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1. Alternative Description & Objective   
Alternative 9 models the operating plans defined by the newly developed Reservoir Management 
Manuals created for Rafferty Reservoir and Grant Devine Lake by the Saskatchewan Water Security 
Agency (WSA) (WSA, 2019). Both manuals define an Inflow Design Flood Storage Level (IDFSL) for the 
corresponding reservoir that must be reached by June 1st each year to ensure each reservoir can safely 
pass its newly developed summer Inflow Design Flood (IDF) event. The objective of this alternative is to 
analyze the effects of new IDFSL operations at Rafferty and Grant Devine reservoirs. This analysis was 
conducted using the full period of record available at the time of the simulation (1946-2017). 

Under the current operating agreement, outflows at Rafferty and Grant Devine reservoirs are limited by 
a maximum flow constraint at Sherwood crossing. Rafferty’s releases are also limited by the SaskPower 
coal haul roads and bankfull capacity at the Estevan, SK, and Grant Devine’s releases are limited by a 
downstream railroad crossing. In the baseline scenario, outflows from Rafferty and Grant Devine are 
restricted by the aforementioned constraints until the pool reaches Maximum Allowable Flood Level 
(MAFL). Once that occurs, the reservoir will ignore downstream constraints, with the exception of the 
railroad constraint at Grant Devine, and release its inflows to prevent the pool from exceeding MAFL. If 
inflows exceed the maximum release capacity of the reservoir, the pool will climb above MAFL, creating 
a dam safety risk. 

Under the new IDFSL operating plans, both Rafferty and Grant Devine will be drawn down to IDFSL from 
May 1st to June 1st, and each reservoir will be allowed to exceed its maximum downstream flow 
restrictions to keep the pool below IDFSL until September 1st. Figure 1 and Figure 2 show IDFSL for 
Rafferty and Grant Devine reservoirs, respectively. As can be seen, the IDFSL for Rafferty Reservoir is 1 m 
(3.28 ft) above Full Supply Level (FSL) at 1809.4 ft (551.5 m). This corresponds to a decrease in flood 
storage during the summer months of approximately 142,700 dam3 (115,690 ac-ft). The IDFSL for Grant 
Devine Reservoir is 562 m (1843.8 ft), which is equal to the current FSL. This corresponds to a decrease 
in flood storage during the summer months of approximately 84,100 dam3 (68,180 ac-ft). 
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Figure 1. Rafferty Reservoir zones 

 

Figure 2. Grant Devine Reservoir zones 
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1.1 Alternative Development 

This alternative was defined based on the Reservoir Management Manual for Rafferty and Grant Devine 
developed by WSA and the information provided to the Plan of Study team members in January 2019. 
The alternative was developed by incorporating the script within the state variable in the Dam Safety 
network created by USACE available within the preliminary model (SourisRiverPoS).  

The alternative incorporates a new zone (IDSFSL) in Rafferty and Grant Devine reservoirs between FSL 
and MAFL, and the state variable defines an IDFSL guide curve for when the reservoir’s pool exceeds 
IDFSL. The operation to reduce reservoir levels to IDFSL by June 1st starts on May 1st. This new guide 
curve calculates a release rate for the month of May based on how far the reservoir is above IDFSL. After 
June 1st, no downstream flow constraints are applied when the reservoir’s pool exceeds IDFSL. In 
summary, the following rules were added to Rafferty and Grant Devine reservoirs: 

May 1st: if the pool is above IDFSL, a linear drawdown is initiated to get back to IDFSL by June 1st. 

June 1st: if the reservoir is below IDFSL, operations are equivalent to the baseline scenario. If the 
reservoir is above IDFSL, downstream constraints are removed. 

1.2 HEC-ResSim Nomenclature 

Within HEC-ResSim, a new network, alternative and simulation run was generated to reflect each 
proposed alternative. To generate the alternative, a copy of the base network was made and modified 
accordingly. The nomenclature associated with the ResSim networks, alternatives, and simulations used 
to model both baseline and alternative operations are listed in Table 1.  

Table 1. Model nomenclature  

Scenario 
Time 

Window 
ResSIM Model 

Name 
Network 

Name 
Alternative 

Name 
Simulation Name 

Baseline 1946-2017 SourisRiver PoS Base Cal2FSL 09_DS_WSA_SY_EY2 

Dam Safety 1946-2017 SourisRiverPoS 
09_DA_WS

A_1 
09_DS_WSA1 09_DS_WSA_SY_EY2 

 

2. Operational Rules  
Error! Reference source not found. presents the operational rules that were added to the base HEC-
ResSim model to specifically reflect the changes required in support of the Dam Safety alternative.  

