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Disclaimer Statement 

This report contains the findings of the Performance Indicator Validity Check Work Group.  The work 
group reviewed the Performance Indicator documentation, including the November 2019 version of the 
DW4 report, and provided suggested edits to be incorporated into the Souris River Plan of Study’s final 
documentation.   

Following the completion of this report, the DW4 Task Work Group incorporated the suggested edits.  
As such, the names of several Performance Indicators are different in this report compared to the final 
DW4 report. 
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1. Introduction 
 
The Management Team for the Souris River Plan of Study requested that the Performance Indictors (PI) 
developed under the Plan of Study be reviewed to confirm the validity and appropriateness of each PI.  
In August of 2020 an independent work group was established to conduct the review and to prepare a 
report of their findings.   

The Management Team posed several questions to guide the review.  The questions considered two 
specific conditions.   

The first condition considered PI’s used throughout the various phases of the study to present the 
benefits or consequences of an operational change for a particular study theme.  The questions 
addressed under this first condition were as follows: 

1. Did the PI make sense? 

2. Did the PI perform as expected? 

3. Is the PI sensitive to Phase 5 operational plans and does it adequately reflect the implications of 
the Phase 5 operation plans? 

4. Is the PI useful in its current state? 

5. Is the PI easily understandable by the public and watershed groups? 

The second condition addressed by the work group was for new PI’s that had been developed later in 
the study and had not been incorporated as of Phase 5 into the presentation of benefits or 
consequences of an operational change.  The question that the work group was asked to address was: 

1. How should new PI’s be incorporated into the study? 

Work group members who undertook the PI Validity review were Laura Ackerman with the North 
Dakota State Water Commission, Rebecca Koch with Environment and Climate Change Canada, and 
Russell Boals with the International Souris River Board.  The work group was supported by Brett 
Hultgren with the United States Army Corp of Engineers and Cesar Perez-Valdivia with the Saskatchewan 
Water Security Agency as the technical experts on the development and incorporation of the PI’s 
throughout the various phases of the study.   

2. Background 
 
PI’s have been developed to assist with the evaluation of alternative operating plans consisting of a 
range of operational changes.  They have been used throughout the Plan of Study to quantify the 
consequences or benefits of various flow and elevation regimes on themes of interest to the water 
managers, resource agencies, regulatory authorities, and the interested public.   

The PI’s were developed through a broad consultation process with basin stakeholders.  As a result of 
these consultations, PI’s were developed for seven themes.  Four themes were derived from the July 5, 
2017 reference for the Plan of Study, which included flood control, water supply, environmental, and 
agriculture.  Additional themes of erosion, recreation, and cultural resources were identified as the 
result of stakeholder inputs. 
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The PI’s consist of a relationship between stream flow or reservoir elevation and a corresponding 
influence on personal values and interests, livelihoods, built infrastructure, and the environment.  A PI is 
displayed as a table or two-dimensional curve with water flow or water level on the x-axis and the 
expected consequence or implications of that flow or water level on the y-axis.  

The PI functions were created for river reaches in Saskatchewan, North Dakota, and Manitoba.  
However, due to geographic constraints, differences in available data, and varying degrees of input from 
stakeholders in the basin, some PI’s only exist for a specific jurisdiction and may only be used for some 
of the river reaches in that jurisdiction.  As well, it should be noted that indicators that exist for multiple 
jurisdictions, while developed using similar methodology, may have used different datasets with varying 
degrees of confidence.   

It is important to note that each PI can only be compared to itself when analyzing operational changes.  
Hence, minor differences in supporting datasets and models used to develop PI functions should not 
significantly influence the assessment of the operational changes, if the PI’s are robust and 
appropriately sensitive. 

For the operational changes considered during Phases 1 to 3, all PI results are scored and plotted against 
the PI results for the Baseline modelled results.  Both the Baseline conditions and the results of the 
modelled alternative are simulated conditions derived from the HEC-ResSim reservoir model.  The 
Baseline simulation is the HEC-ResSim model representation of the operating plan described in Annex A 
and Annex B of the 1989 International Agreement.   

During Phases 4 and 5, PI results for one operational change were plotted against PI results for a 
secondary operational change and were not scored against the Baseline condition.  Hence the PI results 
produced during Phases 4 and 5 provide an indication of the difference between the two model 
simulations and are used to draw conclusions about the effectiveness of an operational change in 
comparison to another operational change. 

Given that water flow/level and their influence vary spatially and temporally, the Souris River was 
categorized into twenty-two reaches from the headwater reservoirs in Saskatchewan to the river's 
confluence with the Assiniboine River at Wawanesa in Manitoba.  The reach designations are shown in 
the following table as well as in Figure 1. 

• Rafferty Reservoir 
• City of Estevan 
• Roche Percee to Moose Mountain Creek 
• Moose Mountain Creek to Sherwood 
• Mouse River Park 
• Darling to Burlington 
• City of Minot 
• City of Sawyer 
• City of Velva 
• Eaton Irrigation District 
• J. Clark Salyer National Wildlife Refuge 

• Boundary Reservoir 
• City of Roche Percee 
• Grant Devine Reservoir 
• Sherwood to Mouse River Park 
• Darling Reservoir 
• City of Burlington 
• Minot to Sawyer 
• Sawyer to Velva 
• Velva to Eaton Irrigation 
• Downstream of Towner 
• Westhope to Wawanesa 

 



Page | 3  
 

 

 

Figure 1: Reach Categorization Scheme 

 

 

In summary, the PI’s developed under the Plan of Study are reach-specific, vary seasonally, and reflect 
personal values and interests, as well as the influence of water flows and levels on livelihoods, built 
infrastructure, and the environment.  Furthermore, the PI’s, while reasonably quantitative, may not 
reflect the influence of water flows and levels for all locations in a selected reach.   

It is important to note the PI’s developed under the Souris River Plan of Study are not suited for use in 
detailed economic, cultural, or environmental studies.  The PI’s simply illustrate whether an operational 
change causes a negative or positive effect on a certain interest area. 

Table 1 shows a summary of the PI’s by study theme and jurisdiction, which were developed and 
assessed during the study.  The PI’s shown in red are new proposed PI’s that were not reviewed by the 
work group, but are included for completeness of all existing and proposed PI’s. 
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Table 1: Performance Indicator Summary 

Performance Indicator 
Study Theme Saskatchewan North Dakota Manitoba 

Flood Control Structural Damage 
Reduction 

Structural Damage 
Reduction 

Structural Damage 
Reduction 

 Bridge Inundation 
Reduction 

 Bridge Inundation 
Reduction 

  Bridge Detour Reduction  
  Below Max Flood 

Discharge  
(5,000 and 10,000 cfs) 

Below Max Flood 
Discharge (20,300 and 

28,000 cfs) 
  Mouse River Park (MRP) 

(MRP 95th St 
MRP Evacuation 
MRP Flood Ops 

MRP Levee) 

 

  Railroad Inundation 
Reduction 

 

  Wastewater Lagoon Safety  
 1st Coal Haul Road   
 2nd Coal Haul Road   
 Coal Stockpile Availability   
 Oil Well Inundation 

Reduction 
  

Water Supply Water Supply Water Supply Water Supply 
 SaskPower Pumping   
 Return to FSL Return to FSL  
 Reservoir Volume   
Agriculture Agricultural Damage 

Reduction 
Agricultural Damage 

Reduction 
Agricultural Damage 

Reduction 
 Out of Bank Reduction Out of Bank Reduction Out of Bank Reduction 
Environmental  Fish Kill Reduction Fish Kill Reduction 
  Fish and Wildlife Habitat  
 Fish Habitat   
   Ground Nesting Bird 

Habitat 
 Chloride, Sodium, Sulfate, 

and TDS 
Chloride, Sodium, Sulfate, 

and TDS 
Chloride, Sodium, Sulfate, 

and TDS 
Recreation  Boating Safety and Fishing 

Conditions 
Boating Safety and Fishing 

Conditions 
  Boating and Fishing Access 

(riverine reaches) 
 

 Boat Launch Access 
(Boundary) 

  

 Mainprize Boat Access 
(Rafferty) 

  

 Marina Boat Access  
(Grant Devine) 

  

 Above 550m (Rafferty)   
 Campground Availability   
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 Duck Derby Conditions   
Erosion  Erosion Reduction  
Cultural Cultural Site Preservation Cultural Site Preservation Cultural Site Preservation 
   Crown Land Inundation 
Dam Safety Above Riprap   
 Below MAFL Below MAFL  

 

3. Approach and Methodology 
 

3.1. PI Compilation 

The initial task was to record all the PI’s and to summarize the basic information for each PI.  A 
comprehensive list of all the PI’s (Appendix A) was compiled, which represented every PI calculation by 
reach.  The work group identified 203 individual PI’s within the twenty-two modeling reaches that were 
calculated during the Phase 5 modelling process.  The basic information included the following 
characteristics for each PI: 

• Province/State 
• Reach name 
• Reach number 
• Study theme 
• PI name 
• Source 
• Confidence (low/medium/high) 
• Threshold or Curve classification 
• Quantitative or Qualitative classification 
• Documentation status 
• PI definition (from the PI results plates)  

3.2. Quantitative versus Qualitative Classification 
A quantitative or qualitative classification refers to the basis of the impact scale of the PI.  A 
classification of quantitative meant that the PI’s impact scale was based on a reproducible methodology 
(e.g. model calculation) or a scientific study.  A qualitative classification meant that the PI impact scale 
was more subjective (e.g. constructed scale from 1 to 10 where the impact is primarily based on 
judgement).   

3.3. Confidence Classification 
The PI’s were classified into levels of confidence, typically either low or high confidence.  The confidence 
level refers to the overall quality of the PI, which considers the data source and methodology for 
creating the PI.  Generally, high confidence meant that the PI was derived from (1) high resolution 
datasets, such as 2-D hydraulic models, published geospatial layers, or a published dataset collected by a 
resource agency; (2) known threshold important to local interests (e.g. bankfull capacity or inundation of 
a railroad bridge); or (3) important elevation noted in the operating manual (e.g. FSL or MAFL).   
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If a PI was classified as low confidence, it generally meant that (1) no data or study was provided to 
support the PI; (2) there was a significant limitation in what the PI was evaluating (e.g. Boating and 
Fishing Safety); or (3) there were doubts in the results due to limited data or assumptions (e.g. water 
quality, fish and wildlife water use in ND). 

3.4. Threshold versus Curve Classification 
Whether a PI is a threshold or curve refers to the nature of how the PI is triggered and behaves.  A 
threshold PI is the simplest type of PI as it contains a single value that signifies when the impact is on or 
off.  This type of PI does not evaluate the degree of impact, only that a simple threshold has been 
surpassed.  For example, the “Return to FSL” PI counts whether a reservoir reaches its respective Full 
Supply Level (FSL) in a given year in the April through November timeframe.  The PI does not account for 
one alternative reaching FSL sooner than another alternative.  As long as two alternatives both reach FSL 
after spring drawdown in a given year, the PI count is the same.  If two alternatives do not return to FSL 
in a given year, but one was closer to FSL than the other, both are counted the same. 

The curve PI’s account for the degree of impact by considering the change in water level or the range of 
flow.  Some of the more robust curve PI’s are the “Flooded Structures” and “Agricultural Damages” PI’s.  
These PI’s account for impacts over a wide range of flows, 1,000 to 30,000 cfs (28 to 850 cms). 

3.5. PI Review Process 
The work group collectively reviewed and discussed the questions for each PI.  A standard template was 
used to guide the review and record observations and findings by PI.  A short discussion document was 
prepared for each PI and, if appropriate, recommendations developed.  The completed PI worksheets 
can be found in Appendix B. 

The review methodology began by selecting a PI and then briefly describing what the PI represents and 
how the PI will demonstrate the influence of an operational change on the PI.  A number of Phase 1 to 3 
modelled runs and outputs for wet, dry, and near-normal type years was used to understand how and 
why the PI responded.  The Phase 5 operational changes that were expected to affect the PI were 
identified and the modelled results for these Phase 5 alternatives were reviewed to determine if the PI 
responded as expected.  The assessment was used to identify if any improvements to the selected PI 
was required.   

The analytical steps, as outlined in the PI worksheets, were as follows: 

i. Select a PI and briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator (Reference: DW4 Report and corresponding 
Appendix D, November 2019 version) 

ii. Identify modelled conditions that would drive a response in the selected PI and inspect the PI 
results for these model runs to assess whether the PI responds as expected (Reference: 
Hydrovisualization Tool: https://webapps.usgs.gov/sourisriver/) 

iii. Identify which Phase 5 alternatives should show an improvement for the selected PI and which 
Phase 5 operational changes should show no change or a decrease in performance from the 
baseline time series (Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report) 
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iv. View the Phase 5 runs and outputs for wet, dry, and near-normal events to assess whether the 
PI performed as expected and if there was appreciable change in the PI for the wet to dry years 
(Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report; Individual PI Plots 
(absolute) or Summary PI Plots and Hydrovisualization Tool; Appendix A-5 (HEC ResSim Data 
Output Post-Processing using R) which explains how the PI plots are created) 

v. Document the findings and performance for the selected PI with respect to the expected 
response versus the observed response 

vi. Summarize the findings for the selected PI, comment on the utility of the PI, and identify 
required improvements to the PI, if necessary 

vii. Comment on whether the selected PI is easily understandable by the public and watershed 
groups 

 

4. Results and Findings 
 

4.1. Validity Summary 

The findings of the review to confirm the validity and appropriateness of each PI are summarised by 
Table 2.  The questions used to systematically assess a PI’s validity and appropriateness were: 

1. Did the PI make sense? 

2. Did the PI perform as expected? 

3. Is the PI sensitive to Phase 5 operational plans and does it adequately reflect the implications of 
the Phase 5 operation plans? 

4. Is the PI useful in its current state? 

5. Is the PI easily understandable by the public and watershed groups? 

Most of the PI’s performed as expected, however the use-ability of the PI may be considered ‘limited’ or 
‘very limited’ if the flow or water level changes in the simulated conditions are minor and the construct 
of the PI was not sensitive to these minor differences.  In addition, a detailed understanding of how the 
PI was constructed and was scored is required to appreciate the results shown by the PI.   

The term ‘varied ‘in the table is used when the PI results had greater utility in some of the reaches than 
others or the uncertainty in the modelled simulation for a reach may be driving the PI results.  In all 
cases the ‘usefulness’ of the PI was from the perspective of the Phase 5 modelled simulations.  
Therefore, to fully appreciate the PI results for the Phase 5 operational changes, requires an 
understanding of the PI, the filter that was applied, and the hydrological condition affecting the PI in the 
reach of interest. 

The PI results are more obviously indicative of the consequence of an operational change under Phases 
1 to 3 as these operational changes tend to be a unique single change condition in operations and the 
PI’s are present more in their raw form.  For example, in Phase 2, a scenario was run that significantly 
increases the minimum flow in the river during all periods of the year in every year in the simulation and 
applied no other operating changes (Alternative 5).  This scenario, when compared to the Baseline, 
showed an obvious improvement for the Fish Kill PI, and the reasoning behind the PI result is easily 
understood.  Whereas for Phase 4 and more so under Phase 5, the PI raw scores are further partitioned 
or filtered for specific conditions, such as wet years and dry years, and the results from the filtered 
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conditions are shown in the PI plots.  Because of this additional massaging of the PI scores, the utility of 
the PI results and plots for those not completely familiar with these details may lead to 
misinterpretation.  That is, the concept of the PI is easy to understand but the presentation of massaged 
PI under Phase 5 requires additional study to comprehend what the PI results are demonstrating.  For 
example, in Phase 5, operating changes to the reservoirs are relatively minor, and most alternatives 
result in similar river flows during most years.  When comparing two Phase 5 alternatives, it may not be 
obvious why a PI such as Fish Kill would behave in a particular way during a selected subset of years, 
such as flood years, especially when multiple operating changes exist in each alternative. 

Table 2: Details of the Validity check 

PI Is sensible Performed 
as 

expected 

Sensitive to 
Phase 5 

operations 

Usefulness Understandable 
by the public 

Flood Control      

Structural 
Damage 
Reduction  

(SK, ND, MB) 

Yes Yes Varied Varied 
Yes, at a 

conceptual level 

Bridge 
Inundation 
Reduction (SK) 

Yes Yes Limited Varied 
Yes, at a 

conceptual level 

Bridge 
Inundation 
Reduction (MB) 

Yes Yes Limited Varied 
Yes, at a 

conceptual level 

Bridge Detour 
(ND) 

Yes Yes Yes Limited 
Yes, at a 

conceptual level 

Railroad 
Inundation 
Reduction (ND) 

Yes Yes Limited Limited 
Yes, at a 

conceptual level 

Wastewater 
Lagoon Safety 
(ND) 

Yes Yes Limited Limited 
Yes, at a 

conceptual level 

Coal Haul Roads 
and Stockpile (SK) 

Yes Yes Limited Limited 
Yes, at a 

conceptual level 

Oil Well 
Inundation 
Reduction (SK) 

Yes Yes Limited Limited 
Yes, at a 

conceptual level 

Below Max Flood 
Discharge (ND, 
MB) 

Yes Yes Limited Limited Yes 
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PI Is sensible Performed 
as 

expected 

Sensitive to 
Phase 5 

operations 

Usefulness Understandable 
by the public 

Mouse River Park 
(ND) 

Yes Yes Limited Limited Yes 

Water Supply      

Water Supply 
(SK) 

Limited Yes Very Limited Very Limited 
Yes, at a 

conceptual level 

Water Supply 
(ND) 

Limited Yes Limited Limited 
Yes, at a 

conceptual level 

Return to FSL  

(SK, ND) 
Yes Yes Limited Yes Yes 

SaskPower 
Pumping (SK) 

Limited Yes Very Limited Limited 
Yes, at a 

conceptual level 

Agriculture      

Agriculture 
Damage 
Reduction  

(SK, ND, MB) 

Yes Yes Yes Useful 
Yes, at a 

conceptual level 

Out of Bank 
Reduction  

(SK, ND, MB) 

Limited Yes Varied Limited 
Yes, at a 

conceptual level 

Environmental      

Fish and Wildlife 
Habitat (ND) 

Limited Yes Limited Limited 
Yes, at a 

conceptual level 

Fish Habitat (SK) Limited Yes Limited Limited 
Yes, at a 

conceptual level 

Fisk Kill 
Reduction (ND, 
MB) 

Limited Yes Limited Limited 
Yes, at a 

conceptual level 

Ground Nesting 
Bird Habitat (MB) 

Yes Yes Limited Limited 
Yes, at a 

conceptual level 

Water Quality  

(SK, ND, MB) 
Yes Limited Limited Limited 

Yes, at a 
conceptual level 
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PI Is sensible Performed 
as 

expected 

Sensitive to 
Phase 5 

operations 

Usefulness Understandable 
by the public 

Recreation      

Boating and 
Fishing Access 
(SK, ND) 

Yes Yes Limited Limited 
Yes, at a 

conceptual level 

Boating Safety 
and Fishing 
Conditions (ND, 
MB 

Yes Yes Limited Limited 
Yes, at a 

conceptual level 

Above 550 m - 
Rafferty, Duck 
Derby - Estevan 
and Campground 
Availability - 
Estevan) (SK) 

The need 
for the Duck 
Derby PI is 
questioned 

Yes Limited Limited 
Yes, at a 

conceptual level 

Boat Launch 
Access 
(Boundary) 
Mainprize Boat 
Access (Rafferty) 
Marina Boat 
Access  

(Grant Devine) 
(SK) 

Yes Yes Limited Useful Yes 

Erosion      

Channel Erosion 
(ND) 

Limited Yes Limited Limited 
Yes, at a 

conceptual level 

Cultural      

Cultural Site 
Preservation  

(SK, ND, MB) 

Yes Yes Very limited Very Limited 
No, the PI can be 
misinterpreted 

Dam Safety  

(Flood Control) 
     

Above Riprap and 
Below MAFL  

(SK, ND) 

Yes Yes Limited Limited 
Yes, at a 

conceptual level 
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4.2. Summary of Individual PI findings 

Additional observations and comments for each PI were gathered during the review, which are separate 
from documentation edits listed in Table 4 and the findings of the review to confirm the validity and 
appropriateness of each PI shown under section 4.1.  These observations and comments generally relate 
to the following overarching themes: 

• Recommendations on future improvements 
• Interpretation of PI results 
• Sensitivity of PI’s 
• Hydrovisualization Tool 

Table 3 lists these observations and comments by PI, and for the full documentation of the work group’s 
findings by each individual PI, one should review the worksheets, which are available in Appendix B. 

Table 3: Individual PI Comments 

Agriculture Study Theme 

Out of Bank PI 

The threshold levels are based on the channel capacity information presented in the 1989 Agreement and 
should be checked to ensure these channel capacities are still valid. 

Given that it is a threshold PI, the degree of impact is not measured and therefore the PI is not sensitive to 
changes in magnitude of the out of bank flow. 

The value of this PI under an Agriculture theme is suggested to be limited as the relationship between the 'Out 
of Bank' condition and agriculture impact is only relevant to specific reaches below Lake Darling.  Out of bank 
conditions above Lake Darling do not have an agricultural implication. 

Agricultural Damages PI 

A positive response in the "Reduction in Agricultural Damage" PI would expect to show a positive response in 
the "Out of Bank Reduction" PI, however the PI results do not support this expectation. 

Given the PI has a temporal distribution, which assigns a degree of damage to inundation for the May 01 to 
June 01 period at 50% and for the June 01 to September 01 period at 100%, it seems to adequately capture the 
rationale supporting the "Out of Bank Damages" PI and may offer a more useful indication of the impact of 
inundation as the agricultural damage PI considers the scale of flows and the timing of these flows. 

The "Agriculture Damage Reduction" PI is a well thought out PI, based on a documented process with a 
traceable process and data.  

Cultural Study Theme 

Cultural Site Inundation PI 

For the reservoirs, if there are future improvements to the PI’s, may want to consider more than if a site is 
inundated.  There may be more impact if water is at a level that makes the site susceptible to wave action.  
Also, depending on the site, it may be preferrable for the site to be inundated than exposed (i.e. exposure 
could lead to looting of the site). 
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Dam Safety Study Theme 

Above Riprap PI 

No comment 

Below MAFL PI 

No comment 

Environmental Study Theme 

Fish and Wildlife Habitat PI 

Overall, the distinction between the various environmental PI’s, especially Fish Habitat versus Fish and Wildlife 
Habitat versus Fish Kill, could be confusing to understand.  The Fish Kill PI (ND/MB) favors a minimum flow 
throughout the year.  The Fish Habitat PI (SK) appears to favor current operations.  The Fish and Wildlife 
Habitat PI (ND) seems to favor more of a natural hydrograph in the spring, followed by maintenance of a 
minimum flow through the rest of the year. 

Fish Habitat PI 

This PI was formulated for use in SK, but the results are calculated and plotted for one ND reach (Sherwood to 
Mouse River Park).  The fact that this PI is plotted in a ND reach could be confusing. 

Overall, the distinction between the various environmental PI’s, especially Fish Habitat versus Fish and Wildlife 
Habitat versus Fish Kill, could be confusing to understand. 

Fish Kill PI 

The PI responses to the Unregulated scenario were somewhat difficult to rationalize.  The ND PI’s below Lake 
Darling perform much better for Unregulated conditions compared to Baseline.  It may be worthwhile for the 
technical team to verify that the responses make sense.    

Overall, the distinction between the various environmental PI’s, especially Fish Habitat versus Fish and Wildlife 
Habitat versus Fish Kill, could be confusing to understand.   

Ground Nesting Bird Habitat PI 

The PI applies to the whole year.  A potential future improvement could involve refining this PI to apply only to 
the nesting season. 

It was not always obvious why the PI responded the way it did for the Phase 5 operational changes.  This may 
be a symptom of the fact that this PI is in the Manitoba reach, which is the furthest from the dams, and any 
effect of dam operations attenuates the further downstream a reach is located.  The difficulty in understanding 
could also be influenced by the effect of tributary flows that are not regulated by the dams.  

Water Quality PI 

The analysis was able to relate concentration to a minimum flow threshold for each season for chloride, 
sodium, sulfate, and total dissolved solids.  The analysis was not able to develop a relationship between flow 
and season for total iron, total suspended solids, total nitrogen, total phosphorus, nitrate plus nitrogen, and 
dissolved ammonia. 



Page | 13  
 

 

The sodium PI at Minot and Westhope seemed to consistently respond differently from the other water quality 
PI’s.  This is most likely due to the greater flow magnitude needed to meet the needs of those sodium PI’s 
compared to the other water quality PI’s. 

Further trend analysis of the water quality constituents should be considered because only USGS data was 
used.  Additional data from the North Dakota Department of Environmental Quality was not used. 

Erosion Study Theme 

Erosion PI 

The PI may be responding more to the flow changes during the winter months as the entire year is considered 
to calculate the PI.  Consideration should be given to only using this PI for the open water period. 

The PI is not developed for Saskatchewan and Manitoba as it would require that 2-D hydraulic models be 
developed for the reaches in both provinces. 

Flood Control Study Theme 

Bridge Detour PI 

This PI represents the miles of detour created by flooding a bridge. As this is cumulative and the distance 
increases with each bridge that is inundated, it often shows high numbers. These high numbers make it less 
useful as a duration indicator such as the Bridge Inundation PI’s found in Manitoba and Saskatchewan. A Bridge 
Inundation PI for North Dakota could be useful for public consumption.  

To improve this PI, the scripts calculating the PI could be written as true step-wise functions. Currently the PI is 
linearly interpolated between the steps, which is inaccurate because a bridge is either closed or not.  

Recommend that a Bridge Inundation PI be created for North Dakota with the same methodology as Manitoba 
and Saskatchewan for easier comparison between jurisdictions.  

Bridge Inundation PI 

If this PI was separated out to show each individual bridge, then this PI would show the duration a bridge is 
inundated. 

The PI plot y-scale makes it difficult to read. Since you can’t have a half-flooded bridge the plots should use 
whole numbers.  

Flooded Structures PI 

While the methodology is the same there may be some question on confidence in the areas where aerial 
imagery is used to locate structures. 

Manitoba flood protection standards were used in MB, and further investigation into flooded structures could 
be completed in the province to get more specific values for flooded structures, since the PI isn’t linked to 
infrastructure in the reach.  

Railroad Inundation PI 

The PI plots for the Phase 2 and 3 modelling reflect responses from a baseline scenario that differs from the 
baseline used for Phases 4 and 5.  This became apparent when trying to understand the PI responses for the 
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FSL scenario.  It may be worthwhile to discuss if/how this should be explained in the Hydrovisualization tool, 
especially if Phase 2 and 3 scenarios are expected to be available on the tool long term. 

Wastewater Lagoon Inundation PI 

The Eaton Irrigation District PI response for the Dry Dam scenario was not clear.  This is most likely due to 
differing baselines used for Phases 2/3 versus Phases 4/5.  What’s shown in the Hydrovisualization tool is the 
baseline used for modelling Phases 4/5.  It may be worthwhile to discuss if/how this should be explained in the 
Hydrovisualization tool, especially if Phase 2 and 3 scenarios are expected to be available on the tool long term. 

Coal Haul Road/Stockpile PI's 

The use of the three PI’s together has some utility. The 1st coal haul road PI is responsive to the lower flows 
around 25cms, and the 2nd coal haul road is responsive to higher flows around 55cms. By observing these two 
PI’s together you can tell the difference in magnitude for the options. When the coal stockpile PI is added, one 
can get a sense of duration as well for flows above 55cms. 

Oil Well Inundation PI 

The PI is only calculated for the peak therefore the different alternatives often have the same result. It is not 
telling of well inundation at the flows lower than the peak. Which can be important if the plan for how the 
water from the reservoirs are released prolongs well inundation. As the PI stands it is not very useful. The curve 
for inundated wells seems to have similar values to the bridge inundation curves. Seeing an improvement in 
bridge inundation would be a good indication of improved well inundation.  

In order to improve the PI, it should calculate well inundation based on daily flow instead of annual maximum 
peak. The PI curve should be a step-wise function and not interpolated.   

Below Max Flood Discharge PI's (Minot and Manitoba 5k/10k/20.3k/28k cfs thresholds) 

No comment 

Mouse River Park PI's (MRP 95th St/MRP Evacuation/MRP Flood Ops/MRP Levee) 

No comment 

Recreation Study Theme 

Boating and Fishing Access PI 

The PI measure for the ND reaches may not be intuitive as the PI has been constructed that an increase or 
positive response in the PI value means less favourable conditions for the PI.  A script is used to show the 
response as a negative number.  Perhaps the y-axis on the PI curves in ND should be shown as a negative.  The 
PI measure for the SK reaches is intuitive as an increase in the measure shows more favourable conditions.  

Boating and Fishing Safety PI 

No comment 

SK PI's (Above 500m/Campground Availability/Duck Derby) 

The need for the “Duck Derby” PI is questioned given that a small release in September may be required from 
Rafferty.  This release may be more appropriately considered under a Water Supply PI. 
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Water Supply Study Theme 

Water Supply PI 

Overall, the water supply PI's in SK will mainly be triggered by more extreme conditions.  Rafferty and Grant 
Devine must be lowered below their max drawdown in order to respond. Grant Devine never reaches its trigger 
elevation in all Phase 5 simulations, including baseline. Rafferty only reaches its trigger elevation a couple times 
throughout the POR.  Where an alternative does cause the PI to respond at Rafferty, it's only a slight change in 
the 1992 to 1994 period.  None of the alternatives change operations for Boundary. 

New PI's for the SK reservoirs are proposed that calculate the change in seasonal reservoir volume.  It is 
expected that this PI would be more sensitive.  This PI does not relate the volume change to a specific impact, 
but will indicate how an alternative affects reservoir volume. It is suggested that the DW4 task team reconvene 
to review the new PI's in the same manner the other PI's were reviewed. Before adopting a new PI, it should be 
considered if an already existing PI provides similar information. 

SaskPower Pumping PI 

Since the operations for Boundary do not change (except for the Dry Dam scenario), consider not plotting PI's 
for Boundary Reservoir. 

Return to FSL PI 

No comment 

 

4.3. Documentation Updates 

During the review of the PI’s, the work group noted suggested edits in their worksheets to the DW4 
Report/Appendices and PI Plots.  Table 4 lists these suggested edits by PI.  The edits generally relate to 
the following overarching items: 

• Inclusion of some 18 missing tables or figures that illustrate various PI’s 

• Addition of clarifying language that describes the meaning or definition of a PI and/or how a PI is 
counted 

• Addressing the use of multiple names for a single PI 

• Ensuring that the results of every PI are included in the PI plots 

 

Table 4: Suggested edits per PI to the DW4 Report, Appendix D of DW4 Report, and/or PI Plots 

Agriculture Study Theme 

Out of Bank PI 

This PI is listed generally as a threshold PI in Table 8 of the DW4 report; however, the report does not 
specify the flow threshold per reach. 

It is unclear if the PI is only considered for a specific period each year. 
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Agricultural Damages PI 

The documentation in the DW4 report for the PI is well written.  However, it is unclear if the 
recommendation to normalise the PI has been implemented. 

Cultural Study Theme 

Cultural Site Inundation PI 

The PI is mostly documented.  The only PI’s that weren’t illustrated as tables/figures in the documentation 
were for three SK reaches:  City of Estevan, Roche Percee to Moose Mountain Creek, and Moose Mountain 
Creek to Sherwood.   

The PI curve for Rafferty Reservoir was illustrated in Figure 14 of the DW4 report, but the PI results are not 
shown on any PI plot. 

Two names are used in the documentation and PI plots (Cultural Site Inundation/Cultural Site 
Preservation). May want to consider using just one name. 

Indigenous Nations have previously told study team members that this PI is deficient in that it does not 
account for indigenous significant sites.  This deficiency is noted in the DW4 report; however, the study 
team may want to expand on this deficiency based on engagement with Indigenous Nations since the 
report was initially written. 

The study team may want to consider not using the name “Cultural” for this PI.  To the general public, this 
may seem to imply that the PI incorporates indigenous significant sites.  Perhaps calling it “Historic Site 
Inundation” would be more accurate. 

Dam Safety Study Theme 

Above Riprap PI 

The documentation in the DW4 report for the “Above Riprap” PI is missing. It is unclear how the “Above 
Riprap” PI is measured. 

Below MAFL PI 

The documentation for the “Below MAFL” PI’s is limited to the thresholds shown in Table 8.  It is assumed 
that the numbers of days a reservoir remains below the MAFL are accumulated for each year and 
compared. 

Environmental Study Theme 

Fish and Wildlife Habitat PI 

The PI is documented in the DW4 report and Appendix D.  It appears that there’s an error in the titles on 
the PI figures for the riverine reaches in Appendix D.  The two figures should represent a Feb-May PI and a 
June-January PI, but the titles state they are for “All Seasons”. 

Fish Habitat PI 

Neither the DW4 Report nor Appendix D contain the figures/tables for the Grant Devine Reservoir, Grant 
Devine (MMC), and Sherwood to Mouse River Park PI’s. 
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Fish Kill PI 

The PI was documented in the DW4 Report and corresponding Appendix D, although the documentation 
does use three names for the PI.  May want to consider using just one name.  The names used are:  Fish Kill 
(DW4 report), Fish Kill Reduction (PI Plots), and Fish Mortality (DW4 report) 

Ground Nesting Bird Habitat PI 

No comments 

Water Quality PI 

The PI’s are not fully documented. Only the Chloride PI at the City of Minot is illustrated in the 
documentation.  Need to also include Chloride at Sherwood and Westhope, along with the PI’s for sodium, 
sulfate, and TDS for all sites.   

One part of the methodology in the DW4 report is confusing.  The report states:  To estimate the effect of a 
100% increase and a 100% decrease in flows on the selected constituent concentrations, the historical daily 
flows were halved and doubled and the QWTREND models were used to estimate concentrations for each 
constituent and site. 

It is not clear how halving the flow data is an estimate of a 100% decrease in flows.  It would be beneficial if 
this was clarified in the report. 

Erosion Study Theme 

Erosion PI 

The title of the PI should be more explicit and be labelled “Channel Erosion” in order that it is not confused 
with erosion of agricultural lands. 

Flood Control Study Theme 

Bridge Detour PI 

PI is called Bridge Detour Reduction in ND, but is referred to as Bridge Inundation in the DW4 
documentation. 

The PI curve/figure for J Clark Salyer is missing from the documentation. 

There is a PI curve for Lake Darling in Appendix D, but the PI is not plotted. 

Should be classified differently in the DW4 report, since it differs from the Bridge Inundation PI’s in 
Saskatchewan and Manitoba.  

Bridge Inundation PI 

It is unclear if the failed or closed bridges in Manitoba are included in the PI evaluation. I would assume 
that they are included since they are mentioned in the documentation.  

The only bridge inundation PI that shows up in the DW4 report for SK is for the "Roche Percee to Moose 
Mountain Creek" reach (pg 18).  But the PI for that reach doesn't show up in any PI plots, so not sure if it is 
being calculated. 
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The documentation does not include the PI curve/figure for Rafferty Reservoir or City of Estevan reaches. 

The documentation is unclear if bridge inundation is evaluated daily 

Reach naming convention needs to be standardized (comment pertains to SK reaches) 

Flooded Structures PI 

DW4 Report doesn't indicate where 0 ft stage value begins (Is it out of bank at the elevation of structure?) 

PI is evaluated once per year for the peak flow, this doesn't seem to be clearly documented in DW4 report. 

Railroad Inundation PI 

This PI counts the number of days that the railroads are inundated.  According to the definitions from the 
PI plots, it’s not exactly clear what’s being counted. 

The definitions of the PI’s on the PI plots are somewhat confusing.  The study team confirmed that the PI 
counts the number of days that the railroads are inundated.  According to the definitions from the PI plots, 
it’s not exactly clear what’s being counted.  This should be clarified in the definitions.  The definitions are 
as follows:  

• City of Minot: a measure of the reduction in the number of times railroad lines are inundated in 
this reach 

• Minot to Sawyer: a measure of how often railroad lines are not inundated in this reach 

Two names are used in the documentation and PI plots. May want to consider using just one name.  The 
two names are Railroad Inundation and Railroad Inundation Reduction. 

Wastewater Lagoon Inundation PI 

For the Eaton Irrigation District PI, Table 8 in the DW4 report states that the PI is in the City of Towner 
reach. This appears to be an error.   

The definitions of the PI’s on the PI plots are somewhat confusing.  The study team confirmed that this PI 
counts the number of days that the lagoons are inundated.  The definition for the City of Burlington reach 
is slightly different from the other definitions in that it states it is a measure of how often the lagoon is 
NOT flooded. 

Two names are used in the documentation and PI plots. May want to consider using just one name.  The 
two names are Wastewater Lagoon Inundation and WW Lagoon Safety. 

Coal Haul Road/Stockpile PI's 

No comments 

Oil Well Inundation PI 

How the PI is counted is not noted in the DW4 Report. 

There is a section in the DW4 report generally describing the oil well inundation PI for SK; however, a figure 
or table showing the PI for the City of Roche Percee and Roche Percee to MMC reaches are not 
documented. 
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Two names are used in the documentation. May want to consider using just one name.  The two names are 
Well Inundation and Well Inundation Reduction. 

Below Max Flood Discharge PI's (Minot and Manitoba 5k/10k/20.3k/28k cfs thresholds) 

The documentation in the DW4 report is limited to the threshold values shown in Table 8.  It is suggested 
that some discussion of these Below Max Flood Discharge PI’s is required to ensure their context is 
documented in the DW4 report. 

Mouse River Park PI's (MRP 95th St/MRP Evacuation/MRP Flood Ops/MRP Levee) 

The documentation in the DW4 report is limited to the threshold values shown in Table 8.  It is suggested 
that some discussion of these MRP PI’s is required to ensure their context is documented in the DW4 
report 

The labels used for the MRP PI’s in the DW4 report and that used for the PI plots is slightly different. 

Recreation Study Theme 

Boating and Fishing Access PI 

The documentation in the DW4 report for the “Boating and Fishing Access” PI is incomplete and requires 
further work. The following PI's are not illustrated in the documentation: Boat Launch Access for Boundary, 
Marina Boat Access at Rafferty, and Moose Mountain Provincial Park (MMPP) Boat Access at Grant Devine. 

