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1 Analysis Description & Objective 
At the Plan Formulation Committee meeting in Moose Jaw, Saskatchewan in December 2019, study 
team members shared the results of research regarding changes to the magnitude of the 1 in 10, 30-day 
unregulated flow and 1 in 10, 30-day local flow at Sherwood, ND.  These changes are shown below. 

 1989 Values 2017 Values 
30-Day Unregulated @ 
Sherwood, ND 216,000 dam3 175,200 ac-ft 266,000 dam3 215,650 ac-ft 

30-Day Local @ 
Sherwood, ND 37,000 dam3 30,000 ac-ft 57,000 dam3 46,210 ac-ft 

 

In the 1989 agreement, the 30-day cumulative volumes shown above are used to determine whether or 
not the reservoir system enters flood operations.  Prior to making a decision on whether or not a new 
proposed operating plan should maintain the frequency of flood operations intended in the 1989 
Agreement or maintain the forecasted flow volume trigger defined in the Agreement, the Plan 
Formulation Committee (PFC) commissioned further research into the effects of changing the flood 
operations triggers to match the newly developed 1 in 10, 30-day unregulated and 1 in 10, 30-day local 
flow volumes at Sherwood, ND. 

To evaluate changing the flood triggers, first, an alternative ResSim model was run for the period of 
record (1930-2017) and compared to the baseline model.  Then, a volumetric analysis was conducted 
outside of ResSim to estimate inflow volumes to Rafferty, Boundary, and Grant Devine that could be 
“managed” using only the storage between the normal drawdown elevation and Full Supply Level (FSL).  
Afterwards, the alternative ResSim model was run again for single years of interest to better clarify the 
line at which the system could no longer manage a flood without an additional spring drawdown.  

2 ResSim Period of Record Analysis (1930-2017) 
2.1 Methodology 
The baseline ResSim model used in Phase 4 of the Plan of Study was modified and rerun for the period 
1930-2017 such that flood operations would activate whenever the 30-day unregulated volume at 
Sherwood was greater than 215,650 ac-ft (216,000 dam3) or the 30-day local volume at Sherwood was 
greater than 46,210 ac-ft (57,000 dam3).  Figure 1 indicates the values in the ResSim model that were 
modified for this simulation. 

 

Figure 1. Flood triggers modified in the alternative ResSim simulation 

2.2 Results 
In the baseline simulation, 21 out of 88 years are “flood” years.  In the “Flood Year Shift” alternative 
simulation, 11 out of 88 years are flood years.  The 10 years which met the flood year criteria in the 
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baseline simulation but did not in the alternative simulation are 1943, 1951, 1955, 1960, 1972, 1982, 
1983, 2001, 2009, and 2013.  Table 1 shows the 21 flood years in the baseline simulation along with the 
30-day unregulated and 30-day local flows at Sherwood computed by the ResSim model. 

Table 1. Flood Years in the Baseline and Alternative ResSim models 

Year 30-day Unregulated 
(ac-ft) 

30-day Local 
(ac-ft) 

Flood Year 
(baseline) 

Flood Year 
(alternative) 

2011 581,719 66,605 X X 
1976 423,713 87,523 X X 
1979 303,730 38,574 X X 
1969 279,443 65,413 X X 
1975 274,868 35,576 X X 
1997 242,247 51,345 X X 
1974 241,145 56,045 X X 
1999 232,163 38,883 X X 
1948 224,362 43,089 X X 
1996 211,939 49,366 X X 
2013 198,372 27,209 X  

2001 192,555 40,982 X  

1943 176,616 24,139 X  

1982 165,961 32,888 X  

2009 152,285 17,501 X  

2017 139,591 47,545 X X 
1955 132,116 33,077 X  

1951 128,816 34,876 X  

1972 117,441 40,200 X  

1960 106,797 34,814 X  

1983 90,737 34,050 X  

 

The results of the alternative simulation were run against the performance indicators (PIs) for the period 
1930-2017.  In general, the PI plots show consistent minor, negative change from baseline in most 
reaches when the flood year is shifted.  These changes can be seen in the PI plots for the Saskatchewan 
region (Figure 2) and the North Dakota region (Figure 3).  Overall, the performance indicators suggest 
increasing the 30-day unregulated and 30-day local flow flood triggers at Sherwood to the current 1 in 
10 values results in net negative impacts to stakeholders in the basin. 
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Figure 2. Baseline vs. Alternative PI plot, Saskatchewan region (1930-2017) 
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Figure 3. Baseline vs. Alternative PI plot, North Dakota region (1930-2017) 

