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Introduction 
 
As part of the Section 22 Planning Assistance to States Study between the U.S. Army 
Corps of Engineers (USACE) and the North Dakota State Water Commission (NDSWC) 
for the International Souris River Plan of Study (Study), this memorandum details an 
analysis of hydrograph outputs from the Study’s Hydrologic Engineering Center’s 
Reservoir Simulation Model (HEC-ResSim).  
 
During the Study’s May 2019 face-to-face meeting in Saskatoon, the need for 
understanding preliminary outputs from HEC-ResSim was made clear. Analysis of the 
following three model simulations was tasked to the NDSWC: 
 

1. Baseline Simulation: This simulates the current operating agreement, Annex A 
and Annex B, from 1930 to 2017. It includes Rafferty, Boundary, Grant Devine, 
and Darling reservoirs throughout the entire simulation. 

2. Preagreement Simulation: This simulates the previous operational plans for 
Boundary and Darling reservoirs from 1930 to 2017. Rafferty and Grant Devine 
reservoirs were removed from the model for this simulation. 

3. Unregulated Simulation: This simulation represents state-of-nature for the 
Souris River Basin from 1930 to 2017. Rafferty, Boundary, Grant Devine, and 
Darling reservoirs were removed from the model for this simulation. 

 
Understanding these three simulations and comparing them provides a great deal of 
background data that can be used to set expectations of the affect the four reservoirs 
have on the Souris River Basin. The goal of analyzing this information was to answer 
these four questions: 
 

1. How does each simulation affect the frequency of bankfull exceedances? 
2. How does each simulation affect the magnitude of annual peak flow? 
3. How does each simulation affect the monthly average flow? 
4. Are there any locations that are too far downstream for reservoir operations to 

effectively prevent flooding? 
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Analysis 
 
Simulation results were provided by USACE in a Microsoft Excel spreadsheet 
containing model outputs throughout the basin. The simulation results were entered into 
the Hydrologic Engineering Center’s Digital Storage System (HEC-DSS), where the 
data could be more easily analyzed. Using HEC-DSS the annual maximum flow, 
average monthly flow, and average monthly volume were computed for each output 
location (Figure 1) and each simulation. The approximate bankfull capacities for each 
reach were also analyzed and obtained from the Mouse River Enhanced Flood 
Protection Plan “Rural Flood Risk Reduction Alternatives Evaluation Report”. Outputs 
from each analysis along with the timeseries data provided by USACE is available 
electronically.  
 
Using this newly analyzed data some generalizations can be made about the 
effectiveness of the reservoirs against events that have been witnessed by those who 
live within the basin.  In addition to the detailed data output described above, a synopsis 
is provided below that describes overarching observations along the Souris River based 
on this analysis. 
 

 
Figure 1. Model Output Locations Utilized 

 
Bankfull Exceedance Along Souris River 
 
The total number of days that bankfull exceedances occurred for each simulation are 
provided in Table 1. These exceedances were acquired from the approximate bankfull 
flows specified in the “Rural Flood Risk Reduction Alternatives Evaluation Report” and 
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analyzed by selecting the flows exceeding that bankfull limit for the simulated period of 
record (1930 to 2017). Through this analysis, it is easy to see the effectiveness of the 
current operating agreement, the Baseline Simulation, in reducing the number of days 
the Souris River exceeds its banks, with the exception of the two most downstream 
simulation points, Bantry and Westhope. Over the entire simulated period, bankfull 
exceedances occur approximately 3.5 percent of the time in the Baseline Simulation, 
occur approximately 4.2 percent of the time in the Preagreement Simulation, and occur 
approximately 5.0 percent of the time in the Unregulated Simulation.  Reviewing the 
results on a reach-by-reach basis shows more drastic decreases in bankfull 
exceedance.  For instance, in the Minot Reach bankfull exceedance decreases by 66% 
from the Unregulated Simulation to the Baseline Simulation. 
 