Boating and Fishing Safety PI 

The documentation in the DW4 report for the “Boating and Fishing Safety” PI is mostly complete. However, 
the plots for all the ND reaches are required.  

Two names are used in the documentation. May want to consider using just one name.  The two names are 
Boating and Fishing Safety and Boating Safety and Fishing Conditions. 

SK PI's (Above 500m/Campground Availability/Duck Derby) 

The documentation for the “Above 550 m” and “Campground Availability” PI requires further details. 

The threshold flow ranges for the “Duck Derby” PI requires confirmation.  The flow range for the PI to 
respond as shown on Figure 19 has a range of 100 cfs to 1250 cfs, which is considerably more than the 
minimum requirement of 2.5 cms (90 cfs) noted in the narrative for the PI. 

Water Supply Study Theme 

Water Supply PI 

The PI name of "water supply" could be confused with the water supply study theme.  This PI reflects 
whether there's enough water available to meet permitted water uses.  This should not be confused with 
the other PI's within the water supply study theme.  Perhaps it could be renamed to "Permitted Water 
Use." 

The DW4 Report does not explain that apportionment and 1959 Interim Measures (flow requirement to 
Manitoba) are always met in the models.  What this PI mostly tells us is how an alternative/scenario affects 
the timing of the delivery of water and associated impacts on permitted water use. 
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The F&W volumes for ND should be considered low confidence estimates.  It is recommended that 
language be added to the DW4 report and other relevant documentation explaining that the F&W volumes 
for ND are not based on actual records. 

The PI for J Clark Salyer is included in Appendix D, but appears to not be plotted.   

SaskPower Pumping PI 

No comments 

Return to FSL PI 

It would be beneficial to add more context for this PI in the DW4 report. The PI counts whether a reservoir 
reaches its FSL in a given year in the April through November timeframe.  The PI does not account for one 
alternative reaching FSL sooner than another alternative.  As long as two alternatives both reach FSL after 
spring drawdown in a given year, they are both counted the same.  If two alternatives do not return to FSL 
in a given year, but one was closer to FSL than the other, both are counted the same.  The PI does not 
reflect the degree of missing FSL. 

Table 8 of DW4 report describes the PI as follows: Return to FSL after spring draw down.  The PI plots 
describe the PI as follows:  A measure of the number of years the reservoir reaches Full Supply Level.  We 
may want to use consistent description in documentation. 

 

4.4. Incorporating New PI’s 
The work group was tasked with making a recommendation on how to incorporate new PI’s.  It is 
believed that the DW4 Team has strived to be inclusive of all input from the initiation of the DW4 task 
work.  The work that was done, which largely ended with the November 2019 DW4 report, resulted in 
203 individual PI’s calculated for the various reservoir and riverine reaches.  Following this, new PI’s 
were proposed for the SK reservoirs (water supply) and the MB reach (inundation of Crown lands).  
These new PI’s have not been incorporated into any of the study modeling or documentation to date. 

While it is beneficial to be inclusive, it is important to acknowledge that there are already many PI’s.  
Those PI’s went through a documentation and vetting process by the DW4 Team and have presumably 
been approved by the Study Board.  It is already challenging to review the amount of information 
produced and understand what it means. 

Any further removal or addition of PI’s should go through the same vetting/documentation process as 
the initial PI’s.  Consideration should be given to whether a new PI will tell the Study Board something 
unknown at this time.  It’s possible that an existing PI may serve as a proxy for a new PI.  In this case, the 
new PI could be documented, but its performance could be inferred from the proxy PI. 

The proposed procedure for incorporating new PI’s is as follows: 

1. A new PI is proposed with documentation explaining the following: 
a. What it is 
b. Basis 
c. Methodology for creating PI 
d. Illustration of PI in graphical, tabular, or other mathematical form 
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2. The DW4 Team, or similar team under the International Souris River Board (ISRB), reviews the 
documentation from a scientific standpoint and considers the following: 

a. Is the PI proposal understandable?  Is additional information or explanation needed? 
b. Is additional expert consultation needed to verify the PI basis and methodology? 
c. Is the PI proposal an update to an existing PI (updated methodology, data inputs, etc.)? 
d. Does the new PI contain a unique function, threshold, or metric compared to the 

existing PI’s?  (What makes the new PI different from the existing PI’s?) 
e. Is the new PI implementable in metrics, scale, and location given the available tools and 

models?  If not, what additional work needs to be completed for the new PI to be 
implementable? 

f. Could an existing PI serve as a proxy for the new PI? (Could the new PI be documented, 
but the response of the new PI be inferred from an existing PI?) 

g. Does the new PI help us understand an operating plan/scenario differently? (Are the 
results meaningful?) 

h. Is a test run of the new PI warranted before making a recommendation? 
i. Is there sufficient time and capability (i.e. staff knowledge) to update the script and run 

the results for the intended need?  It is recommended that the new PI only be run 
through the most relevant operating plan/scenarios at the time it is proposed. 

j. What documentation (DW4 Report or other report) or tools (Hydrovisualization tool) 
need to be updated?  How will they be updated? 

 
3. The DW4 Team, or similar team under the International Souris River Board, submits a 

recommendation to the governing board that includes a suggested course of action and 
rationale.  For consistency, it’s recommended that the PI review worksheet (or something 
similar) be utilized as much as possible for the review. 

 
4. The governing board makes the final decision on what to do with the new PI in consideration of 

the recommendation and the board’s authorities, responsibilities, and interests. 
 

5. Additional Observations 

5.1. Understanding the PI results 

The use of PI’s to illustrate the benefits or consequences of an operational change has utility as a visual 
screening tool, as the visual presentation of PI results compares a given state to a proposed alternative 
state.   

Although simple in concept, the development, analysis, and presentation of the PI results can become 
very complex.  For example, under the Plan of Study the ResSIM model generates a simulated 
continuous daily streamflow and reservoir elevation timeseries.  A post-processing script is then used to 
convert the ResSIM output to the appropriate daily, five-day moving average, monthly average, or 
annual maximum performance PI timeseries for each study reach as per the methodology of the PI.  
Then, the script aggregates the PI results into yearly summed or score values and produces a series of 
plots to summarize and graphically display the results against either the baseline condition or a 
secondary alternative for each reach that the PI has been developed for.   



Page | 22  
 

 

To understand the PI results plots, one must be familiar with the how the PI was constructed, the form 
of the PI timeseries, the scoring criteria for the PI, and the details of the operational change(s) being 
considered versus the selected base condition.   

There are three types of PI results plots utilized throughout the study.  The first and most widely used is 
the Frequency plot.  PI Frequency plots are displayed in the technical appendices of the HEC-ResSIM 
report and can be used to evaluate model results for a range of operational changes.  Two additional PI 
plots, a Box and Whisker plot, and a Magnitude plot, can also be used to evaluate the magnitude of 
impacts to various PI’s.  These two plots are not shown in the technical appendices but are available 
upon request. 

Since PI’s vary in complexity, use different units, and are computed using different flow and elevation 
timeseries, evaluating the PI plots generated for each reach can be challenging.  The following sub-
sections provide some additional considerations when evaluating the PI plots. 

5.2. Representation of Dataset Complexity 

It is important to note the PI plots are a statistically based tool used to evaluate model simulations for 
each operational change.  They provide information about a complex dataset, but they cannot describe 
the full breadth of the model results.  Other tools, such as hydrographs at critical flow locations, must be 
used to fully understand the effects of a given reservoir operation. 

5.3. Lack of Weighting 

Although PI’s are plotted together for each reach, they are not weighted relative to one another.  This 
means the difference in the net years of change shown as the height of the bar between two PI’s does 
not provide information regarding the importance of their potential impact or benefit relative to one 
another.  For example, the Structural Damages, Agricultural Damages, and Cultural Site Inundation PI’s 
may all show similar net years of change or height of the bar.  However, this does not mean the increase 
in structural and agricultural damages expected under this operational change has the same magnitude 
of economic, social, or cultural impacts as the expected increase in flooding of cultural/archaeological 
sites. 

5.4. Level of Confidence 

The PI’s have varying levels of confidence, as explained in Section 3 of this report.  Table 5 summarizes 
the confidence levels that the work group discussed, while noting the reason for a designation of 
medium and low confidence.  Generally, many of the PI’s in the Environmental and Recreation Study 
Themes were considered low confidence, along with the Erosion PI.  The work group suggests that the 
Study Board use caution in making significant decisions from PI’s designated as low confidence. 
 

Table 5: Summary table of PI confidence levels 

PI Study Theme Province/State Confidence 
Level Explanation for Low Confidence 

Out of Bank 
Reduction Agriculture SK/ND/MB High   

Agricultural 
Damages Agriculture SK/ND/MB High/Medium Concern about confidence in 

calibration of hydraulic model 
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Cultural Site 
Inundation Cultural SK  Medium Concern about accuracy of site 

locations 
Cultural Site 
Inundation Cultural ND/MB High   

Below MAFL/Above 
Riprap Dam Safety SK/ND  High   

Fish and Wildlife 
Habitat Environmental ND Low No data or study was provided to 

support 

Fish Habitat Environmental SK Low No data or study was provided to 
support 

Fish Kill Reduction Environmental ND Low No data or study was provided to 
support 

Ground Nesting Bird 
Habitat Environmental MB High   

Chloride, Sodium, 
Sulfate, and TDS Environmental SK/ND/MB Low 

Doubt about USGS' QWTREND 
analysis results because of limited 
data availability and assumptions that 
had to be made 

Erosion Reduction Erosion ND Low 

Only evaluates erosion in channel; 
Concern about the downstream 
boundary condition of the 2-D 
models; Models didn’t always show 
increasing erosion with increasing 
flow 

1st and 2nd Coal 
Haul Road/Coal 
Stockpile 

Flood Control SK High   

Flooding flow 
thresholds at Minot 
and Manitoba 

Flood Control ND/MB High   

Bridge Detour 
Reduction/Bridge 
Inundation 

Flood Control SK/ND/MB High   

Flooded Structures Flood Control SK/ND/MB High/Medium 

Concern about confidence in 
calibration of hydraulic model; 
structure elevations were identified 
by hand, not with survey 

Mouse River Park 
flood thresholds Flood Control ND High   

Oil Well Inundation Flood Control SK High/Medium Concern about confidence in 
calibration of hydraulic model 

Railroad Inundation Flood Control ND High   
Wastewater Lagoon 
Inundation Flood Control ND High   

Boating and Fishing 
Access (riverine 
reaches) 

Recreation SK/ND Low 
PI is limited in that it only counts 
when boat ramps are inaccessible due 
to inundation, not low water 

Boat Access 
(Boundary) Recreation SK Low No data or study was provided to 

support 
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Boat Access 
(Rafferty and Grant 
Devine) 

Recreation SK High   

Boating and Fishing 
Safety Recreation ND/MB Low No data or study was provided to 

support 
Above 550-meter 
threshold (Rafferty) Recreation SK Low No data or study was provided to 

support 

Campground 
Availability Recreation SK High  

Duck Derby 
Conditions Recreation SK Low Flow threshold is a rough estimate 

Return to 
FSL/SaskPower 
Pumping 

Water Supply SK/ND High   

Water Supply Water Supply SK High/Medium Source is not clear when impacts start 
in SK reservoirs 

Water Supply Water Supply ND High/Low The only low confidence number for 
water use in ND is the F&W volume 

Water Supply Water Supply MB High   
 

5.5. Basin Variability 

The Souris River basin has innate variability in characteristics associated with channel capacity, channel 
slope, land use, and degree of physical infrastructure, for example.  These basin characteristics have an 
impact on the PI results.  It is very possible that a positive impact to a PI could result in one reach and a 
negative impact to the same PI in the next reach.  An example of this is the Bridge Inundation PI.  Bridge 
height and the distribution of bridges varies considerably from reach to reach, and it is very possible a 
change in reservoir operation could inundate some bridges more in one reach and some bridges less in 
another reach. 

5.6. Time Window of the PI plot 

PI’s were developed to illustrate the benefits or consequences of an operational change for a range of 
study themes for varying time periods.  In Phases 2, 3, and 4, PI plots show cumulative results over the 
entire period of record (1930-2017).  This enables the cumulative effects of a given operational change 
to be illustrated without analyzing hydrographs for each year of the simulation.  

However, computing PI’s over the 1930 to 2017 period of record may mask potential benefits or 
consequences if the modelled operation only deviates from the baseline in a limited number of years or 
for very specific hydrological conditions.   

For example, summer floods are relatively rare in the Souris River basin for the period of record.  If an 
operating plan was modelled that reduced the impact of summer floods from the baseline, the impact of 
the operational change may not be obvious in the PI plots, as in most years the flows resulting from the 
operational change and baseline flows are identical and only a limited number of years may show some 
improvement.  For this reason, Phase 5 PI plots are generated for a smaller subset of years. The subset 
of years is chosen based on the specific operational change under consideration and is specified in the 
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title block of the PI plot.  Therefore, it is important that the characteristics of the selected subset years 
be understood when viewing the PI plot. 

5.7. Uncertainty of modelled simulations 

All the time series used in the analysis and generation of the PI results are based on modelled 
simulations.  These simulations have inherent assumptions and conditions, which leads to some 
uncertainty in the modelled results.  Typically, the uncertainly may increase as the simulated results 
progress downstream and influence the reliability of the time series for the lower reaches, unless 
verification conditions are applied to correct the simulation.  Given the complexity of the Souris River 
basin and limited available spatial data, the uncertainly in the lower reaches may mask the PI results for 
those PI’s that have a low threshold level or are very sensitive to small changes in flows. 

 

6. Summary and Recommendations 
 

The following recommendations are provided: 

1. Overall, the PI’s make sense and respond as expected.  The response of some PI’s can be 
somewhat convoluted to understand, especially the further away the reach of interest is from 
the dams. 

2. The PI’s largely had limited sensitivity to individual Phase 5 operational changes.  Because of 
this, the PI’s may have limited usefulness the more refined the operational changes become.  At 
this point, the PI results have more utility to the technical team as a tool to understand trends in 
the simulation results and identify time periods and locations for further analysis. 

3. The PI’s are useful for understanding the effects of earlier modeling phases, such as 
Unregulated, Dry Dam, or FSL scenarios.  For these earlier phases, the PI’s tend to have strong 
responses and it’s generally easier to understand why a PI is responding the way it does.  The PI 
results for the Unregulated scenario versus Baseline would be helpful to the Study Board in 
understanding the benefits of the reservoirs and 1989 Agreement.  

4. In order to understand PI results, one must be familiar with the operational changes being 
modeled, the basis of the PI, and how a PI is counted.  It is strongly advised that PI results be 
reviewed in conjunction with flow/elevation hydrographs at areas of interest. 

5. The PI’s have varying levels of confidence.  It is recommended that the Study Board not make 
significant decisions based on results of low confidence PI’s.  The low confidence PI’s are 
generally the Environmental and Recreation Study Theme PI’s, in addition to the Erosion PI.  For 
the low confidence PI’s, the primary useful information is the direction of response. 

6. It is believed that the general public will mainly be able to understand the PI’s on a conceptual 
level, not necessarily on a detailed, technical level.  It is advised that the Study Board explain the 
impacts to various study themes in general statements. 
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7. The work group documented suggested edits to the DW4 Report/Appendices and PI Plots, which 
are listed in Table 4 of this report.  It is recommended that these edits be considered and 
incorporated, if appropriate, into the Plan of Study final documentation. 
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7. References 
 

The following Plan of Study reports and reference information were considered during the validation of 
the PI’s.  

i. DW4 Report – Data Collection for Performance Indicators and corresponding Appendix D 

ii. HEC-ResSIM Alternative Assessment Report and Table 1 from Appendix F-2 

iii. HEC ResSIM Data Output Post-Processing using R and Appendix A-5 

iv. Hydrovisualization Tool: https://webapps.usgs.gov/sourisriver/ 

 
Some of the reports and references were in draft form at the time of review and therefore, the final 
versions of the reports may have incorporated changes and may have been updated to reflect the 
observations noted as a result of the validation check. 
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Appendix A: Comprehensive list of all the PI’s 
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Province/State Reach 
Reach 

Number 
Study Theme PI Source 

Confidence 
Level 

Threshold 
or Curve 

Quantitative 
or 

Qualitative 

In App. D or 
DW4 Report? 

PI Definition (from PI Plates) 

SK City of Estevan 4 Agriculture 
> 5 Days Out of Bank (or 
Out of Bank Reduction) 

Annex A and Water Control 
Manual for Lake Darling Dam 

High threshold quantitative yes 
A measure of the amount of time the river is outside its banks 

for an extended period of time (flow greater than bankfull 
capacity for at least 5 consecutive days)  

SK City of Roche Percee 5 Agriculture 
> 5 Days Out of Bank (or 
Out of Bank Reduction) 

Annex A and Water Control 
Manual for Lake Darling Dam 

High threshold quantitative yes 
A measure of the amount of time the river is outside its banks 

for an extended period of time (flow greater than bankfull 
capacity for at least 5 consecutive days)  

SK 
Roche Percee to 
Moose Mountain 

Creek 
6 Agriculture 

> 5 Days Out of Bank (or 
Out of Bank Reduction) 

Annex A and Water Control 
Manual for Lake Darling Dam 

High threshold quantitative yes 
A measure of the amount of time the river is outside its banks 

for an extended period of time (flow greater than bankfull 
capacity for at least 5 consecutive days)  

SK 
Moose Mountain 

Creek to Sherwood 
7 Agriculture 

> 5 Days Out of Bank (or 
Out of Bank Reduction) 

Annex A and Water Control 
Manual for Lake Darling Dam 

High threshold quantitative yes 
A measure of the amount of time the river is outside its banks 

for an extended period of time (flow greater than bankfull 
capacity for at least 5 consecutive days)  

ND 
Sherwood to Mouse 

River Park 
8 Agriculture 

> 5 Days Out of Bank (or 
Out of Bank Reduction) 

Annex A and Water Control 
Manual for Lake Darling Dam 

High threshold quantitative yes 
A measure of the amount of time the river is outside its banks 

for an extended period of time (flow greater than bankfull 
capacity for at least 5 consecutive days)  

ND Mouse River Park 9 Agriculture 
> 5 Days Out of Bank (or 
Out of Bank Reduction) 

Annex A and Water Control 
Manual for Lake Darling Dam 

High threshold quantitative yes 
A measure of the amount of time the river is outside its banks 

for an extended period of time (flow greater than bankfull 
capacity for at least 5 consecutive days)  

ND 
Lake Darling to 

Burlington 
11 Agriculture 

> 5 Days Out of Bank (or 
Out of Bank Reduction) 

Annex A and Water Control 
Manual for Lake Darling Dam 

High threshold quantitative yes 
A measure of the amount of time the river is outside its banks 

for an extended period of time (flow greater than bankfull 
capacity for at least 5 consecutive days)  

ND City of Burlington 12 Agriculture 
> 5 Days Out of Bank (or 
Out of Bank Reduction) 

Annex A and Water Control 
Manual for Lake Darling Dam 

High threshold quantitative yes 
A measure of the amount of time the river is outside its banks 

for an extended period of time (flow greater than bankfull 
capacity for at least 5 consecutive days)  

ND Minot to Sawyer 14 Agriculture 
> 5 Days Out of Bank (or 
Out of Bank Reduction) 

Annex A and Water Control 
Manual for Lake Darling Dam 

High threshold quantitative yes 
A measure of the amount of time the river is outside its banks 

for an extended period of time (flow greater than bankfull 
capacity for at least 5 consecutive days)  

ND City of Sawyer 15 Agriculture 
> 5 Days Out of Bank (or 
Out of Bank Reduction) 

Annex A and Water Control 
Manual for Lake Darling Dam 

High threshold quantitative yes 
A measure of the amount of time the river is outside its banks 

for an extended period of time (flow greater than bankfull 
capacity for at least 5 consecutive days)  

ND Sawyer to Velva 16 Agriculture 
> 5 Days Out of Bank (or 
Out of Bank Reduction) 

Annex A and Water Control 
Manual for Lake Darling Dam 

High threshold quantitative yes 
A measure of the amount of time the river is outside its banks 

for an extended period of time (flow greater than bankfull 
capacity for at least 5 consecutive days)  

ND City of Velva 17 Agriculture 
> 5 Days Out of Bank (or 
Out of Bank Reduction) 

Annex A and Water Control 
Manual for Lake Darling Dam 

High threshold quantitative yes 
A measure of the amount of time the river is outside its banks 

for an extended period of time (flow greater than bankfull 
capacity for at least 5 consecutive days)  
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ND 
Velva to Eaton 

Irrigation District 
18 Agriculture 

> 5 Days Out of Bank (or 
Out of Bank Reduction) 

Annex A and Water Control 
Manual for Lake Darling Dam 

High threshold quantitative yes 
A measure of the amount of time the river is outside its banks 

for an extended period of time (flow greater than bankfull 
capacity for at least 5 consecutive days)  

ND 
Eaton Irrigation 

District 
19 Agriculture 

> 5 Days Out of Bank (or 
Out of Bank Reduction) 

Annex A and Water Control 
Manual for Lake Darling Dam 

High threshold quantitative yes 
A measure of the amount of time the river is outside its banks 

for an extended period of time (flow greater than bankfull 
capacity for at least 5 consecutive days)  

ND 
Downstream of 

Towner 
20 Agriculture 

> 5 Days Out of Bank (or 
Out of Bank Reduction) 

Annex A and Water Control 
Manual for Lake Darling Dam 

High threshold quantitative yes 
A measure of the amount of time the river is outside its banks 

for an extended period of time (flow greater than bankfull 
capacity for at least 5 consecutive days)  

ND J. Clark Salyer NWR 21 Agriculture 
> 5 Days Out of Bank (or 
Out of Bank Reduction) 

Annex A and Water Control 
Manual for Lake Darling Dam 

High threshold quantitative yes 
A measure of the amount of time the river is outside its banks 

for an extended period of time (flow greater than bankfull 
capacity for at least 5 consecutive days)  

MB 
Westhope to 
Wawanesa 

22 Agriculture 
> 5 Days Out of Bank (or 
Out of Bank Reduction) 

Annex A and Water Control 
Manual for Lake Darling Dam 

High threshold quantitative yes 
A measure of the amount of time the river is outside its banks 

for an extended period of time (flow greater than bankfull 
capacity for at least 5 consecutive days)  

SK City of Estevan 4 Agriculture 
Agricultural Damages (or 
Ag Damage Reduction) 

Land Use Rasters, 1-D 
Hydraulic Models, USDA 

Crop Data 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total agricultural 
damages due to land inundation  

SK City of Roche Percee 5 Agriculture 
Agricultural Damages (or 
Ag Damage Reduction) 

Land Use Rasters, 1-D 
Hydraulic Models, USDA 

Crop Data 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total agricultural 
damages due to land inundation  

SK 
Roche Percee to 
Moose Mountain 

Creek 
6 Agriculture 

Agricultural Damages (or 
Ag Damage Reduction) 

Land Use Rasters, 1-D 
Hydraulic Models, USDA 

Crop Data 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total agricultural 
damages due to land inundation  

SK 
Moose Mountain 

Creek to Sherwood 
7 Agriculture 

Agricultural Damages (or 
Ag Damage Reduction) 

Land Use Rasters, 1-D 
Hydraulic Models, USDA 

Crop Data 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total agricultural 
damages due to land inundation  

ND 
Sherwood to Mouse 

River Park 
8 Agriculture 

Agricultural Damages (or 
Ag Damage Reduction) 

Land Use Rasters, 2-D 
Hydraulic Models, USDA 

Crop Data 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total agricultural 
damages due to land inundation  

ND Mouse River Park 9 Agriculture 
Agricultural Damages (or 
Ag Damage Reduction) 

Land Use Rasters, 2-D 
Hydraulic Models, USDA 

Crop Data 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total agricultural 
damages due to land inundation  

ND 
Lake Darling to 

Burlington 
11 Agriculture 

Agricultural Damages (or 
Ag Damage Reduction) 

Land Use Rasters, 2-D 
Hydraulic Models, USDA 

Crop Data 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total agricultural 
damages due to land inundation  

ND City of Burlington 12 Agriculture 
Agricultural Damages (or 
Ag Damage Reduction) 

Land Use Rasters, 2-D 
Hydraulic Models, USDA 

Crop Data 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total agricultural 
damages due to land inundation  
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ND City of Minot 13 Agriculture 
Agricultural Damages (or 
Ag Damage Reduction) 

Land Use Rasters, 2-D 
Hydraulic Models, USDA 

Crop Data 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total agricultural 
damages due to land inundation  

ND Minot to Sawyer 14 Agriculture 
Agricultural Damages (or 
Ag Damage Reduction) 

Land Use Rasters, 2-D 
Hydraulic Models, USDA 

Crop Data 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total agricultural 
damages due to land inundation  

ND City of Sawyer 15 Agriculture 
Agricultural Damages (or 
Ag Damage Reduction) 

Land Use Rasters, 2-D 
Hydraulic Models, USDA 

Crop Data 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total agricultural 
damages due to land inundation  

ND Sawyer to Velva 16 Agriculture 
Agricultural Damages (or 
Ag Damage Reduction) 

Land Use Rasters, 2-D 
Hydraulic Models, USDA 

Crop Data 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total agricultural 
damages due to land inundation  

ND City of Velva 17 Agriculture 
Agricultural Damages (or 
Ag Damage Reduction) 

Land Use Rasters, 2-D 
Hydraulic Models, USDA 

Crop Data 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total agricultural 
damages due to land inundation  

ND 
Velva to Eaton 

Irrigation District 
18 Agriculture 

Agricultural Damages (or 
Ag Damage Reduction) 

Land Use Rasters, 2-D 
Hydraulic Models, USDA 

Crop Data 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total agricultural 
damages due to land inundation  

ND 
Eaton Irrigation 

District 
19 Agriculture 

Agricultural Damages (or 
Ag Damage Reduction) 

Land Use Rasters, 2-D 
Hydraulic Models, USDA 

Crop Data 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total agricultural 
damages due to land inundation  

ND 
Downstream of 

Towner 
20 Agriculture 

Agricultural Damages (or 
Ag Damage Reduction) 

Land Use Rasters, 2-D 
Hydraulic Models, USDA 

Crop Data 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total agricultural 
damages due to land inundation  

ND J. Clark Salyer NWR 21 Agriculture 
Agricultural Damages (or 
Ag Damage Reduction) 

Land Use Rasters, 2-D 
Hydraulic Models, USDA 

Crop Data 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total agricultural 
damages due to land inundation  

MB 
Westhope to 
Wawanesa 

22 Agriculture 
Agricultural Damages (or 
Ag Damage Reduction) 

Land Use Rasters, 2-D 
Hydraulic Models, USDA 

Crop Data 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total agricultural 
damages due to land inundation  

SK Rafferty Reservoir 1 Cultural 
Cultural Site Inundation (or 
Cultural Site Preservation) 

Ministry of Parks, Culture 
and Sport (Heritage 

Conseration Branch,SK), 1D 
Hydraulic Model 

Medium curve quantitative yes 
A measure of the reduction in the number of times known 

archaeological sites are inundated  

SK City of Estevan 4 Cultural 
Cultural Site Inundation (or 
Cultural Site Preservation) 

Ministry of Parks, Culture 
and Sport (Heritage 

Conseration Branch,SK), 1D 
Hydraulic Model 

Medium curve quantitative no 
A measure of the reduction in the number of times known 

archaeological sites are inundated  
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SK 
Roche Percee to 
Moose Mountain 

Creek 
6 Cultural 

Cultural Site Inundation (or 
Cultural Site Preservation) 

Ministry of Parks, Culture 
and Sport (Heritage 

Conseration Branch,SK), 1D 
Hydraulic Model 

Medium curve quantitative no 
A measure of the reduction in the number of times known 

archaeological sites are inundated  

SK 
Moose Mountain 

Creek to Sherwood 
7 Cultural 

Cultural Site Inundation (or 
Cultural Site Preservation) 

Ministry of Parks, Culture 
and Sport (Heritage 

Conseration Branch,SK), 1D 
Hydraulic Model 

Medium curve quantitative no 
A measure of the reduction in the number of times known 

archaeological sites are inundated  

ND 
Sherwood to Mouse 

River Park 
8 Cultural 

Cultural Site Inundation (or 
Cultural Site Preservation) 

Archaeological sites from 
SHPO, 1-meter LiDAR, 2-D 

Hydraulic Models 
High curve quantitative yes 

A measure of the reduction in the number of times known 
archaeological sites are inundated  

ND Mouse River Park 9 Cultural 
Cultural Site Inundation (or 
Cultural Site Preservation) 

Archaeological sites from 
SHPO, 1-meter LiDAR, 2-D 

Hydraulic Models 
High curve quantitative yes 

A measure of the reduction in the number of times known 
archaeological sites are inundated  

ND Lake Darling 10 Cultural 
Cultural Site Inundation (or 
Cultural Site Preservation) 

Archaeological sites from 
SHPO, 1-meter LiDAR, 2-D 

Hydraulic Models 
High curve quantitative yes 

A measure of the reduction in the number of times known 
archaeological sites are inundated  

ND 
Lake Darling to 

Burlington 
11 Cultural 

Cultural Site Inundation (or 
Cultural Site Preservation) 

Archaeological sites from 
SHPO, 1-meter LiDAR, 2-D 

Hydraulic Models 
High curve quantitative yes 

A measure of the reduction in the number of times known 
archaeological sites are inundated  

ND City of Minot 13 Cultural 
Cultural Site Inundation (or 
Cultural Site Preservation) 

Archaeological sites from 
SHPO, 1-meter LiDAR, 2-D 

Hydraulic Models 
High curve quantitative yes 

A measure of the reduction in the number of times known 
archaeological sites are inundated  

ND Minot to Sawyer 14 Cultural 
Cultural Site Inundation (or 
Cultural Site Preservation) 

Archaeological sites from 
SHPO, 1-meter LiDAR, 2-D 

Hydraulic Models 
High curve quantitative yes 

A measure of the reduction in the number of times known 
archaeological sites are inundated  

ND City of Sawyer 15 Cultural 
Cultural Site Inundation (or 
Cultural Site Preservation) 

Archaeological sites from 
SHPO, 1-meter LiDAR, 2-D 

Hydraulic Models 
High curve quantitative yes 

A measure of the reduction in the number of times known 
archaeological sites are inundated  

ND City of Velva 17 Cultural 
Cultural Site Inundation (or 
Cultural Site Preservation) 

Archaeological sites from 
SHPO, 1-meter LiDAR, 2-D 

Hydraulic Models 
High curve quantitative yes 

A measure of the reduction in the number of times known 
archaeological sites are inundated  

ND 
Velva to Eaton 

Irrigation District 
18 Cultural 

Cultural Site Inundation (or 
Cultural Site Preservation) 

Archaeological sites from 
SHPO, 1-meter LiDAR, 2-D 

Hydraulic Models 
High curve quantitative yes 

A measure of the reduction in the number of times known 
archaeological sites are inundated  

ND 
Eaton Irrigation 

District 
19 Cultural 

Cultural Site Inundation (or 
Cultural Site Preservation) 

Archaeological sites from 
SHPO, 1-meter LiDAR, 2-D 

Hydraulic Models 
High curve quantitative yes 

A measure of the reduction in the number of times known 
archaeological sites are inundated  
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ND 
Downstream of 

Towner 
20 Cultural 

Cultural Site Inundation (or 
Cultural Site Preservation) 

Archaeological sites from 
SHPO, 1-meter LiDAR, 2-D 

Hydraulic Models 
High curve quantitative yes 

A measure of the reduction in the number of times known 
archaeological sites are inundated  

ND J. Clark Salyer NWR 21 Cultural 
Cultural Site Inundation (or 
Cultural Site Preservation) 

Archaeological sites from 
SHPO, 1-meter LiDAR, 2-D 

Hydraulic Models 
High curve quantitative yes 

A measure of the reduction in the number of times known 
archaeological sites are inundated  

MB 
Westhope to 
Wawanesa 

22 Cultural 
Cultural Site Inundation (or 
Cultural Site Preservation) 

Archaeological sites from 
Manitoba Municipal 

Relations, 1-meter LiDAR, 2-
D Hydraulic Models 

High curve quantitative yes 
A measure of the reduction in the number of times known 

archaeological sites are inundated  

SK Rafferty Reservoir 1 Dam Safety Above Riprap WSA High threshold quantitative no 
A measure of how often the reservoir stays above the riprap at 

the base of the dam. 

SK Rafferty Reservoir 1 Dam Safety Below MAFL Operating Manual High threshold quantitative yes 
A measure of how often the reservoir stays below its 

Maximum Allowable Flood Level (MAFL) threshold  

SK Boundary Reservoir 2 Dam Safety Below MAFL Operating Manual High threshold quantitative yes 
A measure of how often the reservoir stays below its 

Maximum Allowable Flood Level (MAFL) threshold  

SK Grant Devine Lake 3 Dam Safety Below MAFL Operating Manual High threshold quantitative yes 
A measure of how often the reservoir stays below its 

Maximum Allowable Flood Level (MAFL) threshold  

ND Lake Darling 10 Dam Safety Below MAFL Operating Manual High threshold quantitative yes 
A measure of how often the reservoir stays below its 

Maximum Allowable Flood Level threshold  

ND 
Sherwood to Mouse 

River Park 
8 Environmental 

Chloride, Sodium, Sulfate, 
and Total Dissolved Solids 

USGS Study Low threshold qualitative no 
A measure of how often target levels for the listed water 

quality parameters are met  

ND City of Minot 13 Environmental 
Chloride, Sodium, Sulfate, 
and Total Dissolved Solids 

USGS Study Low threshold qualitative partially 
A measure of how often target levels for the listed water 

quality parameters are met  

MB 
Westhope to 
Wawanesa 

22 Environmental 
Chloride, Sodium, Sulfate, 
and Total Dissolved Solids 

USGS Study Low threshold qualitative no 
A measure of how often target levels for the listed water 

quality parameters are met  

ND 
Sherwood to Mouse 

River Park 
8 Environmental Fish & Wildlife Habitat USFWS opinion Low curve qualitative yes 

A measure of how often flow in the river is within the range 
most suitable for fish and wildlife (per U.S. Fish and Wildlife 

guidance).  

ND Mouse River Park 9 Environmental Fish & Wildlife Habitat USFWS opinion Low curve qualitative yes 
A measure of how often flow in the river is within the range 
most suitable for fish and wildlife (per U.S. Fish and Wildlife 

guidance).  
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ND Lake Darling 10 Environmental Fish & Wildlife Habitat USFWS opinion Low curve qualitative yes 
A measure of how often the reservoir elevation is within the 

range most suitable for fish and wildlife  

ND 
Lake Darling to 

Burlington 
11 Environmental Fish & Wildlife Habitat USFWS opinion Low curve qualitative yes 

A measure of how often flow in the river is within the range 
most suitable for fish and wildlife (per U.S. Fish and Wildlife 

guidance).  

ND City of Burlington 12 Environmental Fish & Wildlife Habitat USFWS opinion Low curve qualitative yes 
A measure of how often flow in the river is within the range 
most suitable for fish and wildlife (per U.S. Fish and Wildlife 

guidance).  

ND City of Minot 13 Environmental Fish & Wildlife Habitat USFWS opinion Low curve qualitative yes 
A measure of how often flow in the river is within the range 
most suitable for fish and wildlife (per U.S. Fish and Wildlife 

guidance).  

ND Minot to Sawyer 14 Environmental Fish & Wildlife Habitat USFWS opinion Low curve qualitative yes 
A measure of how often flow in the river is within the range 
most suitable for fish and wildlife (per U.S. Fish and Wildlife 

guidance).  

ND City of Sawyer 15 Environmental Fish & Wildlife Habitat USFWS opinion Low curve qualitative yes 
A measure of how often flow in the river is within the range 
most suitable for fish and wildlife (per U.S. Fish and Wildlife 

guidance).  

ND Sawyer to Velva 16 Environmental Fish & Wildlife Habitat USFWS opinion Low curve qualitative yes 
A measure of how often flow in the river is within the range 
most suitable for fish and wildlife (per U.S. Fish and Wildlife 

guidance).  

ND City of Velva 17 Environmental Fish & Wildlife Habitat USFWS opinion Low curve qualitative yes 
A measure of how often flow in the river is within the range 
most suitable for fish and wildlife (per U.S. Fish and Wildlife 

guidance).  

ND 
Velva to Eaton 

Irrigation District 
18 Environmental Fish & Wildlife Habitat USFWS opinion Low curve qualitative yes 

A measure of how often flow in the river is within the range 
most suitable for fish and wildlife (per U.S. Fish and Wildlife 

guidance).  

ND 
Eaton Irrigation 

District 
19 Environmental Fish & Wildlife Habitat USFWS opinion Low curve qualitative yes 

A measure of how often flow in the river is within the range 
most suitable for fish and wildlife (per U.S. Fish and Wildlife 

guidance).  

ND 
Downstream of 

Towner 
20 Environmental Fish & Wildlife Habitat USFWS opinion Low curve qualitative yes 

A measure of how often flow in the river is within the range 
most suitable for fish and wildlife (per U.S. Fish and Wildlife 

guidance).  

ND J. Clark Salyer NWR 21 Environmental Fish & Wildlife Habitat USFWS opinion Low curve qualitative yes 
A measure of how often flow in the river is within the range 
most suitable for fish and wildlife (per U.S. Fish and Wildlife 

guidance).  

SK Rafferty Reservoir 1 Environmental Fish Habitat WSA opinion Low curve qualitative yes 
A measure of how often the reservoir elevation is within the 

range most suitable for fish habitat 



Page | 35  
 

 

SK City of Estevan 4 Environmental Fish Habitat WSA opinion Low curve qualitative yes 
A measure of how often the flow in the river is within the 

range most suitable for fish habitat 

ND 
Sherwood to Mouse 

River Park 
8 Environmental Fish Habitat WSA opinion Low curve qualitative no 

A measure of how often the flow in the river is within the 
range most suitable for fish habitat (per SK Water Security 

Agency guidance). 

