spring sequences were determined to show the greatest water supply benefit to 

Saskatchewan and the greatest water supply impact to North Dakota when the apportionment year was 

shifted. Wet fall-dry spring sequences were systematically identified using an unbiased, statistical 

approach. These wet fall-dry spring sequences were used as inputs to alternatives modeled in ResSim. 

4.7.7 WSA Dam Safety Operations 

The costs and benefits of the Water Security Agency’s proposed dam safety operations were not 

evaluated in Phase 5. However, the ResSim modeling methodology was improved such that the model 

more realistically simulated the dam safety operations during flood events smaller than 2011.  This work 

is described in greater detail in Appendix G-6. While Appendix G-6 refers to the ResSim simulation as 

“Alternative 501,” development of the model should be considered a technical exercise only, as the 

“Alternative 501” model results were not evaluated in terms of costs or benefits to the basin. 

4.7.8 Summary of Alternatives Analyzed 
A summary of the seven alternatives analyzed as part of Phase 5 is presented in Table 21. A detailed 

technical appendix was developed describing the modeling and evaluation of each Phase 5 alternative 

(Alternatives 502a-504b, Appendix F). 
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Table 21. Phase 5 Alternative Summary 

Alternative # Fall/Winter Operations Spring Operations Summer Operations 

502a 

 Water supply-focused normal 
drawdown targets 

 Normal drawdown end date = 
March 1st 

 Apportionment year = November 
1st – October 31st  

 No change from Annex A 

 Pool elevation-dependent summer 
operating plan – Option 22 (Phase 4 
alternatives 401-403) 

 Summer operations start May 25th, end 
Oct 31st 

 Lake Darling top of flood control = 1601 ft 
(488 m) 

502a1 

 Water supply-focused normal 
drawdown targets 

 Normal drawdown end date = 
February 1st 

 Apportionment year = November 
1st – October 31st  

 No change from Annex A 

 Pool elevation-dependent summer 
operating plan – Option 22 (Phase 4 
alternatives 401-403) 

 Summer operations start May 25th, end 
Oct 31st 

 Lake Darling top of flood control = 1601 ft 
(488 m) 

502b 

 Water supply-focused normal 
drawdown targets 

 Normal drawdown end date = 
March 1st 

 Apportionment year = November 
1st – October 31st 

 Reduction in maximum Feb 01-May 24 
maximum flows for non-flood years & 
smaller flood years 

 Non-flood maximum flow limit cannot 
exceed flood maximum 

 Pool elevation-dependent summer 
operating plan – Option 22 (Phase 4 
alternatives 401-403) 

 Summer operations start May 25th, end 
Oct 31st 

 Lake Darling top of flood control = 1601 ft 
(488 m) 

502c 

 Water supply-focused normal 
drawdown targets 

 Normal drawdown end date = 
March 1st 

 Apportionment year = November 
1st – October 31st 

 Reduction in Maximum Feb 01-May 24 
Maximum Flows for non-flood years & 
smaller flood years 

 Non-flood maximum flow limit cannot 
exceed flood maximum 

 Pool elevation-dependent summer 
operating plan – Option 11 (Phase 4 
alternatives 404-405) 

 Summer operations start May 25th, end 
Oct 31st 

 Lake Darling top of flood control = 1601 ft 
(488 m) 
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Alternative # Fall/Winter Operations Spring Operations Summer Operations 

503a 

 Flood control/Fish & Wildlife-
focused normal drawdown targets 

 Normal drawdown end date = 
March 1st 

 Apportionment year = November 
1st – October 31st 

 Reduction in maximum Feb 01-May 25 
maximum flows for non-flood years & 
smaller flood years 

 Non-flood maximum flow limit cannot 
exceed flood maximum 

 Pool-elevation dependent summer 
operating plan – Option 22 (Phase 4 
alternatives 401-403) 

 Summer operations start May 25th, end 
Oct 31st 

 Lake Darling top of flood control = 1601 ft 
(488 m) 

504a 
 Apportionment year = November 

1st – October 31st 
 No change from Annex A  No change from Annex A 

504b 

 Water supply-focused normal 
drawdown targets 

 Normal drawdown end date = 
March 1st 

 No Apportionment year shift 

 No change from Annex A 

 Pool elevation-dependent summer 
operating plan – Option 22 (Phase 4 
alternatives 401-403) 

 Summer operations start May 25th, end 
Oct 31st 

 Lake Darling top of flood control = 1601 ft 
(488 m) 

1 
Option 1 = Minimize duration plan  

2 
Option 2 = Minimize peak plan 



65 
 
 

4.8 Summary of Phase 5 Alternative Results 

The results of the technical analysis of the Phase 5 alternatives are summarized in the following sections. 