Table 2. Operation rules added specific to alternative  

Name of Dam 
Name of Rule, Outlet or IF Statement  

or State Variable Element 
Rule Description 

Rafferty Reservoir 

MAX ROD/ROI  

DownstreamMaxMAFL 
If block that applies the rules 
only before May 1st 

IDFSL guide curve was created within the  

State variable 
The idfsl guide curve is used to 
decrease water levels when 
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Name of Dam 
Name of Rule, Outlet or IF Statement  

or State Variable Element 
Rule Description 

they are above IDFSL levels 

Note that the new IDFSL zone was created 

Grant Devine Reservoir 

MAX ROD/ROI  

DownstreamMaxMAFL 
If block that applies the rules 
only before May 1st 

IDFLS guide curve was also created within 

The state variable for Grant Devine 

The idfsl guide curve is used to 
decrease water levels when 
they are above IDFSL levels 

 

In order to properly run this alternative, the rules for Rafferty Reservoir and Grant Devine Lake needed 
to be changed. First, a new zone was created to simulate the operation between FSL and IDFLS, which 
resulted in the addition of a new guide curve (this was done in the a_fld_MASTER_gc_gd state variable 
script).  

In the case that water levels are above the specified IDFSL as of May 1st, releases are initiated in order to 
get to the desire level by June 1st. To make sure this is done, an IF block that does not apply the 
downstream constraints during the month of May was added to the MAFL zone 
(DownstreamMaxMAFL). The inclusion of this IF block makes sure the reservoirs reach IDFSL by June 1st. 
The same rules as the baseline were applied to the model if water levels are below the IDFSL during the 
summer months.  

The last change was the addition of the max rate of increase (ROI) and rate of decrease (ROD) to all 
zones. This was done to limit how much the reservoirs can increase and decrease by. Operations to 
reduce pools to IDFSL in spring and summer have precedence over target flows at Estevan and 
Sherwood; therefore, the maximum flow restrictions at these locations were not applied for this 
alternative. 

In addition to adding rules, some existing rules needed to be changed. Table 3 presents the operational 
rules that were changed from the base HEC-ResSim model to specifically reflect the changes required in 
support of the Dam Safety alternative.  

Table 3. Operation rules changed specific to alternative  

Name of Dam 
Name of Rule, Outlet or IF Statement  

or State Variable Element 
Rule Description 

Rafferty Reservoir 

Ds_EstevanMax-1 
Not removed but a conditional was 
applied 

Ds_sherwood_sv 
Not removed but a conditional was 
applied 

Grant Devine Reservoir 
MaxReleasesGD 

Not removed but a conditional was 
applied 

Ds_sherwood_sv Not removed but a conditional was 
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Name of Dam 
Name of Rule, Outlet or IF Statement  

or State Variable Element 
Rule Description 

applied 

 

Figure 3 and Figure 4 display where the rule/if statement/outlet was inserted into the ResSIM model 
user interface for each reservoir. The relevant model feature is indicated by the red box. Error! 
Reference source not found.Figure 5 to Figure 8 provide screenshots of where the state variable script 
was modified for this alternative. Relevant lines of the state variable script are highlighted in red.  

 

Figure 3. Changes made to Rafferty Reservoir 
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Figure 4. Changes made to Grant Devine Reservoir 
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Figure 5. Definition of the IDFSL guide curve within the state variable 

 

Figure 6. IDFSL elevations and time series (state variable) 
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Figure 7. Drawdown calculation 

 

Figure 8. Definition of the guide curve for the alternative within the state variable 

 

Figure 9. Writing out the IDFSL curves 
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Figure 10. Changes to the initialization script 

 

3. Alternative vs Baseline Scenario Results 
Plates 01-08 show hydrographs detailing the results of Alternative 9 relative to the baseline scenario at 
Rafferty, Boundary, Grant Devine, and Lake Darling reservoirs, as well as seven critical mainstem flow 
locations, for select “index” years. Index years were selected to be representative of high, medium, and 
low flow years in the basin. High flow years include 2011, 1976, 1975, and 1969, medium flow years 
include 1987, 1952, and 1946, and low flow years include 1937, 1988, and two extended drought 
sequences: 1931-1937 and 1988-1991. For Alternative 9, only the high flow index years are plotted, as 
this alternative only deviates from the baseline scenario during large flood events. 

Plate 09 displays performance indicator results for all study reaches over the entire simulation (1946-
2017). More information regarding performance indicator (PI) results and PI development can be found 
in the Data Collection for the Analysis of Alternatives Report (DW4) and Appendix A-5. 