SK Grant Devine Lake 3 Environmental Fish Habitat (MMC) WSA opinion Low curve qualitative no 
A measure of how often the flow in Moose Mountain Creek 

below Grant Devine is within the range most suitable for fish 
habitat  

SK Grant Devine Lake 3 Environmental Fish Habitat (reservoir) WSA opinion Low curve qualitative no 
A measure of how often the reservoir elevation is within the 

range most suitable for fish habitat  

ND 
Sherwood to Mouse 

River Park 
8 Environmental Fish Kill Reduction ND Game and Fish opinion Low threshold qualitative yes 

A measure of how often flow in the river stays high enough to 
avoid fish kills  

ND Mouse River Park 9 Environmental Fish Kill Reduction ND Game and Fish opinion Low threshold qualitative yes 
A measure of how often flow in the river stays high enough to 

avoid fish kills  

ND 
Lake Darling to 

Burlington 
11 Environmental Fish Kill Reduction ND Game and Fish opinion Low threshold qualitative yes 

A measure of how often flow in the river stays high enough to 
avoid fish kills  

ND City of Burlington 12 Environmental Fish Kill Reduction ND Game and Fish opinion Low threshold qualitative yes 
A measure of how often flow in the river stays high enough to 

avoid fish kills  

ND City of Minot 13 Environmental Fish Kill Reduction ND Game and Fish opinion Low threshold qualitative yes 
A measure of how often flow in the river stays high enough to 

avoid fish kills  

ND Minot to Sawyer 14 Environmental Fish Kill Reduction ND Game and Fish opinion Low threshold qualitative yes 
A measure of how often flow in the river stays high enough to 

avoid fish kills  

ND City of Sawyer 15 Environmental Fish Kill Reduction ND Game and Fish opinion Low threshold qualitative yes 
A measure of how often flow in the river stays high enough to 

avoid fish kills  

ND Sawyer to Velva 16 Environmental Fish Kill Reduction ND Game and Fish opinion Low threshold qualitative yes 
A measure of how often flow in the river stays high enough to 

avoid fish kills  

ND City of Velva 17 Environmental Fish Kill Reduction ND Game and Fish opinion Low threshold qualitative yes 
A measure of how often flow in the river stays high enough to 

avoid fish kills  

ND 
Velva to Eaton 

Irrigation District 
18 Environmental Fish Kill Reduction ND Game and Fish opinion Low threshold qualitative yes 

A measure of how often flow in the river stays high enough to 
avoid fish kills  
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ND 
Eaton Irrigation 

District 
19 Environmental Fish Kill Reduction ND Game and Fish opinion Low threshold qualitative yes 

A measure of how often flow in the river stays high enough to 
avoid fish kills  

ND 
Downstream of 

Towner 
20 Environmental Fish Kill Reduction ND Game and Fish opinion Low threshold qualitative yes 

A measure of how often flow in the river stays high enough to 
avoid fish kills  

ND J. Clark Salyer NWR 21 Environmental Fish Kill Reduction ND Game and Fish opinion Low threshold qualitative yes 
A measure of how often flow in the river stays high enough to 

avoid fish kills  

MB 
Westhope to 
Wawanesa 

22 Environmental Fish Kill Reduction ND Game and Fish opinion Low threshold qualitative yes 
A measure of how often flow in the river stays high enough to 

avoid fish kills  

MB 
Westhope to 
Wawanesa 

22 Environmental 
Ground Nesting Bird 

Habitat 
2-D Hydraulic Model, Land 

Use Data 
High curve quantitative yes 

A measure of the reduction in the number of times ground 
nesting bird habitat is inundated  

ND 
Sherwood to Mouse 

River Park 
8 Erosion Erosion Reduction 

2-D Hydraulic Models, Land 
Use Data, NRCS shear stress 

Low curve quantitative yes 
A measure of the reduction in the amount of bank erosion 

expected 

ND 
Lake Darling to 

Burlington 
11 Erosion Erosion Reduction 

2-D Hydraulic Models, Land 
Use Data, NRCS shear stress 

Low curve quantitative yes 
A measure of the reduction in the amount of bank erosion 

expected  

ND City of Burlington 12 Erosion Erosion Reduction 
2-D Hydraulic Models, Land 
Use Data, NRCS shear stress 

Low curve quantitative yes 
A measure of the reduction in the amount of bank erosion 

expected  

ND City of Minot 13 Erosion Erosion Reduction 
2-D Hydraulic Models, Land 
Use Data, NRCS shear stress 

Low curve quantitative yes 
A measure of the reduction in the amount of bank erosion 

expected  

ND City of Sawyer 15 Erosion Erosion Reduction 
2-D Hydraulic Models, Land 
Use Data, NRCS shear stress 

Low curve quantitative yes 
A measure of the reduction in the amount of bank erosion 

expected  

ND 
Velva to Eaton 

Irrigation District 
18 Erosion Erosion Reduction 

2-D Hydraulic Models, Land 
Use Data, NRCS shear stress 

Low curve quantitative yes 
A measure of the reduction in the amount of bank erosion 

expected  

ND 
Eaton Irrigation 

District 
19 Erosion Erosion Reduction 

2-D Hydraulic Models, Land 
Use Data, NRCS shear stress 

Low curve quantitative yes 
A measure of the reduction in the amount of bank erosion 

expected  

ND 
Downstream of 

Towner 
20 Erosion Erosion Reduction 

2-D Hydraulic Models, Land 
Use Data, NRCS shear stress 

Low curve quantitative yes 
A measure of the reduction in the amount of bank erosion 

expected  

SK City of Estevan 4 Flood Control 
1st Coal Haul Road (or 1st 
Coal Crossing Availability) 

SaskPower High threshold quantitative yes A measure of how often the lower road crossing used to 
deliver coal to the Boundary Dam Power Station is not 
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overtopped. See the “Low Level Coal Haul Crossing” 
performance indicator  

SK City of Estevan 4 Flood Control 
2nd Coal Haul Road (or 2nd 
Coal Crossing Availability) 

SaskPower High threshold quantitative yes 

A measure of how often the higher road crossing used to 
deliver coal to the Boundary Dam Power Station is not 
overtopped. See the “Secondary Coal Haul Crossing” 

performance indicator  

ND City of Minot 13 Flood Control Below 10,000 cfs (Minot) City of Minot High threshold quantitative yes 
A measure of how often the given flow is not exceeded at 

Minot, ND  

MB 
Westhope to 
Wawanesa 

22 Flood Control Below 20,300 cfs Province of Manitoba High threshold quantitative yes 
A measure of how often flow stays below the given threshold 

at Westhope, ND 

MB 
Westhope to 
Wawanesa 

22 Flood Control Below 28,000 cfs Province of Manitoba High threshold quantitative yes 
A measure of how often flow stays below the given threshold 

at Westhope, ND 

ND City of Minot 13 Flood Control Below 5,000 cfs (Minot) City of Minot High threshold quantitative yes 
A measure of how often the given flow is not exceeded at 

Minot, ND  

ND 
Sherwood to Mouse 

River Park 
8 Flood Control Bridge Detour Reduction 

2-D Hydraulic Models, ND 
DoT roadway data 

High curve quantitative yes 
A measure of the reduction in miles of road detours expected 

due to bridge inundation  

ND Mouse River Park 9 Flood Control Bridge Detour Reduction 
2-D Hydraulic Models, ND 

DoT roadway data 
High curve quantitative yes 

A measure of the reduction in miles of road detours expected 
due to bridge inundation  

ND 
Lake Darling to 

Burlington 
11 Flood Control Bridge Detour Reduction 

2-D Hydraulic Models, ND 
DoT roadway data 

High curve quantitative yes 
A measure of the reduction in miles of road detours expected 

due to bridge inundation  

ND City of Burlington 12 Flood Control Bridge Detour Reduction 
2-D Hydraulic Models, ND 

DoT roadway data 
High curve quantitative yes 

A measure of the reduction in miles of road detours expected 
due to bridge inundation  

ND City of Minot 13 Flood Control Bridge Detour Reduction 
2-D Hydraulic Models, ND 

DoT roadway data 
High curve quantitative yes 

A measure of the reduction in miles of road detours expected 
due to bridge inundation  

ND Minot to Sawyer 14 Flood Control Bridge Detour Reduction 
2-D Hydraulic Models, ND 

DoT roadway data 
High curve quantitative yes 

A measure of the reduction in miles of road detours expected 
due to bridge inundation  

ND City of Sawyer 15 Flood Control Bridge Detour Reduction 
2-D Hydraulic Models, ND 

DoT roadway data 
High curve quantitative yes 

A measure of the reduction in miles of road detours expected 
due to bridge inundation  

ND Sawyer to Velva 16 Flood Control Bridge Detour Reduction 
2-D Hydraulic Models, ND 

DoT roadway data 
High curve quantitative yes 

A measure of the reduction in miles of road detours expected 
due to bridge inundation  
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ND City of Velva 17 Flood Control Bridge Detour Reduction 
2-D Hydraulic Models, ND 

DoT roadway data 
High curve quantitative yes 

A measure of the reduction in miles of road detours expected 
due to bridge inundation  

ND 
Velva to Eaton 

Irrigation District 
18 Flood Control Bridge Detour Reduction 

2-D Hydraulic Models, ND 
DoT roadway data 

High curve quantitative yes 
A measure of the reduction in miles of road detours expected 

due to bridge inundation  

ND 
Eaton Irrigation 

District 
19 Flood Control Bridge Detour Reduction 

2-D Hydraulic Models, ND 
DoT roadway data 

High curve quantitative yes 
A measure of the reduction in miles of road detours expected 

due to bridge inundation  

ND 
Downstream of 

Towner 
20 Flood Control Bridge Detour Reduction 

2-D Hydraulic Models, ND 
DoT roadway data 

High curve quantitative yes 
A measure of the reduction in miles of road detours expected 

due to bridge inundation  

ND J. Clark Salyer NWR 21 Flood Control Bridge Detour Reduction 
2-D Hydraulic Models, ND 

DoT roadway data 
High curve quantitative no 

A measure of the reduction in miles of road detours expected 
due to bridge inundation  

SK Rafferty Reservoir 1 Flood Control 
Bridge Inundation (or 

Bridge Inundation 
Reduction) 

2-D Hydraulic Model High curve quantitative no 
A measure of how often releases from the reservoir inundate 

bridges between Rafferty and the Long Creek confluence 

SK City of Estevan 4 Flood Control 
Bridge Inundation (or 

Bridge Inundation 
Reduction) 

2-D Hydraulic Model High curve quantitative no 
A measure of the reduction in the number of bridges expected 

to be inundated  

MB 
Westhope to 
Wawanesa 

22 Flood Control 
Bridge Inundation (or 

Bridge Inundation 
Reduction) 

2-D Hydraulic Model High curve quantitative yes 
A measure of the reduction in the number of bridges expected 

to be inundated  

SK City of Estevan 4 Flood Control 
Coal Stockpile (or Coal 
Stockpile Availability) 

SaskPower High threshold qualitative yes 

A measure of often the Boundary Dam Power Station’s coal 
stockpile is available. The stockpile is considered depleted 

after extended inundation of the low and secondary coal haul 
crossings  

SK City of Estevan 4 Flood Control 
Flooded Structures (or 

Structural Damage 
Reduction) 

1-D Hydraulic Models, LiDAR, 
Aerial Imagery, USACE 

Economic Analysis 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total structural 
damages from flooding  

SK City of Roche Percee 5 Flood Control 
Flooded Structures (or 

Structural Damage 
Reduction) 

1-D Hydraulic Models, LiDAR, 
Aerial Imagery, USACE 

Economic Analysis 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total structural 
damages from flooding  

SK 
Roche Percee to 
Moose Mountain 

Creek 
6 Flood Control 

Flooded Structures (or 
Structural Damage 

Reduction) 

1-D Hydraulic Models, LiDAR, 
Aerial Imagery, USACE 

Economic Analysis 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total structural 
damages from flooding  

SK 
Moose Mountain 

Creek to Sherwood 
7 Flood Control 

Flooded Structures (or 
Structural Damage 

Reduction) 

1-D Hydraulic Models, LiDAR, 
Aerial Imagery, USACE 

Economic Analysis 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total structural 
damages from flooding  
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ND 
Sherwood to Mouse 

River Park 
8 Flood Control 

Flooded Structures (or 
Structural Damage 

Reduction) 

2-D Hydraulic Models, LiDAR, 
Aerial Imagery, USACE 

Economic Analysis 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total structural 
damages from flooding  

ND Mouse River Park 9 Flood Control 
Flooded Structures (or 

Structural Damage 
Reduction) 

2-D Hydraulic Models, LiDAR, 
Aerial Imagery, USACE 

Economic Analysis 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total structural 
damages from flooding  

ND 
Lake Darling to 

Burlington 
11 Flood Control 

Flooded Structures (or 
Structural Damage 

Reduction) 

2-D Hydraulic Models, LiDAR, 
Aerial Imagery, USACE 

Economic Analysis 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total structural 
damages from flooding  

ND City of Burlington 12 Flood Control 
Flooded Structures (or 

Structural Damage 
Reduction) 

2-D Hydraulic Models, LiDAR, 
Aerial Imagery, USACE 

Economic Analysis 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total structural 
damages from flooding  

ND City of Minot 13 Flood Control 
Flooded Structures (or 

Structural Damage 
Reduction) 

2-D Hydraulic Models, LiDAR, 
Aerial Imagery, USACE 

Economic Analysis 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total structural 
damages from flooding  

ND Minot to Sawyer 14 Flood Control 
Flooded Structures (or 

Structural Damage 
Reduction) 

2-D Hydraulic Models, LiDAR, 
Aerial Imagery, USACE 

Economic Analysis 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total structural 
damages from flooding  

ND City of Sawyer 15 Flood Control 
Flooded Structures (or 

Structural Damage 
Reduction) 

2-D Hydraulic Models, LiDAR, 
Aerial Imagery, USACE 

Economic Analysis 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total structural 
damages from flooding  

ND Sawyer to Velva 16 Flood Control 
Flooded Structures (or 

Structural Damage 
Reduction) 

2-D Hydraulic Models, LiDAR, 
Aerial Imagery, USACE 

Economic Analysis 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total structural 
damages from flooding  

ND City of Velva 17 Flood Control 
Flooded Structures (or 

Structural Damage 
Reduction) 

2-D Hydraulic Models, LiDAR, 
Aerial Imagery, USACE 

Economic Analysis 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total structural 
damages from flooding  

ND 
Velva to Eaton 

Irrigation District 
18 Flood Control 

Flooded Structures (or 
Structural Damage 

Reduction) 

2-D Hydraulic Models, LiDAR, 
Aerial Imagery, USACE 

Economic Analysis 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total structural 
damages from flooding  

ND 
Eaton Irrigation 

District 
19 Flood Control 

Flooded Structures (or 
Structural Damage 

Reduction) 

2-D Hydraulic Models, LiDAR, 
Aerial Imagery, USACE 

Economic Analysis 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total structural 
damages from flooding  

ND 
Downstream of 

Towner 
20 Flood Control 

Flooded Structures (or 
Structural Damage 

Reduction) 

2-D Hydraulic Models, LiDAR, 
Aerial Imagery, USACE 

Economic Analysis 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total structural 
damages from flooding  

ND J. Clark Salyer NWR 21 Flood Control 
Flooded Structures (or 

Structural Damage 
Reduction) 

2-D Hydraulic Models, LiDAR, 
Aerial Imagery, USACE 

Economic Analysis 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total structural 
damages from flooding  
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MB 
Westhope to 
Wawanesa 

22 Flood Control 
Flooded Structures (or 

Structural Damage 
Reduction) 

2-D Hydraulic Models, LiDAR, 
Aerial Imagery, USACE 

Economic Analysis 
High/Medium curve quantitative yes 

A monetary estimate of the reduction in total structural 
damages from flooding  

ND Lake Darling 10 Flood Control MRP 95th St Souris River Joint Board High threshold quantitative yes 
A measure of how often the reservoir stays below the 

elevation required to inundate 95th Street in Mouse River 
Park, ND  

ND Lake Darling 10 Flood Control MRP Evacuation Souris River Joint Board High threshold quantitative yes 
A measure of how often the reservoir stays below the 

threshold for evacuation of Mouse River Park, ND  

ND Lake Darling 10 Flood Control MRP Flood Ops Souris River Joint Board High threshold quantitative yes 
A measure of how often the reservoir stays below the 

threshold for flood operations activation at Mouse River Park, 
ND  

ND Lake Darling 10 Flood Control MRP Levee Souris River Joint Board High threshold quantitative yes 
A measure of how often the reservoir stays below the 

elevation required to overtop the Mouse River Park levee 
system  

SK City of Roche Percee 5 Flood Control 
Oil Well Inundation (or Oil 

Well Inundation 
Reduction) 

Province of Saskatchewan, 1-
D Hydraulic Model 

High/Medium curve quantitative no A measure of how often oil wells are not flooded. 

SK 
Roche Percee to 
Moose Mountain 

Creek 
6 Flood Control 

Oil Well Inundation (or Oil 
Well Inundation 

Reduction) 

Province of Saskatchewan, 1-
D Hydraulic Model 

High/Medium curve quantitative no A measure of how often oil wells are not flooded. 

SK 
Moose Mountain 

Creek to Sherwood 
7 Flood Control 

Oil Well Inundation (or Oil 
Well Inundation 

Reduction) 

Province of Saskatchewan, 1-
D Hydraulic Model 

High/Medium curve quantitative yes A measure of how often oil wells are not flooded. 

ND City of Minot 13 Flood Control 
Railroad Inundation (or 

Railroad Inundation 
Reduction) 

Souris River Joint Board High threshold quantitative yes 
A measure of the reduction in the number of times railroad 

lines are inundated in this reach  

ND Minot to Sawyer 14 Flood Control 
Railroad Inundation (or 

Railroad Inundation 
Reduction) 

Souris River Joint Board High threshold quantitative yes 
A measure of how often railroad lines are not inundated in this 

reach  

ND City of Burlington 12 Flood Control 
Wastewater Lagoon 

Inundation (or WW Lagoon 
Safety) 

Souris River Joint Board High threshold quantitative yes 
A measure of how often the Burlington wastewater lagoon is 

not flooded  

ND City of Minot 13 Flood Control 
Wastewater Lagoon 

Inundation (or WW Lagoon 
Safety) 

Souris River Joint Board High threshold quantitative yes 
A measure of the reduction in the number of days the Minot 

wastewater lagoon is flooded  

ND City of Sawyer 15 Flood Control 
Wastewater Lagoon 

Inundation (or WW Lagoon 
Safety) 

Souris River Joint Board High threshold quantitative yes 
A measure of the reduction in the number of days the Sawyer 

wastewater lagoon is flooded  
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ND City of Velva 17 Flood Control 
Wastewater Lagoon 

Inundation (or WW Lagoon 
Safety) 

Souris River Joint Board High threshold quantitative yes 
A measure of the reduction in the number of days the Velva 

wastewater lagoon is flooded  

ND 
Eaton Irrigation 

District 
19 Flood Control 

Wastewater Lagoon 
Inundation (or WW Lagoon 

Safety) 
Souris River Joint Board High threshold quantitative yes 

A measure of the reduction in the number of days the Towner 
wastewater lagoon is flooded  

SK Rafferty Reservoir 1 Recreation Above 550 m PAAG Low threshold quantitative yes 
A measure of how often the reservoir stays above an elevation 

of 550 meters, a critical threshold for boating safety  

SK Boundary Reservoir 2 Recreation Boat Launch Access 
Local Input, historical water 

levels 
Low threshold quantitative no 

A measure of how often the reservoir elevation is within the 
range suitable for use of the boat launch  

ND Mouse River Park 9 Recreation Boating & Fishing Access 
Points from ND Game and 
Fish, 1-meter LiDAR, 2-D 

Hydraulic Models 
Low curve quantitative yes 

A measure of how often boat ramps and other access sites are 
not inundated. Does not count times access sites are not 

useable due to low water conditions  

ND Lake Darling 10 Recreation Boating & Fishing Access 
Points from ND Game and 
Fish, 1-meter LiDAR, 2-D 

Hydraulic Models 
Low curve quantitative yes 

A measure of how often boat ramps and other access sites are 
not inundated. Does not count times access sites are not 

useable due to low water conditions  

ND 
Lake Darling to 

Burlington 
11 Recreation Boating & Fishing Access 

Points from ND Game and 
Fish, 1-meter LiDAR, 2-D 

Hydraulic Models 
Low curve quantitative yes 

A measure of how often boat ramps and other access sites are 
not inundated. Does not count times access sites are not 

useable due to low water conditions  

ND City of Minot 13 Recreation Boating & Fishing Access 
Points from ND Game and 
Fish, 1-meter LiDAR, 2-D 

Hydraulic Models 
Low curve quantitative yes 

A measure of how often boat ramps and other access sites are 
not inundated. Does not count times access sites are not 

useable due to low water conditions  

ND J. Clark Salyer NWR 21 Recreation Boating & Fishing Access 
Points from ND Game and 
Fish, 1-meter LiDAR, 2-D 

Hydraulic Models 
Low curve quantitative yes 

A measure of how often boat ramps and other access sites are 
not inundated. Does not count times access sites are not 

useable due to low water conditions  

ND 
Sherwood to Mouse 

River Park 
8 Recreation Boating & Fishing Safety 

Points from ND Game and 
Fish, 1-meter LiDAR, 2-D 

Hydraulic Models 
Low curve qualitative yes 

A measure of how often flow in the river is within an 
acceptable range for safe recreational boating and fishing. See 

the “Boating Safety and Fishing Conditions” performance 
indicator  

ND Mouse River Park 9 Recreation Boating & Fishing Safety 
Points from ND Game and 
Fish, 1-meter LiDAR, 2-D 

Hydraulic Models 
Low curve qualitative yes 

A measure of how often flow in the river is within an 
acceptable range for safe recreational boating and fishing. See 

the “Boating Safety and Fishing Conditions” performance 
indicator  

ND 
Lake Darling to 

Burlington 
11 Recreation Boating & Fishing Safety 

Points from ND Game and 
Fish, 1-meter LiDAR, 2-D 

Hydraulic Models 
Low curve qualitative yes 

A measure of how often flow in the river is within an 
acceptable range for safe recreational boating and fishing. See 

the “Boating Safety and Fishing Conditions” performance 
indicator  
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ND City of Burlington 12 Recreation Boating & Fishing Safety 
Points from ND Game and 
Fish, 1-meter LiDAR, 2-D 

Hydraulic Models 
Low curve qualitative yes 

A measure of how often flow in the river is within an 
acceptable range for safe recreational boating and fishing. See 

the “Boating Safety and Fishing Conditions” performance 
indicator  

ND City of Minot 13 Recreation Boating & Fishing Safety 
Points from ND Game and 
Fish, 1-meter LiDAR, 2-D 

Hydraulic Models 
Low curve qualitative yes 

A measure of how often flow in the river is within an 
acceptable range for safe recreational boating and fishing. See 

the “Boating Safety and Fishing Conditions” performance 
indicator  

ND Minot to Sawyer 14 Recreation Boating & Fishing Safety 
Points from ND Game and 
Fish, 1-meter LiDAR, 2-D 

Hydraulic Models 
Low curve qualitative yes 

A measure of how often flow in the river is within an 
acceptable range for safe recreational boating and fishing. See 

the “Boating Safety and Fishing Conditions” performance 
indicator  

ND City of Sawyer 15 Recreation Boating & Fishing Safety 
Points from ND Game and 
Fish, 1-meter LiDAR, 2-D 

Hydraulic Models 
Low curve qualitative yes 

A measure of how often flow in the river is within an 
acceptable range for safe recreational boating and fishing. See 

the “Boating Safety and Fishing Conditions” performance 
indicator  

ND Sawyer to Velva 16 Recreation Boating & Fishing Safety 
Points from ND Game and 
Fish, 1-meter LiDAR, 2-D 

Hydraulic Models 
Low curve qualitative yes 

A measure of how often flow in the river is within an 
acceptable range for safe recreational boating and fishing. See 

the “Boating Safety and Fishing Conditions” performance 
indicator  

ND City of Velva 17 Recreation Boating & Fishing Safety 
Points from ND Game and 
Fish, 1-meter LiDAR, 2-D 

Hydraulic Models 
Low curve qualitative yes 

A measure of how often flow in the river is within an 
acceptable range for safe recreational boating and fishing. See 

the “Boating Safety and Fishing Conditions” performance 
indicator  

ND 
Velva to Eaton 

Irrigation District 
18 Recreation Boating & Fishing Safety 

Points from ND Game and 
Fish, 1-meter LiDAR, 2-D 

Hydraulic Models 
Low curve qualitative yes 

A measure of how often flow in the river is within an 
acceptable range for safe recreational boating and fishing. See 

the “Boating Safety and Fishing Conditions” performance 
indicator  

ND 
Eaton Irrigation 

District 
19 Recreation Boating & Fishing Safety 

Points from ND Game and 
Fish, 1-meter LiDAR, 2-D 

Hydraulic Models 
Low curve qualitative yes 

A measure of how often flow in the river is within an 
acceptable range for safe recreational boating and fishing. See 

the “Boating Safety and Fishing Conditions” performance 
indicator  

ND 
Downstream of 

Towner 
20 Recreation Boating & Fishing Safety 

Points from ND Game and 
Fish, 1-meter LiDAR, 2-D 

Hydraulic Models 
Low curve qualitative yes 

A measure of how often flow in the river is within an 
acceptable range for safe recreational boating and fishing. See 

the “Boating Safety and Fishing Conditions” performance 
indicator  

ND J. Clark Salyer NWR 21 Recreation Boating & Fishing Safety 
Points from ND Game and 
Fish, 1-meter LiDAR, 2-D 

Hydraulic Models 
Low curve qualitative yes 

A measure of how often flow in the river is within an 
acceptable range for safe recreational boating and fishing. See 

the “Boating Safety and Fishing Conditions” performance 
indicator  
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MB 
Westhope to 
Wawanesa 

22 Recreation Boating & Fishing Safety 
Points from ND Game and 
Fish, 1-meter LiDAR, 2-D 

Hydraulic Models 
Low curve qualitative yes 

A measure of how often flow in the river is within an 
acceptable range for safe recreational boating and fishing. See 

the “Boating Safety and Fishing Conditions” performance 
indicator  

SK City of Estevan 4 Recreation Campground Availability Hidden Valley Campground High threshold quantitative yes 
A measure of the reduction in the number of times campsites 

are inundated at Hidden Valley Gold & RV Resort  

SK City of Estevan 4 Recreation Duck Derby Conditions WSA Regional Office Low threshold quantitative yes 
A measure of how often there is adequate flow in the river for 

the Estevan duck derby the first 10 days of September  

SK Rafferty Reservoir 1 Recreation Mainprize Boat Access WSA Surveys High threshold quantitative yes 
A measure of how often the reservoir elevation is within the 

range suitable for use of the Mainprize boat access  

SK Rafferty Reservoir 1 Recreation Marina Boat Access 
Souris River Basin Authority 

Drawing 
High threshold quantitative no 

A measure of how often the reservoir elevation is within the 
range suitable for use of the marina boat access 

SK Grant Devine Lake 3 Recreation MMPP Boat Access Construction drawings High threshold quantitative no 
A measure of how often the reservoir elevation is within the 
range suitable for use of the Moose Mountain Provincial Park 

boat access  

SK Rafferty Reservoir 1 Water Supply Return to FSL Operating Manual High threshold quantitative yes 
A measure of the number of years the reservoir reaches Full 

Supply Level (FSL) 

SK Boundary Reservoir 2 Water Supply Return to FSL Operating Manual High threshold quantitative yes 
A measure of the number of years the reservoir reaches Full 

Supply Level (FSL) 

SK Grant Devine Lake 3 Water Supply Return to FSL Operating Manual High threshold quantitative yes 
A measure of the number of years the reservoir reaches Full 

Supply Level (FSL) 

ND Lake Darling 10 Water Supply Return to FSL Operating Manual High threshold quantitative yes 
A measure of the number of years the reservoir reaches Full 

Supply Level (FSL)  

SK Boundary Reservoir 2 Water Supply SaskPower Pumping SaskPower High threshold quantitative yes 

A measure of how often water must be pumped from Rafferty 
Reservoir to Boundary Reservoir such that Boundary stays high 
enough to provide cooling water to the Boundary Dam Power 

Station  

SK Rafferty Reservoir 1 Water Supply Water Supply WSA Medium curve quantitative yes 
A measure of how often the reservoir stays high enough to 

fulfill its water supply obligations 

SK Boundary Reservoir 2 Water Supply Water Supply WSA Medium curve quantitative yes 
A measure of how often the reservoir stays high enough to 

fulfill its water supply obligations 
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SK Grant Devine Lake 3 Water Supply Water Supply WSA Medium curve quantitative yes 
A measure of how often the reservoir stays high enough to 

fulfill its water supply obligations 

SK 
Roche Percee to 
Moose Mountain 

Creek 
6 Water Supply Water Supply WSA High curve quantitative yes 

A measure of how often there is enough flow in the river to 
meet the water supply permits in the given reach  

SK 
Moose Mountain 

Creek to Sherwood 
7 Water Supply Water Supply WSA High curve quantitative yes 

A measure of how often there is enough flow in the river to 
meet the water supply permits in the given reach  

ND 
Sherwood to Mouse 

River Park 
8 Water Supply Water Supply NDSWC High curve quantitative yes 

A measure of how often there is enough flow in the river to 
meet the water supply permits in the given reach  

ND Mouse River Park 9 Water Supply Water Supply NDSWC High curve quantitative yes 
A measure of how often there is enough flow in the river to 

meet the water supply permits in the given reach  

ND 
Lake Darling to 

Burlington 
11 Water Supply Water Supply NDSWC High curve quantitative yes 

A measure of how often there is enough flow in the river to 
meet the water supply permits in the given reach  

ND City of Burlington 12 Water Supply Water Supply NDSWC High curve quantitative yes 
A measure of how often there is enough flow in the river to 

meet the water supply permits in the given reach  

ND City of Minot 13 Water Supply Water Supply NDSWC High curve quantitative yes 
A measure of how often there is enough flow in the river to 

meet the water supply permits in the given reach  

ND City of Velva 17 Water Supply Water Supply NDSWC High curve quantitative yes 
A measure of how often there is enough flow in the river to 

meet the water supply permits in the given reach  

ND 
Velva to Eaton 

Irrigation District 
18 Water Supply Water Supply NDSWC High curve quantitative yes 

A measure of how often there is enough flow in the river to 
meet the water supply permits in the given reach  

ND 
Eaton Irrigation 

District 
19 Water Supply Water Supply NDSWC High curve quantitative yes 

A measure of how often there is enough flow in the river to 
meet the water supply permits in the given reach  

ND J. Clark Salyer NWR 21 Water Supply Water Supply NDSWC Low curve quantitative yes 
A measure of how often there is enough flow in the river to 

meet the water supply permits in the given reach  

MB 
Westhope to 
Wawanesa 

22 Water Supply Water Supply 
1959 Interim Measures w/ 
input from Province of MB 

High curve quantitative yes 
A measure of how often there is enough flow in the river to 

meet the water supply permits in the given reach  
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Worksheet - Performance Indicator Assessment 

Study Theme Agriculture  

Province/State SK, ND, and MB  

PI Name Out of Bank Reduction  

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

This PI provides an indication of the effect an alternative has on flows 
being 'out of bank' for more than 5 days continuously.  The PI is labelled 
"Out of Bank Reduction" and reflects a positive result if the amount of 
time 'out of bank' is reduced by the alternative under study as compared 
to the baseline condition.  The baseline condition is the modelled current 
Operating Plan. 

The values for flows that are considered 'out of bank' are those shown in 
Annex A and these values are established for a number of reaches.  The 
flow values are those representing 1989 channel conditions. 

The PI is a threshold flow value, which measures the amount of time that 
the flow is out of bank for a period of at least five days 

It has a high confidence level of being representative for "out of bank" 
flow conditions 

Reference: DW4 Report and corresponding Appendix D 

Reach(s) This PI has been established for reaches beginning at the City of Estevan to 
Sherwood in SK, from Sherwood to Westhope in ND, and for the 
Westhope to Wawanesa reach in MB. 

The SK reaches are 4, 5, 6, and 7.  

The ND reaches are 8, 9, 11, 12, 14, 15, 16, 17, 18, 19, 20, and 21. 

The MB reach is 22. 

Association with 
other PIs 

The results of the "Out of Bank Reduction" PI are closely linked to the PI 
reflecting a "Reduction in Agricultural Damage" as the agricultural 
damages PI requires a reduction in peaks flows which would negatively 
affect the out of bank PI.  It is not clear if the two PIs have equal influence. 
However, it is expected the agricultural damages PI has greater influence 
in the Agriculture Theme. 

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

The issue of 'Out of Bank" conditions is of concern in flood years when the 
spring volume needs to be passed to bring the reservoirs down to FSL; if 
the basin is wet and receives significant late spring and summer rainfall; or 
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if the Des Lacs are high due to spring conditions or as the result of 
significant summer rains the Des Lacs is naturally discharging water.  The 
Des Lacs affect the reaches below Lake Darling. 

It is expected that the PI will show improvements only for flood years that 
are near the I:10 event as higher flow years have too large of a volume 
and peaks that must be reduced. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

The model runs for which the PI should show improvement are those that 
have increased pre-spring drawdown, and for years near the 1:10 year 
flood event (small to moderate flood years). 

Observations and 
Notes 

The PI is not documented in the DW4 report and it is unclear if the PI is 
only considered for a specific period each year. 

The threshold levels are based on the channel capacity information 
presented in the 1989 Agreement and should be checked to ensure these 
channel capacities are still valid. 

Given that it is a threshold PI, the degree of impact is not measured and 
therefore the PI is not sensitive to changes in magnitude of the out of 
bank flow. 

The value of this PI under an Agriculture theme is suggested to be limited 
as the relationship between the 'Our of Bank' condition and agriculture 
impact is only relevant to specific reaches below Lake Darling.  Out of bank 
conditions above Lake Darling do not have an agricultural implication. 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 

compare the PI performance to the baseline but shows the response of the 
PI to variations of the Phase 5 Alternatives: 

PI should be positive for Pool Elevation - Dependent Summer Operation in 
which higher flows are allowed at Minot 

PI should be negative for Lowering Maximum Allowable spring flows 
during small to moderate flood years and non-flood years  

Note that for Phase 5 Alternatives the PI reflects the net change between 
the two alternatives or variants of the Alternative and not the change 
from the Baseline Condition. 

Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
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Checked PI plots for selected reaches. 
Inspected the Phase 5 results using the HydroVis tool 

The PI performed as expected. 

It is important to note that the PI results shown for Phase 5 do not 
compare the change in operations to the Baseline Condition but are the 
result of variants of the Phase 5 operations and for selected types of flood 
drought sequences to years. 

Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report 

Individual PI Plots (abs) or Summary PI Plots and Hydrovis Tool. 

Appendix A-5 (HEC ResSim Data Output Post-Processing using R) which 
explains how the PI plots are created. 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

For the Baseline condition, operations in flood years that reduce the 
spring peak will result in high flows in the late spring and summer period 
and extend the "out of bank" conditions. 

The months considered to calculate the PI is unknown, as this PI should be 
sensitive to June to September "Out of Bank" conditions for selected 
reaches in ND and MB. 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

Documentation for the PI is required before conclusions may be 
developed. 

Question whether this PI should be considered under the Agriculture 
theme as it has limited meaning for reaches above Lake Darling. 

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

The concept for the PI is easily understandable by the public and 
watershed groups.  

However, its presentation in Phase 5 is complex and can be easily 
misunderstood unless one investigates the PI details, fully understands the 
methodology used to present the PI results, and studies the hydrological 
conditions that influence the PI. 

  

Reviewer’s Name Russell Boals 

Review Date 2020-08-10 
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Worksheet - Performance Indicator Assessment 

Study Theme Agriculture  

Province/State SK, ND, and MB  

PI Name Agriculture Damage Reduction  

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

This PI provides an indication of the effect an alternative has on reducing 
agricultural damages due to inundation.  The PI uses a monetary estimate 
of the reduction in total agricultural damages due to land inundation in 
comparison to the baseline condition. The baseline condition is the 
modelled current Operating Plan.  

The PI is labelled "Agr Damage Reduction" and reflects a positive result if 
the monetary estimate of the reduction in agricultural damages when 
inundation is reduced by the alternative under study.   

The agricultural damage values are based on Land Use Rasters, 1-D 
Hydraulic Models, and USDA Crop Data and represent a comparative 
analysis and are not absolute damages due to the assumptions with 
respect to crop type.  The agricultural damage values are based on 
inundation damages to cereal crops, hay land, and pastureland, reflect a 
temporal damage distribution for the growing season, and assumes fixed 
monetary values to compute damages. In Saskatchewan, only two land 
types were analysed, crop land and managed grassland. 

The PI is represented by a curve which associates high flow with increased 
agricultural damages.  The flow range considered by the curve is from 
1,000 cfs (28 cms) to 30,000 cfs (850 cms).  The temporal damage 
distribution for cereal crops, hay land, and pastureland considers no 
damage occurring from October 1st to May 1st, 50 percent damage from 
May 1st to June 1st, and 100 percent damage from June 1st to October 
1st. The highest five-year production value for corn of 428.34 USD (567.52 
CAD) was used for all crop land, and the highest five-year production value 
for alfalfa of 237.60 USD (314.80 CAD) was used for hay, pasture, and 
managed grassland.  

The PI value is based on the maximum value for the year. 

The PI measure is considered quantitative in nature with a high confidence 
level of indicating a comparative reduction in damages for associated flow 
conditions.  

Note:  Reference made to normalising the values - need to confirm if this 
was implemented. 

Reference: DW4 Report and corresponding Appendix D 
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Reach(s) This PI has been established for reaches beginning at the City of Estevan to 
Sherwood in SK, from Sherwood to Westhope in ND, and for the 
Westhope to Wawanesa reach in MB. 

The SK reaches are 4, 5, 6, and 7.  

The ND reaches are 8, 9, 11, 12, 14, 15, 16, 17, 18, 19, 20, and 21. 

The MB reach is 22. 