To view the results in detail, see Appendix F. 

4.8.1 Normal Drawdown Elevations – Option 1 and Option 2 

Under both normal drawdown options, during extended drought periods, Rafferty and Grant Devine 

generally remained higher, while Lake Darling remained lower than the baseline simulation. Differences 

from baseline during extended drought sequences ranged from +0.7 ft (+0.21 m) to +1.5 ft (+0.46 m) at 

Rafferty, +1.2 ft (+0.37 m) to +3.4 ft (+1.04 m) at Grant Devine, and -0.6 ft (-0.18 m) to -0.7 ft (-0.21 m) at 

Lake Darling. During non-drought years, lower reservoir pools under the flood control/fish and wildlife-

focused plan negatively affected fish habitat in Rafferty and Grant Devine, particularly during the month 

of March, and negatively affected recreation at Rafferty. The magnitude of change measured by the 

Performance Indicators at Lake Darling was not significant. Table 22 shows how the annual maximum 

pool elevation of each reservoir varied under each normal drawdown plan during non-flood, non-

drought years. Drought years for a particular reservoir are years where the pool did not exceed the 

maximum normal drawdown elevation. 

Table 22. Average annual maximum reservoir pool elevations (Non-flood, non-drought years only) 

Reservoir 

Average Annual Maximum Pool Elevation (Non-Drought, Non-Flood Years) 

Baseline 502b (WS) 503a (FC & FW) 

(ft) (m) Δ (ft) Δ (m) Δ (ft) Δ (m) 

Rafferty 1803.0 549.57 +1.1 +0.32 +0.0 +0.01 

Grant Devine 1843.3 561.83 +0.8 +0.26 +0.3 +0.09 

Lake Darling 1597.6 486.96 +0.3 +0.09 +0.2 +0.07 

 

In general, average flow in the river decreased during the normal drawdown period (November 1st 

through January 31st) under the water supply-focused normal drawdown targets (502b) and increased 

during the spring drawdown period (February 1st through March 15th) relative to the baseline simulation. 

The opposite occurred under the flood control and fish and wildlife-focused targets (503a). These 

changes resulted in better environmental and water quality indicators for 503a relative to 502b 

throughout the system. The lower normal drawdown targets in the fish and wildlife-focused plan also 

resulted in improvements to flood control and agricultural indicators in some wet, non-flood years in 

Saskatchewan and North Dakota. Table 23 and Table 24 show how the average flow at Sherwood and 

Minot changed under each set of normal drawdown targets during the winter and spring drawdown 

periods of flood years. 
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Table 23. Average flow during normal drawdown period (flood years only) 

Location 

Average Flow 01Nov-31Jan (Flood Years) 

Baseline 502b (WS) 503a (FC & FW) 

(cfs) (m3/s) Δ (cfs) Δ (m3/s) Δ (cfs) Δ (m3/s) 

Sherwood 57 1.6 -10 -0.3 +12 +0.3 

Minot 89 2.5 -16 -0.5 +16 +0.3 

 

Table 24. Average flow during spring drawdown period (flood years only) 

Location 

Average Flow 01Feb-15Mar (Flood Years) 

Baseline 502b (WS) 503a (FC & FW) 

(cfs) (m3/s) Δ (cfs) Δ (m3/s) Δ (cfs) Δ (m3/s) 

Sherwood 466 13.2 +92 +2.6 -23 -0.7 

Minot 540 15.3 +105 +3.0 -18 -0.5 

 

4.8.2 Normal Drawdown Extension to March 1st 

As expected, extending the normal drawdown end date from February 1st to March 1st has no impact on 

water supply at Rafferty and Grant Devine. There is only one year in the historic period where water 

supply is negatively impacted at Lake Darling (pool elevation ~0.3 ft lower). 

Throughout the mainstem of the Souris River, average flow during the month of February is increased, 

which benefits fish/wildlife habitat and water quality performance indicators. 

After analyzing the timing of runoff at Rafferty, Grant Devine, and Lake Darling over the historic period, 

the risk of not being able to reach the normal drawdown elevation prior to the onset of runoff is 

considered low. It is very rare for runoff to begin prior to March 15th, and a trend analysis indicates this 

is likely to continue to be the case in the near future (20-50 years). 