 
Table 1. Bankfull Exceedances from Simulations Analyzed 

 
 
 
Bantry Reach 
 
Based on the initial bankfull exceedance analysis, a more in-depth review of the results 
at the Bantry Reach was conducted due to that reach having a greater frequency of 
bankfull exceedance in the Baseline Simulation than in the Preagreement Simulation. 
The bankfull exceedances for all sites was broken down into yearly and monthly 
occurrences in order to further examine when these larger flows may occur. Table 2 
provides the monthly bankfull exceedance breakdown for Bantry. Examination of these 
results at Bantry shows that the Baseline Simulation causes more occurrences 
throughout the year, but reduces the bankfull exceedances in April, May, June, and 
July. These months are critical for hay production in this reach and there has been an 
effort by local stakeholders to have greater flow in the winter months to prevent 
inundation during the hay production season.  
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Table 2. Bantry – Bankfull Exceedances 

 
 

 
The monthly average flows for Bantry provided in Table 3 paired with the bankfull 
exceedances for each month for Bantry (Table 2) illustrate that higher flows occur in the 
winter months for the Baseline Simulation, while lower average flows and fewer bankfull 
exceedances occur during the period of time ranchers are accessing hay meadows 
located within this reach. The results from Table 2 and 3 show the benefits the 
reservoirs provide for Bantry. This is important because it answers one of the questions 
outlined in the introduction to this memorandum, which shows that Bantry and 
Westhope are sensitive to dam operations despite their distance away from the 
operating reservoirs. 
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Table 3. Bantry - Monthly Average Flows 

 
 

 
Minot Reach 
 
Moving upstream from Bantry, Minot, which has a bankfull capacity of 5,000 cfs due to 
the city’s flood control project, lies closer to the most downstream dam in the system, 
Darling Dam. Examination of the monthly bankfull exceedances at Minot shed light on 
how effective the current operating plan (Baseline Simulation) is at preventing flooding 
in the city over the simulated period of record. The Baseline Simulation only spends 85 
days above 5,000 cfs, while the Preagreement Simulation spends 281 days above the 
city’s flood protection. Table 4 provides years at which the Baseline, Preagreement, and 
Unregulated simulations are above 5,000 cfs at Minot and Table 5 provides the 
maximum annual flow for those years. 
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Table 4. Minot – Years Exceeding Bankfull Capacity 

 

 
 

Table 5. Minot – Maximum Annual Flow for Years Exceeding Bankfull Capacity 

 
 

Comparing the results from Tables 4 and 5, the effectiveness of the current operating 
agreement in preventing flooding in the City of Minot is apparent. The operating 
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agreement was meant to provide 100-year (5,000 cfs) level of protection for the city. Out 
of the 14 years that the Preagreement Simulation exceeds 5,000 cfs, the Baseline 
Simulation only exceeds that limit 3 times, which is a significant reduction. Figure 2 
illustrates the Baseline Simulation versus the Preagreement Simulation for the 2011 
event, which was the only bankfull exceedance event where the Preagreement 
Simulation offers relief to the peak flows observed in Minot. It appears that the 
Preagreement Simulation passed the initial peak in April rather than storing it.  
 

 
Figure 2. 2011 Hydrographs at Minot - Baseline vs Preagreement 

 
The Minot reach also experienced a reduction in average monthly flows during the 
spring and summer, but had increased average monthly flows in the winter months. This 
is similar to the Bantry reach, but the average monthly flows were slightly lower for 
Minot due to the reach having less uncontrolled contributing area than the Bantry reach.  
 
 
 
Lake Darling Reservoir Outflow Reach 
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Lake Darling outflow was also examined as part of the analysis. This is a crucial point in 
the system to analyze, due to it being the lowest reservoir in the system. Examination of 
outputs at this location shows the maximum flow reduction that can occur downstream 
of the system of reservoirs. Directly downstream of the reservoir, the Souris River has a 
channel capacity of approximately 1,900 cfs. A bank exceedance analysis was 
completed for this reach, with the conclusion that the Baseline Simulation drastically 
reduces bankfull exceedances. Table 6 provides the monthly bankfull exceedances 
directly downstream of Lake Darling for each simulation. Pairing Table 6 with Table 7, 
which is the average monthly flows for each simulation, the reduction in flow from the 
Unregulated or Preagreement to the Baseline Simulation is substantial.  The monthly 
average flow analysis indicates that average conditions do not yield bankfull 
exceedances for any month of the year in the Lake Darling Reservoir Outflow Reach.   
 