Association with 
other PIs 

The results of the "Reduction in Agricultural Damage" PI are closely linked 
to the PI reflecting "Out of Bank Reduction" as the agricultural damages PI 
requires a reduction in peaks flows, and/or inundation duration.  A 
positive response in the "Reduction in Agricultural Damage" PI would 
expect to show a positive response in the "Out of Bank Reduction" PI, 
however the PI results do not support this expectation. 

However, given the temporal distribution of the Agr Damages Reduction 
PI, it is believed that the PI reflects the implication of "out of bank" flows 
through the low flow periods i.e. May 01 to June 01 at 50 percent and 
June 01 to October 01 at 100 percent and perhaps is more indicative of 
the impact of "out of bank" flow conditions. 

The two Agriculture PIs do not have equal influence and it is expected that 
the agricultural damages PI has greater influence under the Agriculture 
theme. 

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

Agricultural damage is of concern in flood years: 

• when spring volume, which must be passed to bring the reservoirs 
down to FSL, exceeds bank full capacities in the May to June and 
June to September period;  

• if the basin is wet and receives significant late spring and summer 
rainfall; or 

• if the Des Lacs are high due to spring conditions or as the result of 
significant summer rains and the Des Lacs is naturally discharging 
water.  The Des Lacs affect the reaches below Lake Darling. 

It is expected that the PI will show improvements only for small to 
moderate flood years that are near the I:10 event, as higher flow years 
have too large of a volume and peaks that must be reduced. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

(add reference source document) 

The model runs for which the PI should show improvement are those that 
impose maximum flood constraints during the May 01 to September 01 
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period, and for years near the 1:10 year flood event (small to moderate 
flood years). 

The performance of the PI was validated using Alternative 3 - Agricultural 
Flooding 

Observations and 
Notes 

The documentation in the DW4 report for the PI is well written.  However, 
it is unclear if the recommendation to normalise the PI has been 
implemented. 

Given the PI has a temporal distribution, which assigns a degree of 
damage to inundation for the May 01 to June 01 period at 50% and for the 
June 01 to September 01 period at 100%, it seems to adequately capture 
the rationale supporting the "Out of Bank Damages" PI and may offer a 
more useful indication of the impact of inundation as the agri damage PI 
considers the scale of flows and the timing of these flows. 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 

compare the PI performance to the baseline but shows the response of the 
PI to variations of the Phase 5 Alternatives: 

Extended Normal Drawdown (502a vs 502a1): 
502a is Water Supply focused and only extends the drawdown duration to 
March 01 from February 01, not the drawdown level. Spring operations 
are not change from Annex A. Summer operations is based on Pool 
elevations as per Phase 4 (401 -403), which attempts to reduce summer 
peaks flows. 
502a1 is the same as 502a with the only change being that the winter 
drawdown date is February 1 as per Annex A. 
Do not expect this action to cause a response to the "Agr Damage 
Reduction" PI.  

Lower Max Spring Flood Limits at Sherwood/Minot (502b vs 502a): 
502b is Water Supply focused, assumes the extended March 01 drawdown 
extension, and the same summer operations as 502a.   
The only change from 502a is for Spring operations where the maximum 
flow is reduced up to May 24 for non-flood and small flood years.   
It is expected that the change in Spring Max Flood would have a positive 
response, although minor for non-flood and small flood years and no 
response in moderate to high flood years. 

Minimize Summer Duration (502c vs 502b): 
502c is Water Supply focused, assumes the extended March 01 drawdown 
extension, and the same Spring operations as 502b where the maximum 
flow is reduced up to May 24 for non-flood and small flood years. The only 
change is for Summer operations to minimise duration of flows.   
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It is expected that a change in Summer operations which reduces the 
duration of summer flood flows would have a positive response, 
although minor for non-flood and small flood years and no response in 
moderate to high flood years. However, if the reservoirs are above FSL in 
the early spring, then releases would need to be higher in the spring or 
the reservoirs held above FSL until a fall release could be made. 

Fall and Winter Operations (503a vs 502b): 
503a is Flood Control and Fish-Wildlife focused with normal drawdown 
targets, assumes the extended March 01 drawdown extension, and the 
same Spring and Summer operations as 502b.   
This alternative should not cause a response to the "Agr Damage 
Reduction" PI. 

Apportionment Year Shift (504a and 504b): 

The implications of changes to the Apportionment Year are considered by 
504a and 504b, which will not affect the “Agri Damage Reduction” PI 

Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 

The PI with few exceptions performed as expected.  For the Lower Max 
Spring Flood Limits at Sherwood/Minot (502b vs 502a) the City of Velva 
shows a negative result whereas all other reaches show no change or a 
positive result.  

The results for Minimize Summer Duration (502c vs 502b) showed a 
negative impact for many of the reaches in SK, ND and MB during Wet 
years.  Viewing the two Alternatives on the Hydrovis tool shows very few 
occasions where there is a difference in flows between the two 
Alternatives other than 1955, 1975, 1976 and 1979.  It seems that the 
negative impact is due to higher flows being realised under 502c in late 
June and early July in order to accommodate the conditions required to 
lessen duration of inundation. 

It is important to note that the PI results shown for Phase 5 do not 
compare the change in operations to the Baseline Condition but are the 
result of variants of the Phase 5 operations and for selected types of flood 
and drought sequences. 

Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report 

Individual PI Plots (abs) or Summary PI Plots and Hydrovis Tool. 

Appendix A-5 (HEC ResSim Data Output Post-Processing using R) which 
explains how the PI plots are created. 
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Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

The results of the "Reduction in Agricultural Damage" PI for the Minimize 
Summer Duration 502c are opposite to what is expected.  In general, the 
PI preformed as expected and is a useful and reliable indicator. 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

The "Agriculture Damage Reduction" Pi is a well thought out PI based on a 
documented process with a traceable process and data.  

The PI performs as expected, however further clarification is required to 
understand the negative impact results for 502c. 

Confirmation on whether the PI results are absolute or normalised values 
is required. 

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

The concept for the PI is easily understandable by the public and 
watershed groups.  

However, its presentation in Phase 5 is complex and can be easily 
misunderstood unless one investigates the PI details, fully understands the 
methodology used to present the PI results, and studies the hydrological 
conditions that influence the PI. 

  

Reviewer’s Name Russell Boals 

Review Date 2020-08-20 
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Cultural Study Theme 
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Worksheet - Performance Indicator Assessment 

Study Theme Cultural  

Province/State SK/ND/MB  

PI Name Cultural Site Inundation 
or 

Cultural Site Preservation 

 

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

This PI is a measure of the reduction in the number of times known 
archaeological sites are inundated.  The PI was developed using data from: 

• North Dakota State Historical Preservation Office 
• Manitoba Sport, Culture, and Heritage data from Manitoba 

Municipal Relations 
• Saskatchewan Heritage and Conservation Branch 

Sites in ND and MB were assigned ratings of 0, 1, or 2 – meaning 0 was 
least important and 2 being the most important.  Sites in SK were not 
ranked.  Each site was then intersected with flood inundation areas 
(created by hydraulic models) corresponding to flows from 0 to 33,000 cfs.  
For ND and MB reaches, the PI counts the cumulative rating of inundated 
sites.  For the SK reaches, the PI counts the number of inundated sites. 

This PI applies to 15 riverine reaches and two reservoir reaches.  The PI’s 
for the riverine reaches are based on flow and the PI’s for the reservoir 
reaches are based on elevation. 

Information from Indigenous Nations are not included in these PI’s. 

Per Brett Hultgren, this PI is counted annually.  It is based on annual peak 
flow. 

The PI’s are curves and impacts per reach start at the following flow or 
elevation magnitudes: 

Rafferty:  impacts start at 552.1 meters 

City of Estevan: PI is not illustrated in documentation 

Roche Percee to Moose Mountain Creek: PI is not illustrated in 
documentation 

Moose Mountain Creek to Sherwood: PI is not illustrated in 
documentation 

Sherwood to Mouse River Park: impacts start at 1,000 cfs 

Mouse River Park: impacts start at 10,000 cfs 

Lake Darling: impacts start at 1599 feet 
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Lake Darling to Burlington: impacts start at 2,000 cfs 

City of Minot: impacts start at 1,000 cfs 

Minot to Sawyer: impacts start at 3,000 cfs 

City of Sawyer: impacts start at 1,000 cfs 

City of Velva: impacts start at 10,000 cfs 

Velva to Eaton Irrigation District: impacts start at 4,000 cfs 

Eaton Irrigation District: impacts start at 1,000 cfs 

Downstream of Towner: impacts start at 3,000 cfs 

J Clark Salyer NWR: impacts start at 1,000 cfs 

Westhope to Wawanesa: impacts start at 1,000 cfs 

Reference: DW4 Report, corresponding Appendix D 

Reach(s) This PI was developed for two reservoir reaches and 15 riverine reaches in 
SK, ND, and MB. 

SK reaches are 1 (Rafferty), 4 (City of Estevan), 6 (Roche Percee to Moose 
Mountain Creek), 7 (Moose Mountain Creek to Sherwood) 

ND reaches are 8 (Sherwood to Mouse River Park), 9 (Mouse River Park), 
10 (Lake Darling), 11 (Lake Darling to Burlington), 13 (City of Minot), 14 
(Minot to Sawyer), 15 (City of Sawyer), 17 (City of Velva), 18 (Velva to 
Eaton Irrigation District), 19 (Eaton Irrigation District), 20 (Downstream of 
Towner), 21 (J Clark Salyer NWR) 

MB reach is 22 (Westhope to Wawanesa) 

Association with 
other PIs 

This PI may be somewhat related to the other PI’s that indicate whether 
flood peak is getting worse or better. 

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

I expect any scenario or alternative that reduces annual peak flow, which 
typically occurs in the spring, to cause positive responses in the riverine 
PI’s.  I expect the reservoir PI’s to respond in an opposite manner 
compared to the riverine PI’s. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

Initial inspection of the PI’s using the Unregulated and FSL scenarios from 
Phase 2 showed that the response of all riverine PI’s improved as the 
system became more regulated.  This was the expected response. 

Lake Darling’s PI responded worse as the system became more regulated, 
which was expected.  The cultural PI was not plotted for Rafferty 
Reservoir. 
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Reference: Hydrovisualization Tool  https://webapps.usgs.gov/sourisriver/ 

Observations and 
Notes 

The ND and MB PI’s are curves, quantitative, and considered to be high 
confidence.  The SK PI’s are classified as medium confidence (Per Cesar – 
most likely due to location of site being approximate).   

The PI is counted on an annual basis (based on annual peak flow). 

The PI is mostly documented.  The only PI’s that weren’t illustrated as 
tables/figures in the documentation were for three SK reaches:  City of 
Estevan, Roche Percee to Moose Mountain Creek, and Moose Mountain 
Creek to Sherwood.   

The PI for Rafferty Reservoir was illustrated in Figure 14 of the DW4 
report, but it was not shown on any PI plot. 

Indigenous Nations have previously told study team members that this PI 
is deficient in that it does not account for indigenous significant sites.  This 
deficiency is noted in the DW4 report. 

For the reservoirs, if there are future improvements to the PI’s, may want 
to consider more than if a site is inundated.  There may be more impact if 
water is at a level that makes the site susceptible to wave action.  Also, 
depending on the site, it may be preferrable for the site to be inundated 
than exposed (i.e. exposure could lead to looting of the site). 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 

compare the PI performance to the baseline but shows the response of the 
PI to variations of the Phase 5 Alternatives: 

Extended Normal Drawdown (502a vs 502a1):  502a is water supply 
focused; extends the drawdown duration to March 1st from Feb 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; spring 
operations are the same as Annex A; summer operations are focused on 
minimizing peak. 502a1 is identical to 502a, except it doesn't extend the 
drawdown duration (ends on Feb 1st).   

I don’t expect this operational change to have much of an effect in 
riverine reaches because flow needs to be at least 1,000 cfs to trigger a 
response in some reaches.  It might possibly have a negative effect on 
the reservoirs because this change keeps the reservoir higher for a 
longer period of time. 

Lower flood limits at Sherwood/Minot (502b vs 502a):  502b is water 
supply focused; extends the drawdown duration to March 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; reduces 
the spring max limit at Sherwood/Minot in non-flood and smaller flood 
years from Feb 1-May 24; spring operations are focused on minimizing 
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peak. 502b is identical to 502a, except 502a does not reduce the flow 
limits at Sherwood and Minot.   

I expect this to overall have a positive effect in riverine reaches, due to 
dams trying to limit downstream peaks, and negative effect in reservoirs 
because the downstream limits will cause higher water levels. 

Minimize duration summer operations (502c vs 502b):  502c is water 
supply focused; extends the normal drawdown date to Mar 1st; shifts the 
apportionment year to Nov 1-Oct 31; reduces the spring max limit at 
Sherwood/Minot in non-flood and smaller flood years from Feb 1-May 24; 
summer operations are focused on minimizing duration from May 25-Oct 
31. 502b is identical to 502c, except 502b the summer operations are 
focused on minimizing flow peak.  

I expect this may have a negative effect in the riverine reaches because 
of higher magnitude peaks, and a positive effect in the reservoirs due to 
less restrictive downstream flow limits. 

Flood control/F&W normal drawdown targets (503a vs 502b):  503a is 
flood control/F&W focused; extends the normal drawdown date to Mar 
1st; shifts the apportionment year to Nov 1-Oct 31; reduces the spring 
max limit at Sherwood/Minot in non-flood and smaller flood years from 
Feb 1-May 24; summer operations are focused on minimizing peak from 
May 25-Oct 31.  502b is identical to 503a, expcept 502b has water supply-
focused normal drawdown targets.  

Expect this to potentially have a positive effect in the reservoirs, due to 
more drawdown, and negative effect in the riverine reaches, due to 
greater releases from reservoirs.  Although, the additional release from 
the reservoirs may not be high enough to trigger a negative response in 
the riverine reaches (needs to be at least 1,000 cfs in some reaches). 

Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 

Extended Normal Drawdown (502a vs 502a1):  There was a mixture of 
responses – ranging from negative, positive, to no net change.  Where 
there was net change, it was minimal. 

Lower flood limits at Sherwood/Minot (502b vs 502a):  Overall, PI net 
change response was minimal.  Almost all the riverine reaches responded 
minimally, but in a positive direction.  Five riverine reaches showed no net 
change.  The Westhope to Wawanesa reach had a very slight negative 
change.  Lake Darling had a slight negative response. 
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Minimize duration summer operations (502c vs 502b):  Overall, the PI net 
change response was minimal.  The riverine reaches showed a mixture of 
responses – ranging from negative, positive, to no net change.  Lake 
Darling responded slightly in the positive direction. 

Flood control/F&W normal drawdown targets (503a vs 502b):  Overall, 
the PI net change response was minimal.  The riverine reaches showed a 
mixture of responses – ranging from negative, positive, to no net change.  
Lake Darling responded slightly in the positive direction. 

The Rafferty PI plots for Phase 5 did not illustrate the cultural PI. 

Generally, the net change in PI response was quite minimal for all the PI’s.  
The direction of change was not always consistent amongst the riverine 
reaches and wasn’t always consistent with expectations. The operational 
change that caused a response most consistent with expectations was the 
“Lower Flood Limits” change. This result is most likely because that 
operational change takes place in the spring, which is also when the 
annual peak flow usually takes place (which is what the PI is based on). So, 
the response of the PI’s are more predictable and straight-forward to 
understand for that scenario.  For the other scenarios, understanding the 
PI’s response is more convoluted and requires in-depth analysis of the 
hydrographs. 

Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report 

Individual PI Plots (abs) or Summary PI Plots and Hydrovis Tool. 

Appendix A-5 (HEC ResSim Data Output Post-Processing using R) which 
explains how the PI plots are created. 

 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

The net change in response seems to be minimal for all the PI’s for the 
Phase 5 operational changes.  Because this PI is based on annual peak 
flow, which typically occurs in the spring, it becomes quite convoluted to 
understand the PI’s response to operational changes that take place in the 
summer, fall, and winter.  The response of the PI was most predictable for 
operational changes that were more closely aligned in timing to the PI’s 
parameter that triggers a response (annual peak flow). 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

The net change in response seems to be minimal for all the PI’s for the 
Phase 5 operational changes.  Because this PI is based on annual peak 
flow, which typically occurs in the spring, the response of the PI was most 
predictable for operational changes that occur in the spring.  For 
operational changes in other seasons, it is more difficult to understand the 
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PI’s response. The response of all the PI’s was clear and understandable 
for Phase 2 scenarios.  So, the PI’s seem to be reliable, just difficult to 
understand when the operational changes are small and timed during a 
season that doesn’t align with annual peak flow. 

The PI is mostly documented.  The only PI’s that were not illustrated as 
tables/figures in the documentation were for three SK reaches:  City of 
Estevan, Roche Percee to Moose Mountain Creek, and Moose Mountain 
Creek to Sherwood.   

Two names are used in the documentation and PI plots. May want to 
consider using just one name. 

The PI for Rafferty reservoir was illustrated in Figure 14 of the DW4 report, 
but it was not shown on any PI plot. 

Indigenous Nations have previously told study team members that this PI 
is deficient in that it does not account for indigenous significant sites.  This 
deficiency is noted in the DW4 report; however, the study team may want 
to expand on this deficiency based on engagement with Indigenous 
Nations since the report was initially written. 

The study team may want to consider not using the name “Cultural” for 
this PI.  To the general public, this may seem to imply that the PI 
incorporates indigenous significant sites.  Perhaps calling it “Historic Site 
Inundation” would be more accurate. 

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

I believe that the name/theme of the PI – Cultural – could be 
misinterpreted by the public.  It should be explained clearly that this PI 
does not include indigenous significant sites. 

  

Reviewer’s Name Laura Ackerman 

Review Date 2020-10-15 
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Dam Safety Study Theme 
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Worksheet - Performance Indicator Assessment 

Study Theme Flood Control (Dam Safety)  

Province/State SK and ND  

PI Name Above Riprap  
and  

Below MAFL 
(Maximum Allowable Flood Level) 

 

 

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

These two Dam Safety PIs provide an indication if an alternative affects 
dam safety either as being above the riprap level for Rafferty reservoir or 
being above the Maximum Allowable Flood Level for Rafferty, Boundary, 
Grant Devine, and Lake Darling.   

The “Above Riprap” PI is a threshold PI and is quantitative with a high 
confidence level.  It is a measure of how often the reservoir stays above 
the riprap at the base of the dam.  The PI is not documented. 

The “Below MAFL” PI is a threshold PI and is quantitative with a high 
confidence level.  It is a measure of how often the reservoir stays below its 
Maximum Allowable Flood Level (MAFL) threshold.  The PI is documented 
in Table 8 of the DW4 Report 

• Rafferty Reservoir: 554.0 m 
• Boundary Reservoir: 560.8 
• Grant Devine Lake: 567.0 m 
• Lake Darling: 1,601.0 ft 

The number of times a given alternative meets these thresholds is 
counted and used in the alternative evaluation process.  Therefore, the PI 
reflects a negative result if the alternative operational change causes the 
water level to be above the MAFL thresholds.  The PI will reflect a positive 
result only if the alternative reduces the number of days that a reservoir 
has been shown to be above MAFL for the Baseline condition. 

Reference: DW4 Report – Table 8 

Reach(s) Th PI has been established for the following reaches: 

• For SK the reaches 1 Rafferty Reservoir for Above Riprap and 1 
Rafferty Reservoir, 2 Boundary Reservoir, and 3 Grant Devine Lake 
for Above MAFL.  

• For ND the only reach is 10 Lake Darling for Above MAFL 
• This PI is not used in MB 
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Association with 
other PIs 

The results of the “Above Riprap” and “Below MAFL” PIs are not linked to 
other PIs. 

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

The dam safety related PIs are a concern in flood years when freshet 
peaks cannot be passed and causes the reservoir to exceed MAFL or if the 
basin is wet and receives significant late spring and summer rainfall that 
cannot be passed. 

It is expected that the PI will show limited change given that conditions 
driving the PI are limited to very higher flood years with a very large flood 
volume. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

(add reference source document) 

The model runs for which the PI may show a response are ones that 
attempt to keep the reservoirs at FSL, or limit the ability of the reservoir to 
pass Spring peaks and\or pass significant late Spring and Summer rainfall 
events 

The performance of the PI was validated using Alternative 401a (Lower 
Normal Drawdown + SPEI Spring +Reduced Summer Peaks) and Full Supply 
Level Alternative. 

Observations and 
Notes 

The documentation in the DW4 report for the “Above Riprap” PI is 
missing. It is unclear how the “Above Riprap” PI is measured. 

The documentation for the “Below MAFL” PIs is limited to the thresholds 
shown in Table 8.  It is assumed that the numbers of days a reservoir 
remains below the MAFL are accumulated for each year and compared. 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 

compare the PI performance to the baseline but shows the response of the 
PI to variations caused by selecting a combination of operational changes 

to construct the Phase 5 Alternatives. 
 

Extended Normal Drawdown (502a vs 502a1): 
502a is Water Supply focused and only extends the drawdown duration to 
March 01 from February 01, not the drawdown level. Spring operations 
are not change from Annex A. Summer operations is based on Pool 
elevations as per Phase 4 (401 -403), which attempts to reduce summer 
peaks flows. 
502a1 is the same as 502a with the only change being that the winter 
drawdown date is February 1 as per Annex A. 
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Expect that in very large flood years the attempts to reduce summer 
peaks may cause a response to the "Below MAFL" PI.  

Lower Max Spring Flood Limits at Sherwood/Minot (502b vs 502a): 
502b is Water Supply focused, assumes the extended March 01 drawdown 
extension, and the same summer operations as 502a.   
The only change from 502a is for Spring operations where the maximum 
flow is reduced up to May 24 for non-flood and small flood years.   
It is expected that the change in Spring Max Flood will not have a 
response as the proposed operational change is only for non-flood and 
small flood years. 

Minimize Summer Duration (502c vs 502b): 
502c is Water Supply focused, assumes the extended March 01 drawdown 
extension, and the same Spring operations as 502b where the maximum 
flow is reduced up to May 24 for non-flood and small flood years. The only 
change is for Summer operations to minimise duration of flows.   
It is expected that a change in Summer operations will not cause a 
response in the PI 

Fall and Winter Operations (503a vs 502b): 
503a is Flood Control and Fish-Wildlife focused with normal drawdown 
targets, assumes the extended March 01 drawdown extension, and the 
same Spring and Summer operations as 502b.   
This alternative should not cause a response to the “Above Riprap” and 
“Below MAFL” PIs. 

Apportionment Year Shift (504a and 504b): 

The implications of changes to the Apportionment Year are considered by 
504a and 504b, which will not affect the “Above Riprap” and “Below 
MAFL” PIs. 

Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 

The PIs performed as expected.   

It is important to note that the PI results shown for Phase 5 do not 
compare the change in operations to the Baseline Condition but are the 
result of variants of the Phase 5 operations and for selected types of flood 
and drought sequences. 

Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report 
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Individual PI Plots (abs) or Summary PI Plots and Hydrovis Tool. 

Appendix A-5 (HEC ResSim Data Output Post-Processing using R) which 
explains how the PI plots are created. 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

The results of the “Above Riprap” and “Below MAFL” PIs " were as 
expected. 

In general, the PI preformed as expected and is a useful and reliable 
indicator. 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

The “Above Riprap” and “Below MAFL” PIs are useful.  The documentation 
for the PIs requires improvement to ensure there is a traceable process 
and data.  

The PI performs as expected. 

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

The concept for the PI is easily understandable by the public and 
watershed groups.  

However, its presentation in Phase 5 is complex and can be easily 
misunderstood unless one investigates the PI details, fully understands the 
methodology used to present the PI results and studies the hydrological 
conditions that influence the PI. 

  

Reviewer’s Name Russell Boals 

Review Date 2020-11-05 
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Worksheet - Performance Indicator Assessment 

Study Theme Environmental  

Province/State ND  

PI Name Fish & Wildlife Habitat  

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

This PI only applies to ND reaches.  It is based on professional opinion of 
US Fish & Wildlife Service staff. Staff submitted a spreadsheet illustrating 
the beneficial flow regime for the Souris River, including impacts to 
fish/wildlife habitat observed at extreme high and low flows.  Staff 
submitted another spreadsheet describing beneficial reservoir levels for 
Lake Darling and impacts from high and low reservoir levels.   

The impact scale is a constructed scale from 0 to 10, where 0 represents 
the lowest quality habitat and 10 represents the highest quality habitat. 
For all riverine reaches in ND, the PI is identical and is split into two 
seasonal curves: 

• February to May: habitat is rated at 10 if flow in the reach is 
between 20 and 5,000 cfs. Anything less than 20 or more than 
5,000 is rated at zero. 

• June to January: habitat is rated at 10 if flow is between 20 and 
500 cfs.  Anything less than 20 or more than 500 is rated at zero. 

For the Lake Darling reach, there is one PI curve for all seasons. Habitat is 
rated at 10 if the reservoir elevation is between 1596 ft (normal 
drawdown) and 1597 ft (FSL).  Above 1597 ft, habitat is rated at zero.  
Below 1596 ft, the habitat quality decreases at a linear rate until it hits 
zero at elevation 1594 ft.  Below 1594 ft, habitat is rated at zero. 

Reference: DW4 Report and corresponding Appendix D 

Reach(s) This PI was developed for all reaches in ND from Sherwood to Westhope. 

The ND reaches are 8 (Sherwood to Mouse River Park), 9 (Mouse River 
Park), 10 (Lake Darling), 11 (Lake Darling to Burling), 12 (City of 
Burlington), 13 (City of Minot), 14 (Minot to Sawyer), 15 (City of Sawyer), 
16 (Sawyer to Velva), 17 (City of Velva), 18 (Velva to Eaton Irrigation 
District), 19 (Eaton Irrigation District), 20 (Downstream of Towner), and 21 
(J Clark Salyer). 

Association with 
other PIs 

This PI should be closely related to the Fish Habitat PI in SK and Fish Kill PI 
in ND and MB.  All of these PI’s evaluate if there’s sufficient water for 
fish/wildlife values. 
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One thing to keep in mind is that the impact scale for the Fish Kill PI is 
reversed compared to the Fish & Wildlife Habitat PI.  The likelihood of fish 
kill is rated on a scale of 0 (very low) to 10 (very high). 

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

The riverine PI’s should show the best performance when the hydrograph 
is less regulated (more natural) through ND.   

For the Lake Darling PI, any scenario that causes more drawdown than 
current operations would most likely cause a negative response. 
Operations that focus on reducing downstream flood peaks would also 
most likely keep Lake Darling above FSL more often, which would cause a 
negative response. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

Generally, the PI’s for all the ND reaches performed as expected.  When 
comparing performance from Unregulated to Dry Dam to FSL scenarios 
(from Phase 2), the riverine PI’s progressively performed worse, while 
Lake Darling’s PI performed better as the system became more and more 
regulated. 

The results from one Phase 4 scenario were inspected, 404a, which 
includes higher normal drawdown elevations (less drawdown) and 
reduced duration summer operations.  All riverine reaches performed 
slightly better compared to baseline due to the reduced summer duration 
operations being closer to a “natural” hydrograph. Lake Darling performed 
slightly worse compared to baseline. Basically, any scenario that deviates 
from current operations is most likely going to have a negative effect for 
this PI at Lake Darling. 

Reference: Hydrovisualization Tool  https://webapps.usgs.gov/sourisriver/ 

Observations and 
Notes 

PI is considered more qualitative in nature because the impact scale is a 
constructed scale based on professional opinion.  The qualitative nature 
causes lower confidence in results. 

The PI is documented in the DW4 report and Appendix D.  It appears that 
there’s an error in the titles on the PI figures for the riverine reaches in 
Appendix D.  The two figures should represent a Feb-May PI and a June-
January PI, but the titles state they are for “All Seasons”. 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 

compare the PI performance to the baseline but shows the response of the 
PI to variations of the Phase 5 Alternatives: 

Extended Normal Drawdown (502a vs 502a1):  502a is water supply 
focused; extends the drawdown duration to March 1st from Feb 1st (not 
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drawdown level); shifts the apportionment year to Nov 1-Oct 31; spring 
operations are the same as Annex A; summer operations are focused on 
minimizing peak. 502a1 is identical to 502a, except it doesn't extend the 
drawdown duration (ends on Feb 1st).   

Expect to see a positive response due to higher flows in the winter. 

Lower flood limits at Sherwood/Minot (502b vs 502a):  502b is water 
supply focused; extends the drawdown duration to March 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; reduces 
the spring max limit at Sherwood/Minot in non-flood and smaller flood 
years from Feb 1-May 24; spring operations are focused on minimizing 
peak. 502b is identical to 502a, except 502a does not reduce the flow 
limits at Sherwood and Minot.   

Do not expect this to cause much of a response.  In riverine reaches, the 
flow needs to be between 20 and 5,000 cfs from February through May 
for this PI to perform optimally. This operational change lowers the flood 
limits, but within the range of optimal performance for the PI.  Lake 
Darling might perform slightly worse due to operating for lower 
downstream flow limits, which could cause higher reservoir levels. 

Minimize duration summer operations (502c vs 502b):  502c is water 
supply focused; extends the normal drawdown date to Mar 1st; shifts the 
apportionment year to Nov 1-Oct 31; reduces the spring max limit at 
Sherwood/Minot in non-flood and smaller flood years from Feb 1-May 24; 
summer operations are focused on minimizing duration from May 25-Oct 
31. 502b is identical to 502c, except 502b the summer operations are 
focused on minimizing flow peak.  

Expect this to possibly have a negative response. This PI for the riverine 
reaches favours a natural hydrograph in the spring, not the summer. 

Flood control/F&W normal drawdown targets (503a vs 502b):  503a is 
flood control/F&W focused; extends the normal drawdown date to Mar 
1st; shifts the apportionment year to Nov 1-Oct 31; reduces the spring 
max limit at Sherwood/Minot in non-flood and smaller flood years from 
Feb 1-May 24; summer operations are focused on minimizing peak from 
May 25-Oct 31.  502b is identical to 503a, except 502b has water supply-
focused normal drawdown targets.  

Expect to see a positive response in the riverine reaches due to more 
flow in the river in fall/winter.  Expect a negative response at Lake 
Darling due to more drawdown. 

Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 
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Inspected the Phase 5 results using the HydroVis tool 

Extended Normal Drawdown (502a vs 502a1):  PI showed improvement 
for the riverine reaches and no net change for Darling. This meets 
expectations. 

Lower flood limits at Sherwood/Minot (502b vs 502a):  PI mostly showed 
little net change.  This meets expectations. 

Minimize duration summer operations (502c vs 502b):  PI showed 
negative responses from riverine reaches and no net change at Darling. 
This meets expectations. 

Flood control/F&W normal drawdown targets (503a vs 502b):  PI showed 
improvement in riverine reaches and negative response for Darling.  This 
meets expectations. 

Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report 

Individual PI Plots (abs) or Summary PI Plots and Hydrovis Tool. 

Appendix A-5 (HEC ResSim Data Output Post-Processing using R) which 
explains how the PI plots are created. 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

Overall, the PI responds to the alternatives (i.e. seems sensitive) and the 
direction of response is as expected.  

The PI favours a natural hydrograph in the spring, but not throughout the 
rest of the year. 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

The PI responded as expected.   

The basis of the PI is qualitative, with lower confidence.  Because of this, 
the results are useful (if you understand them), but probably limited in 
value compared to other PI's.  Recommend that the Study Board use 
caution in using this PI to make significant decisions. 

The PI is documented in the DW4 report and Appendix D.  It appears that 
there’s an error in the titles on the PI figures for the riverine reaches in 
Appendix D.  The two figures should represent a Feb-May PI and a June-
January PI, but the titles state they are for “All Seasons”. 

Overall, the distinction between the various environmental PI’s, especially 
Fish Habitat versus Fish and Wildlife Habitat versus Fish Kill, could be 
confusing to understand.  The Fish Kill PI (ND/MB) favours a minimum flow 
throughout the year.  The Fish Habitat PI (SK) appears to favour current 
operations.  The Fish and Wildlife Habitat PI (ND) seems to favour more of 
a natural hydrograph in the spring, followed by maintenance of a 
minimum flow through the rest of the year. 
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Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

I believe the general public can understand this PI on a conceptual level.  
Understanding what the PI plots mean is complicated, so it would be 
challenging to explain to the public without it getting misinterpreted. 

There could be confusion between this PI and other similar environmental 
PI’s that evaluate fish/wildlife values (fish kill, fish habitat in SK). 

  

Reviewer’s Name Laura Ackerman 

Review Date 2020-09-21 
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Worksheet - Performance Indicator Assessment 

Study Theme Environmental  

Province/State SK (and one ND reach)  

PI Name Fish Habitat  

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

This PI is generally a measure of how often the flow in the Souris River or 
elevation of SK reservoirs (Rafferty and Grant Devine) are within a range 
most suitable for fish habitat.  It is based on professional opinion of SK 
Water Security Agency staff. The PI is based on the opinion that reservoir 
and river fisheries will remain in best condition if monthly elevations and 
flows are equal to or greater than the 90th percentile elevations/flows 
from the last 20 years of records.  A scoring system based on percentiles 
was created where elevations/flows are considered ideal (score of 10) if 
they are at least 90th percentile or greater. If elevations/flows are below 
the 10th percentile, they are assigned a score of zero.  For riverine 
locations, this PI was based on flows at Estevan, Moose Mountain Creek 
(below Grant Devine), and Sherwood. 

• Rafferty Reservoir: The PI varies monthly (Table 26 in DW4 
report). Generally, if the reservoir is at least 549.5 m (normal 
drawdown) year-round the habitat will have a score of 10. 
Generally, if the reservoir is below 548 m in any month, the 
habitat will have a score of zero. 

• Grant Devine (reservoir): A PI for the reservoir is calculated in the 
PI plots; however, a table or figure illustrating this PI is not shown 
in the DW4 report or Appendix D. 

• Grant Devine (MMC):  A PI is calculated in the Grant Devine reach, 
but it is described as a measure of how often the flow in Moose 
Mountain Creek below Grant Devine is most suitable for habitat. A 
table or figure illustrating this PI is not available in the DW4 report 
or Appendix D.  Assume it is based on Grant Devine outflows. 

• City of Estevan:  The PI varies monthly (Table 27 in DW4 report). 
The flow that supports an ideal condition (score of 10) varies 
throughout the year – from 43 cms in April to 0.7 cms in February. 

• Sherwood to Mouse River Park:  The PI for this reach is calculated 
in the PI plots; however, a table or figure illustrating this PI is not 
shown in the DW4 report or Appendix D.  Even though the PI was 
developed for use in SK, it is calculated in this reach because this is 
the reach that uses flow at Sherwood. 

Reference: DW4 Report and corresponding Appendix D 
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Reach(s) The SK reaches are 1 (Rafferty), 3 (Grant Devine - calculated twice in this 
reach), and 4 (City of Estevan). 

The ND reach is 8 (Sherwood to Mouse River Park). 

Association with 
other PIs 

This PI should be closely related to the Fish and Wildlife Habitat PI in ND 
and Fish Kill PI in ND and MB.  All of these PI’s evaluate if there’s sufficient 
water for fish/wildlife values. 

One thing to keep in mind is that the impact scale for the Fish Kill PI is 
reversed compared to the Fish Habitat PI (and Fish and Wildlife Habitat 
PI).  The likelihood of fish kill is rated on a scale of 0 (very low) to 10 (very 
high). 

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

This PI was formulated with the understanding that the conditions over 
the past 20 years is best for maintaining habitat.  Generally, a scenario 
that causes more drawdown, compared to current operations, should 
provide a negative response at reservoirs.  A scenario that causes less 
water to flow through the river should cause a negative response in the 
riverine reaches. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

Upon initial inspection, the PI’s responded as expected.  For the 
Unregulated scenario (Phase 2), the reservoirs had a strong negative 
response and the riverine reaches had positive responses.  For the Full 
Supply Level scenario (Phase 2),  the reservoirs responded strongly in the 
positive direction and the riverine reaches responded negatively. 

Reference: Hydrovisualization Tool  https://webapps.usgs.gov/sourisriver/ 

Observations and 
Notes 

PI is considered more qualitative in nature because the impact scale is a 
constructed scale based on professional opinion.  The qualitative nature 
causes lower confidence in results. 

The DW4 Report includes a section that describes the Fish Habitat PI. The 
report also includes a table illustrating the PI for Rafferty Reservoir and 
City of Estevan reaches.  The two PI’s that are calculated at Grant Devine 
(reservoir and MMC) and the PI that’s calculated for the Sherwood to 
Mouse River Park reach are not illustrated in any documentation. 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 

compare the PI performance to the baseline but shows the response of the 
PI to variations of the Phase 5 Alternatives: 
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Extended Normal Drawdown (502a vs 502a1):  502a is water supply 
focused; extends the drawdown duration to March 1st from Feb 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; spring 
operations are the same as Annex A; summer operations are focused on 
minimizing peak. 502a1 is identical to 502a, except it doesn't extend the 
drawdown duration (ends on Feb 1st).   

Because the reservoirs are being drawn down more slowly and there is 
more flow in the river, may see a positive response. Expect positive 
response in the riverine reaches. 

Lower flood limits at Sherwood/Minot (502b vs 502a):  502b is water 
supply focused; extends the drawdown duration to March 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; reduces 
the spring max limit at Sherwood/Minot in non-flood and smaller flood 
years from Feb 1-May 24; spring operations are focused on minimizing 
peak. 502b is identical to 502a, except 502a does not reduce the flow 
limits at Sherwood and Minot.   

Expect the reservoirs to respond positively because the downstream 
flow limits should cause higher reservoir levels.  I don’t expect much 
response from the riverine reaches because the optimal flow for the PI is 
largely within the flow limit, at least at the City of Estevan Reach.  Don’t 
know what the PI looks like for Grant Devine (MMC) and Sherwood to 
Mouse River Park. 

Minimize duration summer operations (502c vs 502b):  502c is water 
supply focused; extends the normal drawdown date to Mar 1st; shifts the 
apportionment year to Nov 1-Oct 31; reduces the spring max limit at 
Sherwood/Minot in non-flood and smaller flood years from Feb 1-May 24; 
summer operations are focused on minimizing duration from May 25-Oct 
31. 502b is identical to 502c, except 502b the summer operations are 
focused on minimizing flow peak.  