3 Analysis of Individual Flood Years 
While the performance indicators and visual examination of the ResSim model results for the entire 
period of record indicate reservoir discharges increased during years which were no longer considered 
flood years in the alternative simulation, additional research was conducted to determine which 30-day 
unregulated and 30-day local flow volumes could be reasonably managed without conducting a post-
February 1st, spring drawdown. 
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Ideally, a spring drawdown would only occur if the flood could not be managed using the storage 
between the normal, February 1st drawdown level and Full Supply Level (FSL) at each reservoir.  
However, due to differences in local flow volumes and inflows to each reservoir every year, it is difficult 
to determine what unregulated volume at Sherwood corresponds to a manageable flood event.  To 
answer this question, a screening-level volumetric analysis was conducted to estimate the maximum 
amount of 30-day inflow volume Rafferty and Grant Devine could manage using only the available 
storage between their normal drawdown elevations and FSL.  Then, single-year ResSim model runs were 
conducted for six of the ten years which would no longer be considered flood years with the increased 
flood triggers. 

3.1 Assumptions 
In this analysis, a flood is assumed to be successfully “managed” by the reservoir system if the following 
flow thresholds are not exceeded during the runoff event: 

 760 cfs (20 cms) at the Souris River near Estevan, SK 
 760 cfs (20 cms) outflow from Grant Devine Lake 
 2,000 cfs (57 cms) at the Souris River near Sherwood, ND 

The above flow thresholds were chosen based on information received from the Water Security Agency 
regarding downstream thresholds at which no flood impacts occur at Estevan and Moose Mountain 
Creek (760 cfs, 20 cms) and the recorded bankfull capacity at the Sherwood crossing (2,000 cfs, 57 cms).  
It was assumed any flow within bankfull capacity at Sherwood could be successfully managed at Lake 
Darling for downstream interests using storage from the normal drawdown and the spring flood control 
pool. 

When analyzing storage volume and inflows to the upstream reservoirs, Rafferty and Boundary 
reservoirs are treated as a single system (Rafferty + Boundary), assuming all inflow into Boundary is 
diverted into Rafferty.  And, since its pool is very small, Boundary is assumed to be at FSL entering a 
runoff event, thereby providing no additional storage volume.  At all reservoirs, evaporative losses are 
not accounted for in the screening-level volumetric analysis. 

For consistency with the 30-day runoff volumes defined in the 1989 Agreement, the majority of runoff is 
assumed to occur over a 30-day time window. 

3.2 Volumetric Analysis 
The storage volume between the normal, February 1st drawdown elevation and FSL at Rafferty and 
Grant Devine reservoirs is 38,300 ac-ft (47,242 dam3) and 9,130 ac-ft (11,262 dam3), respectively.  If 
each reservoir can safety discharge 706 cfs (20 cms) over the entire 30-day runoff period, each reservoir 
can pass an additional 42,010 ac-ft (51,818 dam3) of volume.  Therefore, not accounting for restrictions 
in outflow due to other local flow constraints, Rafferty should be able to manage approximately 80,310 
ac-ft (99,060 dam3) of 30-day runoff volume, while Grant Devine should be able to manage 
approximately 51,140 ac-ft (63,080 dam3). 

The ResSim model computes the maximum, 30-day unregulated volume and maximum, 30-day local 
volume at Sherwood from Feb 1 to Apr 30 each year.  The difference between the unregulated and local 
flow volumes is the total combined inflow volume to Rafferty, Boundary, and Grant Devine that 
corresponds to the maximum, 30-day unregulated volume at Sherwood.  To estimate each individual 
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reservoir’s contribution to the total combined inflow volume, the maximum, 30-day inflow volume to 
each reservoir from Feb 1 to Mar 30 was computed for each year.  Then, ratios were used to estimate 
reservoir inflow volumes that correspond to the maximum, 30-day unregulated volume at Sherwood.  
Table 2 shows the maximum 30-day unregulated and local volumes at Sherwood and the estimated 
contribution to that unregulated flow volume from each reservoir for each flood year. 