In Alternative 502a, the normal drawdown is always extended to March 1st and is never at the normal 

drawdown target elevation on February 1st when the spring drawdown starts. In the three largest flood 

years (2011, 1976, and 1975), this increased the average flow at Sherwood and Minot by 7-9% during 

the spring drawdown period. However, in all other years, the increase in spring flow at Sherwood/Minot 

was negligible. Since reservoir operators should be able to predict with a reasonable amount of 

certainty whether or not a historically large, or early, spring drawdown will be required and draw down 

to normal drawdown by February 1st if such an event is likely, the risk associated with not being able to 

reach the target normal drawdown elevation prior to the initiation of an additional, spring drawdown is 

considered low. See Table 25 and Table 26 for increases in average flow at Sherwood and Minot during 

the spring drawdown due to the normal drawdown extension for the five largest drawdown events. 
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Table 25. Average flow at Sherwood Feb 01 - Mar 15 during the five events with the largest spring drawdowns in terms of 
average discharge, 502a vs. 502a1 

Flood Year 

Average Flow at Sherwood Feb 01 – Mar 15 

502a (w/ extension) 502a1 (w/o extension) 
% Difference 

(cfs) (cms) (cfs) (cms) 

2011 1,488 42.1 1,378 39.0 +8.0% 

1976 1,398 39.6 1,285 36.4 +8.8% 

1975 1,153 32.7 1,073 30.4 +7.4% 

2001 1,118 31.7 1,100 31.2 +1.6% 

1999 993 28.1 993 28.1 0% 

 

Table 26. Average flow at Minot Feb 01 - Mar 15 during the five events with the largest spring drawdowns in terms of average 
discharge, 502a vs 502a1 

Flood Year 

Average Flow at Minot Feb 01 – Mar 15 

502a (w/ extension) 502a1 (w/o extension) 
% Difference 

(cfs) (cms) (cfs) (cms) 

2011 1,844 52.2 1,714 48.5 +7.6% 

1976 1,903 53.9 1,750 49.6 +8.8% 

1975 1,139 32.3 1,061 30.0 +7.3% 

2001 1,076 30.5 1,059 30.0 +1.6% 

1999 959 27.2 941 26.7 +1.9% 

 

4.8.3 Lowering Spring Maximum Flow Limits During Small-Moderate Floods 

This operational change resulted in changes to river flows in 13 out of 88 years in the period of record, 

or approximately 15% of years. In those years, the reservoir pools took on more risk during the month of 

May, rising an average of 0.08 m (0.25 ft) at Rafferty, 0.3 m (1 ft) at Grant Devine, and 1 ft (0.3 m) at 

Lake Darling. While impacts to performance indicators at Rafferty and Grant Devine were limited, 

noticeably more localized flooding occurred at Lake Darling in 4-6 years, and the reservoir rose to MAFL 

in 1970 and 2013. See Section 3.1.5.3 of Appendix F for a suggested modification to this alternative to 

avoid these dam safety impacts at Lake Darling. 

Riverine reaches largely benefitted from this operational change, with reductions in May flood peaks 

leading to reduced agricultural damages in Saskatchewan and North Dakota in 4-5 years. In North 

Dakota, structural damages were reduced in 8 years, and nearly all other indicators showed 

improvement in 1-6 years. The only significant negative impact across the basin was longer periods of 

extended out of bank flows in North Dakota, particularly downstream of Verendrye, and in Manitoba (3-

7 years). 
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4.8.4 Summer Operations – Option 1 and Option 2 

Implementing either of the summer operating plans resulted in changes to flows at Sherwood in 

approximately 21 out of 88 years in the period of record and changes to flows at Minot in approximately 

33 out of 88 years. Generally, the years with the largest change from baseline due to either of the two 

summer operating plans were years with a particularly wet summer. A “wet summer year” is defined as 

a year where the peak flow at Sherwood exceeded 800 cfs (23 cms) at some point between June 1st and 

October 31st, and the peak flow at Minot exceeded 1,000 cfs (28 cms) at some point between June 1st 

and October 31st in the baseline simulation. There are 14 wet summer years in the period of record. 