Table 6. Lake Darling Reservoir Outflow – Bankfull Exceedances 
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Table 7. Lake Darling Reservoir Outflow – Monthly Average Flows 

 
 

Another important metric to examine for the Lake Darling Reservoir Outflow Reach is 
the monthly average volume that is released to the Souris River, which is provided in 
Table 8. The reduction in monthly average volume for the Baseline Simulation can be 
observed in Table 8. This is due to the storage occurring in all four reservoirs. The 
Preagreement Simulation also has some reduction in released volume when compared 
to the Unregulated Simulation, due to Darling and Boundary Reservoirs.  
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Table 8. Lake Darling Reservoir Outflow - Monthly Average Volume 

 
 
 
Tributary Contribution Downstream of Lake Darling 
 
Comparison of the monthly average flow for the Lake Darling Reservoir Outflow and 
Minot Reaches yields the potential impact the Des Lacs River has on downstream 
flows. Table 9 provides a comparison of the Baseline Simulation for each output 
location and shows the estimated inflows from the Des Lacs River and other 
uncontrolled local inflows. The contributing area estimates provided on the USGS’s 
website for the Lake Darling near Foxholm gage (gage number 05115500) and the 
Souris River above Minot gage (gage number 05117500) are 3,250 square miles and 
3,900 square miles, respectively. The contributing area between these two points 
increases approximately 20-percent, while at least 20-percent of the monthly average 
flows from March through October at Minot appear to be attributed to uncontrolled 
tributary flows.  
 
A comparison was also completed between the Lake Darling Reservoir Outflow and 
Bantry Reaches. The contributing area estimates provided on the USGS’s website for 
the Lake Darling near Foxholm gage (gage number 05115500) and the Souris River 
near Bantry gage (gage number 05122000) are 3,250 square miles and 4,700 square 
miles, respectively. Table 10 provides a comparison of the Baseline Simulation monthly 
average flows for the Lake Darling Reservoir Outflow and Bantry Reaches. The 
contributing area between these two points increases approximately 45-percent, while 
uncontrolled tributary flows appear to comprise at least 43% of the monthly average 
flows from March through October at Bantry. 
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Table 9. Comparison of Minot and Lake Darling Reservoir Outflows - Monthly Average 
Flows. “Difference” represents inflows from the Des Lacs River and other uncontrolled 
local inflows between Lake Darling Reservoir and Minot.  “Ratio” is “Difference” divided 
by “Minot” and represents the percent of flows at Minot attributed to uncontrolled 
tributary flows. 

 
 

Table 10. Comparison of Bantry and Lake Darling Reservoir Outflows - Monthly 
Average Flows.  “Difference” represents inflows from uncontrolled tributaries between 
Lake Darling Reservoir and Bantry.  “Ratio” is “Difference” divided by “Bantry” and 
represents the percent of flows at Bantry attributed to uncontrolled tributary flows. 
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The two comparisons show the significance the increase in contributing drainage area 
has on monthly average flows and demonstrates the downstream attenuation of the 
effect of the dam system.  While earlier comparisons between each output’s simulations 
show that the current operating plan (Baseline Simulation) has an effect even at the 
most downstream reaches, that effect diminishes as the distance downstream of the 
dam system increases.  
 
Sherwood Reach 
 
Upstream of Lake Darling, the Sherwood Crossing outputs were analyzed. This location 
is affected by Grant Devine, Rafferty, and Boundary Reservoirs in the Baseline 
Simulation. In the Preagreement Simulation, this site is only affected by Boundary 
Reservoir. Table 11 provides the average monthly flows for each simulation computed 
at Sherwood. The inclusion of Grant Devine and Rafferty reservoirs in the Baseline 
Simulation offers a significant reduction in average monthly flows in the spring and 
maintains a higher flow in the river during winter months. The channel capacity for the 
river from Sherwood to the Upper Souris National Wildlife Refuge is approximately 
2,000 cfs. Table 12 provides the monthly bankfull exceedances for the Sherwood reach. 
Examining both the average monthly flows and the bankfull exceedances for the 
Baseline and Preagreement Simulations illustrate the effectiveness of Rafferty and 
Grant Devine Reservoirs and the minimum impact Boundary Reservoir, which is the 
smallest reservoir in the system, has on downstream flood protection. 
 