Table 2. Estimated portion of each reservoir inflow contributing to the 30-day unregulated volume at Sherwood 

Year 30-day Unreg. 
(ac-ft) 

30-day Local 
(ac-ft) 

30-day Reservoir 
Contribution (1) 

(ac-ft) 

Est. Rafferty + 
Boundary (2) 

(ac-ft) 

Est. Grant 
Devine (2) 

(ac-ft) 
2011 581,719 66,605 515,114 394,653 120,461 
1976 423,713 87,523 336,190 246,163 90,027 
1979 303,730 38,574 265,156 222,695 42,461 
1969 279,443 65,413 214,030 222,695 42,461 
1975 274,868 35,576 239,292 181,346 57,946 
1997 242,247 51,345 190,902 157,139 33,763 
1974 241,145 56,045 185,100 139,036 46,064 
1999 232,163 38,883 193,280 154,908 38,372 
1948 224,362 43,089 181,273 144,511 36,762 
1996 211,939 49,366 162,573 104,135 58,438 
2013 198,372 27,209 171,163 142,048 29,115 
2001 192,555 40,982 151,573 124,504 27,069 
1943 176,616 24,139 152,477 129,830 22,647 
1982 165,961 32,888 133,073 112,093 20,980 
2009 152,285 17,501 134,784 121,474 13,310 
2017 139,591 47,545 92,046 69,174 22,872 
1955 132,116 33,077 99,039 60,810 38,229 
1951 128,816 34,876 93,940 77,816 16,124 
1972 117,441 40,200 77,241 56,142 21,099 
1960 106,797 34,814 71,983 60,091 11,892 
1983 90,737 34,050 56,687 45,878 10,809 

1 Difference between 30-day unregulated volume and 30-day local volume at Sherwood 
2 Estimated portion of the total 30-day reservoir contribution by Rafferty + Boundary and Grant Devine 

At Rafferty + Boundary, there are 15 out of 21 flood years where the estimated 30-day inflow volume 
exceeds the “manageable” volume of 80,310 ac-ft (99,060 dam3).  During these years, Rafferty likely 
would not be able to maintain flows at Estevan of 706 cfs (20 cms) or less during the runoff period. 

At Grant Devine, there are 5 out of 21 flood years where the estimated 30-day inflow volume exceeds 
the “manageable” volume of 51,140 ac-ft (63,080 dam3).  During these years Grant Devine likely would 
not be able to maintain outflows of 706 cfs (20 cms) or less during the runoff period. 
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3.3 ResSim Analysis 
While the volumetric analysis described above gives an idea of the size of runoff event that is 
manageable without an additional spring drawdown, the analysis is simplistic and does not account for 
evaporation, local flow below the reservoirs, or the timing of flood waves, and it oversimplifies the 
operation of Boundary Reservoir.  To account for all of the hydrologic phenomena in a given year, the 
ResSim model was run for several flood years, and the results were analyzed to determine whether or 
not a flood could have been managed without a spring drawdown. 

In each single-year simulation, the baseline (Annex A) and Flood Year Shift alternatives were run.  As 
before, in the Flood Year Shift alternative the 30-day unregulated and 30-day local flood triggers at 
Sherwood were increased to 215,650 ac-ft (216,000 dam3) and 46,210 ac-ft (57,000 dam3), respectively.  
However, in the single-year simulations, the initial pool elevations of Rafferty, Grant Devine, and Lake 
Darling were set to their normal drawdown elevations.  Unlike the period of record (1930-2017) ResSim 
model run, where differences during many flood years could not be seen due to exceptionally low 
reservoir pool elevations, these initial conditions allowed flood years to be evaluated independent of 
hydrologic conditions in previous years. 

The years selected for analysis were 1943, 1951, 1955, 1960, 1982, and 1983.  These are all years which 
would no longer be considered flood years in the alternative simulation.  In these years, the total 
reservoir contribution to the 30-day unregulated volume at Sherwood ranged from 56,687 ac-ft (69,922 
dam3) to 152,477 ac-ft (188,077 dam3).  Judging by the results of the volumetric analysis, it was assumed 
years in which the reservoir contribution exceeded approximately 150,000 ac-ft (185,000 dam3) could 
not be managed without a spring drawdown. 

Table 3 shows the results of the single-year ResSim runs.  For each year, the flood was considered 
“managed” if flows at Estevan did not exceed 706 cfs (20 cms), outflows from Grant Devine did not 
exceed 706 cfs (20 cms), and flows at Sherwood did not exceed 2,000 cfs (57 cms).  A “-” in the table 
indicates the flow threshold was not exceeded.  If the threshold was exceeded, the reason why is listed. 