During wet summer years, the reservoir pools took on slightly more risk during the summer period with 

Option 2 (minimize peak), rising an average of 0.06 m (0.2 ft) higher at Rafferty, 0.2 m (0.6 ft) higher at 

Grant Devine, and 0.2 ft (0.06 m) higher at Lake Darling compared to Option 1. Under Option 1 

(minimize duration), the reservoirs returned to FSL faster following a summer rain event, several years 

reaching FSL one to two months before Option 2. Returning to FSL faster benefitted recreation at the 

three flood control reservoirs by reducing the duration boat ramps were inundated. At Lake Darling, 

returning to FSL faster also reduced flooding of archaeological sites and Mouse River Park and 

benefitted fish and wildlife habitat. In Saskatchewan, returning to FSL faster led to lower pool elevations 

in late summer in several years which negatively affected environmental indicators at Grant Devine and 

boating conditions at Rafferty. 

During wet summer years, Option 2 (minimize peak) showed improvement over Option 1 (minimize 

duration) in nearly all riverine indicators. Minimizing peak flows during the summer reduced agricultural 

damages in Saskatchewan and North Dakota in 3-5 years, reduced inundation of the lower coal haul 

road and campground at Estevan in 3 years, and improved ground-nesting bird habitat in Manitoba in 5 

years. Minimizing peak flows also resulted in flow remaining in the river for a longer period during the 

summer, which benefitted fish and wildlife habitat in Saskatchewan and North Dakota in 3-4 years. The 

one PI for which Option 1 showed improvement over Option 2 was the Out of Bank PI, which showed up 

to 7 years of improvement in all reaches downstream of Eaton Irrigation. 

In summary, the reservoir pools took on less risk under Option 1 (minimize duration), and Option 2 

(minimize peak) resulted in greater benefit to riverine reaches. However, in real operation, the two 

plans would likely result in very similar reservoir pool elevations and river flows. This is because in 

ResSim, reservoirs are always operated to make maximum allowable releases, using as little storage as 

possible. However, in real operations, reservoir operators typically use reservoir storage to limit 

downstream flood risk when feasible, even if they are not technically required to do so. Under Option 1 

(minimize duration), operators are technically allowed to increase releases above known flood 

thresholds sooner than they are under Option 2 (minimize peak). This allows the operator more 

flexibility, as they are likely to have a larger range of flows to choose from during a flood event. 

However, given the choice, it is likely an operator would choose to ramp up releases in a similar manner 

to that which Option 2 (minimize peak) requires. 

It is also vital to note the Phase 5 simulations showed it is important for summer maximum flow limits 

to be dependent on forecasted inflow to the reservoirs as well as pool elevation (in Phase 5, maximum 

flow limits were dependent on pool elevation only). Regulation decisions are currently made at the 
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reservoirs considering forecasted inflow based on discharge measurements at upstream gages. If this 

flexibility is not included in a final, adopted plan, the reservoirs cannot be managed efficiently. 

4.8.5 Apportionment Shift from Calendar Year to Water Year 

It was anticipated that the 34 wet fall-dry spring years would show the greatest benefit to Saskatchewan 

and the greatest impact to North Dakota out of all years in the stochastic and historic record. However, 

that proved not to be the case. The 34 wet fall-dry spring years actually showed statistics similar to the 

ten 100-year traces simulated in Phase 3 in terms of the volume of water delivered to Sherwood. Table 

27 shows this using a comparison of 504a vs. baseline and 309 vs. baseline. Alternatives 504a and 309 

are nearly identical. 

Table 27. Comparison of volume delivered to Sherwood in Phases 3 and 5, app. shift vs. baseline 

Alternative 
Comparison 

Simulation Period 

Volume Delivered to Sherwood, ND 

Average Change in Volume Years with change in 
volume of 25% or more (ac-ft)  (dam3) (%) 

504a - 
Baseline 

34 wet fall-dry spring 
years 

-1,312 -1,618 -9 18% of years 

309 - 
Baseline 

1,000 quasi-random 
stochastic years 

not 
available 

not 
available 

-8 14% of years 

 

Even though the wet fall-dry spring years do not consistently display the best/worst case scenario for 

Saskatchewan/North Dakota in terms of water supply impacts with the apportionment shift, they do 

provide insight into the maximum impacts that are possible when the apportionment year is shifted. In 

Alternative 504a, the year with the largest difference in volume delivered to Sherwood resulted in 

approximately 6,000 ac-ft (7,400 dam3) less water being delivered relative to the baseline simulation. In 

that year, Grant Devine’s June 1st storage volume was increased by 7%, and Lake Darling’s June 1st 

storage volume was reduced by 5%. Because 6,000 ac-ft (7,400 dam3) is similar to the maximum 

differences observed across the 1,000 years simulated in Alternative 309, it is assumed this is 

approximately the largest difference in volume that could occur due to the apportionment shift. 