4. Summary of Results  
Results from this alternative show IDFSL operations at Rafferty and Grant Devine reservoirs reduce the 
amount of time spent at or near MAFL at both reservoirs during the 2011 event, which is the only event 
in the simulation those reservoirs approach MAFL. IDFSL operations also increase flows throughout the 
basin during the month of May during large flood events. The consequences of increased flows in May 
depend on the timing of the flood and shape of the hydrograph in a given year. For example, in 1975, 
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the spring flood peak occurs in May, and releases from Rafferty and Grant Devine increase the flood 
peak by approximately 1,500 cfs (42.5 cms) at Sherwood. In 1976, the spring flood peak occurs in April, 
and IDFSL releases from Rafferty and Grant Devine have a much smaller downstream impact. In 2011, 
IDFSL operations cause Lake Darling to reach MAFL sooner, and significant flooding at Minot and other 
downstream locations occurs approximately 20 days earlier than the baseline scenario. The Minot peak 
in June 2011 is decreased from approximately 28,750 cfs (814 cms) in the baseline scenario to 23,750 cfs 
(673 cms) in the alternative due to lower peak releases from Rafferty Reservoir. These lower peak 
releases are the result of the rate of increase and rate of decrease rules added to the ResSim model. 

4.1 Performance Indicators 

4.1.1 Reservoirs 

During some years, higher pool elevations at Rafferty improve boat access at the marina. Performance 
indicators (PIs) are not significantly impacted at Grant Devine or Boundary reservoirs. Increased 
outflows from the Saskatchewan reservoirs during flood events in May cause higher pool elevations at 
Lake Darling, resulting in increased flooding at Mouse River Park. 

4.1.2 Riverine Reaches 

For this model run, the largest change from the baseline scenario occurs during the 2011 event. May 
releases from the Canadian reservoirs result in higher flow through the river during May and lower peak 
flows during the June rain event. Lower peak flows correspond to slightly less structural damages in all 
reaches, but flooding of bridges, railroads, and the City of Minot occurs earlier and for a longer period. 
Outside of 2011, changes measured by the performance indicators are minor. 

5. Suggested Further Alternative Fine Tuning 
Since the period of record does not have many events that fully test this alternative, it may be beneficial 
to further test this alternative using stochastic hydrology traces. Currently, this alternative assumes 
steady releases during May which can be modified in order to change the duration of events (i.e. larger 
peak and shorter duration, smaller peak and larger duration, optimal release duration based on storage 
and time of the year). Also, the rate of increase and rate of decrease rules may require further 
definition, and additional reservoir release constraints based on downstream conditions may be 
required at Rafferty and Grant Devine. 

6. Path Forward 
Since this alternative (Alternative 9) is very similar to Alternative 11 – Summer Rainfall Operations, both 
alternatives will be combined in Phase 3, Alternative 305 of the Plan of Study to further analyze how 
damages from summer floods can be reduced while maintaining dam safety. Simulations from 
Alternative 305 will be completed using the full period of record (1930-2017) and the finalized ResSim 
model. At this time, no further analysis of Alternative 9 is required, and the preliminary results using the 
1946-2017 dataset is sufficient.  
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Reservoirs – 1969 Alternative 9 (Phase 2) 
Souris River Plan of Study 

Plate 01 

 
 

  

*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level, IDFSL = Inflow Design Flood Supply Level 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level, IDFSL = Inflow Design Flood Supply Level 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level, IDFSL = Inflow Design Flood Supply Level 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Critical Flow Locations – 1969 
Alternative 9 (Phase 2) 

Souris River Plan of Study 

Plate 02 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  



 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Reservoirs – 1975 Alternative 9 (Phase 2) 
Souris River Plan of Study 

Plate 03 

 
 

  

*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level, IDFSL = Inflow Design Flood Supply Level 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level, IDFSL = Inflow Design Flood Supply Level 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level, IDFSL = Inflow Design Flood Supply Level 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Critical Flow Locations – 1975 
Alternative 9 (Phase 2) 

Souris River Plan of Study 

Plate 04 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  



 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Reservoirs – 1976 Alternative 9 (Phase 2) 
Souris River Plan of Study 

Plate 05 

 
 

  

*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level, IDFSL = Inflow Design Flood Supply Level 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level, IDFSL = Inflow Design Flood Supply Level 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level, IDFSL = Inflow Design Flood Supply Level 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Critical Flow Locations – 1976 
Alternative 9 (Phase 2) 

Souris River Plan of Study 

Plate 06 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  



 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Reservoirs – 2011 Alternative 9 (Phase 2) 
Souris River Plan of Study 

Plate 07 

 
 

  

*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level, IDFSL = Inflow Design Flood Supply Level 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level, IDFSL = Inflow Design Flood Supply Level 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level, IDFSL = Inflow Design Flood Supply Level 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Critical Flow Locations – 2011 
Alternative 9 (Phase 2) 

Souris River Plan of Study 

Plate 08 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  



 

 

 

 

 

 

 



 

 

  

  

Plate 09 Performance Indicators 
1946-2017 (72 years) 

Alternative 09 vs. 
Baseline (Phase 2) 
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