Monthly average volume at Sherwood, provided in Table 13, illustrate the significant 
reduction in volume from the Unregulated Simulation to the Baseline Simulation. This 
reduction would be caused by the significant volume being withheld in Grant Devine and 
Rafferty reservoirs. 
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Table 11. Sherwood - Monthly Average Flows 

 
 
Table 12. Sherwood - Bankfull Exceedances 
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Table 13. Sherwood - Monthly Average Volume 

 
 
 

Grant Devine Outflow Reach 
 
Upstream of Sherwood, the Grant Devine Reservoir Outflow Reach was also examined. 
Examination of outputs at this location shows the flow reduction the reservoir causes on 
Moose Mountain Creek in the spring and summer, which is a major tributary of the 
Souris River. Directly downstream of the reservoir, the Souris River has a channel 
capacity of approximately 1,800 cfs. A bank exceedance analysis was completed for 
this reach, with the conclusion that the Baseline Simulation drastically reduces bankfull 
exceedances. Table 14 provides the bankfull exceedances directly downstream of 
Grant Devine for each simulation. Pairing Table 14 with Table 15, which is the average 
monthly flows for each simulation, the reduction in flow from the Unregulated or 
Preagreement to the Baseline Simulation is substantial.  The monthly average flow 
analysis indicates that average conditions do not yield bankfull exceedances for any 
month of the year in the Grant Devine Reservoir Outflow Reach. Grant Devine 
Reservoir offered significant flow reduction, reducing out-of-bank flows in 11 years. The 
most notable reductions in flow were in 1974, 1976, and 2011. 
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Table 14. Grant Devine Reservoir Outflow – Bankfull Exceedances 

 
 
 
Table 8. Grant Devine Reservoir Outflow - Monthly Average Flow 

 
 
 
Along with reducing peak flows, the reservoir also redistributes flow from the spring 
throughout the Along with reducing peak flows, the reservoir also redistributes flow from 
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the spring throughout the entire year. Table 16 provides the monthly average volumes 
for the Grant Devine Reservoir Outflow reach. The main redistribution of volume in the 
Baseline Simulation occurred in redistributing the bulk of the spring freshet to October 
through February.  
 
Table 9. Grant Devine Reservoir Outflow - Monthly Average Volume 

 
 
 
Estevan Reach 
 
Upstream of the Moose Mountain Creek confluence and the influence of Grant Devine 
Reservoir is the City of Estevan. The outputs for the Estevan Reach were analyzed as 
part of this study. This location is affected by Rafferty and Boundary Reservoirs in the 
Baseline Simulation. In the Preagreement Simulation, this site is only affected by 
Boundary Reservoir. Table 17 provides the average monthly flows for each simulation 
computed at Estevan. The inclusion of Boundary and Rafferty Reservoirs in the 
Baseline Simulation offers a significant reduction in average monthly flows in the spring 
and maintains a higher flow in the river during winter months. The channel capacity of 
the river for the Estevan Reach is approximately 2,000 cfs and Table 18 provides the 
monthly bankfull exceedances for this reach. Examining both the average monthly flows 
and the bankfull exceedances for the Baseline and Preagreement Simulations illustrate 
the effectiveness of Rafferty Reservoir and the minimum impact Boundary Reservoir, 
which is the smallest reservoir in the system, has on downstream flood protection. 
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Table 10. Estevan - Monthly Average Flow 

 
 
Table 11. Estevan – Bankfull Exceedances 

 
 
 
Rafferty Reservoir Outflow Reach 
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Upstream of Estevan, the Rafferty Reservoir Outflow Reach was also examined. 
Examination of outputs at this location shows the flow reduction the reservoir causes on 
the Souris River in the spring and summer. Directly downstream of the reservoir, the 
Souris River has a channel capacity of approximately 500 cfs. A bankfull exceedance 
analysis was completed for this reach, with the conclusion that the Baseline Simulation 
drastically reduces the frequency of bankfull exceedances. Table 19 provides the 
monthly average flow directly downstream of Rafferty Reservoir for each simulation. 
Pairing Table 19 with Table 20, which is the bankfull exceedances directly downstream 
of Rafferty Reservoir for each simulation, shows reductions in flow for March through 
July from the Unregulated or Preagreement to the Baseline Simulation.  The monthly 
average flow analysis indicates that average conditions do not yield bankfull 
exceedances for any month of the year.  
 
Table 12. Rafferty Reservoir Outflow - Monthly Average Flow 
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Table 20. Rafferty Reservoir Outflow – Bankfull Exceedances 

 
 
Along with reducing peak flows in the spring and summer, the reservoir also 
redistributes flow from the spring throughout the entire year.  This is a trend that has 
occurred with each reservoir examined so far in this analysis. Table 21 provides the 
monthly average volumes for the Rafferty Reservoir Outflow Reach. The main 
redistribution of volume in the Baseline Simulation occurred in redistributing the bulk of 
the spring freshet throughout the fall and winter months.  
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Table 21. Rafferty Outflow – Monthly Average Volume 

 
 