When the apportionment shift is combined with the water supply-focused normal drawdown targets, 

normal drawdown extension, and summer operations, the shift still causes Sherwood to receive less 

water, but the magnitude of difference is less. This is shown in Table 28 (502a vs. 504b). The average 

change in volume of water delivered to Sherwood with the apportionment shift under the flood 

control/fish & wildlife-focused (FC/FW) targets is assumed to be similar to that delivered in 504a, 

because the FC/FW targets do not result in more frequent drawdowns relative to the baseline. 
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Table 28. Change in volume delivered to Sherwood, ND when the apportionment year is shifted (504a vs. baseline, 502a vs. 
504b) 

Alternative 
Comparison 

Volume Delivered to Sherwood, ND (34 wet fall-dry spring years) 

Average Change in Volume Years with change in 
volume of 25% or more (ac-ft) (dam3) (%) 

504a - Baseline -1,312 -1,618 -9 6 (18% of years) 

502a - 504b -474 -585 -4 2 (6% of years) 

 

Overall, results of this analysis indicate shifting the apportionment year from January 1st through 

December 31st to November 1st through October 31st does not significantly impact water supply within 

Rafferty, Grant Devine, or Lake Darling reservoirs on average. However, it is possible such an operational 

change could increase Grant Devine’s June 1st storage volume by approximately 7% while decreasing 

Lake Darling’s June 1st storage volume by approximately 5%. For that to happen, a full drawdown would 

need to be accomplished over the winter, and the following spring would need to be particularly dry. It 

is very difficult to define the exact frequency at which this will occur without running the ResSim model 

through all 10,000 years of stochastic data. However, judging by the results from Phases 3 and 5, 

Saskatchewan is likely to receive some benefit from the apportionment shift at the expense of North 

Dakota in approximately 15% of years. 

4.9 Feedback from Stakeholder Groups 

On July 22, 2020, results of the Phase 5 alternative simulations and technical analysis were presented in 

a webinar to the RAAG. Following the webinar, RAAG members were provided summary documents of 

the Phase 5 analysis along with access to the Plan of Study’s online visualization tool and given the 

opportunity to provide written comments. On September 2, 2020, a subsequent webinar was held for 

the purpose of obtaining more feedback and providing the group an additional opportunity to discuss 

comments. During this webinar, a questionnaire was presented to the group using Poll Everywhere. Due 

to technical difficulties and incomplete attendance, RAAG members were given one additional week to 

respond to the questionnaire. A summary of the RAAG’s comments on the Phase 5 operational changes 

is shown below. For a complete description of the Phase 5 RAAG questionnaire and its results, see Souris 

River Plan of Study RAAG Comments Compilation on Phase 5 Operational Changes (Ackerman & Boals, 

2021). 

 Normal drawdown target elevations: Overall, there was more support for flood control/F&W-

focused normal drawdown target elevations. Two participants voted in support of both normal 

drawdown target elevation options.    

 Extending normal drawdown target date: There was strong support for this operational change 

(only one dissenting vote). This was the closest that the group was able to approach consensus 

on the proposed operational changes.  

 Lowering spring flow limits: Overall, there was majority support for this operational change with 

three dissenting votes.  

 Summer operating plan: Overall, there was more support for a summer operating plan that 

focuses on reducing flood peaks. Two participants voted in favor of both summer operating plan 
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options (reduce peak versus reduce duration). This also occurred during Phase 4 comments, 

where a couple people commented that we should strive for both, dependent on conditions.  

 Apportionment Year Shift: The votes show no clear overall preference from the group.  

 There is no consensus on a preferred alternative. Two U.S. entities prefer 503a. One U.S. entity 

prefers 401a from Phase 4. Another U.S. entity stated that they could not support any of the 

alternatives. No Canadian entity indicated a preferred alternative.  

 Most people indicated that they feel “comfortable” that the ISRSB has been incorporating their 

input into the study. 

4.10 Considerations for Implementation of Phase 5 Operational Changes 

A subgroup to the PFC consisting of reservoir operators and technical experts in the basin proposed 

processes that should be followed by the reservoir operators and forecasting agencies when 

implementing the proposed operational changes. This group also proposed a modification to the 

proposed summer operating plans to account for forecasted inflow volumes. The final processes 

proposed by the PFC subgroup for operating the reservoir system in accordance with the Phase 5 

operational changes are shown below. 