Expect this to possibly have a negative response in the reservoirs 
because the lack of downstream flow limits should cause lower water 
levels.  Possibly expect a negative response from the riverine reaches 
because the PI seems to favor metering out the flows over time, rather 
than having a high peak/short duration flood. 

Flood control/F&W normal drawdown targets (503a vs 502b):  503a is 
flood control/F&W focused; extends the normal drawdown date to Mar 
1st; shifts the apportionment year to Nov 1-Oct 31; reduces the spring 
max limit at Sherwood/Minot in non-flood and smaller flood years from 
Feb 1-May 24; summer operations are focused on minimizing peak from 
May 25-Oct 31.  502b is identical to 503a, expcept 502b has water supply-
focused normal drawdown targets.  

Expect to see a positive response in the riverine reaches due to more 
flow in the river in fall/winter.  Expect a negative response at the 
reservoirs due to more drawdown. 
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Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 

Extended Normal Drawdown (502a vs 502a1):  The reservoirs showed no 
net change, while the riverine reaches responded positively.  This meets 
expectations. 

Lower flood limits at Sherwood/Minot (502b vs 502a):  The reservoirs 
responded with no net change or very slightly positive.  The riverine 
reaches had slight positive responses, which is most likely due to the flow 
limits redistributing the flow in a manner that better matches the PI’s.  I 
don’t know what two of the riverine PI’s look like.  In consideration of the 
rationale for the riverine reach responses, these results meet 
expectations. 

Minimize duration summer operations (502c vs 502b):  The reservoir and 
riverine reaches mostly responded slightly negative, with one reach 
showing no net change.  This meets expectations. 

Flood control/F&W normal drawdown targets (503a vs 502b):  The 
reservoirs responded strongly in the negative direction and the riverine 
reaches responded positively.  This meets expectations. 

Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report 

Individual PI Plots (abs) or Summary PI Plots and Hydrovis Tool. 

Appendix A-5 (HEC ResSim Data Output Post-Processing using R) which 
explains how the PI plots are created. 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

Overall, the PI responds to the alternatives (i.e. seems sensitive) and the 
direction of response is as expected. 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

The PI responded as expected.   

The basis of the PI is qualitative, with lower confidence.  Because of this, 
the results are useful (if you understand them), but probably limited in 
value compared to other PI's.  Recommend that the Study Board use 
caution in using this PI to make significant decisions. 
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Neither the DW4 Report nor Appendix D contain the figures/tables for the 
Grant Devine Reservoir, Grant Devine (MMC), and Sherwood to Mouse 
River Park PI’s. 

Since this PI was formulated for use in SK, the fact that it’s calculated in 
one ND reach could be confusing. 

Overall, the distinction between the various environmental PI’s, especially 
Fish Habitat versus Fish and Wildlife Habitat versus Fish Kill, could be 
confusing to understand.  The Fish Kill PI (ND/MB) favors a minimum flow 
throughout the year.  The Fish Habitat PI (SK) appears to favor current 
operations.  The Fish and Wildlife Habitat PI (ND) seems to favor more of a 
natural hydrograph in the spring, followed by maintenance of a minimum 
flow through the rest of the year. 

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

I believe the general public can understand this PI on a conceptual level.  
Understanding what the PI plots mean is complicated, so it would be 
challenging to explain to the public without it getting misinterpreted. 

There could be confusion between this PI and other similar environmental 
PI’s that evaluate fish/wildlife values (fish kill, fish habitat in SK). 

  

Reviewer’s Name Laura Ackerman 

Review Date 2020-09-30 
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Worksheet - Performance Indicator Assessment 

Study Theme Environmental  

Province/State ND and MB  

PI Name Fish Kill Reduction 
or 

Fish Kill 
or 

Fish Mortality 

 

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

North Dakota:  Based on professional opinion of ND Game & Fish 
Department staff who observed fish kill when flows fell below 10 cfs. The 
likelihood of fish kill is rated on a scale of 0 (very low) to 10 (very high). 
The PI results in zero fish kill as long as flows stay at or above 10 cfs.  For 
flows below 10 cfs, the likelihood of fish kill increases at a linear rate. The 
PI for ND is the same for all reaches within the state and is the same for all 
seasons. 

Manitoba:  Based on professional opinion of Manitoba Sustainable 
Development's Wildlife and Fisheries Branch. The likelihood of fish kill is 
rated on a scale of 0 (very low) to 10 (very high). In the summer (Apr-Oct), 
fish kill is zero as long as flow remains at or above 6.3 cfs. Any flow below 
6.3 cfs results in a rating of 10 (there is no linear rate of change). In the 
winter (Nov-Mar), fish kill is zero when flows are at or above 50 cfs. 
Between 50 and 10 cfs, likelihood of fish kill increases linearly from 0 to 
10. 

Reference: DW4 Report and corresponding Appendix D 

Reach(s) This PI was developed for all reaches from Sherwood to Wawanesa, 
excluding the Lake Darling reach. 

The ND reaches are 8 (Sherwood to Mouse River Park), 9 (Mouse River 
Park), 11 (Lake Darling to Burlington), 12 (City of Burlington), 13 (City of 
Minot), 14 (Minot to Sawyer), 15 (City of Sawyer), 16 (Sawyer to Velva), 17 
(City of Velva), 18 (Velva to Eaton Irrigation District), 19 (Eaton Irrigation 
District), 20 (Downstream of Towner), and 21 (J Clark Salyer NWR). 

The MB reach is 22 (Westhope to Wawanesa). 

Association with 
other PIs 

This PI should be closely related to the Fish Habitat PI for riverine reaches 
in SK and Fish & Wildlife Habitat PI for riverine reaches in ND.  All of these 
PI’s evaluate if there’s sufficient water for fish/wildlife values. 

Model Conditions Identify modelled conditions that would drive a response in the selected PI 
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This PI should show a response if an alternative causes a change in low 
flow conditions, which is roughly within the 0 to 10 cfs range in ND and 0 
to 6.3/50 cfs range in MB (depending on the season for MB).  Generally, if 
an alternative causes flows to be higher more often, compared to 
baseline, this PI should indicate an improvement in conditions. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

Initial inspection was conducted with the Unregulated and FSL scenarios 
from Phase 2. 

For the Unregulated scenario, the PI’s responded slightly negative above 
Lake Darling, strongly/moderately positive below Lake Darling (all the way 
to J Clark Salyer), and slightly negative at Westhope.  The negative 
response above Lake Darling is most likely due to the SK dams releasing 
water to meet apportionment, which isn’t done for the Unregulated 
scenario.  The positive response in ND riverine reaches below Lake Darling 
is most likely due to Darling not having to meet any minimum 
flow/apportionment requirements in current operations. The hydrograph 
at Minot shows that unregulated flow is frequently greater than baseline 
flow.  The negative response at Westhope is most likely due to the fact 
that the PI needs at least 50 cfs in winter months for optimum conditions, 
which is a greater flow than what’s required in the agreement. 

For the FSL scenario, all of the PI’s responded strongly/moderately in the 
negative direction.  This was expected. 

Reference: Hydrovisualization Tool  https://webapps.usgs.gov/sourisriver/ 

Observations and 
Notes 

PI is considered more qualitative in nature because the impact scale is a 
constructed scale based on professional opinion.  The qualitative nature 
causes lower confidence in results. 

Multiple names are used for this PI in documentation: Fish Kill (DW4 
report), Fish Kill Reduction (PI Plots), and Fish Mortality (DW4 report) 

The PI’s responded as expected for the FSL scenario. The responses to the 
Unregulated scenario were more convoluted to rationalize.  It may be 
worthwhile for the technical team to verify that the responses make 
sense.  Why do the ND PI’s below Lake Darling perform so much better for 
Unregulated conditions?  

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 

compare the PI performance to the baseline but shows the response of the 
PI to variations of the Phase 5 Alternatives: 

Extended Normal Drawdown (502a vs 502a1):  502a is water supply 
focused; extends the drawdown duration to March 1st from Feb 1st (not 
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drawdown level); shifts the apportionment year to Nov 1-Oct 31; spring 
operations are the same as Annex A; summer operations are focused on 
minimizing peak. 502a1 is identical to 502a, except it doesn't extend the 
drawdown duration (ends on Feb 1st).   

Expect to see a positive response due to higher flows in the winter. 

Lower flood limits at Sherwood/Minot (502b vs 502a):  502b is water 
supply focused; extends the drawdown duration to March 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; reduces 
the spring max limit at Sherwood/Minot in non-flood and smaller flood 
years from Feb 1-May 24; spring operations are focused on minimizing 
peak. 502b is identical to 502a , except 502a does not reduce the flow 
limits at Sherwood and Minot.   

Expect that this might cause a positive response due to the lower flood 
limits extending higher flows over longer period of time. 

Minimize duration summer operations (502c vs 502b):  502c is water 
supply focused; extends the normal drawdown date to Mar 1st; shifts the 
apportionment year to Nov 1-Oct 31; reduces the spring max limit at 
Sherwood/Minot in non-flood and smaller flood years from Feb 1-May 24; 
summer operations are focused on minimizing duration from May 25-Oct 
31. 502b is identical to 502c, except 502b the summer operations are 
focused on minimizing flow peak.  

Expect this to cause a negative response because this operating change 
does not meter out the flows over time. 

Flood control/F&W normal drawdown targets (503a vs 502b):  503a is 
flood control/F&W focused; extends the normal drawdown date to Mar 
1st; shifts the apportionment year to Nov 1-Oct 31; reduces the spring 
max limit at Sherwood/Minot in non-flood and smaller flood years from 
Feb 1-May 24; summer operations are focused on minimizing peak from 
May 25-Oct 31.  502b is identical to 503a, expcept 502b has water supply-
focused normal drawdown targets.  

Expect to see a positive response due to more flow in the river in 
fall/winter. 

Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 

Extended Normal Drawdown (502a vs 502a1):  PI showed improvement. 
This meets expectations. 
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Lower flood limits at Sherwood/Minot (502b vs 502a):  PI showed 
improvement.  This meets expectations. 

Minimize duration summer operations (502c vs 502b):  PI showed 
negative response. This meets expectations. 

Flood control/F&W normal drawdown targets (503a vs 502b):  PI showed 
improvement.  This meets expectations. 

*Checked PI plots for "Sherwood to Mouse River Park", "Velva to Eaton 
Irrigation", and "Westhope to Wawanesa" reaches. 

Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report 

Individual PI Plots (abs) or Summary PI Plots and Hydrovis Tool. 

Appendix A-5 (HEC ResSim Data Output Post-Processing using R) which 
explains how the PI plots are created. 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

The PI responds to the alternatives (i.e. seems sensitive) and the direction 
of response is as expected.  

Should be noted that PI's are reported relative to the baseline or other 
alternatives. Phase 5 mostly focused on comparing two alternatives to 
evaluate the effectiveness of an individual action. 

Generally, the PI seemed to respond less the further away the location 
was from the system of dams. 

It would be helpful if there was a cheat sheet of what years the tech team 
considers wet/dry/normal/etc. 

Figuring out what PI plots to review was challenging. The actions within 
each Phase 5 alternative are organized by season, and one can 
conceptually predict how a PI should perform during a particular season 
under certain hydrologic conditions (wet/dry). While there are lots of PI 
plots, there isn't always a PI plot customized to a particular combination of 
conditions. One needs to be especially observant to what is being 
compared in any particular plot, along with the time period/conditions 
being represented. 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

The PI responded as expected for the Phase 5 operating changes and the 
FSL scenario. The responses to the Unregulated scenario were more 
convoluted to rationalize.  It may be worthwhile for the technical team to 
verify that the responses make sense.  Why do the ND PI’s below Lake 
Darling perform so much better for Unregulated conditions?   

The basis of the PI is qualitative, with lower confidence.  Because of this, 
the results are useful (if you understand them), but probably limited in 
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value compared to other PI's.  Recommend that the Study Board use 
caution in using this PI to make significant decisions. 

The PI was documented in the DW4 Report and corresponding Appendix 
D, although the documentation does use three names for the PI.  May 
want to consider using just one name. 

Overall, the distinction between the various environmental PI’s, especially 
Fish Habitat versus Fish and Wildlife Habitat versus Fish Kill, could be 
confusing to understand.  The Fish Kill PI favors a minimum flow 
throughout the year.  The Fish Habitat PI appears to favor current 
operations.  The Fish and Wildlife Habitat PI seems to favor more of a 
natural hydrograph in the spring, followed by maintenance of a minimum 
flow through the rest of the year. 

For a person that isn't deeply involved in the technical work, in order to 
really understand a particular PI plot, one should review the DW4 Report,  
the actual curve/threshold, Appendix A-5 (HEC ResSim Data Ouptut Post-
Processing using R), and Appendix F-2 (HEC ResSim Alternative 
Assessment Report for alternatives 502-504). This documentation is 
largely presented in a way that assumes the reader already knows how 
the system is currently operated, which is fine for the Study Board and 
study team members. It also needs to be understood that PI's were only 
meant to be compared to themselves, not to other PI's. 

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

I believe the general public can understand this PI on a conceptual level.  
Understanding what the PI plots mean is complicated, so it would be 
challenging to explain to the public without it getting misinterpreted. 

  

Reviewer’s Name Laura Ackerman 

Review Date 2020-08-11 
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Worksheet - Performance Indicator Assessment 

Study Theme Environmental  

Province/State MB  

PI Name Ground Nesting Bird Habitat  

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

This PI is only applicable in Manitoba.  It quantifies the amount of bird 
nesting habitat, specifically grasslands and pasture lands, that is inundated 
by Souris River flows.  The birds that use this habitat are considered 
“species of conservation concern” in Manitoba.  That term also includes 
species listed under the Manitoba Endangered Species Act or that have a 
special designation by the Committee on the Status of Endangered 
Wildlife in Canada.   

To develop the PI curve, land use information was obtained from the 2015 
Manitoba crop inventory.  Land classified as grassland, hay, and pasture 
acres was used in conjunction with a hydraulic model to develop a 
relationship between inundated habitat acres and flow. 

A negative impact from flooding does not start until flow is above 900 cfs. 

Reference: DW4 Report and corresponding Appendix D 

Reach(s) This PI only applies to reach 22 (Westhope to Wawanesa). 

Association with 
other PIs 

This PI is somewhat related to the other environmental PI’s in that it 
assesses the impact of flows on wildlife values.  Although it is different 
from the other environmental PI’s in that it performs better when there is 
less flow, whereas the other environmental PI’s tend to favour higher 
flows. 

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

Generally, this PI will perform negatively during flooding conditions.  Any 
scenario or alternative that reduces the peak flow should cause a positive 
response from this PI.  Overall, because the Manitoba reach is the furthest 
downstream, I expect the effect of dam operations to be attenuated. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

Upon initial inspection, the PI’s responded as expected.  For the 
Unregulated scenario (Phase 2), the PI strongly responded in a negative 
direction.  For the Full Supply Level scenario (Phase 2), the PI responded 
moderately in the negative direction.  The regulation of flow peaks 
provided by dam operations decreased flooding. 
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Reference: Hydrovisualization Tool  https://webapps.usgs.gov/sourisriver/ 

Observations and 
Notes 

This PI is a curve and considered quantitative, with high confidence due to 
the basis of the PI (land use raster and hydraulic model).  This is the only 
environmental PI considered high confidence. 

This PI is well documented in the DW4 report and Appendix D. 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 

compare the PI performance to the baseline but shows the response of the 
PI to variations of the Phase 5 Alternatives: 

Extended Normal Drawdown (502a vs 502a1):  502a is water supply 
focused; extends the drawdown duration to March 1st from Feb 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; spring 
operations are the same as Annex A; summer operations are focused on 
minimizing peak. 502a1 is identical to 502a, except it doesn't extend the 
drawdown duration (ends on Feb 1st).   

I don’t expect much of a response.  If anything, there could be a negative 
response due to higher flows for a longer period in the winter.  

Lower flood limits at Sherwood/Minot (502b vs 502a):  502b is water 
supply focused; extends the drawdown duration to March 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; reduces 
the spring max limit at Sherwood/Minot in non-flood and smaller flood 
years from Feb 1-May 24; spring operations are focused on minimizing 
peak. 502b is identical to 502a, except 502a does not reduce the flow 
limits at Sherwood and Minot.   

If there is a response, I expect it would most likely be a positive response 
due to the reservoirs trying to meet lower downstream flow limits. 

Minimize duration summer operations (502c vs 502b):  502c is water 
supply focused; extends the normal drawdown date to Mar 1st; shifts the 
apportionment year to Nov 1-Oct 31; reduces the spring max limit at 
Sherwood/Minot in non-flood and smaller flood years from Feb 1-May 24; 
summer operations are focused on minimizing duration from May 25-Oct 
31. 502b is identical to 502c, except 502b the summer operations are 
focused on minimizing flow peak.  

If there is a response, expect this to cause a negative response due to 
operations favoring a higher peak. 

Flood control/F&W normal drawdown targets (503a vs 502b):  503a is 
flood control/F&W focused; extends the normal drawdown date to Mar 
1st; shifts the apportionment year to Nov 1-Oct 31; reduces the spring 
max limit at Sherwood/Minot in non-flood and smaller flood years from 
Feb 1-May 24; summer operations are focused on minimizing peak from 
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May 25-Oct 31.  502b is identical to 503a, except 502b has water supply-
focused normal drawdown targets.  

If there is a response, it will most likely be a negative response.  This is 
due to higher winter flows resulting from the greater winter drawdown. 

Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 

Extended Normal Drawdown (502a vs 502a1):  The PI showed a very 
slight positive net change for non-flood and non-drought years.  There was 
no net change plot for the POR.  The hydrographs show that there isn’t 
really any change in flow at Westhope between the two alternatives for 
the month of February.  Also, the flows in February don’t seem to get to 
the 900 cfs flow that would start to initiate impacts.  The difference in flow 
(and subsequent change in PI) between the two alternatives seem to 
occur at other times of the year, which may be a result of tributary inflow. 

Lower flood limits at Sherwood/Minot (502b vs 502a):  The PI showed a 
very slight negative net change for the POR.  This might be because the 
flow limits extend somewhat higher flows for longer duration.  According 
to the hydrographs, the effect of this operating change seemed to 
propagate into the summer.  Many times, it seemed that the spring flow 
limits caused lower peaks, but slightly higher flows into the summer 
months. 

Minimize duration summer operations (502c vs 502b):  The PI showed a 
slight negative net response for POR.  This meets expectations. 

Flood control/F&W normal drawdown targets (503a vs 502b):  The PI 
showed a slight positive net response for POR.  Generally, it looks like the 
increased flow in the winter due to the greater drawdown stayed well 
below 900 cfs (the trigger flow where impacts from flooding start), and in 
many years, the spring/summer flows were lessened (presumably due to 
the extra space created in reservoirs). 

Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report 

Individual PI Plots (abs) or Summary PI Plots and Hydrovis Tool. 

Appendix A-5 (HEC ResSim Data Output Post-Processing using R) which 
explains how the PI plots are created. 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 
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Overall, it was somewhat difficult to decipher why the PI responded the 
way it did for the Phase 5 operational changes.  This may be a symptom of 
the fact that this reach is the furthest from the dams, so any effect of dam 
operations attenuates the further downstream a reach is located.  The 
difficulty in understanding could also be influenced by the effect of 
tributary flows that are not regulated by the dams. 

The PI applies to the whole year.  A potential future improvement could 
involve refining this PI to apply to only the nesting season. 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

It was not always obvious why the PI responded the way it did for the 
Phase 5 operational changes.  Even though this is a high confidence PI, 
because it is not always clear what is driving the PI’s response, the Study 
Board may not want to use this PI to make major decisions. 

The PI is well documented. 

The basis of the PI is quantitative and considered high confidence.  It is the 
only PI from the environmental theme considered high confidence. 

The PI applies to the whole year.  A potential future improvement could 
involve refining this PI to apply to only the nesting season. 

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

I believe the general public can understand this PI on a conceptual level.  
Understanding what the PI plots mean is complicated, so it would be 
challenging to explain to the public without it getting misinterpreted.  The 
PI could especially get misinterpreted because the results are not always 
intuitive.  They seem to be affected by factors outside of the influence of 
dam operations. 

  

Reviewer’s Name Laura Ackerman 

Review Date 2020-10-06 
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Worksheet - Performance Indicator Assessment 

Study Theme Environmental  

Province/State SK/ND/MB  

PI Name Chloride, Sodium, Sulfate, and Total 
Dissolved Solids 

 

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

This PI is a measure of how often water quality targets are met at 
Sherwood, Minot, and Westhope.  A task team comprised of 
representatives from SK, MB, ECCC, NDDEQ, USGS, IJC, and ISRB selected 
ten water quality constituents to be analyzed.  The USGS completed the 
analysis using QWTREND, which is a statistical time-series model 
developed by the USGS for analyzing complex flow-related variability in 
trends in constituent concentrations.  Flow and water quality data at the 
three gage locations from 1993 to 2018 was used to develop relationships 
between constituent concentrations and flow, time, and seasonality 
(spring, summer, fall, and winter).   

The analysis was able to relate concentration to a minimum flow threshold 
for each season for chloride, sodium, sulfate, and total dissolved solids.  
The analysis was not able to develop a relationship between flow and 
season for the remaining six constituents (total iron, total suspended 
solids, total nitrogen, total phosphorus, nitrate plus nitrogen, and 
dissolved ammonia). 

The PI counts the number of days above the flow threshold.  The PI 
calculates flow as a 5-day moving average. 

Sherwood (flow thresholds in cfs): 

• Chloride – 4.7 (fall), 0.9 (spring), 3 (summer), 2.6 (winter) 
• Sodium – 138.4 (fall), 360.3 (spring), 347.6 (summer), 28.4 

(winter) 
• Sulfate – 0.7 (fall), 1.8 (spring), 1.2 (summer), 0.2 (winter) 
• TDS – 7.9 (fall), 11.6 (spring), 46.1 (summer), 6.6 (winter) 

Minot (flow thresholds in cfs): 

• Chloride – 0.1 (fall), 0.8 (spring), 0.2 (summer), 0.2 (winter) 
• Sodium – 754.2 (fall), 1601.2 (spring), 1664.4 (summer), 600.8 

(winter) 
• Sulfate – 15.7 (fall), 133 (spring), 204.4 (summer), 84.2 (winter) 
• TDS – 37.2 (fall), 66.5 (spring), 100 (summer), 162.3 (winter) 

Westhope (flow thresholds in cfs): 

• Chloride – 0.6 (fall), 0.6 (spring), always met (summer), 9.9 
(winter) 
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• Sodium – always met (fall), 2736 (spring), 17016 (summer), always 
met (winter) 

• Sulfate – 44.5 (fall), 17 (spring), 85.3 (summer), 180.4 (winter) 
• TDS – 472 (fall), 92.4 (spring), 148.8 (summer), 878.4 (winter) 

Reference: DW4 Report, corresponding Appendix D, and USGS/NDSWC 
analysis memo 

Reach(s) This PI was developed for the Sherwood, Minot, and Westhope gages.  
These sites correspond to reaches 8 (Sherwood to Mouse River Park), 13 
(City of Minot), and 22 (Westhope to Wawanesa). 

Association with 
other PIs 

The water quality PI’s are somewhat related to the other Environmental 
theme PI’s in that they generally respond favorably when there’s more 
flow in the river (or extended higher base flows). 

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

Most, but not all, of the water quality PI’s tend to favor higher spring and 
summer flows, followed by maintenance of a minimum flow in the fall and 
winter.  Generally, the PI’s should respond favorably for 
scenarios/alternatives that maintain moderate/low flows for a longer 
period of time. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

I inspected the Unregulated, FSL, and Minimum Flow scenarios from Phase 
2 and the Minimum Flows (15 cfs – ND Only) scenario from Phase 3.  The 
Unregulated scenario produced a combo of positive and negative 
responses.  The FSL scenario caused a negative response from all PI’s, 
except sodium at Minot and Westhope (which were slight positive 
responses).  The Minimum Flow scenario caused a positive response from 
all PI’s, except sodium at Minot (slight negative) and Westhope (no net 
change).  The Minimum Flows (15 cfs – ND Only) scenario had mostly a 
negative response at Sherwood, and positive response at Minot and 
Westhope (except sodium).   

Why does the sodium PI at Minot and Westhope seem to respond 
opposite from other PI’s? Possibly because those PI’s need a fairly high 
peak in the spring/summer compared to the other PI’s.  They responded 
positively to the Unregulated scenario and even less positively for the FSL 
scenario.  From looking at the hydrographs, it appears that the Minimum 
Flow scenarios most likely created space in the reservoirs, which helped to 
mitigate flood peaks and resulted in lower peaks. 

Reference: Hydrovisualization Tool  https://dev-webapps.usgs.gov/ndijc/ 

Observations and 
Notes 

This PI is considered a threshold, qualitative, and low confidence.  Only 
USGS data was used.  Additional data from NDDEQ was not used.  The 



Page | 89  
 

 

DW4 report states that further analysis of constituents would be 
beneficial. 

The development of the PI is documented in the DW4 report, along with a 
table showing the Chloride PI for the three sites.  A table or figure showing 
the Sodium, Sulfate, and TDS PI’s were not found in the DW4 report or 
Appendix D.  For this review, I was able to locate the original 
USGS/NDSWC memo, which includes all the PI’s. 

One part of the methodology in the DW4 report is confusing.  The report 
states:  To estimate the effect of a 100% increase and a 100% decrease in 
flows on the selected constituent concentrations, the historical daily flows 
were halved and doubled and the QWTREND models were used to 
estimate concentrations for each constituent and site. 

It is not clear how halving the flow data is an estimate of a 100% decrease 
in flows.  It would be beneficial if this was clarified in the report. 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 

compare the PI performance to the baseline but shows the response of the 
PI to variations of the Phase 5 Alternatives: 

Extended Normal Drawdown (502a vs 502a1):  502a is water supply 
focused; extends the drawdown duration to March 1st from Feb 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; spring 
operations are the same as Annex A; summer operations are focused on 
minimizing peak. 502a1 is identical to 502a, except it doesn't extend the 
drawdown duration (ends on Feb 1st).   

I expect this to overall have a positive response because it keeps flows 
higher through February. 

Lower flood limits at Sherwood/Minot (502b vs 502a):  502b is water 
supply focused; extends the drawdown duration to March 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; reduces 
the spring max limit at Sherwood/Minot in non-flood and smaller flood 
years from Feb 1-May 24; spring operations are focused on minimizing 
peak. 502b is identical to 502a, except 502a does not reduce the flow 
limits at Sherwood and Minot.   

I expect this to overall have a positive response because the flow limit 
will distribute higher flows for a longer period of time.  The flow limit is 
high enough to still meet the PI needs at Sherwood and Minot. 

Minimize duration summer operations (502c vs 502b):  502c is water 
supply focused; extends the normal drawdown date to Mar 1st; shifts the 
apportionment year to Nov 1-Oct 31; reduces the spring max limit at 
Sherwood/Minot in non-flood and smaller flood years from Feb 1-May 24; 
summer operations are focused on minimizing duration from May 25-Oct 
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31. 502b is identical to 502c, except 502b the summer operations are 
focused on minimizing flow peak.  

I believe this may overall cause a negative response from the PI’s.  This is 
due to the PI’s needing somewhat higher flows throughout the summer, 
and this operating change, while it does allow higher peaks, it does not 
draw out the flows for an extended period of time. 

Flood control/F&W normal drawdown targets (503a vs 502b):  503a is 
flood control/F&W focused; extends the normal drawdown date to Mar 
1st; shifts the apportionment year to Nov 1-Oct 31; reduces the spring 
max limit at Sherwood/Minot in non-flood and smaller flood years from 
Feb 1-May 24; summer operations are focused on minimizing peak from 
May 25-Oct 31.  502b is identical to 503a, expcept 502b has water supply-
focused normal drawdown targets.  

Expect that this may cause a mixture of positive and negative responses.  
Positive response because of greater flows in the winter.  Negative 
response because the additional space created in the reservoirs will help 
to mitigate flood peaks in the spring and summer. 

Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 

Extended Normal Drawdown (502a vs 502a1):  The PI’s showed positive 
response, except for sodium at Minot (negative) and Westhope (no net 
change).  This meets expectations.  

Lower flood limits at Sherwood/Minot (502b vs 502a):  The PI showed 
mostly positive response, with some no net change at a few locations.  
Sodium at Minot responded negatively.  This meets expectations. 

Minimize duration summer operations (502c vs 502b):  The PI showed 
mostly negative responses, with a few no change responses.  Sodium at 
Minot responded positively.  This meets expectations. 

Flood control/F&W normal drawdown targets (503a vs 502b):  The PI 
showed mostly positive responses.  Sodium at Minot responded negatively 
and Sodium at Westhope showed no net change.  This meets 
expectations.  

Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report 

Individual PI Plots (abs) or Summary PI Plots and Hydrovis Tool. 

Appendix A-5 (HEC ResSim Data Output Post-Processing using R) which 
explains how the PI plots are created. 
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Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

Overall, the PI responds to the alternatives (i.e. seems sensitive) and the 
direction of response is as expected. Sodium PI at Minot and Westhope 
consistently responded differently from the other water quality PI’s.  It 
becomes very convoluted trying to understand why.  It is most likely due 
to the flow magnitude of those sodium PI’s being much greater than that 
of the other PI’s.  The flow magnitude difference somewhat puts those PI’s 
in another level compared to the other PI’s – meaning those sodium PI’s 
simply have greater needs. 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

The PI’s responded as expected.  The sodium PI at Minot and Westhope 
seemed to consistently respond differently from the other PI’s.  This is 
most likely due to the magnitude needed to meet the needs of those PI’s 
being much larger compared to the other PI’s. 

The PI’s are not fully documented.  Illustrations of the PI’s for sodium, 
sulfate, and TDS need to be added to the documentation.  The DW4 report 
also contains some confusing language in the methodology (explained in 
first “Observations and Notes” box). 

The basis of the PI is qualitative and considered low confidence.  It is 
recommended that the study board not use these PI’s to make major 
decisions. 

Further trend analysis of the water quality constituents should be 
considered. 

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

I believe the general public can understand this PI on a conceptual level.  
Understanding what the PI plots mean is complicated, so it would be 
challenging to explain to the public without it getting misinterpreted. 

  

Reviewer’s Name Laura Ackerman 

Review Date 2020-10-09 
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Erosion Study Theme 
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Worksheet - Performance Indicator Assessment 

Study Theme Erosion – Channel Erosion  

Province/State ND   

PI Name Erosion  

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

The Erosion PI provides a quantitative measure of the reduction in the 
amount of bank erosion expected.  The measure is eroded area in acres. 

The measure has a low confidence rating and is based on a curve that was 
developed using 2-D Hydraulic Models, 2015 NASS Land Use Data, and 
NRCS shear stress coefficients. 

The Erosion PI was developed only for selected reaches in North Dakota 
due to the availability of required channel velocity and shear stress 
estimates derived using the two-dimensional hydraulic model. 

The methodology assumed shear stress values greater than 1 psi (6.9 kPa) 
would cause erosion to the channel.  The area of channel erosion was 
calculated for flow values from 0 to 30,000 cfs (850 cms).   

The PI value is based on the Monthly Average flow.  The Erosion PI 
considers the Monthly Average flow for the entire year. 

The PI is documented under Section 6.17 of the DW4 report. 

The PI will show a positive response if the acres of eroded channel are 
reduced for the reach under consideration when compared to the 
baseline or when two operational changes are considered. 

The PI will show a negative response if the acres of eroded channel are 
increased for the reach under consideration when compared to the 
baseline or when two operational changes are considered. 

Reference: DW4 Report – Section 6.17 

Reach(s) The PI has been established for the following reaches:  

• For ND the reaches are 8 (Sherwood to Mouse River Park), 11 
(Lake Darling to Burlington), 12 (City of Burlington), 13 (City of 
Minot), 15 (City of Sawyer), 18 (Velva to Eaton Irrigation Project), 
19 (Eaton Irrigation District), and 20 (Downstream of Towner) 

• This PI is not used in SK nor MB 

Association with 
other PIs 

The results of the “Erosion” PI are not linked to other PIs but should 
reflect the same directional changes as shown by the “Flood Control” PI 
and the opposite directional change as shown by the “out of bank” PI. 
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Model Conditions Identify modelled conditions that would drive a response in the selected PI 

The Erosion (Channel) PI will show an increased response as flow 
conditions increased. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

(add reference source document) 

The performance of the PI was validated comparing the Baseline (0) to the 
Unregulated (8a) and PI responded as expected, given that the baseline 
condition reduces peak flows with the reservoirs in place. 

Observations and 
Notes 

The documentation in the DW4 report for the “Erosion” PI related to 
channels is complete. 

The title of the PI should be more explicit and be labelled “Channel 
Erosion” in order that it is not confused with erosion of agricultural lands. 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 

compare the PI performance to the baseline but shows the response of the 
PI to variations caused by selecting a combination of operational changes 

to construct the Phase 5 Alternatives. 

Extended Normal Drawdown (502a vs 502a1): 
502a is Water Supply focused and only extends the drawdown duration to 
March 01 from February 01, not the drawdown level.  Spring operations 
are not change from Annex A.  Summer operations is based on Pool 
elevations as per Phase 4 (401 -403), which attempts to reduce summer 
peaks flows. 
502a1 is the same as 502a with the only change being that the winter 
drawdown date for 502a1 is February 1 as per Annex A. 
Expect very limited response in the PI. 

Lower Max Spring Flood Limits at Sherwood/Minot (502b vs 502a): 
502b is Water Supply focused, assumes the extended March 01 drawdown 
extension, and the same summer operations as 502a.   
The only change from 502a is for Spring operations where the maximum 
flow is reduced up to May 24 for non-flood and small flood years.   
Expected that a reduction in the Spring Max Flood will have a positive 
response but not be a significant response.  

Minimize Summer Duration (502c vs 502b): 
502c is Water Supply focused, assumes the extended March 01 drawdown 
extension, and the same Spring operations as 502b where the maximum 
flow is reduced up to May 24 for non-flood and small flood years. The only 
change is for Summer operations to minimise duration of flows.   
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Expected that a change in Summer Operations with respect to passing 
summer peaks under 502c which will reduce the flood duration will have 
a negative but not a significant response in the PI.  

Fall and Winter Operations (503a vs 502b): 
503a is Flood Control and Fish-Wildlife focused with normal drawdown 
targets, assumes the extended March 01 drawdown extension, and the 
same Spring and Summer operations as 502b.   
This alternative should show a positive response to the “Erosion” PIs due 
to the Spring and Summer operations.  However, the reduction in 
summer peaks may require higher flows after the peak has passed which 
will have a negative response for the lower reaches due to the very 
limited channel capacity  

Apportionment Year Shift (504a and 504b): 

The implications of changes to the Apportionment Year are considered by 
504a and 504b, which will not affect the “Erosion” PI. 

Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 

The PI performed as expected.  The lower reaches in ND have very limit 
capacity and the PI is very sensitive to even the slightest increase in 
monthly average flows. 

Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report 

Individual PI Plots (abs) or Summary PI Plots and Hydrovis Tool. 

Appendix A-5 (HEC ResSim Data Output Post-Processing using R) which 
explains how the PI plots are created. 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

In general, the PI preformed as expected and is a useful indicator for those 
areas where there is a concern with channel erosion.  Although the PI is 
quantitative in its methodology, the data used is more theoretical and 
therefore the PI is more qualitative in nature with a low confidence level. 

The PI may be responding more to the flow changes during the winter 
months as the entire year is used to calculate the PI.  Consideration should 
be given to only using this PI for the open water period. 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 
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The PI performs as expected and is a useful qualitative PI to indicate the 
response of channel erosion to operational changes.  However, it has 
limited value for decision making as the channel capacities and resulting 
flow velocities vary significantly within a reach. 

The title of the PI should be more explicit and be labelled “Channel 
Erosion” in order that it is not confused with erosion of agricultural lands. 

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

The concept for the PI is somewhat technical and would be difficult for the 
public and watershed groups to understand.  

The PI is not developed for SK and MB as it would require that 2-D 
hydraulic models be developed for the reaches in SK and MD. 

As noted for all PI presentations in Phase 5 the results as shown are 
complex and can be easily misunderstood unless one fully understands 
the methodology used to present the PI results and studies the 
hydrological conditions that influence the PI. 

  

Reviewer’s Name Russell Boals 

Review Date 2020-09-30 
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Flood Control Study Theme 
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Worksheet - Performance Indicator Assessment 

Study Theme Flood Control  

Province/State North Dakota  

PI Name Bridge Detour Reduction  

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

Quantifies traffic disruptions by using hydraulic models to determine flow 
that inundate bridges. The PI is based on length of detours. Length of 
detour is determined by distance from an inundated bridge to an open 
bridge then back to the inundated bridge on the other side of the river. To 
determine the length of detours the North Dakota Department of 
Transportation Interactive Transportation Map was used. These values 
were applied to the average traffic totals to get total length.   

Reference: DW4 report 

Reach(s) 8, 9, 11-21 

Association with 
other PIs 

Flood Control: Oil Well Inundation, Flooded Structures as they all use the 
same Hydraulic models for each reach.   

Agriculture: Agricultural Damages, and Out of Bank.    

Cultural: Cultural Site Inundation 

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

Modelled conditions that reduce the peak flow would drive a positive 
response in this PI. Since the PI is evaluated daily, if a modelled condition 
holds the flow rate at the level of bridge inundation, a negative response 
will be observed. This PI should show some indication of duration of 
flooding. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

Looking at the Phase 2 runs. It appears that the PI is performing as 
expected. 

Reference: Hydrovisualization Tool  https://dev-webapps.usgs.gov/ndijc/ 

Observations and 
Notes 

PI is called Bridge Detour Reduction in ND, but is referred to as Bridge 
Inundation in the DW4 documentation. 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 
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compare the PI performance to the baseline but shows the response of the 
PI to variations of the Phase 5 Alternatives: 

502a vs. Baseline: expect improvement in summer ops due to minimize 
peak. 
502a vs. 502a1:  expect no improvement since spring and Summer ops are 
the same.  
502b vs. 502a: expect improvement in smaller spring flood events.   
502c vs. 502b: expect no improvement in summer ops due to minimize 
duration option. A higher peak could cause more bridge inundation during 
summer events.   