 
Boundary Outflow Reach 
 
Upstream of Estevan, the Boundary Reservoir Outflow Reach was also examined. 
Examination of outputs at this location shows reservoir’s affect of reducing flows on the 
Souris River in the spring and summer. Directly downstream of the reservoir, the Souris 
River has a channel capacity of approximately 900 cfs. A bank exceedance analysis 
was completed for this reach, with the conclusion that the Baseline Simulation 
drastically reduces bankfull exceedances. Table 22 provides the monthly average flow 
downstream of Boundary Reservoir for each simulation. Pairing Table 22 with Table 23, 
which is the bankfull exceedances directly downstream of Boundary Reservoir for each 
simulation, shows reductions in flow in March through July from the Unregulated to the 
Preagreement and Baseline Simulations.  The monthly average flow analysis indicates 
that average conditions do not yield bankfull exceedances for any month of the year.  
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Table 22. Boundary Reservoir Outflow – Monthly Average Flow  

 

 
 
Table 23. Boundary Reservoir Outflow – Bankfull Exceedances 

 
 

 
Along with reducing peak flows, the reservoir also captures flow for beneficial use 
throughout the year.  Table 24 provides the monthly average volumes for the Boundary 
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Reservoir Outflow Reach. In the Baseline Simulation, a diversion channel exists 
between Boundary and Rafferty Reservoirs to hold water in whichever reservoir has 
available storage. This allows for more water to be put to beneficial use within 
Saskatchewan. In the Preagreement Simulation the diversion channel does not exist, so 
the excess volume that would have been diverted to Rafferty Reservoir is released 
downstream, which is why there is a significant increase in outflow from the reservoir in 
this simulation. The difference between the Preagreement and the Unregulated 
Simulations illustrates the approximate volume being stored in Boundary Reservoir. 
 
Table 24. Boundary Reservoir Outflow – Monthly Average Volume 

 
 

 
Conclusion 
 
Comparison of the three simulations completed as part of this analysis can be used to 
set expectations on how effectively the four reservoirs control flow on the Souris River. 
Four questions were formulated to help convey the effects of the three simulations. The 
following list includes the four questions and brief answers based on this analysis: 
 

1. How does each simulation affect the frequency of bankfull exceedances? 
 
The Baseline Simulation reduces the amount of bankfull exceedances, 
compared to the Preagreement and Unregulated Simulations. The 
Preagreement Simulation reduced the bankfull exceedances to a lesser 
extent when compared to the Unregulated Simulation, with the exception 
of the reach directly below Rafferty and Grant Devine Reservoirs. 
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2. How does each simulation affect the magnitude of annual peak flow? 
 

Similar to the bankfull exceedances, the Baseline Simulation reduces the 
annual peak flow, compared to the Preagreement and Unregulated 
Simulations. The Preagreement Simulation reduced the annual maximum 
flows to a lesser extent when compared to Unregulated Simulation, with 
the exception of the reach directly below Rafferty and Grant Devine 
Reservoirs. 

 
3. How does each simulation affect the monthly average flow and monthly average 

volume? 
 

The monthly average flows were generally less during the spring and 
summer in the Baseline Simulation than in the Preagreement and 
Unregulated Simulations, due to the storage of water in each of the four 
reservoirs. During the winter months, average monthly flow increased in 
the Baseline Simulation compared to the Preagreement and Unregulated 
Simulations.  The monthly average volume analysis demonstrated the 
redistribution of the water from the spring freshet and summer rainfall 
events to the fall and winter months. 
 

4. Are there any locations that are too far downstream for reservoir operations to 
effectively prevent flooding? 

 
 

Based on the comparison analysis of the Lake Darling Reservoir Outflow 
and Bantry Reaches included in this writeup or by viewing the Westhope 
Reach outputs, it appears that the dam system has an effect far 
downstream.  This effect lessens the further away a location is 
downstream of the dams.  This analysis shows that average uncontrolled 
tributary flow at Bantry ranges between 12 percent in January to 73 
percent in September.  
 
It is suggested that the information provided in this memorandum and its 
appendix be combined with phase 2 results for downstream agricultural 
damages to further evaluate the effectiveness of downstream operations. 
Based on this analysis, 300 cfs at Bantry may be too low of an operating 
threshold based on its distance downstream and the increased local 
inflows. If this correlates with the phase 2 results, it is suggested that a 
different flow or target location be examined in future modeling phases. 
 

Further understanding of each reach can be obtained by reviewing and comparing 
simulation outputs.  
 
CK:ph/2122 
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