Table 3. Results of ResSim single-year simulations 

Year 
30-day 
Unreg 
(ac-ft) 

30-day 
Local 
(ac-ft) 

30-day Res. 
Contribution 

(ac-ft) 

Exceedance of 
Estevan 

Threshold 
(706 cfs) 

Exceedance of 
Grant Devine 

Threshold 
(706 cfs) 

Exceedance of 
Sherwood 
Threshold 
(2,000 cfs) 

1943 176,616 24,139 152,477 Rafferty + 
Boundary - Boundary 

1982 165,961 32,888 133,073 Rafferty + 
Boundary - Boundary 

1955 132,116 33,077 99,039 - - Local flow 

1951 128,816 34,876 93,940 Boundary - - 

1960 106,797 34,814 71,983 Boundary - Boundary 

1983 90,737 34,050 56,687 - - - 
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The only year in which all three flow thresholds were not exceeded was 1983, when the 30-day 
unregulated flow at Sherwood was under 100,000 ac-ft, and the 30-day local flow at Sherwood was 
approximately 34,000 ac-ft.  In 1960 and 1951, the next smallest runoff events, Boundary did not/could 
not divert all of the inflow it received into Rafferty, and the releases from its main gates caused the flow 
at Estevan to exceed 706 cfs (20 cms).  In 1955, flows were managed through the reservoirs, but a high 
magnitude, short duration local flow peak caused the flow at Sherwood to exceed 2,000 cfs (57 cms).  In 
the largest runoff events simulated, 1943 and 1982, both Rafferty and Boundary were forced to make 
releases larger than 706 cfs (20 cms).  In all simulations, Grant Devine was able to keep releases at or 
below 706 cfs (20 cms).  This is consistent with the results of the volumetric analysis, which suggested 
Grant Devine would more likely be able to meet its downstream target of 706 cfs (20 cms) than Rafferty 
and Boundary. 

4 Conclusion 
Three methods of analysis were used to evaluate the impact of changing the 30-day unregulated and 30-
day local flood triggers at Sherwood.  First, a continuous ResSim model incorporating the changes to the 
flood triggers was run for the entire period of record and compared to the baseline model. Second, a 
volumetric analysis was conducted outside of ResSim to estimate the size of runoff event that could be 
considered “manageable” using only the storage gained by the normal drawdown.  Third, the alternative 
ResSim model was run for single, specific years in which forecasted flood volumes were within the 
“manageable” range. 

The single-year ResSim simulations indicate floods most likely cannot be managed using only the normal 
drawdown storage if the 30-day unregulated volume at Sherwood is greater than the value currently 
specified in the 1989 Agreement (175,200 ac-ft, 216,000 dam3).  In other words, if the flood trigger 
volumes are increased to be consistent with the current 1 in 10 values, downstream flood thresholds 
will either be exceeded more often, or operators will have to use more storage above FSL during flood 
years.  In 1943, a year in which the 30-day unregulated volume at Sherwood was 176,616 ac-ft (217,852 
dam3), both Rafferty and Boundary received too much inflow to hold flows to 706 cfs (20 cms) at 
Estevan.  In reality, operators may have been able to divert more from Boundary into Rafferty, but flows 
at Estevan would most likely reach at least 953 cfs (27 cms), flooding campsites at the Hidden Valley 
campground.  In flood years with 30-day unregulated volumes of approximately 150,000 ac-ft (185,000 
dam3) or less, Rafferty and Grant Devine were able to manage their inflows without additional spring 
drawdowns.  If flood impacts did occur in those years, it was due to Boundary’s inability to divert all of 
its inflow, and not due to a lack of storage at Rafferty or Grant Devine. 

The single-year ResSim simulations did not clearly show whether or not the 30-day local flood trigger at 
Sherwood should be increased.  While a 30-day local flow volume of 33,077 ac-ft (40,800 dam3) resulted 
in out of bank flows at Sherwood in 1955, similar 30-day volumes in other years did not.  Also, the 
ResSim model used in this analysis does not significantly constrain Lake Darling’s releases until June 1st, 
making it difficult to determine when a flood would be considered “managed” below Lake Darling. 

Regardless of whether or not the reservoir system was able to fully manage the flood event, there was 
only one instance in the baseline period of record simulation (1930-2017) where a reservoir was drawn 
down in the spring and did not return to FSL in the same year (Rafferty, 2017).  This indicates abiding by 
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the flood triggers currently specified in the Agreement does not pose a significant risk to water supply, 
even if flood operations are triggered more often than was originally intended. 
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