503a vs. 502b: Expect some improvement. Changing the normal 
drawdown targets effect the timing of flows in reaches downstream of the 
reservoir  

Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 

502a vs. 502a1 - See change in Feb-Mar in the low-lying areas from the 
change in drawdown.       

502b vs 502a - Lower peaks during smaller spring flood events 

502c vs 502b - Higher peaks were observed during summer operation 
resulting in more bridge inundation 

503a vs 502b – lower peaks in the low-lying areas 

Reference: Hydrovisualization Tool  https://dev-webapps.usgs.gov/ndijc/ 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

• No PI curve for J. Clark 
• There is a PI curve for Lake Darling in Appendix D, but the PI is not 

plotted 
• Should be classified differently in the DW4 report, since it differs 

from the Bridge Inundation PIs in Saskatchewan and Manitoba. 
• Updated PI plots for individual PIs years are incorrect.   

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

The PI is responding as expected. It is more responsive in the low-lying 
areas because the flow at which bridges are inundated is lower.  
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This PI represents the miles of detour created by flooding a bridge. As this 
is cumulative and the distance increases with each bridge that is 
inundated, it often shows high numbers. These high number make it less 
useful as a duration indicator like the Bridge Inundation PIs found in 
Manitoba and Saskatchewan. A Bridge Inundation PI for North Dakota 
could be useful for public consumption.  

To improve this PI, the scripts calculating the PI could be written as true 
step-wise functions. Currently the PI is linearly interpolated between the 
steps, which is inaccurate because a bridge is either closed or not.  

Recommend that Bridge Inundation PI be created for ND with the same 
methodology as MB and SK for easier comparison between jurisdictions.  

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

The accumulation of miles complicate the PI which will make it more 
difficult for the general public to understand then just to show the number 
of bridges inundated in a reach.   

  

Reviewer’s Name Rebecca Koch 

Review Date 2020_09_21 
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Worksheet - Performance Indicator Assessment 

Study Theme Flood Control  

Province/State Manitoba  

PI Name Bridge Inundation (or Bridge Inundation Reduction) 

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

The PI in Manitoba is based on the number of bridges inundated. 
Hydraulic models were used to determine the flow at which the bridges 
were inundated based on the bridge capacities provided by Manitoba 
Infrastructure. The PI counts inundated bridges for each day that the flow 
inundates a bridge.  

Reference: DW4 report 

Reach(s) 22 

Association with 
other PIs 

Flood Control: Oil Well Inundation, Flooded Structures as they all use the 
same Hydraulic models for each reach.   
Agriculture: Agricultural Damages, and Out of Bank.    
Cultural: Cultural Site Inundation 

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

Modelled conditions that reduce the peak flow would drive a positive 
response in this PI. Since the PI is evaluated daily, a modelled condition 
that holds the flow rate at the level of a bridge inundation will cause a 
negative response. This PI should show some indication of duration of 
flooding. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

Looking at the Phase 2 runs. It appears that the PI is performing as 
expected. 
Reference: Hydrovisualization Tool  https://dev-webapps.usgs.gov/ndijc/ 

Observations and 
Notes 

• It is unclear if the failed or closed bridges are included in the PI 
evaluation. I would assume that they are included since they are 
mentioned in the documentation.  

• PI Plot Y scale makes it difficult to read. Since you can’t have a 
half-flooded bridge the plots should use whole numbers.  

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 
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compare the PI performance to the baseline but shows the response of the 
PI to variations of the Phase 5 Alternatives: 

502a vs. Baseline: expect improvement in summer ops due to minimize 
peak. 
502a vs. 502a1:  expect no improvement since spring and Summer ops are 
the same.  
502b vs. 502a: expect improvement in smaller spring flood events.   
502c vs. 502b: expect no improvement in summer ops due to minimize 
duration option. A higher peak could cause more bridge inundation during 
summer events.   
503a vs. 502b: Expect some improvement. Changing the normal 
drawdown targets effect the timing of flows in reaches downstream of the 
reservoir.  
Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 
502a vs. Baseline: negative change occurred in years when further 
drawdown is required. It appears to be a result of the timing of spring 
reservoir releases coinciding with local flows. An improvement was 
observed in 2013 and 2014 when the flood events were summer rainfall 
driven.  
502a vs. 502a1:  One year there was an improvement because the Feb. 1 
normal drawdown date at Darling meant that there was more flow in the 
MB reach when local flows occurred.  
502b vs. 502a: See improvement in spring operations for 1951. Negative 
change in 2013 occurs because reduction in maximum flows cause LD to 
reach the top of flood control and releases needed to continue through 
June causing a higher peak.  
502c vs. 502b: negative change is observed twice for summer events 
because of the minimize duration results in a higher peak.  
503a vs. 502b: see mostly improvement. Typically, the flood control 
drawdown elevations reduce the amount of releases that need to be 
made at LD which reduces the river flow at the time of local flow in MB 

Reference: Hydrovisualization Tool  https://dev-webapps.usgs.gov/ndijc/ 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

Manitoba is affected most by the timing of releases from the reservoirs.  
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Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

The Bridge Inundation PI performs as expected in the Manitoba reach. The 
first bridge is inundated at 4354 cfs, so this PI does respond to smaller 
flood events. However, this PI is a good representation of the local flow 
contributions downstream of the reservoirs.  

If this PI was separated out to show each individual bridge, then this PI 
would show the duration a bridge is inundated. 

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

This PI should be easily understandable by the public because it is just a 
simple count how many bridges are inundated each day. 

  

Reviewer’s Name Rebecca Koch 

Review Date 2020-09-11 
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Worksheet - Performance Indicator Assessment 

Study Theme Flood Control  

Province/State Saskatchewan  

PI Name Bridge Inundation (or Bridge Inundation Reduction) 

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

The PI in Saskatchewan is based on the number of bridges inundated. 
Utilizes the Barr Engineering hydraulic model for the Saskatchewan 
portion of the Souris. Magnitudes of flow that inundate bridges were 
estimated using the hydraulic model and refined using historical 
information and knowledge from previous flood events.  

Reference: DW4 report 

Reach(s) 1,4 

Association with 
other PIs 

Flood Control: Oil Well Inundation, Flooded Structures as they all use the 
same Hydraulic models for each reach.   
Agriculture: Agricultural Damages, and Out of Bank.    
Cultural: Cultural Site Inundation 

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

Modelled conditions that reduce the peak flow would drive a positive 
response in this PI. Since the PI is evaluated daily, a modelled condition 
that holds the flow rate at the level of bridge inundation will cause a 
negative response. This PI should show some indication of duration of 
flooding. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

Looking at the Phase 2 runs. It appears that the PI is performing as 
expected. 
Reference: Hydrovisualization Tool  https://dev-webapps.usgs.gov/ndijc/ 

Observations and 
Notes 

• The documentation is unclear if bridge inundation is evaluated 
daily 

• No PI curves for Saskatchewan Reaches in Appendix D 
• The Roche Percee curve in documentation isn't stepwise; how can 

a bridge be half flooded? 
• For the PI plot for City of Roche Percee, should this be Estevan to 

Roche Percee? Seems to be some inconsistencies in the 
documentation. 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
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decrease in performance.  It is important to note that Phase 5 does not 
compare the PI performance to the baseline but shows the response of the 

PI to variations of the Phase 5 Alternatives: 
502a vs. Baseline: expect improvement in summer ops due to minimize 
peak. 
502a vs. 502a1:  expect no improvement since spring and Summer ops are 
the same.  
502b vs. 502a: expect no improvement because Bridge Inundation in 
Saskatchewan only occurs in the larger flood events. Changes in Spring ops 
only occurs for non-flood and small flood events 
502c vs. 502b: expect no improvement in summer ops due to minimize 
duration option. A higher peak could cause more bridge inundation.   
503a vs. 502b: Expect no improvement because events that would cause 
bridge inundation require addition spring drawdown. Reservoirs start off 
with same elevation for spring event.     
Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 

502a vs. 502a1: No change is observed  

502b vs. 502a: No change is observed 

502c vs. 502b: Change occurred in 3 years during summer events in the 
City of Estevan Reach. Bridges in this reach flood at lower cfs then the 
others. Only differences in the hydrograph occur at flow less than 5000cfs.  

503a vs. 502b: No change is observed 

Reference: Hydrovisualization Tool  https://dev-webapps.usgs.gov/ndijc/ 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

• Not clear which PI curve is being used in each reach. 
• Reach Naming convention needs to be standardized.  

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

The PI is performing as expected. Most bridges in Saskatchewan are only 
inundated at flows above 5000cfs. This means that the PI is not very 
responsive except at high flows. The operational changes being proposed 
haven’t affected the maximum spring peak, so no change is observed in 
the spring period.  
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The PI is useful in the City of Estevan reach where there are some bridges 
that get inundated at flows between 1500 cfs and 5000 cfs.  

If this PI was separated out to show each individual bridge, then this PI 
would show the duration a bridge is inundated.  

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

This PI should be easily understandable by the public because it is just a 
simple count how many bridges are inundated each day.  

  

Reviewer’s Name Rebecca Koch 

Review Date 2020-09-10 
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Worksheet - Performance Indicator Assessment 

Study Theme Flood Control   

Province/State Saskatchewan, North Dakota, and 
Manitoba  

 

PI Name Flooded Structures (or Structural 
Damage Reduction)  

 

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

Saskatchewan- Using aerial imagery and LiDAR an XYZ coordinate was 
determined for each structure. A point was placed on structures along the 
river using the aerial imaging, and elevations were determined using 
LiDAR.   

North Dakota - XYZ coordinates in Ward County using their polygon parcel 
for the location of structures, and LiDAR to determine the elevations. 
Structures outside of Ward County were determined using the same 
method as Saskatchewan.  

Saskatchewan and North Dakota - Used a tax-assessed value to assign a 
monetary value. Monetary value is assigned as a function of flood depth-
based flows ranging from 1000cfs to 30000cfs.   

Manitoba - is based on the assumption that communities have flood 
protection up to 0.5% AEP (200-yr) and all flood protection will fail at 
0.33% AEP. Damages are linearly interpolated between 0.5% AEP 
(28000cfs) and 0.33% AEP (33000cfs)    

Percent Damages - Curve was created based on the USACE's curve for 
residential homes without a basement. Curve ranges from a stage of 
greater than 0ft to 16ft.  

Reference: DW4 report 

Reach(s) 4 - 9, and 11 - 22      

Association with 
other PIs 

Flood Control: Oil Well Inundation, Bridge Detour Reduction, and Bridge 
Inundation as they all use the same Hydraulic models for each reach.   

Agriculture: Agricultural Damages, and Out of Bank.     

Cultural: Cultural Site Inundation      

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

This PI responsive at higher flows. The most improvement should be seen 
in alternatives that reduce the peak flow during spring operations. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 
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The PI appears to improve slightly as you move further downstream. The 
Phase 2 alternative Agriculture Flooding has the same goal of reducing the 
peak during spring freshet. Removing the large 2011 event from the 
hydrograph show a peak reduction, which would correlate to slight 
improvement in the PI  

Reference: Hydrovisualization Tool https://dev-webapps.usgs.gov/ndijc/ 

Observations and 
Notes 

• DW4 Report doesn't indicate where 0ft stage value begins (Is it 
out of bank or at the elevation of structure?).  While the 
methodology is the same there may be some question on 
confidence in the areas where aerial imagery is used to locate 
structures. 

• 2011 event washes out the PI in Phase 2. If the event is removed 
there would be a larger benefit seen in PI  

• PI is evaluated once per year for the peak flow, this doesn't seem 
to be clearly documented in DW4 report. 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 

compare the PI performance to the baseline but shows the response of the 
PI to variations of the Phase 5 Alternatives: 

502a: expect improvement in summer ops due to minimize peak. 
502a1:  expect improvement in summer ops due to minimize peak. 
502b: expect improvement in summer ops due to minimize peak. 
502c: expect no improvement in summer ops due to minimize duration 
option  
503a: expect improvement in the spring and summer because flood 
control and FW normal drawdown targets and the minimize peak option in 
summer ops.(Most Improvement)  
504a: Don't expect much change in PI because only modification from 
Annex A is apportionment year shift.  
504b:  expect improvement in summer ops due to minimize peak. 
Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 

502a vs. baseline - No response in the PI in SK and MB. Summer 
operations option 2 improved flooding conditions downstream of lake 
darling. 
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502a vs. 502a1 - No response in the PI in SK and MB. The extended 
drawdown resulted in more flooding in a few years for ND than the Mar1 
drawdown date.     

502b vs 502a - No response in the PI in SK and MB. Lowering maximum 
flows is beneficial in ND in the low lying areas downstream of Minot, 
which reduces flooded structures in small flood events.                                                             

502c vs 502b - No response in the PI in SK and MB. Benefit of the summer 
ops is seen in ND for summer event like 2014. 

503a vs 502b - No response in the PI in SK and MB. Benefit in ND for spring 
events.    

Reference: Hydrovisualization Tool  https://dev-webapps.usgs.gov/ndijc/ 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

• The same spring peak flow seems to be reached for most flood 
events in SK. However, the change in winter operations seem to 
allow Lake Darling more time for flood storage. This provided 
more benefit for areas downstream of Lake Darling.   

• Operating to improve flood conditions in ND means that the PI is 
not often triggered in Manitoba.       

• Flooded structures in SK (flooded structures start at flows 
>2000cfs) and MB (flooded structures start at flows > 25000cfs) 
only occurs at a high flow. Small changes in flow hydrograph don't 
make much impact to the PI in these areas. 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

This PI is more sensitive in ND because of the low out of bank flows 
downstream of Minot. Small changes in the hydrograph doesn't get a PI 
response in SK or MB. Overall, this PI does respond as expected. 

This PI is quantitative with high confidence. The use of aerial imaging to 
locate structures may not result in 100% accurate locations, but since the 
structures are assumed to be static for the period of record it is sufficient 
in representing Flooded Structures. MB flood protection standards were 
used in MB, and further investigation into flooded structures could be 
completed in the province to get more specific values for flooded 
structures, since the PI isn’t linked to infrastructure in the reach.  

This PI should be informative for the low-lying areas in ND, but is not very 
informative for the other reaches of the Souris River.    

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

https://dev-webapps.usgs.gov/ndijc/
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This PI concept should be easily understood by members of the public, 
however they would need a good understanding how flows in different 
areas of the basin cause flooding. This PI may be useful for showing how 
small operational changes affect different areas of the basin. 

  

Reviewer’s Name Rebecca Koch 

Review Date 8/21/2020 
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Worksheet - Performance Indicator Assessment 

Study Theme Flood Control  

Province/State ND  

PI Name Railroad Inundation 
or 

Railroad Inundation Reduction 

 

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

This PI is a measure of how often railroads are inundated in two reaches in 
ND.  The PI was developed using data from the Souris River Joint Board. 

These PI’s are considered thresholds, quantitative, and high confidence. 

The two reaches, associated thresholds, and PI definitions (from the PI 
plots) are as follows: 

City of Minot: 13,200 cfs (flow at which BNSF railroad is inundated); a 
measure of the reduction in the number of times railroad lines are 
inundated in this reach 

Minot to Sawyer:  8,900 cfs (flow at which CP railroad is inundated); a 
measure of how often railroad lines are not inundated in this reach 

Per Brett Hultgren - this PI counts the number of days that the railroads 
are inundated.  According to the definitions from the PI plots, it’s not 
exactly clear what’s being counted. 

Reference: DW4 Report, corresponding Appendix D 

Reach(s) This PI was developed for reaches 13 (City of Minot) and 14 (Minot to 
Sawyer). 

Association with 
other PIs 

This PI is somewhat related to the other threshold PI’s in the Flood Control 
study theme. 

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

 

I expect any scenario/alternative that reduces flooding, especially the 
duration of flooding, to have a positive response. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

Initial inspection of the PI was done with the Unregulated, Dry Dam, and 
FSL scenarios versus Baseline from Phase 2.  It appears that the trigger 
flows are only reached in 2011 for the Dry Dam and FSL scenarios.  Both 
PI’s had a strong negative response for the Unregulated scenario, which 
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was expected. Both PI’s had a strong positive response for the Dry Dam 
scenario, which was expected.   

For the FSL scenario, the City of Minot PI had a slight negative response 
and the Minot to Sawyer PI had a slight positive response.  I had some 
confusion about the results for the FSL scenario after reviewing the 
flow/hydrograph data from the hydrovis tool.  For the City of Minot reach, 
both the Baseline (June 25-July 1, 2011) and FSL (June 24-30, 2011) 
scenarios had 7 days where the flow was greater than 13,200 cfs.  So, 
there should’ve been no net change.  For the Minot the Sawyer reach, 
Baseline had 10 days where the flow was above 8,900 cfs (June 24-July 3, 
2011) and FSL had 11 days where the flow was above 8,900 cfs (June 2-3 
and June 24-July 2, 2011).  Per Brett Hultgren, the Phase 2 and 3 scenarios 
were run against a different baseline, which is reflected in the PI plots.  
The flows/hydrographs in the hydrovis tool are from the baseline that was 
used for Phase 4 and 5 modelling. 

Reference: Hydrovisualization Tool  https://webapps.usgs.gov/sourisriver/ 

Observations and 
Notes 

The PI’s are thresholds, quantitative, and considered to be high 
confidence.   

The PI thresholds are listed in Table 8 of the DW4 report. 

The definitions of the PI’s on the PI plots are somewhat confusing.  The 
study team confirmed that the PI counts the number of days that the 
railroads are inundated.  According to the definitions from the PI plots, it’s 
not exactly clear what’s being counted.  This should be clarified in the 
definitions.  The definitions are as follows: 

City of Minot: a measure of the reduction in the number of times railroad 
lines are inundated in this reach 

Minot to Sawyer: a measure of how often railroad lines are not inundated 
in this reach    

The PI responses to the FSL scenario are not clear.  This is most likely due 
to differing baselines used for Phases 2/3 versus Phases 4/5.  What’s 
shown in the hydrovis tool is the baseline used for modelling Phases 4/5. 

The hydrographs at Minot and Logan are identical in the 
Hydrovisualization Tool. Both reaches use the same node in the ResSim 
model. 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 

compare the PI performance to the baseline but shows the response of the 
PI to variations of the Phase 5 Alternatives: 

Extended Normal Drawdown (502a vs 502a1):  502a is water supply 
focused; extends the drawdown duration to March 1st from Feb 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; spring 
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operations are the same as Annex A; summer operations are focused on 
minimizing peak. 502a1 is identical to 502a, except it doesn't extend the 
drawdown duration (ends on Feb 1st).   

I do not expect much of a response due to this operational change.  This 
change will cause higher flows through February but shouldn’t be high 
enough to trigger a response. 

Lower flood limits at Sherwood/Minot (502b vs 502a):  502b is water 
supply focused; extends the drawdown duration to March 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; reduces 
the spring max limit at Sherwood/Minot in non-flood and smaller flood 
years from Feb 1-May 24; spring operations are focused on minimizing 
peak. 502b is identical to 502a, except 502a does not reduce the flow 
limits at Sherwood and Minot.   

I do not expect much of a response from this operational change.  The 
Annex A flow limits and proposed new flow limits are below the flows 
that would trigger a response in the PI’s. 

Minimize duration summer operations (502c vs 502b):  502c is water 
supply focused; extends the normal drawdown date to Mar 1st; shifts the 
apportionment year to Nov 1-Oct 31; reduces the spring max limit at 
Sherwood/Minot in non-flood and smaller flood years from Feb 1-May 24; 
summer operations are focused on minimizing duration from May 25-Oct 
31. 502b is identical to 502c, except 502b the summer operations are 
focused on minimizing flow peak.  

This might cause a positive response because this operational change 
reduces the duration of floods and this PI is counted on a daily basis. 

Flood control/F&W normal drawdown targets (503a vs 502b):  503a is 
flood control/F&W focused; extends the normal drawdown date to Mar 
1st; shifts the apportionment year to Nov 1-Oct 31; reduces the spring 
max limit at Sherwood/Minot in non-flood and smaller flood years from 
Feb 1-May 24; summer operations are focused on minimizing peak from 
May 25-Oct 31.  502b is identical to 503a, expcept 502b has water supply-
focused normal drawdown targets.  

I do not expect much of a response due to this operational change.  This 
change will cause higher flows in the fall/winter, but should not be high 
enough to cause a response. 

Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 
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Extended Normal Drawdown (502a vs 502a1):  There was no net change. 
This was expected. 

Lower flood limits at Sherwood/Minot (502b vs 502a):  There was no net 
change. This was expected. 

Minimize duration summer operations (502c vs 502b):  There was no net 
change. This was not entirely unexpected. I thought this operational 
change would be most likely to cause a response compared to the others. 

Flood control/F&W normal drawdown targets (503a vs 502b):  There was 
no net change.  This was expected. 

Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report 

Individual PI Plots (abs) or Summary PI Plots and Hydrovis Tool. 

Appendix A-5 (HEC ResSim Data Output Post-Processing using R) which 
explains how the PI plots are created. 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

Generally, the PI’s responded as expected.  It appears that the trigger 
flows are only exceeded in 2011.  The Phase 5 operational changes do not 
cause much change to the 2011 flood, so the fact that these PI’s did not 
respond makes sense. 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

The PI’s responded well to the Phase 2 scenarios but showed no response 
to any of the Phase 5 operational changes.  Because of this, these PI’s 
appear to be of limited value for making decisions.  The study team may 
want to consider not plotting them. 

The PI plots for the Phase 2 and 3 modelling reflect responses from a 
baseline scenario that differs from the baseline used for Phases 4 and 5.  
This became apparent when trying to understand the PI responses for the 
FSL scenario.  It may be worthwhile to discuss if/how this should be 
explained in the hydroviz tool, especially if Phase 2 and 3 scenarios are 
expected to be available on the tool long term. 

The PI is documented.  The PI definitions in the PI plots are somewhat 
confusing and it would be beneficial if it was clarified what’s being 
counted.   

Two names are used in the documentation and PI plots. May want to 
consider using just one name. 

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 
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I believe that the public would understand this PI on a conceptual level.  
However, the fact that these PI’s are not very sensitive could be confusing 
for the public to understand.  

  

Reviewer’s Name Laura Ackerman 

Review Date 2020-10-22 
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Worksheet - Performance Indicator Assessment 

Study Theme Flood Control  

Province/State ND  

PI Name Wastewater Lagoon Inundation 
or 

WW Lagoon Safety 

 

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

This PI is a measure of how often wastewater lagoons are inundated in 
five reaches in ND.  The PI was developed using data from the Souris River 
Joint Board. 

These PI’s are considered thresholds, quantitative, and high confidence. 

The five reaches, associated thresholds, and PI definitions (from the PI 
plots) are as follows: 

City of Burlington: 16,500 cfs; A measure of how often the Burlington 
wastewater lagoon is not flooded 

City of Minot:  30,000 cfs; A measure of the reduction in the number of 
days the Minot wastewater lagoon is flooded 

City of Sawyer: 22,000 cfs; A measure of the reduction in the number of 
days the Sawyer wastewater lagoon is flooded 

City of Velva: 26,000 cfs; A measure of the reduction in the number of 
days the Velva wastewater lagoon is flooded 

Eaton Irrigation District: 26,000 cfs; A measure of the reduction in the 
number of days the Towner wastewater lagoon is flooded (Table 8 in the 
DW4 report states that this PI is in the City of Towner reach, which does 
not exist in the rest of the documentation.) 

Per Brett Hultgren - this PI counts the number of days that the lagoons are 
inundated.   

The definition for the City of Burlington reach is slightly different from the 
other definitions in that it states it is a measure of how often the lagoon is 
NOT flooded. 

Reference: DW4 Report, corresponding Appendix D 

Reach(s) This PI was developed for reaches 12 (City of Burlington), 13 (City of 
Minot), 15 (City of Sawyer), 17 (City of Velva), and 19 (Eaton Irrigation 
District). 

Association with 
other PIs 

This PI is somewhat related to the other threshold PI’s in the Flood Control 
study theme. 
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Model Conditions Identify modelled conditions that would drive a response in the selected PI 

I expect any scenario/alternative that reduces flooding, especially the 
duration of flooding, to have a positive response. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

The flow thresholds for triggering a response are high.  I expect these PI’s 
to be sensitive to extreme scenarios, such as the Unregulated and Dry 
Dam scenarios.   

Initial inspection was done with the Unregulated, Dry Dam, and FSL 
scenarios versus Baseline from Phase 2.  It appears that the trigger flows 
are only reached in 2011 for the Dry Dam and FSL scenarios.  For the 
Unregulated scenario, the PI’s responded either very slightly negative or 
with no net response.  

For the Dry Dam scenario, the PI’s responded mostly very slightly positive, 
with one no net change. For the Eaton Irrigation District reach, the PI was 
very slightly positive. However, this doesn’t make sense because flows do 
not reach the trigger flow for Baseline or Dry Dam scenarios.  It should be 
no net change.  Per Brett Hultgren, the Phase 2 and 3 scenarios were run 
against a different baseline, which is reflected in the PI plots.  The 
flows/hydrographs in the hydrovis tool are from the baseline that was 
used for Phase 4 and 5 modeling. 

For the FSL scenario, the PI’s showed mostly no net change, with one 
responding very slightly positive.   

Reference: Hydrovisualization Tool  https://webapps.usgs.gov/sourisriver/ 

Observations and 
Notes 

The PI’s are thresholds, quantitative, and considered to be high 
confidence.   

The PI thresholds are listed in Table 8 of the DW4 report.  

For the Eaton Irrigation District PI, Table 8 in the DW4 report states that 
the PI is in the City of Towner reach. This appears to be an error.   

The definitions of the PI’s on the PI plots are somewhat confusing.  The 
study team confirmed that this PI counts the number of days that the 
lagoons are inundated.  The definition for the City of Burlington reach is 
slightly different from the other definitions in that it states it is a measure 
of how often the lagoon is NOT flooded. 

The Eaton Irrigation District PI response for the Dry Dam scenario was not 
clear.  This is most likely due to differing baselines used for Phases 2/3 
versus Phases 4/5.  What’s shown in the hydrovis tool is the baseline used 
for modelling Phases 4/5. 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
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decrease in performance.  It is important to note that Phase 5 does not 
compare the PI performance to the baseline but shows the response of the 

PI to variations of the Phase 5 Alternatives: 
I do not expect these operational changes to cause a response.  The 
trigger flows for all the PI’s only occur in 2011.  These operational 
changes do not cause much variation in flows in extreme flooding 
conditions, like 2011. 

Extended Normal Drawdown (502a vs 502a1):  502a is water supply 
focused; extends the drawdown duration to March 1st from Feb 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; spring 
operations are the same as Annex A; summer operations are focused on 
minimizing peak. 502a1 is identical to 502a, except it doesn't extend the 
drawdown duration (ends on Feb 1st).   

Lower flood limits at Sherwood/Minot (502b vs 502a):  502b is water 
supply focused; extends the drawdown duration to March 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; reduces 
the spring max limit at Sherwood/Minot in non-flood and smaller flood 
years from Feb 1-May 24; spring operations are focused on minimizing 
peak. 502b is identical to 502a, except 502a does not reduce the flow 
limits at Sherwood and Minot.   

Minimize duration summer operations (502c vs 502b):  502c is water 
supply focused; extends the normal drawdown date to Mar 1st; shifts the 
apportionment year to Nov 1-Oct 31; reduces the spring max limit at 
Sherwood/Minot in non-flood and smaller flood years from Feb 1-May 24; 
summer operations are focused on minimizing duration from May 25-Oct 
31. 502b is identical to 502c, except 502b the summer operations are 
focused on minimizing flow peak.  

Flood control/F&W normal drawdown targets (503a vs 502b):  503a is 
flood control/F&W focused; extends the normal drawdown date to Mar 
1st; shifts the apportionment year to Nov 1-Oct 31; reduces the spring 
max limit at Sherwood/Minot in non-flood and smaller flood years from 
Feb 1-May 24; summer operations are focused on minimizing peak from 
May 25-Oct 31.  502b is identical to 503a, expcept 502b has water supply-
focused normal drawdown targets.  

Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 

Extended Normal Drawdown (502a vs 502a1):  There was no net change. 
This was expected. 
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Lower flood limits at Sherwood/Minot (502b vs 502a):  There was no net 
change. This was expected. 

Minimize duration summer operations (502c vs 502b):  There was no net 
change. This was expected. 

Flood control/F&W normal drawdown targets (503a vs 502b):  There was 
no net change.  This was expected. 

Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report 

Individual PI Plots (abs) or Summary PI Plots and Hydrovis Tool. 

Appendix A-5 (HEC ResSim Data Output Post-Processing using R) which 
explains how the PI plots are created. 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

Overall, the PI’s responded as expected.  It appears that the trigger flows 
are only exceeded in 2011.  The Phase 5 operational changes do not cause 
much change to the 2011 flood, so the fact that these PI’s did not respond 
makes sense. 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

These PI’s did not respond to the Phase 5 operational changes.  Because of 
this, these PI’s appear to be of limited value for making decisions.  The 
study team may want to consider not plotting them. 
The only unexpected response was for the Dry Dam scenario in the Eaton 
Irrigation District reach. This is most likely due to differing baselines used 
for Phases 2/3 versus Phases 4/5.  What’s shown in the hydrovis tool is the 
baseline used for modelling Phases 4/5.  It may be worthwhile to discuss 
if/how this should be explained in the hydroviz tool, especially if Phase 2 
and 3 scenarios are expected to be available on the tool long term. 

The PI thresholds are documented in Table 8 of the DW4 report. The only 
correction that needs to be made is to change “City of Towner” reach to 
“Eaton Irrigation District” reach. 

The definitions of the PI’s on the PI plots are somewhat confusing.  It 
appears that this PI counts the number of days that the lagoons are either 
inundated or not inundated.  The definition for the City of Burlington 
reach is slightly different from the other definitions in that it states it is a 
measure of how often the lagoon is NOT flooded. 

Two names are used in the documentation and PI plots. May want to 
consider using just one name. 

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 
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I believe that the public would understand this PI on a conceptual level.  
However, the fact that these PI’s are not very sensitive could be confusing 
for the public to understand.  

  

Reviewer’s Name Laura Ackerman 

Review Date 2020-10-19 
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Worksheet - Performance Indicator Assessment 

Study Theme Flood Control  

Province/State Saskatchewan  

PI Name 1st Coal Haul Road (1st Coal Haul Road availability); 2nd Coal Haul Road (2nd 
Coal Haul Road Availability); Coal Stockpile (Coal Stockpile Availability) 

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

The Boundary Dam Power Station receives a steady supply of coal from 
Westmoreland Coal Company’s mine on the other side of the river. The 
coal is hauled across the river on two one-way haul roads. One is gravel 
with two culverts with a flow capacity of 25cms. Once the 25cms flow is 
achieved the clay cap and gravel surface is removed.  The second paved 
crossing then transitions into a two-way traffic bridge until flows reach 
55cms and it becomes too unsafe to continue using the crossing. 
Boundary Dam Power Station’s coal stockpile can last up to 14 days. The 
coal haul road was separated into three sub-PIs (1st Coal Haul Road, 2nd 
Coal Haul Road, and Coal Stockpile) for evaluation. 

The 1st Coal Haul Road PI – evaluated daily, gets a count of 1 if culvert flow 
conditions are exceeded that day 

The 2nd Coal Haul Road PI – evaluated daily, gets a count of 1 if flow 
exceeds 55cms and traffic is halted.  

Coal Stockpile – evaluated based on 14 consecutive days of 2nd Coal Haul 
Road being inundated.  

Reference: DW4 Report 

Reach(s) 4 

Association with 
other PIs 

The three sub-PIs are evaluated as individual PIs and are associated with 
each other.  

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

Conditions that reduce the peak flow below 55cms and 25cms will show 
improvement. Any modelling conditions that increase the duration of the 
flows above 55cms will show negative impacts to the coal stockpile PI 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

Inspected Dry Dam, Unregulated, and minimum flow scenarios and the PI 
appears to respond as expected. The change isn’t large however the 
combination of the three sub-PIs is informative.  
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Reference: Hydrovisualization Tool  https://dev-webapps.usgs.gov/ndijc/ 

Observations and 
Notes 

• Curves are only in cms, default for the visualization tool is cfs and 
all other curves are in cfs. 

• Does the PI take into account time to restock the coal pile? 1 week 
restock period 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 

compare the PI performance to the baseline but shows the response of the 
PI to variations of the Phase 5 Alternatives: 

502a vs. Baseline: Would expect to see improvements on years when the 
main flood peak is a summer event 
502a vs. 502a1:  Wouldn’t expect to see any improvement, since spring 
and summer ops are the same 
502b vs. 502a: Would expect improvements in smaller flood years 
502c vs. 502b: Would expect no improvements, may see negative result in 
summer driven peaks 
503a vs. 502b: Wouldn’t expect to see any improvement, since spring and 
summer ops are the same. May see slight improvement in small spring 
flood events because of the FC normal drawdown targets. 
Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 

502a vs. 502a1 shows a negative impact on the 1st coal haul road 
indicator. This impact occurs because the Mar1 normal drawdown date 
brings the flow above the 25cms a little earlier than the Feb1 drawdown 
date. The other 2 sub PIs show no change.  

502b vs. 502a shows an improvement on the 1st coal haul road indicator in 
a few years with smaller spring events. These events are small enough 
that the flow never exceeded 55cms and flooding only occurred on the 1st 
coal haul road.  The other 2 sub PIs show no change.  

502c vs 502b shows a negative impact during summer events. The reduce 
duration summer option has higher peaks that flood both coal haul roads. 
The coal stockpile PI remains unchanged because the increase of the peak 
above 55cms in the summer only lasted a day.  

503a vs 502b shows improvement to the 1st coal haul road indicator in 
winter operations because of the lower drawdown targets meant less 
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water need to be released during the additional spring drawdown. The 
flows during the winter period never exceeded the 2nd coal haul road, and 
spring and summer operations were the same.  

Reference: Hydrovisualization Tool  https://dev-webapps.usgs.gov/ndijc/ 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

• When the first coal haul road is removed does the PI account for 
replacement of the road? Does not take into account. 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

The use of the three PIs together has some utility. The 1st coal haul road PI 
is responsive to the lower flows around 25cms, and the 2nd coal haul road 
is responsive to higher flows around 55cms. By observing these two PIs 
together you can tell the difference in magnitude for the options. When 
the coal stockpile PI is added, you are able to get a sense of duration as 
well for flows above 55cms. 

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

These PIs should be easily understood by the public. The coal haul road PIs 
are threshold PIs that count the number a days the flow is above the 
specified value. The stockpile PI is a little more complex but is still easy to 
understand. It is a count for flow that exceeds the 2nd crossing for a 14 
consecutive day period.  

  

Reviewer’s Name Rebecca Koch 

Review Date 2020-10-02 

 

  

https://dev-webapps.usgs.gov/ndijc/
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Worksheet - Performance Indicator Assessment 

Study Theme Flood Control  

Province/State Saskatchewan  

PI Name Well Inundation (Well Inundation 
Reduction) 

 

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

This PI was created based on interest from the RAAG regarding Oil Well 
Inundation. Saskatchewan is the only jurisdiction in the Souris River Basin 
that has oil wells in the floodplain. Wells were located using 
Saskatchewan’s Mining and Petroleum GeoAtlas. The locations were used 
in conjunction with the LiDAR Data for the reservoirs and the hydraulic 
model for the river to determine inundation of wells based on flow and 
stage levels.  

Counted as an annual maximum peak. This PI is only to indicate whether 
or not a well is inundated. It does not tell duration. 

Reference: DW4 Report 

Reach(s) 5-7 

Association with 
other PIs 

Flood Control: Flooded Structures, Bridge Detour Reduction, and Bridge 
Inundation as they all use the same Hydraulic models for each reach.  
Agriculture: Agricultural Damages, and Out of Bank.     

Cultural: Cultural Site Inundation 

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

Reduction in peak flow should provide a positive response, however if the 
peak isn’t reduced below the step values improvement may be limited.  

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

Viewed the PIs from the Phase 2 runs: Dry Dam, Full Supply, Minimum 
flow, unregulated, and Pre agreement. The overall result from baseline is 
slightly negative or neutral for all scenarios. The hydrographs seem to 
corroborate the responses. 

Reference: Hydrovisualization Tool  https://dev-webapps.usgs.gov/ndijc/ 

Observations and 
Notes 

• How the PI is counted is not noted in the DW4 Report.  
• The Report makes it sound like there is a curve for every SK reach 

which is not the case. 
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o City of Roche Percee, Roche Percee to MMC, and MMC to 
Sherwood are the only 3 reaches with curves.  

• It seems strange that the PI would be negative for all three 
reaches, and no positive responses. It is hard to investigate further 
without the PI curves  

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 

compare the PI performance to the baseline but shows the response of the 
PI to variations of the Phase 5 Alternatives: 

502a vs. Baseline: Would expect to see improvements on years when the 
main flood peak is a summer event 
502a vs. 502a1:  Wouldn’t expect to see any improvement, since spring 
and summer ops are the same 
502b vs. 502a: Would expect improvements in smaller flood years 
502c vs. 502b: Would expect no improvements, may see negative result in 
summer driven peaks 
503a vs. 502b: Wouldn’t expect to see any improvement, since spring and 
summer ops are the same. May see slight improvement in small spring 
flood events because of the FC normal drawdown targets. 
Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 

502a vs. 502a1 PI plots show no improvements as expected 

502b vs. 502a PI plot shows improvement in 1970 for MMC to Sherwood, 
the hydrograph for MMC to Sherwood show a peak in 1970 below the 
flows required to inundate a well.  

502c vs. 502b PI plot shows no improvement as expected. The hydrograph 
for 2014 reveals a higher peak for 502c for the summer driven event, but 
it wasn’t high enough to trigger the PI 

503a vs. 502b PI plot shows not improvements as expected 

Reference: Hydrovisualization Tool  https://dev-webapps.usgs.gov/ndijc/ 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

• Is the plot a true stepwise function or is it interpolated as a curve? 
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o Improvement for 502b vs 502a makes sense if the curve is 
interpolated between 2000 and 3000 cfs  

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

This PI is not very responsive. In Saskatchewan the same or similar annual 
peak is achieved in large flood events. The PI is only calculated for the 
peak therefore the different alternatives often have the same result. It is 
not telling of well inundation at the flows lower than the peak. Which can 
be important if the plan for how the water from the reservoirs are 
released prolongs well inundation. As the PI stands it is not very useful. 
The curve for inundated wells seems to have similar values to the bridge 
inundation curves. Seeing an improvement in bridge inundation would be 
a good indication of improved well inundation.  