Normal, Winter Drawdown 

 The forecasting agencies should arrive at an agreed-upon classification of antecedent conditions 

(dry/normal/wet) prior to initiating the normal, winter drawdown on October 31st. This 

classification should be communicated to the operators of Lake Darling. If a classification of 

antecedent conditions cannot be agreed upon by the forecasting agencies, the Flood 

Forecasting Liaison Committee (FFLC) should be convened to make a final classification. 

 On December 15th, January 7th, and January 20th, the forecasting agencies should reevaluate 

antecedent conditions in the basin and modify the normal drawdown elevation targets or target 

date if necessary. Any change should be coordinated with the operators of Lake Darling. The 

FFLC may be convened if antecedent conditions cannot be agreed upon by the forecasting 

agencies. 

Lower Spring Maximum Flow Limits 

 If the 30-day unregulated volume at Sherwood exceeds 200,000 ac-ft (246,700 dam3) at the time 

of flood declaration, lower maximum limits at Sherwood and Minot should not be considered. If 

the 30-day unregulated volume at Sherwood is less than 200,000 ac-ft (246,700 dam3) at the 

time of flood declaration, or if the year is a non-flood year, the lower maximum flow limits 

studied in Phase 5 should be enforced after the Lake Darling inflow peak OR the Des Lacs flood 

peak has passed through Minot. This workflow is shown in greater detail in Section 3.5.1.3 in 

Appendix F. 

 The operator of Lake Darling is responsible for monitoring the timing of the Souris River and Des 

Lacs River flood peaks and recommending lowering the maximum flow limits at Sherwood and 

Minot. Lowering maximum flow limits should then be agreed upon by reservoir operators in 

Saskatchewan. 

 



72 
 
 

Summer Operating Plan 

 The maximum flow limits at Sherwood and Minot during the summer months should be 

determined based on both the current reservoir pool elevation and the forecasted pool 

elevation. The forecasted pool elevation should be a deterministic forecast of at least fair 

confidence and should only include forecasted rainfall if the forecast is high confidence. 

 To compute maximum flow limits at Minot, these computation steps should be followed: 

1. Compute maximum flow limit based on pool elevation (as shown in Table 20). 

2. Compute forecasted pool elevation using the maximum flow limit computed in Step 1. 

3. If the forecasted pool elevation exceeds the next listed pool elevation threshold, increase 

the maximum flow limit to the next highest value in the table and return to Step 2. 

 To compute maximum flow limits at Sherwood, perform the same computation steps listed 

above (using Table 19 instead of Table 20) for both Rafferty and Grant Devine reservoirs. The 

final, adopted maximum flow limit should be whichever maximum flow value is greater. 

4.11 Methodology Used to Recommend Operational Changes for ISRSB Consideration 

Following the Phase 5 technical analysis, the PFC held six, four-hour meetings over a two-week period to 

discuss the results. During this time, PFC members utilized the technical analysis presented in Appendix 

F, the Hydrologic Visualization Tool, and their own experience and technical expertise to evaluate each 

operational change studied in Phase 5. After lengthy discussion, the PFC concluded each operational 

change has the potential to provide positive benefits to some stakeholders in the basin while also 

resulting in some level of negative impacts to others. Consensus could not be reached regarding which 

combination of operational changes should be recommended by the study. However, PFC members 

were consistently in favor of adopting some combination of the Phase 5 alternative operations as 

opposed to not recommending any changes from the 1989 Agreement. Ultimately, the PFC decided to 

present all Phase 5 operational changes to the ISRSB as a suite of options for consideration, as all were 

considered to have potential benefits to some stakeholders in the basin, and none were considered to 

have drastic negative impacts that could not be managed. 

5. Summary of ISRSB Recommendations 
Like the PFC, the ISRSB could not reach consensus on one, singular combination of seasonal operational 

changes to recommend to the governments of Canada and the United States. Also, like the PFC, the 

ISRSB concluded each seasonal operational change has the potential to result in positive benefits for 

some regions/stakeholders while also resulting in negative impacts for other regions/stakeholders. 

These tradeoffs are quantified in the Phase 5 technical analysis, but it is not possible to state with 

certainty which option can be considered the “best,” as this term is subjective, and there is no option 

that provides a dramatic benefit to any one interest in the basin. 

Ultimately, the ISRSB recommended the governments of Canada and the United States consider each 

seasonal operational change analyzed in Phase 5 as a viable alternative measure that may be 

implemented individually or in combination with other operational changes. The key findings from the 

Phase 5 alternative evaluation process that can be used to aid governments and other decision-makers 

are shown in Chapter 6 of the Main Report. 
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