In order to improve the PI, it should calculate well inundation based on 
daily flow instead of annual maximum peak. The PI curve should be a step-
wise function and not interpolated.   

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

This PI should be easily understood by the public and watershed groups. 
However, as it stands it isn’t very responsive which may cause some 
confusion. 

  

Reviewer’s Name Rebecca Koch 

Review Date 2020-09-30 

 

  



Page | 127  
 

 

Worksheet - Performance Indicator Assessment 

Study Theme Flood Control  

Province/State ND and MB  

PI Name Below 5,000 cfs (Minot) 
Below 10,000 cfs (Minot) 

Below 20,300 cfs (Westhope) 
Below 28,000 cfs (Westhope) 

 

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

A series of PIs have been established under the Flood Control theme to 
indicate exceedances of a maximin discharge at Minot and for the 
Westhope to Wawanesa reach in Manitoba.  The PIs are all threshold type 
PIs and the threshold discharges are shown in Table 8 of the DW4 report.  

The thresholds for the discharge values are quantitative with a high level 
of confidence. 

The 10,000 cfs at Minot is derived from the 1% Annual Exceedance 
Probability (AEP) event, and the 5,000 cfs is the top of permanent flood 
protection as of 2020 at Minot.  

The threshold discharges for the Westhope to Wawanesa reach in 
Manitoba consider the 1% Annual Exceedance Probability (AEP) event and 
the 0.5% Annual Exceedance Probability (AEP) event. 

The PIs for the City of Minot measure how often the given flow is not 
exceeded at Minot, ND  

The PIs for the Westhope to Wawanesa reach measure how often flow 
stays below the given threshold at Westhope, ND 

The time series used to derive the PI is a daily time series. 

Reference: DW4 Report – Table 8 and PI plots shown by the HydroVis tool 

Reach(s) These Below Max Flood Discharge PIs have been established for reach 13 
(City of Minot) and reach 22 (Westhope to Wawanesa). 

Association with 
other PIs 

The Below Max Flood Discharge PIs will have some association with the 
other Flood Control PIs but will only show a response for very large flood 
events. 

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

The Below Max Flood Discharge PIs will show a positive response when 
the number of days that discharges exceed the established threshold 
values for the City of Minot and the Westhope to Wawanesa reaches are 
reduced. 
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Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

(add reference source document) 

The performance of the Below Max Flood Discharge PIs was validated 
comparing the Baseline (0) to the Dry Dam (1) and Full Supply Level (2).   

Given the low frequency of occurrence for these threshold values to be 
exceeded, it is expected that the response for the selected alternatives 
will be very minor and perhaps only for the 2011 flood. The Dry Dam 
condition may show some improvement in reducing the number of days 
that the Max Flood Levels are exceeded.  Whereas the Full Supply Level 
may show a negative response.  

Observations and 
Notes 

As expected, the Dry Dam condition did show a very small positive 
response for the City of Minot for the 10,000 cfs threshold and a very 
small positive response for the 20,300 cfs threshold for the Westhope to 
Wawanesa reach. 

The Full Supply condition did show a minor negative response for the 
5,000 cfs at the City of Minot as expected. However, a very small positive 
response for the 10,000 cfs threshold was shown.  For the Westhope to 
Wawanesa reach the PIs showed a minor negative response as expected.  

The documentation in the DW4 report is limited to the threshold values 
shown in Table 8.  It is suggested that some discussion of these Below Max 
Flood Discharge PIs is required to ensure their context is documented in 
the DW4 report 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 

compare the PI performance to the baseline but shows the response of the 
PI to variations caused by selecting a combination of operational changes 

to construct the Phase 5 Alternatives. 

Extended Normal Drawdown (502a vs 502a1): 
502a is Water Supply focused and only extends the drawdown duration to 
March 01 from February 01, not the drawdown level. Spring operations 
are not change from Annex A. Summer operations is based on Pool 
elevations as per Phase 4 (401 -403), which attempts to reduce summer 
peaks flows. 
502a1 is the same as 502a with the only change being that the winter 
drawdown date for 502a1 is February 1 as per Annex A. 
Expect that there will be no or limited response in the “Below Max Flood 
Discharge” PIs. 

Lower Max Spring Flood Limits at Sherwood/Minot (502b vs 502a): 
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502b is Water Supply focused, assumes the extended March 01 drawdown 
extension, and the same summer operations as 502a.   
The only change from 502a is for Spring operations where the maximum 
flow under 502b is reduced up to May 24 for non-flood and small flood 
years.   
Expect that the change in reducing the Spring Max Flood by storing 
peaks flows in the reservoirs will have no response. 

Minimize Summer Duration (502c vs 502b): 
502c is Water Supply focused, assumes the extended March 01 drawdown 
extension, and the same Spring operations as 502b where the maximum 
flow is reduced up to May 24 for non-flood and small flood years. The only 
change is for Summer operations under 502c to minimise duration of 
flows by not reducing the summer peak.   
Expect that a change in Summer Operations for 502c with a reduced 
flood duration will have no response. 

Fall and Winter Operations (503a vs 502b): 
503a is Flood Control and Fish-Wildlife focused with normal drawdown 
targets, assumes the extended March 01 drawdown extension, and the 
same Spring and Summer operations as 502b.   
Expect that there will be no response in the “Below Max Flood 
Discharge” PIs. 
Apportionment Year Shift (504a and 504b): 

The implications of changes to the Apportionment Year are considered by 
504a and 504b, which will not affect the “Below Max Flood Discharge” PIs. 

Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 

The PIs performed as expected for the Phase 5 operational changes.  
There was a small positive response for the below 5000 cfs at Minot for 
the 503a to 502b comparison. 

Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report 
Individual PI Plots (abs) or Summary PI Plots and Hydrovis Tool. 

Appendix A-5 (HEC ResSim Data Output Post-Processing using R) which 
explains how the PI plots are created. 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 
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The Below Max Flood Discharge PIs preformed as expected and are 
quantitative indicators with a high confidence level. 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

The Below Max Flood Discharges PIs are used for City of Minot and 
Westhope to Wawanesa reaches and performed as expected. 

The documentation in the DW4 report is limited to the threshold values 
shown in Table 8.  It is suggested that some discussion of the Below Max 
Flood Discharge PIs is required to ensure their context is documented in 
the DW4 report. 

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

The construction and results of the “Below Max Flood Discharge” PIs are 
easy for the Public to understand. 

  

Reviewer’s Name Russell Boals 

Review Date 2020-10-24 
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Worksheet - Performance Indicator Assessment 

Study Theme Flood Control  

Province/State ND  

PI Name Mouse River Park Flood Ops 
Mouse River Park 95th Street 
Mouse River Park Evacuation 

Mouse River Park Levee 

 

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

A series of PIs have been established under the Flood Control theme for 
the Mouse River Park reach.  These are all threshold type PIs and the 
threshold elevations as measured at Lake Darling are shown in Table 8 of 
the DW4 report.    

• Mouse River Park Flood Ops (begin): elevation 1,597.5 ft and is a 
measure of how often the reservoir stays below the threshold for 
flood operations activation at Mouse River Park, ND 

• Mouse River Park 95th Street: elevation 1,600.6 ft and is a measure 
of how often the reservoir stays below the elevation required to 
inundate 95th Street in Mouse River Park, ND 

• Mouse River Park Evacuation: elevation 1,601.6 ft and is a 
measure of how often the reservoir stays below the threshold for 
evacuation of Mouse River Park, ND 

• Mouse River Park Levee: elevation 1,604.5 ft and is a measure of 
how often the reservoir stays below the elevation required to 
overtop the Mouse River Park levee system 

For reference, the Full Supply Level of Lake Darling is 1597.0 ft and the 
Maximum Allowed Flood Level is 1601.0 ft. 

The thresholds are quantitative with a high level of confidence. 

The time series used to derive the PI is a daily time series. 

The labels for these PIs when shown in the plots use slightly different 
descriptors such as: 

• MRP Flood Ops Reduction 
• MRP 95th St Reduction 
• MRP Evac. Reduction 
• MRP Levee Safety 

In the DW4 report, the reach is specified as being in the Mouse River Park 
reach, rather than Lake Darling reach. 

Reference: DW4 Report – Table 8 and PI plots shown by the HydroVis tool 
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Reach(s) These PIs have been established for only reach 11 (Lake Darling to 
Burlington). 

Association with 
other PIs 

The MRP PIs should have some association with the other Flood Control 
related PIs for Lake Darling. 

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

The MRP PIs will show a positive response when the number of days that 
the elevation of Lake Darling has been at or above the established 
thresholds is reduced. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

(add reference source document) 

The performance of the MRP PIs was validated comparing the Baseline (0) 
to the Dry Dam (1) and Full Supply Level (2).   

The Dry Dam condition is expected to show some improvement in 
reducing the number of days that Lake Darling exceeds the threshold 
conditions. Whereas the Full Supply Level is expected to show a negative 
response.  

Observations and 
Notes 

The Dry Dam condition did show a positive response for the MRP Flood 
Ops Reduction and MRP 95th St Reduction and no response for MRP Evac 
Reduction and MRP Levee Safety. 

The Full Supply condition did show a negative response for the MRP Flood 
Ops Reduction and MRP 95th St Reduction and no response for MRP Evac 
Reduction and MRP Levee Safety. 

The documentation in the DW4 report is limited to the threshold values 
shown in Table 8.  It is suggested that some discussion of these MRP PIs is 
required to ensure their context is documented in the DW4 report. 

The labels used for the MRP PIs in the DW4 report and that used for the PI 
plots is slightly different. 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 

compare the PI performance to the baseline but shows the response of the 
PI to variations caused by selecting a combination of operational changes 

to construct the Phase 5 Alternatives. 

Extended Normal Drawdown (502a vs 502a1): 
502a is Water Supply focused and only extends the drawdown duration to 
March 01 from February 01, not the drawdown level. Spring operations 
are not change from Annex A. Summer operations is based on Pool 
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elevations as per Phase 4 (401 -403), which attempts to reduce summer 
peaks flows. 
502a1 is the same as 502a with the only change being that the winter 
drawdown date for 502a1 is February 1 as per Annex A. 
Expect that there will be no or limited response in the “MRP Flood 
Control” PIs. 

Lower Max Spring Flood Limits at Sherwood/Minot (502b vs 502a): 
502b is Water Supply focused, assumes the extended March 01 drawdown 
extension, and the same summer operations as 502a.   
The only change from 502a is for Spring operations where the maximum 
flow under 502b is reduced up to May 24 for non-flood and small flood 
years.   
Expect that the change in reducing the Spring Max Flood by storing 
peaks flows in the reservoirs may have a negative response. 

Minimize Summer Duration (502c vs 502b): 
502c is Water Supply focused, assumes the extended March 01 drawdown 
extension, and the same Spring operations as 502b where the maximum 
flow is reduced up to May 24 for non-flood and small flood years. The only 
change is for Summer operations under 502c to minimise duration of 
flows by not reducing the summer peak.   
Expect that a change in Summer Operations for 502c with a reduced 
flood duration may result in a positive response. 

Fall and Winter Operations (503a vs 502b): 
503a is Flood Control and Fish-Wildlife focused with normal drawdown 
targets, assumes the extended March 01 drawdown extension, and the 
same Spring and Summer operations as 502b.   
Expect that there will be a limited positive response in the “MRP Flood 
Control” PIs. 
Apportionment Year Shift (504a and 504b): 

The implications of changes to the Apportionment Year are considered by 
504a and 504b, which will not affect the “MRP Flood Control” PIs. 

Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 

The PIs performed as expected with only the MRP Flood Ops Reduction 
and MRP 95th St Reduction showing a response.  The MRP Evac Reduction 
and MRP Levee Safety PIs did not show a response for the proposed Phase 
5 operational changes.  
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Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report 
Individual PI Plots (abs) or Summary PI Plots and Hydrovis Tool. 

Appendix A-5 (HEC ResSim Data Output Post-Processing using R) which 
explains how the PI plots are created. 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

The MRP Flood Control PIs preformed as expected and are quantitative 
indicators with a high confidence level. 

The MRP Evac Reduction and MRP Levee Safety PIs did not show any 
response for the proposed operational changes. 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

The MRP Flood Control PIs are only applied for Lake Darling and 
performed as expected. 

The documentation in the DW4 report is limited to the threshold values 
shown in Table 8.  It is suggested that some discussion of these MRP PIs is 
required to ensure their context is documented in the DW4 report 

The labels used for the MRP PIs in the DW4 report and that used for the PI 
plots is slightly different. 

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

The construct and results of the “MRP Flood Control” PIs are easy for the 
Public to understand. 

  

Reviewer’s Name Russell Boals 

Review Date 2020-10-23 
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Worksheet - Performance Indicator Assessment 

Study Theme Recreation  

Province/State SK and ND  

PI Name Boating and Fishing Access  

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

A number of PIs have been established under the Recreation theme.  This 
report reviews the “Boating and Fishing Access” recreation PI.  

It is important to note that the “Boating and Fishing Access” recreational 
PI is different from the “Boating and Fishing Safety” recreation PI.   

The “Boating and Fishing Access” PI is quantitative and is based on a 
measure of how often boat ramps and other access sites are not usable 
due to water conditions.  The PI is presented in the DW4 report under the 
Section 6.15: Recreation – Boating and Fishing Access. 

Whereas the “Boating and Fishing Safety” PI is a measure of how often 
flow in the river is within an acceptable range for safe recreational 
boating and fishing.  The PI is presented in the DW4 report under the 
Section 6.14: Recreation – Boating Safety and Fishing Conditions. 

The “Boating and Fishing Access” recreational PI is discussed in this report. 

This performance indicator for the North Dakota reaches was created 
from fishing and boating access points obtained from ND Game and Fish 
Department.  Inundation curves were developed using LIDAR or shapefiles 
and the NDSWC hydraulic model.  The curves are for a flow range of 90 cfs 
(2.5 cms) to 30,000 cfs (850 cms).  The curve counts the number of 
inundated access points for the reach, which is displayed as a negative 
number.   

For Lake Darling, the curve uses elevations.  The measure is based on a 
curve and has a low confidence rating for ND.  The number of inundated 
access points is displayed as a negative number.   

For SK, the PI was developed for the provincial parks (Mainprize, Marina, 
and MMPP) located on Rafferty Reservoir and Grant Devine Lake.  The SK 
PI is based on reservoir elevation and LiDAR data.  The PI is assigned a 
value of “1” if the boat ramp is operable and a “0” if the boat ramp is 
inoperable.  The elevations for which the ramps are considered 
operational use construction drawings and site inspections. The measure 
uses a threshold with high confidence. 

There is a “Boat Launch Access” PI for Boundary Reservoir, however the 
documentation is unclear on how the PI is determined.  The PI uses a 
threshold with low confidence. 
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The PI time series is a daily time series, May to October, which is the same 
methodology used for all the Recreational PIs. 

The PI for ND is described under Section 6.15 of the DW4 report.  
However, the documentation requires further details for the ND and SK 
reaches.  

The PI for the ND reaches will show a negative response as the number of 
inundated access points increase for the reach under consideration when 
compared to the baseline or when two operational changes are 
considered.  The PI will show a positive response as the number of 
inundated access points decrease for the reach under consideration. 

The PI for the SK reaches will have a positive response if access is 
improved and a negative response if access is decreased. 

Reference: DW4 Report – Section 6.15 

Reach(s) The “Boating and Fishing Access” PI has been established for the following 
reaches:  

• For ND the reaches are 9 (Mouse River Park), 10 (Lake Darling), 11 
(Lake Darling to Burlington), 13 (City of Minot), 21 (J. Clark Salyer 
NWR) 

• For SK the reaches are 1 (Rafferty Reservoir) and 3 (Grant Devine 
Lake).  Reach 2 (Boundary Reservoir) is also shown as having a PI 
for “Boat Launch Access”. 

Association with 
other PIs 

The association of the “Boating and Fishing Access” PI with other PIs is 
limited. 

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

The “Boating and Fishing Access” PI will show an increased response as 
flow conditions increase, or the reservoir elevations increase either 
beyond a specific elevation are more often outside of the desirable range. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

(add reference source document) 

The performance of the PI was validated comparing the Dry Dam (1) to the 
Baseline (0), which has the reservoirs operate as dry dam and to maximize 
the releases without incurring major flood damages.   

The PI responded as expected for the SK reaches, given that the Dry Dam 
operations ensures less favourable water levels for the recreational use of 
the reservoirs. 

The PI responded as expected for the Lake Darling and ND reaches. 

Observations and 
Notes 

The documentation in the DW4 report for the “Boating and Fishing 
Access” PI is incomplete and requires further work. 
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The PI measure for the ND reaches may not be intuitive as the PI has been 
constructed that an increase or positive response in the PI value means 
less favourable conditions for the PI.  A script is used to show the response 
as a negative number.  Perhaps the y-axis on the PI curves in ND should be 
shown as a negative. 

The PI measure for the SK reaches is intuitive as an increase in the 
measure shows more favourable conditions. 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 

compare the PI performance to the baseline but shows the response of the 
PI to variations caused by selecting a combination of operational changes 

to construct the Phase 5 Alternatives. 

Extended Normal Drawdown (502a vs 502a1): 
502a is Water Supply focused and only extends the drawdown duration to 
March 01 from February 01, not the drawdown level. Spring operations 
are not change from Annex A. Summer operations is based on Pool 
elevations as per Phase 4 (401 -403), which attempts to reduce summer 
peaks flows. 
502a1 is the same as 502a with the only change being that the winter 
drawdown date for 502a1 is February 1 as per Annex A. 
Expect that there will be no or limited response in the “Boating and 
Fishing Access” PI. 

Lower Max Spring Flood Limits at Sherwood/Minot (502b vs 502a): 
502b is Water Supply focused, assumes the extended March 01 drawdown 
extension, and the same summer operations as 502a.   
The only change from 502a is for Spring operations where the maximum 
flow under 502b is reduced up to May 24 for non-flood and small flood 
years.   
Expected that the change in reducing the Spring Max Flood may have a 
limited or varied response but not be a significant response. The 
reservoir response may be different than the response in the riverine 
reaches and may be different for the upstream and lower reservoirs. 

Minimize Summer Duration (502c vs 502b): 
502c is Water Supply focused, assumes the extended March 01 drawdown 
extension, and the same Spring operations as 502b where the maximum 
flow is reduced up to May 24 for non-flood and small flood years. The only 
change is for Summer operations under 502c to minimise duration of 
flows by not reducing the summer peak.   
Expected that a change in Summer Operations for 502c with a reduced 
flood duration may result in a limited positive response for the 
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reservoirs and a negative response for the riverine reaches but not a 
significant response in the PI. 

Fall and Winter Operations (503a vs 502b): 
503a is Flood Control and Fish-Wildlife focused with normal drawdown 
targets, assumes the extended March 01 drawdown extension, and the 
same Spring and Summer operations as 502b.   
This alternative should show a negative response for the upper 
reservoirs as they are maintained at a lower level and positive response 
for Lake Darling.  The riverine reaches may response in a positive 
direction. 

Apportionment Year Shift (504a and 504b): 

The implications of changes to the Apportionment Year are considered by 
504a and 504b, which will not affect the “Boating and Fishing Access” PI. 

Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 

The PI performed as expected and due to the difference methods used to 
construct the PI, the directional response of the PI will vary from reach to 
reach. 

Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report 

Individual PI Plots (abs) or Summary PI Plots and Hydrovis Tool. 

Appendix A-5 (HEC ResSim Data Output Post-Processing using R) which 
explains how the PI plots are created. 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

In general, the PI preformed as expected and is a useful indicator for the 
implications of an alternative or operational change with respect to 
“Boating and Fishing Access”. 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

The PI performs as expected and is a useful general PI to indicate the 
response of “Boating and Fishing Access” to operational changes.  

The documentation in the DW4 report for the “Boating and Fishing 
Access” PI is incomplete and requires further work. 
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Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

The concept for the PI is easy for the public and watershed groups to 
understand. 

As noted for all PI presentations in Phase 5 the results as shown are 
complex and can be easily misunderstood unless one fully understands 
the methodology used to present the PI results and studies the 
hydrological conditions that influence the PI. 

  

Reviewer’s Name Russell Boals 

Review Date 2020-10-10 
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Worksheet - Performance Indicator Assessment 

Study Theme Recreation  

Province/State ND and MB  

PI Name Boating and Fishing Safety 
or  

Boating Safety and Fishing 
Conditions 

 

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

 

A number of PIs have been established under the Recreation theme.  This 
report reviews the “Boating and Fishing Safety” recreation PI.  

It is import to note that the “Boating and Fishing Safety” recreation PI is 
qualitative and is a measure of how often flow in the river is within an 
acceptable range for safe recreational boating and may improve fishing 
habitat conditions.  

The PI is described under section 6.14 labelled: “Boating Safety and Fishing 
Conditions”.   

For ND the PI was developed from information submitted by the SRJB, for 
which good water quality conditions were assumed to occur at 50 cfs (1.4 
cms) throughout all reaches. The premise is that a base flow of 50 cfs (1.4 
cms) would result in improved water quality by increasing dissolved 
oxygen and reducing the likelihood of algal blooms within the channel.   

As well, the PI construct considers the implications of increasing discharge 
with respect to the hazardous flow conditions.  

It is assumed that the river would not be dangerous when channel 
velocities are less than 3 fps, and that the river would be hazardous for 
recreation when velocities were higher than 3 fps (1 mps).  Channel 
velocities of 1 fps (0.3 mps) was assumed to be ideal for non-motorized 
boating conditions 
 
A flow velocity of 0 fps (0 mps) was assumed to be non-ideal from an 
aesthetic and fishing conditions perspective.  
 
Using the flow values determined for each river condition, a value of 0 was 
assigned to flows with the lowest benefit, and flows with the greatest 
benefit are assigned a value of 10.  The PI curve using linear interpolation 
between values was created for each reach. 

For MB the PI assumes that recreation use becomes limited when flows 
are below 50 cfs (1.4 cms).  In terms of high flow, the MB reach can 
become dangerous when flows exceed 1,000 cfs (28 cms).  For 
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recreational angling, which is done mostly from shore, flows exceeding 
1,000 cfs (28 cms) have significant negative impact.   

The “Boating and Fishing Safety” PI is applicable during the March to 
October open water season.  As with ND a value of 0 was assigned to 
flows with the lowest benefit, and flows with the greatest benefit are 
assigned a value of 10. 

The PI is documented under Section 6.14 of the DW4 report. 

Reference: DW4 Report – Section 6.14 
 

Reach(s) The “Boating and Fishing Safety” Recreation PI has been established for 
the following reaches:  

• For ND the reaches are 8 (Sherwood to Mouse River Park), 9 
(Mouse River Park), 11 (Lake Darling to Burlington), 12 (City of 
Burlington), 13 (City of Minot), 14 ( Minot to Sawyer), 15 (City of 
Sawyer), 16 ( Sawyer to Velva), 17 (City of Velva), 18 (Velva to 
Eaton Irrigation Project), 19 (Eaton Irrigation District), 20 
(Downstream of Towner), and  21 (J. Clark Salyer NWR) 

• For MB the only reach is 22 (Westhope to Wawanesa) 
• This PI is not used in SK 

Association with 
other PIs 

The association of the “Boating and Fishing Safety” Recreation PI with PIs 
is unclear. 

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

The “Boating and Fishing Safety” recreation PI will show a positive 
response as flow conditions increasingly remain in the desirable range. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

(add reference source document) 

The performance of the PI was validated comparing the Baseline (0) to the 
Unregulated (8a).  The baseline condition is expected to show significant 
improvement given the greater control the reservoirs provide for 
maintaining flows in the desirable range.  The PI responded as expected. 

Observations and 
Notes 

The documentation in the DW4 report for the “Boating and Fishing Safety” 
PI is mostly complete.  However, the plots for all the ND reaches are 
required. 

The title used for the PI in the DW4 report and for the PI plots is slightly 
different. 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 
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compare the PI performance to the baseline but shows the response of the 
PI to variations caused by selecting a combination of operational changes 

to construct the Phase 5 Alternatives. 
 

Extended Normal Drawdown (502a vs 502a1): 
502a is Water Supply focused and only extends the drawdown duration to 
March 01 from February 01, not the drawdown level. Spring operations 
are not change from Annex A. Summer operations is based on Pool 
elevations as per Phase 4 (401 -403), which attempts to reduce summer 
peaks flows. 
502a1 is the same as 502a with the only change being that the winter 
drawdown date for 502a1 is February 1 as per Annex A. 
Expect that there will be no or limited response in the “Boating and 
Fishing Safety” PI. 

Lower Max Spring Flood Limits at Sherwood/Minot (502b vs 502a): 
502b is Water Supply focused, assumes the extended March 01 drawdown 
extension, and the same summer operations as 502a.   
The only change from 502a is for Spring operations where the maximum 
flow under 502b is reduced up to May 24 for non-flood and small flood 
years.   
Expected that the change in reducing the Spring Max Flood may have a 
positive response. 

Minimize Summer Duration (502c vs 502b): 
502c is Water Supply focused, assumes the extended March 01 drawdown 
extension, and the same Spring operations as 502b where the maximum 
flow is reduced up to May 24 for non-flood and small flood years. The only 
change is for Summer operations under 502c to minimise duration of 
flows by not reducing the summer peak.   
Expected that a change in Summer Operations for 502c with a reduced 
flood duration may result in a negative response. 

Fall and Winter Operations (503a vs 502b): 
503a is Flood Control and Fish-Wildlife focused with normal drawdown 
targets, assumes the extended March 01 drawdown extension, and the 
same Spring and Summer operations as 502b.   
Expect that there will be no or limited response in the “Boating and 
Fishing Safety” PI. 
Apportionment Year Shift (504a and 504b): 

The implications of changes to the Apportionment Year are considered by 
504a and 504b, which will not affect the “Boating and Fishing Safety” PI. 

Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 



Page | 144  
 

 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 
 

The PI performed as expected.  

Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report 

Individual PI Plots (abs) or Summary PI Plots and Hydrovis Tool. 

Appendix A-5 (HEC ResSim Data Output Post-Processing using R) which 
explains how the PI plots are created. 

 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

The PI preformed as expected and is a qualitative indicator with a low 
confidence level. 

It is important to note that the “Boating and Fishing Safety” PI results for 
the MB reach for lower spring flood and summer operations changes was 
always opposite to that for the ND reaches.  If the ND reaches showed a 
positive result, then the result for the MB reach was negative. 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

The PI is a qualitative indicator with low confidence and should be used as 
such. 

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

The concept for the PI is qualitative in construct and technical 
assumptions may be difficult for the public and watershed groups to 
understand.  

The PI is not developed for SK. 

As noted for all PI presentations in Phase 5 the results as shown are 
complex and can be easily misunderstood unless one fully understands 
the methodology used to present the PI results, and studies the 
hydrological conditions that influence the PI. 

  

Reviewer’s Name Russell Boals 

Review Date 2020-10-11 
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Worksheet - Performance Indicator Assessment 

Study Theme Recreation  

Province/State SK  

PI Name Above 550 m (Rafferty) 
Duck Derby (Estevan) 

Campground Availability (Estevan) 

 

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

A number of PIs have been established under the Recreation theme for 
Rafferty Reservoir and the City of Estevan, SK.  

The “Above 550 m” PI for Rafferty Reservoir is a threshold PI and is listed 
in Table 8 of the DW4 report.  It is measure of how often the reservoir 
stays above an elevation of 550 meters, a critical threshold for boating 
safety. 

The “Duck Derby” PI for the City of Estevan is a threshold PI and is a 
measure of how often there is adequate flow in the river for the Estevan 
duck derby which is held during the first 10 days of September.  The PI is 
shown in Figure 19 of the DW4 report and documented in Section 6.16 of 
the DW4 report.  A minimum 3-day moving average flow of 2.5 cms during 
the first 10 days of September is used to construct the PI.  However, the 
flow range for the PI to respond as shown on Figure 19 has a range of 100 
cfs to 1250 cfs which is considerably more than the minimum requirement 
of 2.5 cms (90 cfs) note in the narrative for the PI. 

The threshold value for the “Campground Availability” PI is shown in Table 
8 of the DW4 report.  The threshold is 20 cms (700 cfs).   

The documentation for the “Above 550 m” and “Campground Availability” 
PI requires further details. 

The PI time series is a daily time series, which is the same methodology 
used for all the Recreational PIs. 

Reference: DW4 Report – Section 6.16 and Table 8 

Reach(s) The PI has been established for the following reaches in SK:  

• “Above 550 m” PI for 1 (Rafferty Reservoir)  
• “Duck Derby” PI for 4 (City of Estevan) 
• “Campground Availability” PI for 4 (City of Estevan) 

Association with 
other PIs 

The association of these PIs with other PIs is very limited.  However, the 
upper limit requirement for the Duck Derby PI will negatively affect the 
Campground Availability PI. 

Identify modelled conditions that would drive a response in the selected PI 
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Model Conditions The “Above 550 m” PI will show an increased response when the elevation 
of Rafferty Reservoir is above 550 m. 

The “Duck Derby” and “Campground Availability” will show an increased 
response when the flow conditions satisfy the threshold conditions. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

(add reference source document) 

The performance of the PI was validated comparing the Unregulated (8a) 
to the Baseline (0)  

The PIs responded as expected for the SK reaches. 

Observations and 
Notes 

The documentation in the DW4 report for the “Above 550 m” and 
“Campground Availability” PI is incomplete and requires further work. 

The threshold flow ranges for the “Duck Derby” PI requires confirmation. 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 

compare the PI performance to the baseline but shows the response of the 
PI to variations caused by selecting a combination of operational changes 

to construct the Phase 5 Alternatives. 
 

Extended Normal Drawdown (502a vs 502a1): 
502a is Water Supply focused and only extends the drawdown duration to 
March 01 from February 01, not the drawdown level. Spring operations 
are not change from Annex A. Summer operations is based on Pool 
elevations as per Phase 4 (401 -403), which attempts to reduce summer 
peaks flows. 
502a1 is the same as 502a with the only change being that the winter 
drawdown date for 502a1 is February 1 as per Annex A. 
Expect that there will be limited response in the PI. 

Lower Max Spring Flood Limits at Sherwood/Minot (502b vs 502a): 
502b is Water Supply focused, assumes the extended March 01 drawdown 
extension, and the same summer operations as 502a.   
The only change from 502a is for Spring operations where the maximum 
flow under 502b is reduced up to May 24 for non-flood and small flood 
years.   
Expect that there will be limited response in the PI. 

Minimize Summer Duration (502c vs 502b): 
502c is Water Supply focused, assumes the extended March 01 drawdown 
extension, and the same Spring operations as 502b where the maximum 
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flow is reduced up to May 24 for non-flood and small flood years. The only 
change is for Summer operations under 502c to minimise duration of 
flows by not reducing the summer peak.   
Expect a negative change for the PIs. 

Fall and Winter Operations (503a vs 502b): 
503a is Flood Control and Fish-Wildlife focused with normal drawdown 
targets, assumes the extended March 01 drawdown extension, and the 
same Spring and Summer operations as 502b.   
Expect a negative response to the “Above 550 m” PI. 

Apportionment Year Shift (504a and 504b): 

The implications of changes to the Apportionment Year are considered by 
504a and 504b, which will not affect these PIs. 

Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 
 

The PI performed as expected. 

Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report 

Individual PI Plots (abs) or Summary PI Plots and Hydrovis Tool. 

Appendix A-5 (HEC ResSim Data Output Post-Processing using R) which 
explains how the PI plots are created. 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

In general, these PIs preformed as expected and are a useful indicator for 
the implications of an operational change.  

The need for the “Duck Derby” PI is question given that a small release in 
September may be required from Rafferty.  This release may be more 
appropriately considered under a Water Supply PI. 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

The PIs perform as expected and are useful general PI to indicate the 
response to operational changes.  

The documentation in the DW4 report for the “Above 550 m” and 
“Campground Availability” PI is incomplete and requires further work. 
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The flow ranges for the “Duck Derby” PI requires confirmation. 

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

The concept for the PI is easy for the public and watershed groups to 
understand. 

As noted for all PI presentations in Phase 5 the results as shown are 
complex and can be easily misunderstood unless one fully understands 
the methodology used to present the PI results, and studies the 
hydrological conditions that influence the PI. 

  

Reviewer’s Name Russell Boals 

Review Date 2020-10-10 
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Water Supply Study Theme 
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Worksheet - Performance Indicator Assessment 

Study Theme Water Supply  

Province/State SK and ND  

PI Name Return to FSL  

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

This PI counts whether a reservoir returns to its respective FSL elevation 
after spring drawdown (April through November timeframe).  The FSL 
threshold elevations are listed in Table 8 of the DW4 report.  The 
elevations are as follows: 

Rafferty: 550.5 m 
Boundary:  560.8 m 
Grant Devine:  562.0 m 
Darling:  1597.0 ft 

Reference: DW4 Report and corresponding Appendix D 

Reach(s) This PI applies to the four major mainstem reservoirs – Rafferty, Boundary, 
Grant Devine, and Darling.  J Clark Salyer NWR does not have a specified 
FSL elevation. 

Reaches 1 (Rafferty), 2 (Boundary), 3 (Grant Devine), and 10 (Darling). 

Association with 
other PIs 

This is somewhat related to the water supply PI's for the reservoirs (except 
Lake Darling does not have a water supply PI).   

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

Starting in the fall, and through the winter, the four major reservoirs are 
drawn down to their respective "Normal Drawdown Levels."  Depending 
on conditions, the reservoirs may be drawn down even more.  After this 
drawdown, the reservoirs are operated to release water to meet 
downstream needs, while also striving to fill back up to FSL.  I would 
expect a strong negative response from the Dry Dam scenario from Phase 
2.  I would expect a positive response from the FSL scenario from Phase 2.  
I also expect a response (positive or negative) for scenarios that alter 
drawdown elevations from Baseline. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

Upon initial check, the PI's performed as expected. I inspected the net 
change PI plots for two Phase 2 scenarios:  Dry Dam and FSL.  These PI 
plots show the net change compared to Baseline.  There was a strong 
negative response for the Dry Dam scenario and positive response for the 
FSL scenario.  I also checked a phase 4 scenario that tested a higher 



Page | 151  
 

 

normal drawdown (i.e. less drawdown).  That showed mostly no net 
response, with very slight positive response at one reservoir.    

Reference: Hydrovisualization Tool  https://dev-webapps.usgs.gov/ndijc/ 

Observations and 
Notes 

PI is classified as high confidence, quantitative, and a threshold.  The 
source for the PI is the current operating plan.  The threshold is 
documented in the DW4 report. 

Per Brett Hultgren - The PI counts whether a reservoir reaches its FSL in a 
given year in the April through November timeframe.  The PI does not 
account for one alternative reaching FSL sooner than another alternative.  
As long as two alternatives both reach FSL after spring drawdown in a 
given year, they are both counted the same.  If two alternatives do not 
return to FSL in a given year, but one was closer to FSL than the other, 
both are counted the same.  The PI does not reflect the degree of missing 
FSL. 

Table 8 of the DW4 report describes the PI as follows: Return to FSL after 
spring draw down.  The PI plots describe the PI as follows:  A measure of 
the number of years the reservoir reaches Full Supply Level.  We may want 
to use consistent description in documentation. 

Upon initial inspection, the PI performed as expected.  More extreme 
changes in operations (Dry Dam) cause a large response in the PI.  Smaller 
changes in operations cause very slight or no net response. 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 

compare the PI performance to the baseline but shows the response of the 
PI to variations of the Phase 5 Alternatives: 

Extended Normal Drawdown (502a vs 502a1):  502a is water supply 
focused; extends the drawdown duration to March 1st from Feb 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; spring 
operations are the same as Annex A; summer operations are focused on 
minimizing peak. 502a1 is identical to 502a, except it doesn't extend the 
drawdown duration (ends on Feb 1st).   

Expect to see no change from this action because it is not adjusting the 
drawdown level. 

Lower flood limits at Sherwood/Minot (502b vs 502a):  502b is water 
supply focused; extends the drawdown duration to March 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; reduces 
the spring max limit at Sherwood/Minot in non-flood and smaller flood 
years from Feb 1-May 24; spring operations are focused on minimizing 
peak. 502b is identical to 502a, except 502a does not reduce the flow 
limits at Sherwood and Minot.   
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Expect to see no change from this action.  If anything, this action may 
cause FSL to be reached sooner in the spring because of more restrictive 
downstream flow limits, it might cause a positive response. 

Minimize duration summer operations (502c vs 502b):  502c is water 
supply focused; extends the normal drawdown date to Mar 1st; shifts the 
apportionment year to Nov 1-Oct 31; reduces the spring max limit at 
Sherwood/Minot in non-flood and smaller flood years from Feb 1-May 24; 
summer operations are focused on minimizing duration from May 25-Oct 
31. 502b is identical to 502c, except 502b the summer operations are 
focused on minimizing flow peak.  

Minimizing flow duration during the summer months should cause lower 
reservoir elevations during that season, compared to minimizing 
downstream flow peaks.  This might cause a slight negative effect; 
however, I mostly expect to see very little change from this action. 

Flood control/F&W normal drawdown targets (503a vs 502b):  503a is 
flood control/F&W focused; extends the normal drawdown date to Mar 
1st; shifts the apportionment year to Nov 1-Oct 31; reduces the spring 
max limit at Sherwood/Minot in non-flood and smaller flood years from 
Feb 1-May 24; summer operations are focused on minimizing peak from 
May 25-Oct 31.  502b is identical to 503a, expcept 502b has water supply-
focused normal drawdown targets.  

Expect to see a negative response in the PI's due to more drawdown of 
the reservoirs during the fall/winter. 

I don't expect to see change for Boundary Reservoir, since operations for 
that reservoir do not differ from baseline. 

Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 

Extended Normal Drawdown (502a vs 502a1):  The PIs didn't show net 
change.  This meets expectations. 

Lower flood limits at Sherwood/Minot (502b vs 502a):  The PIs mostly 
showed no net change, with one reservoir showing a very slight positive 
response.  This meets expectations. 

Minimize duration summer operations (502c vs 502b):  The PIs mostly 
showed no net change, with one reservoir showing a slight negative 
response.  This meets expectations. 
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Flood control/F&W normal drawdown targets (503a vs 502b):  Every PI, 
except Boundary, showed a slight negative response.  This meets 
expectations. 

Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report 

Individual PI Plots (abs) or Summary PI Plots and Hydrovis Tool. 

Appendix A-5 (HEC ResSim Data Output Post-Processing using R) which 
explains how the PI plots are created. 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

Overall, the PI’s responded as expected. 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

Overall, the PI's responded as expected.  

The PI is not very sensitive to the Phase 5 operational changes, which is 
similar to the responsiveness of the water supply PI's for the reservoirs. 

The PI's are classified as quantitative, with high confidence. 

The PI threshold is documented in Table 8 of the DW4 Report. Consider 
updating or clarifying the description of the PI.  Also, make sure the same 
description is used in all documentation. 

It is important to understand that this PI does not indicate the degree of 
missing FSL or the timing of reaching FSL (whether one alternative reaches 
FSL sooner than another alternative). 

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

I believe the general public can understand this PI.  The concept of FSL (i.e. 
a single elevation) is probably more easily understood than some of the 
other PI’s.  

  

Reviewer’s Name Laura Ackerman 

Review Date 2020-09-08 
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Worksheet - Performance Indicator Assessment 

Study Theme Water Supply  

Province/State SK  

PI Name SaskPower Pumping  

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

According to the description on the PI plots, this PI is a measure of how 
often water must be pumped from Rafferty Reservoir to Boundary 
Reservoir such that Boundary stays high enough to provide cooling water 
to the Boundary Dam Power Stations.  A figure illustrating the PI is 
included in Appendix D of the DW4 report.  It indicates that pumping will 
be needed from Rafferty when Boundary is below elevation 559.5 m. 

Reference: DW4 Report and corresponding Appendix D 

Reach(s) This PI only applies to Boundary Reservoir (Reach 2). 

Association with 
other PIs 

This is somewhat related to the other PI's in the water supply study theme 
(water supply and return to FSL). 

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

I don't expect this PI to show any change because the operations for 
Boundary Reservoir do not change.  The one exception is that I would 
expect a negative response from the Dry Dam scenario. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

Upon initial check, the PI performed as expected. The Dry Dam scenario 
showed a negative response.  I checked the results for 401a, 402a, 403a, 
and 404a (Phase 4), which showed no net change.  The PI performed as 
initially expected. 

Reference: Hydrovisualization Tool  https://dev-webapps.usgs.gov/ndijc/ 

Observations and 
Notes 

PI is classified as high confidence, quantitative, and a threshold.  The 
source for the PI is SaskPower.  The threshold is documented in Appendix 
D of the DW4 report. 

Because the operations for Boundary do not change for any scenario 
(except Dry Dam), the PI shows no response. 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 
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compare the PI performance to the baseline but shows the response of the 
PI to variations of the Phase 5 Alternatives: 

Extended Normal Drawdown (502a vs 502a1):  502a is water supply 
focused; extends the drawdown duration to March 1st from Feb 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; spring 
operations are the same as Annex A; summer operations are focused on 
minimizing peak. 502a1 is identical to 502a, except it doesn't extend the 
drawdown duration (ends on Feb 1st).   

Lower flood limits at Sherwood/Minot (502b vs 502a):  502b is water 
supply focused; extends the drawdown duration to March 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; reduces 
the spring max limit at Sherwood/Minot in non-flood and smaller flood 
years from Feb 1-May 24; spring operations are focused on minimizing 
peak. 502b is identical to 502a, except 502a does not reduce the flow 
limits at Sherwood and Minot.   

Minimize duration summer operations (502c vs 502b):  502c is water 
supply focused; extends the normal drawdown date to Mar 1st; shifts the 
apportionment year to Nov 1-Oct 31; reduces the spring max limit at 
Sherwood/Minot in non-flood and smaller flood years from Feb 1-May 24; 
summer operations are focused on minimizing duration from May 25-Oct 
31. 502b is identical to 502c, except 502b the summer operations are 
focused on minimizing flow peak.  

Flood control/F&W normal drawdown targets (503a vs 502b):  503a is 
flood control/F&W focused; extends the normal drawdown date to Mar 
1st; shifts the apportionment year to Nov 1-Oct 31; reduces the spring 
max limit at Sherwood/Minot in non-flood and smaller flood years from 
Feb 1-May 24; summer operations are focused on minimizing peak from 
May 25-Oct 31.  502b is identical to 503a, expcept 502b has water supply-
focused normal drawdown targets.  

I don't expect to see change for this PI, since operations for Boundary 
reservoir do not differ for any alternative from baseline. 

Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 

Extended Normal Drawdown (502a vs 502a1):  The PI showed no net 
change.  This meets expectations. 

Lower flood limits at Sherwood/Minot (502b vs 502a):  The PI showed no 
net change.  This meets expectations. 
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Minimize duration summer operations (502c vs 502b):  The PI showed no 
net change.  This meets expectations. 

Flood control/F&W normal drawdown targets (503a vs 502b):  The PI 
showed no net change.  This meets expectations. 

Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report 

Individual PI Plots (abs) or Summary PI Plots and Hydrovis Tool. 

Appendix A-5 (HEC ResSim Data Output Post-Processing using R) which 
explains how the PI plots are created. 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

The PI responded as expected. 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

The PI responded as expected. 

Since the operations for Boundary do not change (except for the Dry Dam 
scenario), consider not plotting PI's for Boundary Reservoir. 

The PI is classified as quantitative, with high confidence. 

The PI threshold is illustrated in Appendix D of the DW4 report. 

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

I believe the general public can understand this PI on a conceptual level.  
Instead of plotting PI’s for Boundary Reservoir, it may be more straight 
forward to simply explain in the documentation/presentations that 
operations do not change for that reservoir. 

  

Reviewer’s Name Laura Ackerman 

Review Date 2020-09-04 
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Worksheet - Performance Indicator Assessment 

Study Theme Water Supply  

Province/State MB *SK and ND are discussed on 
separate worksheets 

PI Name Water Supply  

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

The "Water Supply" PI in MB relates river flow to the percentage of 
permitted volume met in the reach.  The basis for the PI is the 20 cfs flow 
requirement in the 1959 Interim Measures.  Also taken into account are 
the current water licenses (irrigation) and a minimum flow rate for 
ecosystem needs, minor unlicensed uses, system losses, and a contingency 
reserve. The PI is a curve, that distributes the percent volume met 
between zero and 100 percent, with additional increments at 27 and 64 
percent. 
Westhope to Wawanesa: Only applicable from June through October.  
100 percent of volume is met at 20 cfs and zero percent of volume is met 
at 6.3 cfs (minimum flow for ecosystem needs, etc, but too low to fulfill 
water licenses). 

Reference: DW4 Report and corresponding Appendix D 

Reach(s) The MB reach is 22 (Westhope to Wawanesa). 

The SK reaches are 1 (Rafferty), 2 (Boundary), 3 (Grant Devine), 6 (Roche 
Percee to Moose Mountain Creek), and 7 (Moose Mountain Creek to 
Sherwood) 

The ND reaches are 8 (Sherwood to Mouse River Park), 9 (Mouse River 
Park), 11 (Lake Darling to Burlington), 12 (City of Burlington), 13 (City of 
Minot), 17 (City of Velva), 18 (Velva to Eaton Irrigation District), and 21 (J 
Clark Salyer) 

Association with 
other PIs 

The other water supply PI's in ND and SK. 

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

During an extended drought, if an alternative improves or worsens 
conditions, I would expect a response.  Although, based on previous PI 
reviews, it doesn't seem that any alternative causes much of a change 
from baseline during the 1930's, which is the main drought period in the 
POR. 

Because MB needs a constant delivery of flow from June through October, 
which is naturally when flows would taper off, any scenario or alternative 
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that supports a natural hydrograph would be expected to cause a negative 
response. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

Upon initial check, the PI did not perform as expected. I inspected the net 
change PI plots for about ten scenarios from Phase 2, 3 and 4, but didn't 
see any net change in the PI.  Even the Unregulated scenario didn't cause 
a change.  After reviewing the hydrographs at Westhope for these 
scenarios, it appears that 20 cfs is always supplied to MB from June 
through October, even for the Unregulated scenario. 

Do all scenarios or alternatives assume that J. Clark Salyer is always 
operated in a way that fulfills the 20 cfs minimum required by the Interim 
Measures?  Per Brett Hultgren, in the model J. Clark Salyer releases 20 cfs 
to MB unless the pool reaches a minimum elevation. He was also certain 
that the J. Clark Salyer dams are included in the Unregulated scenario. 

Reference: Hydrovisualization Tool  https://webapps.usgs.gov/sourisriver/ 

Observations and 
Notes 

PI is classified as high confidence because the impact scale is based on 
water permit/license records. We've also classified these PI's as "curves".   

This PI is documented in the DW4 report and Appendix D. 

The PI name of "water supply" could be confused with the water supply 
study theme.  This PI reflects whether there's enough water available to 
meet permitted water uses.  This should not be confused with the other 
PI's within the water supply study theme.  Perhaps it could be renamed to 
"Permitted Water Use." 

The PI didn't perform as initially predicted; however, further explanation 
of how J. Clark Salyer is modeled provided clarification. 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 

compare the PI performance to the baseline but shows the response of the 
PI to variations of the Phase 5 Alternatives: 

Extended Normal Drawdown (502a vs 502a1):  502a is water supply 
focused; extends the drawdown duration to March 1st from Feb 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; spring 
operations are the same as Annex A; summer operations are focused on 
minimizing peak. 502a1 is identical to 502a, except it doesn't extend the 
drawdown duration (ends on Feb 1st).   

Lower flood limits at Sherwood/Minot (502b vs 502a):  502b is water 
supply focused; extends the drawdown duration to March 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; reduces 
the spring max limit at Sherwood/Minot in non-flood and smaller flood 
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years from Feb 1-May 24; spring operations are focused on minimizing 
peak. 502b is identical to 502a , except 502a does not reduce the flow 
limits at Sherwood and Minot.   

Minimize duration summer operations (502c vs 502b):  502c is water 
supply focused; extends the normal drawdown date to Mar 1st; shifts the 
apportionment year to Nov 1-Oct 31; reduces the spring max limit at 
Sherwood/Minot in non-flood and smaller flood years from Feb 1-May 24; 
summer operations are focused on minimizing duration from May 25-Oct 
31. 502b is identical to 502c, except 502b the summer operations are 
focused on minimizing flow peak.  

Flood control/F&W normal drawdown targets (503a vs 502b):  503a is 
flood control/F&W focused; extends the normal drawdown date to Mar 
1st; shifts the apportionment year to Nov 1-Oct 31; reduces the spring 
max limit at Sherwood/Minot in non-flood and smaller flood years from 
Feb 1-May 24; summer operations are focused on minimizing peak from 
May 25-Oct 31.  502b is identical to 503a, expcept 502b has water supply-
focused normal drawdown targets.  

Based on initial inspection of PI performance, I expect this PI to respond 
very little, if at all. 

Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 

Extended Normal Drawdown (502a vs 502a1):  see below 

Lower flood limits at Sherwood/Minot (502b vs 502a):  see below 

Minimize duration summer operations (502c vs 502b:  see below 

Flood control/F&W normal drawdown targets (503a vs 502b):  see below 

PI plots showing absolute change between two alternatives for the POR 
showed no response from this PI for any operational change. 

Summary PI plots showing net change between an alternative and 
baseline seemed to show very slight positive improvement.  So, the 
cumulative effect of all actions within the Phase 5 alternatives did most 
likely cause J. Clark Salyer to hit its 20 cfs preclude elevation less often. 

Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report 

Individual PI Plots (abs) or Summary PI Plots and Hydrovis Tool. 

Appendix A-5 (HEC ResSim Data Output Post-Processing using R) which 
explains how the PI plots are created. 



Page | 160  
 

 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

After getting clarification on how J. Clark Salyer is operated in the model, 
the PI results makes sense. 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

The PI is not very sensitive.  The PI's response makes sense as long as you 
understand how J. Clark Salyer is modeled to fulfill the 1959 Interim 
Measures. 

The PI is classified as quantitative, with high confidence.   

The PI is documented in the DW4 Report and corresponding Appendix D.  

Consider changing name of PI to "Permitted Water Use." 

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

I believe the general public can understand this PI on a conceptual level.  
Understanding what the PI plots mean is complicated so it would be 
challenging to explain to the public without it getting misinterpreted. It’s 
probably more important to explain to the public that the delivery of 
water to MB that’s required in the agreement is always met within the 
model. 

  

Reviewer’s Name Laura Ackerman 

Review Date 2020-09-04 
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Worksheet - Performance Indicator Assessment 

Study Theme Water Supply  

Province/State ND *SK and MB are discussed on 
separate worksheets 

PI Name Water Supply  

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

The "Water Supply" PI in ND relates river flow to the percentage of 
permitted volume met in each reach.  The PI's were based off of surface 
water appropriation records or estimates of water use from the ND State 
Engineer's Office.  Current surface water uses from the Souris River are for 
recreation, stock, fish and wildlife, sprinkler irrigation, flood irrigation, 
industrial, rural, and municipal.  All the PIs are curves, that distribute the 
percent volume met between zero and 100 percent, with additional 
increments at 10 and 50 percent. 
Sherwood to Mouse River Park: Only applicable from Feb through May.  
100 percent of volume is met at 1.1 cfs. 
Mouse River Park: Consists of two seasonal curves.  From March to May, 
100 percent of volume is met at 146.2 cfs.  From June to Nov, 100 percent 
of volume is met at 24.4 cfs.   
Lake Darling to Burlington:  Consists of two seasonal curves.  From March 
to May, 100 percent of volume is met at 0.43 cfs.  From June to Nov, 100 
percent of volume is met at 0.07 cfs. 
City of Burlington:  Consists of four seasonal curves.  In January, 100 
percent of volume is met at 0.47 cfs.  From Feb to Apr, 100 percent of 
volume is met at 8 cfs.  In May, 100 percent of volume is met at 8.7 cfs.  
From June to Dec, 100 percent of volume is met at 1.1 cfs. 
City of Minot:  Consists of two seasonal curves.  From Dec to Apr, 100 
percent of volume is met at 21.4 cfs.  From May to Nov, 100 percent of 
volume is met at 22.7 cfs. 
City of Velva:  Only applicable from Sept to Nov.  100 percent of volume is 
met at 0.6 cfs. 
Velva to Eaton Irrigation:  Only applicable from Sept to Nov.  100 percent 
of volume is met at 0.5 cfs. 
Eaton Irrigation District:  Only applicable from Feb to May.  100 percent of 
volume is met at 41.5 cfs.  This is for flood irrigation.  It is an agreed upon 
volume between USFWS and Eaton Irrigation District. 
J. Clark Salyer NWR:  Consists of three seasonal curves.  From Jan to Apr, 
100 percent of volume is met at 1.02 cfs.  In May, 100 percent of volume is 
met at 169 cfs.  From June to Dec, 100 percent of volume is met at 29 cfs.  
PI tables are listed in Appendix D, but the PI does not show up in any PI 
Plot. 

Reference: DW4 Report and corresponding Appendix D 
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Reach(s) The ND reaches are 8 (Sherwood to Mouse River Park), 9 (Mouse River 
Park), 11 (Lake Darling to Burlington), 12 (City of Burlington), 13 (City of 
Minot), 17 (City of Velva), 18 (Velva to Eaton Irrigation District), and 21 (J 
Clark Salyer) 

The MB reach is 22 (Westhope to Wawanesa). 

The SK reaches are 1 (Rafferty), 2 (Boundary), 3 (Grant Devine), 6 (Roche 
Percee to Moose Mountain Creek), and 7 (Moose Mountain Creek to 
Sherwood) 

Association with 
other PIs 

The other water supply PI's in SK and MB. 

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

According to the PIs, a significant volume of water is needed mostly in the 
March to May timeframe.  Throughout the summer, and further into the 
winter, the needs taper off.  During an extended drought, if an alternative 
improves or worsens conditions, I would expect a response.  The timing of 
the water use needs seems to be similar to a natural hydrograph.  Any 
alternative that regulates, or flattens, the spring flow peak may trigger a 
response.  Several of the reaches have much smaller needs (around 1 cfs).  
Those reaches may need more extreme conditions to trigger a response. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

Did not find any water supply PI results for the J Clark Salyer reach. 

Upon initial check, the PIs performed as expected. I inspected the net 
change PI plots for three Phase 2 scenarios:  Unregulated, Dry Dam, and 
FSL.  These PI plots show the net change compared to Baseline.  The 
thought was to check the performance of the PIs as the system became 
more and more regulated (and less similar to a natural hydrograph).  
Overall, the PIs seemed to progressively perform worse as the system 
became more regulated. 

The one reach that seemed to not show much change with the 
progression through those scenarios was the Sherwood to Mouse River 
Park reach.  It was always slightly/moderately negative compared to 
baseline.  This might be because the PI is only applicable from Feb to May, 
and in the Baseline there is usually some drawdown occurring in the 
winter, which provides some flow during that time period. 

Reference: Hydrovisualization Tool  https://webapps.usgs.gov/sourisriver/ 

Observations and 
Notes 

The PI is classified as high confidence because the impact scale is based on 
water permit/license records. We've also classified these PI's as "curves".  
However, for ND a caveat should be noted for the volumes used for F&W 
purposes.  The USFWS does not have a permit for the use of water at Lake 
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Darling or J.Clark Salyer.  It is my understanding that the original permits 
were destroyed during a fire at the capitol in 1930.  Getting the permits in 
order again has been an ongoing issue.  The F&W volumes were estimates 
made by Appropriations staff. After the estimates were submitted to the 
study, additional review by Appropriations staff concluded that the 
estimates are incorrect (too high), but the proportions (timing) is right.  In 
reality, the water supply PI's for ND are a combination of high and low 
confidence numbers.  Given this, and the fact that apportionment is 
always met in ResSIM, the most important factor for water supply in ND is 
timing of the delivery of water. 

It is recommended that the volume numbers attributed to F&W uses in 
ND that are reported in the DW4 report and appendices include a 
footnote explaining that they are not based on actual records.  The person 
who did the estimate is no longer working for the agency.  Remaining staff 
have been able to conclude that the estimate is most likely a rough water 
balance calculation at J.Clark Salyer and possibly Lake Darling that takes 
into account normal reservoir levels, seepage, and evaporation. 

The PIs performed as expected; however, the water supply PI for the J 
Clark Salyer reach was not plotted.  It is only found in Appendix D of the 
DW4 report. 

The PI name of "water supply" could be confused with the water supply 
study theme.  This PI reflects whether there's enough water available to 
meet permitted water uses.  This should not be confused with the other 
PIs within the water supply study theme.  Perhaps it could be renamed to 
"Permitted Water Use." 

It should be noted in documentation (if not already) that apportionment is 
not accounted for in this PI.  Per Brett - apportionment is always met in 
the ResSim model.  ResSim computes whether apportionment has been 
met at various points in the year, and if it hasn't, it releases water from 
Grant Devine or Rafferty until it has. 

In the Hydrovis Tool, the description for the FSL scenario from Phase 2 is 
the description for the Dry Dam scenario. 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 

compare the PI performance to the baseline but shows the response of the 
PI to variations of the Phase 5 Alternatives: 

Extended Normal Drawdown (502a vs 502a1):  502a is water supply 
focused; extends the drawdown duration to March 1st from Feb 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; spring 
operations are the same as Annex A; summer operations are focused on 
minimizing peak. 502a1 is identical to 502a, except it doesn't extend the 
drawdown duration (ends on Feb 1st).   
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Expect to see some improvement from this action in reaches with PIs 
that apply to the month of February. 

Lower flood limits at Sherwood/Minot (502b vs 502a):  502b is water 
supply focused; extends the drawdown duration to March 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; reduces 
the spring max limit at Sherwood/Minot in non-flood and smaller flood 
years from Feb 1-May 24; spring operations are focused on minimizing 
peak. 502b is identical to 502a , except 502a does not reduce the flow 
limits at Sherwood and Minot.   

Possibly expect to see negative performance in reaches where greater 
water volume is needed in Feb/Mar to May timeframe (MRP and Eaton 
Irrigation District).  Since this action reduces peak and increases duration 
in the spring, the reaches that don't need significant volumes of water in 
the spring may see a benefit due to the flow being released over a longer 
period of time.  Overall, it's more likely there will be more negative than 
positive response in the ND reaches, since the greatest water needs 
appear to be in the spring. 

Minimize duration summer operations (502c vs 502b):  502c is water 
supply focused; extends the normal drawdown date to Mar 1st; shifts the 
apportionment year to Nov 1-Oct 31; reduces the spring max limit at 
Sherwood/Minot in non-flood and smaller flood years from Feb 1-May 24; 
summer operations are focused on minimizing duration from May 25-Oct 
31. 502b is identical to 502c, except 502b the summer operations are 
focused on minimizing flow peak.  

Expect to see mostly negative response from this action, since this action 
will allow sharper flood peaks through the system in the summer, when 
typically it is more beneficial to downstream water supply needs to 
meter releases out of the dams more evenly during this time of year 
(which provides a longer, more reliable supply of water when it is 
naturally less abundant). 

Flood control/F&W normal drawdown targets (503a vs 502b):  503a is 
flood control/F&W focused; extends the normal drawdown date to Mar 
1st; shifts the apportionment year to Nov 1-Oct 31; reduces the spring 
max limit at Sherwood/Minot in non-flood and smaller flood years from 
Feb 1-May 24; summer operations are focused on minimizing peak from 
May 25-Oct 31.  502b is identical to 503a, expcept 502b has water supply-
focused normal drawdown targets.  

Expect to see a positive response in the PIs due to more water being 
released from the reservoirs during the fall/winter. 

Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 
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Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 

Extended Normal Drawdown (502a vs 502a1):  The PIs either responded 
positively or didn't show net change.  This meets expectations. 

Lower flood limits at Sherwood/Minot (502b vs 502a):  The PIs 
responded positively or didn't show net change.  I was expecting some 
negative responses, due to the action reducing the spring peak.  However, 
upon rereading the description of the operational change, it is clear that 
the flow limits are well above what's needed to fulfill the water supply 
needs in the spring.  Most likely, the flow limit was lowered enough to just 
distribute the flow in a manner that better fits the needs of the PI. 

Minimize duration summer operations (502c vs 502b:  The PIs responded 
negatively or didn't show net change.  This meets expectations. 

Flood control/F&W normal drawdown targets (503a vs 502b):  The PIs 
responded positively or didn't show net change.  This meets expectations. 

Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report 

Individual PI Plots (abs) or Summary PI Plots and Hydrovis Tool. 

Appendix A-5 (HEC ResSim Data Output Post-Processing using R) which 
explains how the PI plots are created. 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

Overall, the PIs did respond as expected.  The only action that caused an 
opposite response than what I initially expected was the "Lowering flood 
limits at Sherwood/Minot" action.  That is reasonably explained by looking 
more closely at the details of the operational change. 

Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

Overall, the PIs responded as expected. 

The PIs are classified as quantitative, with high confidence.  However, the 
F&W volumes should be considered low confidence estimates.  It is 
recommended that a footnote be added to the DW4 report and other 
relevant documentation explaining that the F&W volumes for ND are not 
based on actual records. 

The PI is documented in the DW4 Report and corresponding Appendix D.  

The PI for J Clark Salyer is included in Appendix D, but appears to not be 
plotted.  Per Brett - the PI script needs to be updated so that the PI shows 
up on the plot.   
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Consider changing name of PI to "Permitted Water Use." 

It should be noted in documentation (if not already) that apportionment is 
always met in the ResSim model.  ResSim computes whether 
apportionment has been met at various points in the year, and if it hasn't, 
it releases water from Grand Devine or Rafferty until it has.  What this PI 
tells us is how an alternative/scenario affects the timing of the delivery of 
water and associated impacts on permitted water use. 

In the Hydrovis Tool, the description for the FSL scenario from Phase 2 is 
the description for the Dry Dam scenario. 

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

I believe the general public can understand this PI on a conceptual level.  
Understanding what the PI plots mean is complicated so it would be 
challenging to explain to the public without it getting misinterpreted. It’s 
probably more important to explain to the public that apportionment is 
always met within the model. 

  

Reviewer’s Name Laura Ackerman 

Review Date 2020-08-31 
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Worksheet - Performance Indicator Assessment 

Study Theme Water Supply  

Province/State SK *ND and MB are discussed on 
separate worksheets 

PI Name Water Supply  

PI Description Briefly describe how the PI has been constructed in order to reflect the 
conditions measured by the performance indicator 

The "Water Supply" PI relates reservoir elevation or river flow to the 
percentage of permitted volume met in each region.  In SK, the PI's were 
constructed using water license records from Water Security Agency.  All 
SK PI's incorporate a monthly/seasonal distribution, except Grant Devine. 

Rafferty Reservoir:  100% of water needs are met all year when the 
elevation is equal to or greater than 542.04 m. 0% of the water needs are 
met all year when the elevation is equal to or below 542 m.  For reference, 
FSL is 550.5 m, normal drawdown is 549.5 m, and maximum drawdown is 
547.5 m. 

Boundary Reservoir:  100% of water needs are met all year when the 
elevation is equal to or greater than 560.6 m. 0% of the water needs are 
met all year when the elevation is equal to or below 560.3 m.  For 
reference, FSL, normal drawdown, and maximum drawdown are 560.8 m. 

Grant Devine Reservoir:  100% of water needs are met all year when the 
elevation is equal to or greater than 552.51 m. 0% of the water needs are 
met all year when the elevation is equal to or below 552.5 m.  For 
reference, FSL is 562 m, normal drawdown is 561 m, and maximum 
drawdown is 555.85 m. The one water license is small compared to the 
reservoir's size, so the PI was based on a minimum water elevation of 
552.5 m.  Above this elevation, it was assumed enough water would be 
available to meet demands on the reservoir. 

Rafferty Dam to Roche Percee:  There is one water license, but no PI was 
developed because water supply needs are typically met by local flows. 

Roche Percee to Moose Mountain Creek:  There are five irrigation 
licenses.  PI distributes water needs monthly from May to August.  
Generally, 100% of the water needs are met during that time as long as 
flows are 2 cfs or greater. 

Moose Mountain to Sherwood:  There are four water licenses – three for 
irrigation and one for the City of Oxbow.  PI distributes water needs 
monthly from April to October.  Generally, 100% of water needs are met 
during that time as long as flows are 2 cfs or greater. 

Reference: DW4 Report and corresponding Appendix D 
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Reach(s) The SK reaches are 1 (Rafferty), 2 (Boundary), 3 (Grant Devine), 6 (Roche 
Percee to Moose Mountain Creek), and 7 (Moose Mountain Creek to 
Sherwood) 

The ND reaches are 8 (Sherwood to Mouse River Park), 9 (Mouse River 
Park), 11 (Lake Darling to Burlington), 12 (City of Burlington), 13 (City of 
Minot), 17 (City of Velva), 18 (Velva to Eaton Irrigation District), and 21 (J 
Clark Salyer) 

The MB reach is 22 (Westhope to Wawanesa). 

Association with 
other PIs 

The other PI's within the "water supply" study theme, such as Return to 
FSL and SaskPower Pumping. 

New water supply PIs have been proposed for Rafferty, Boundary, and 
Grant Devine. These PIs calculate a seasonal volume difference between 
two operating plans.  The new PIs appear to not take into account how the 
change in volume affects permitted water use. 

Model Conditions Identify modelled conditions that would drive a response in the selected PI 

The reservoir PI's are going to respond if water levels are lowered below 
max drawdown elevations. At Rafferty, the water level needs to be about 
5.5 meters below max drawdown, and at Grant Devine it needs to be 
about 3.3 meters below max drawdown, before triggering a response 
from the PI.  For the riverine reaches, flows would need to be very low to 
trigger a response. I would expect a response from these PI's if we were 
experiencing a severe drought or moving in/out of a drought.  I would also 
expect a response if operations were changed to strongly favor flood 
control. 

Inspect the PI results for these model runs to assess whether the PI 
responds as expected 

As expected, the more "extreme" alternatives showed a response in these 
PIs.  In particular, the Dry Dam scenario from Phase 2, showed a strong 
negative response, especially for the reservoirs.  The Moose Mountain 
Creek to Sherwood reach also responded negatively, while the Roche 
Percee to Moose Mountain Creek reach showed improvement.  Per Cesar 
- This is probably caused by the timing of releases from Grant Devine 
versus Rafferty. 

The FSL alternative from Phase 2 showed a moderate/small positive 
response.  When comparing reservoir hydrographs of this alternative to 
baseline (current operations), it shows that the current operations tend to 
try staying at Full Supply Level. 

Spot checking some of the higher/lower normal drawdown alternatives 
from Phase 4 showed no response.  This is most likely because the 
reservoirs simply aren't getting low enough to trigger a response in the PI.  
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It should be noted that the PI's being inspected were showing net change.  
A graph showing absolute change may show more movement. 

Reference: Hydrovisualization Tool  https://webapps.usgs.gov/sourisriver/ 

Observations and 
Notes 

PI is considered to be high confidence because the impact scale is based 
on water permit/license records. We've also classified these PI's as 
"curves," however they are somewhat close to being "thresholds" because 
the interval at which these PI's show change is small. 

The PI name of "water supply" could be confused with the water supply 
study theme.  This PI reflects whether there's enough water available to 
meet permitted water uses.  This should not be confused with the other 
PI's within the water supply study theme.  Perhaps it could be renamed to 
"Permitted Water Use." 

Concerns have been raised by various study team members that the water 
supply PI is not sensitive to changes in operations.  The PI's do react, but 
only to more extreme conditions/operations. If the alternatives very rarely 
go below max drawdown, you're not going to see much reaction from this 
PI.  Permitted water use in the riverine reaches in SK are met if flows are 
at least 2 cfs. Those PI's are not going to react unless the river is pretty 
much dry (you're going to get more reaction from the environmental PI's - 
fish habitat, fish kill, etc). 

Since this PI shows very little response for the net change PI plot, it may 
be more useful to look at the absolute change plots for this particular PI. 

It should be noted in documentation (if not already) that apportionment is 
not accounted for in this PI.  Per Brett - apportionment is always met in 
the ResSim model.  ResSim computes whether or not apportionment has 
been met at various points in the year, and if it hasn't, it releases water 
from Grant Devine or Rafferty until it has. 

Phase 5 Alternatives Identify which Phase 5 alternatives should show an improvement for the 
selected PI and which Phase 5 alternatives should show no change or a 
decrease in performance.  It is important to note that Phase 5 does not 

compare the PI performance to the baseline but shows the response of the 
PI to variations of the Phase 5 Alternatives: 

I don't expect much reaction from any of the Phase 5 alternatives, 
especially if only viewing the net change PI plots.  Where there are PI plots 
that show absolute results, I would expect to possibly see some response 
during periods of drought from alternatives that either improve or worsen 
already dry conditions.  Below are potential expected responses for 
individual operating actions that were tested in Phase 5. 

Extended Normal Drawdown (502a vs 502a1):  502a is water supply 
focused; extends the drawdown duration to March 1st from Feb 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; spring 
operations are the same as Annex A; summer operations are focused on 
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minimizing peak. 502a1 is identical to 502a, except it doesn't extend the 
drawdown duration (ends on Feb 1st).   

This only extends the drawdown duration, not the drawdown level. Do 
not expect this action to cause a response to the reservoir PI's.  The 
riverine PI's would not be affected because they don't incorporate 
winter water use. 

Lower flood limits at Sherwood/Minot (502b vs 502a):  502b is water 
supply focused; extends the drawdown duration to March 1st (not 
drawdown level); shifts the apportionment year to Nov 1-Oct 31; reduces 
the spring max limit at Sherwood/Minot in non-flood and smaller flood 
years from Feb 1-May 24; spring operations are focused on minimizing 
peak. 502b is identical to 502a , except 502a does not reduce the flow 
limits at Sherwood and Minot.   

Do not expect this action to cause a response.  I suppose this action 
could contribute to a positive response if the reservoirs were very low in 
the fall, followed by a wet spring.  In that situation, this action would 
require the reservoirs to hold back water in order to meet flow limits, 
which may help them fill up faster. 

Minimize duration summer operations (502c vs 502b):  502c is water 
supply focused; extends the normal drawdown date to Mar 1st; shifts the 
apportionment year to Nov 1-Oct 31; reduces the spring max limit at 
Sherwood/Minot in non-flood and smaller flood years from Feb 1-May 24; 
summer operations are focused on minimizing duration from May 25-Oct 
31. 502b is identical to 502c, except 502b the summer operations are 
focused on minimizing flow peak.  

Do not expect summer flood operations to cause a response.  It's 
possible that minimize peak summer operations may contribute to an 
improvement (over minimize duration) if the reservoirs were very low 
on June 1st, followed by significant summer rain events.  Minimizing 
downstream peaks would require the reservoirs to hold back water in a 
way that may help them fill up faster. 

Flood control/F&W normal drawdown targets (503a vs 502b):  503a is 
flood control/F&W focused; extends the normal drawdown date to Mar 
1st; shifts the apportionment year to Nov 1-Oct 31; reduces the spring 
max limit at Sherwood/Minot in non-flood and smaller flood years from 
Feb 1-May 24; summer operations are focused on minimizing peak from 
May 25-Oct 31.  502b is identical to 503a, expcept 502b has water supply-
focused normal drawdown targets.  

None of the normal drawdown target variations lower the reservoirs to 
the point that a response from the PI would be triggered.  It's possible 
however, that flood control-focused normal drawdown targets could 
contribute to triggering the PI sooner, especially if a wet fall is followed 
by extended dry conditions. 
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Reference: Table 1 from Appendix F-2 from HEC-ResSIM Alternative 
Assessment Report 

Validation View the Phase 5 runs and outputs for wet, dry, and near-normal events to 
assess whether the PI performed as expected and if there was appreciable 

change in the PI for the wet to dry years 
Checked PI plots for selected reaches. 

Inspected the Phase 5 results using the HydroVis tool 
• Grant Devine never reaches its trigger elevation (552.5) for baseline or 

any Phase 5 alternative for the entire period of record. 
• Rafferty only reaches its trigger elevation (542) in 1941 and from 1992 

to 1994.  None of the Phase 5 alternatives change conditions from 
baseline in 1941. 

• Boundary ocsillates through its trigger elevation (560.3) many times, 
but none of the alternatives are different from each other or from 
baseline (or if there is a difference, it looks negligible upon visual 
inspection in the hydroviz tool). 

Extended Normal Drawdown (502a vs 502a1):  This action alone does not 
cause a reaction to the reservoir or riverine PI's.   

Lower flood limits at Sherwood/Minot (502b vs 502a):  This action alone 
causes a slight improvement in the Roche Percee to Moose Mountain 
Creek reach. 

Minimize duration summer operations (502c vs 502b:  This action alone 
causes a negative response at Roche Percee to Moose Mountain Creek 
reach. 

Flood control/F&W normal drawdown targets (503a vs 502b):  This 
action alone caused an improvement at Rafferty (Per Brett - the 
improvement is very small) and the Moose Mountain Creek to Sherwood 
reach, while having a negative response for the Roche Percee to Moose 
Mountain Creek reach.  The opposite response for the riverine reaches is 
most likely due to timing of releases from Rafferty versus Grant Devine. 

Reference: Appendix F-2 from HEC-ResSIM Alternative Assessment Report 

Individual PI Plots (abs) or Summary PI Plots and Hydrovis Tool. 

Appendix A-5 (HEC ResSim Data Output Post-Processing using R) which 
explains how the PI plots are created. 

 

Observations and 
Notes 

Document the findings and performance for the selected PI wrt the 
expected response vs the observed response 

The reservoir PI's responded as expected.  The improvement at Rafferty 
due to the flood control-focused normal drawdown is confusing; however, 
further follow up clarified that the change was actually very small (five 
decimal places out). 
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Summary 
Conclusions 

Summarize the findings for the selected PI under study, comment on the 
utility of the PI, and identify required improvements to the PI, if necessary 

Overall the water supply PIs in SK will mainly be triggered by more 
extreme conditions.  Rafferty and Grant Devine must be lowered below 
their max drawdown in order to respond. Grant Devine never reaches its 
trigger elevation in all phase 5 simulations, including baseline. Rafferty 
only reaches its trigger elevation a couple times throughout the POR.  
Where an alternative does cause the PI to respond at Rafferty, it's only a 
slight change in the 1992 to 1994 period.  None of the alternatives change 
operations for Boundary. 

The basis of the PI is quantitative, with high confidence.  Because the PI is 
not sensitive, it may not be helpful to continue plotting the PI.  However, 
the fact that they're not sensitive is still useful information that should be 
documented and considered by the study board.  

New PI's for the SK reservoirs are proposed that calculate the change in 
seasonal reservoir volume.  It is expected that this PI would be more 
sensitive.  This PI does not relate the volume change to a specific impact, 
but will indicate how an alternative affects reservoir volume. It is 
suggested that the DW4 task team reconvene to review the new PI's in the 
same manner the other PI's were reviewed. Before adopting a new PI, it 
should be considered if an already existing PI provides similar information.  

For Boundary Reservoir, it is suggested that PI plots not be made.  The PI's 
do not respond for this reservoir because operations do not change. 

Consider changing the name of the PI to "permitted water use." 

How apportionment is accounted for should be documented somewhere 
(may just need to verify where). 

The PI was documented in the DW4 Report and corresponding Appendix 
D. 

Public Utility Comment on whether the selected PI is easily understandable by the public 
and watershed groups 

I believe the general public can understand this PI on a conceptual level.  
Since the PI’s are not very sensitive, it may give the impression that the 
study is somehow neglecting water supply.  It could be misinterpreted by 
agencies and the public if they see a PI plot. 

  

Reviewer’s Name Laura Ackerman 

Review Date 2020-08-25 
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