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Executive Summary 

 

Grant Devine Lake and Rafferty Reservoir have been in operation near 30 years. Hydrological 

conditions in the basin during this period of time have been highly variable and it is possible 

that bank erosion and sedimentation have affected the capacity of the reservoirs. In order to 

assess the impact of erosion and sedimentation on the capacity of the reservoirs, bathymetric 

and LiDAR data were collected for the development of new area capacity curves for Grant 

Devine Lake and Rafferty Reservoir. The bathymetry data was collected by WSA in 2012, prior 

to the study, and the LiDAR data was collected as part of the Plan of Study. Unfortunately, due 

to reservoir levels at the time of collection, the two datasets do not overlap at either reservoir 

and gaps therefore exist in the data. The new curves developed were compared to the original 

area capacity curves provided in Annex A of the 1989 Agreement for Water Supply and Flood 

Control in the Souris River Basin. The comparison resulted in small differences between the 

new and the Annex A curve for Grant Devine Lake and in more significant differences between 

the curves for Rafferty were observed. The discrepancies in the curves for Rafferty Reservoir 

are likely due to the bathymetric surveyors not able to capture the upper parts of the reservoir 

due to shallow depths and dense weed growth. Therefore, the volume of these areas was not 

included in the development of the new curves. These discrepancies between the curves 

suggested that the new dataset is insufficient to produce new curves to be adopted by the 

Souris River Plan of Study or for operational use, however, the new data do validate the existing 

curves provided in Annex A.  

The objective of this report is to document the bathymetric and LiDAR datasets as well as the 

development of the new curves. The report is divided in six sections. Sections 1, 2, and 3 

provide a brief introduction, information on the Bathymetric data collection, and the LiDAR 

data sets, while Section 4 summarizes the curves from Annex A. Sections 5 and 6 document the 

methodology used to develop the new curves and the comparison results between the Annex A 

and the new curves. The last section of this report (Section 6) presents the conclusions and 

recommendations to improve the datasets and the development of new curves. 
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1. Introduction 

Grant Devine Lake and Rafferty Reservoir became operational in the early 1990s, almost 30 years ago. 
The original stage-area and stage-capacity curves (contained in Annex A) for these reservoirs were 
developed from a series of map sheets based on 1 metre contour elevation intervals developed using 
photogrammetric methods. Over the near 30 years in which the reservoirs have been in operation there 
have been periods in which dry and wet hydrological conditions have predominated and it is possible 
that bank erosion and sedimentation have affected the reservoir storages over this period of time. 
Therefore, the purpose of this task of the Plan of Study is to update and/or verify the existing stage-area 
and stage-capacity curves for Grant Devine Lake and Rafferty Reservoir.  
 

2. Data 

2.1. Bathymetric Surveys 

Bathymetric surveys of Grant Devine Lake and Rafferty Reservoir were carried out during the fall of 2012 
and spring of 2013 by North/South Consultants Limited. The objective of these surveys was to obtain 
updated bathymetric information for both reservoirs, however, due to limitations imposed by the draft 
of the boat utilized and the distance that the data collection equipment extended below that, large 
areas of the upper parts of the reservoirs were inaccessible. Thick stands of aquatic vegetation also 
made access to these areas challenging. The reservoirs were also near their full supply levels at the time 
of these surveys, thus the flood storage between the full supply and maximum allowable flood levels 
was not captured. The collection areas and dates are illustrated and summarized in Figure 1 and Table 1, 
respectively. 
 

 
Figure 1: Areas for which sonar data was collected during 2012/13 for Rafferty and Grant Devine 
(blue).  
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Table 1: Collection dates for the Bathymetric Surveys for Rafferty and Grant Devine (Alameda) 
reservoirs. 

 

Location Date 

Grant Devine October 21, 22, 23,24, and 26, 2012 

Rafferty Southern Part October 16, 19, and 20, 2012 

Rafferty Primary Collection June 7, 9, 10, 11, 12, 13, 17 ,18, 2013 

Rafferty Additional Long Lines August 15, 16, and 17, 2013 

Rafferty North of Grid #705 August 16, 2013 

 
 
 

2.2. LiDAR Data Reservoirs and Souris River 

In order to obtain terrain elevations between the full supply and maximum allowable flood 

levels, LiDAR surveys were carried out in the spring of 2018. KBM Forestry Consultants Inc. was 

retained to carry out the surveys. This project was funded by the Souris River Plan of Study and 

managed by the Water Security Agency.  

LiDAR data was obtained on May 5th and 6th, 2018 and covered the area from upstream of the 

reservoirs to the border with North Dakota, U.S. (Figure 1). The final LiDAR product was 

delivered in two spatial reference systems as summarized in Table 2 and the report delivered by 

KBM Forestry Consultants Inc. is provided in Annex 1. 

Other deliverables that were part of the WSA contract with KBM Forestry Consultants Inc. include: 

• LiDAR point cloud data in LAS format, with a minimum point spacing of 5 points per 

square metre 

• Bare earth digital elevation model “DEM” data in raster format 

• Full feature DEM  

• Hillshade image raster files 

• Contour lines, at 0.5 m intervals 

• Metadata document document describing the data 

 

 Table 2: LiDAR coordinate systems. 

Coordinate 
System 

Horizontal 
Datum 

Vertical 
Datum 

Geoid Model for Vertical 
Datum 

UTM Zone 13 NAD83 (CSRS) CGVD28 HT2.0 

UTM Zone 14 NAD83 (NSRS2007) NAVD88 Geoid 03 
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As illustrated in Figure 1, LiDAR data was also obtained for the Souris River main stem and the 

Moose Mountain Creek reach between Grant Devine Dam and the Souris River. While the data 

upstream of the reservoirs was obtained to update the area capacity curve of the reservoirs, 

the LiDAR data along the main stem will have multiple uses which include the updating and 

development of new hydraulic models.  

 

Figure 2: Extension of the 2018 LiDAR data. 

 

3. Existing Curves- Annex A 

The existing Annex A curves for Rafferty Reservoir and Grant Devine Lake are illustrated in 

Figure 2 and were used to compare the newly developed curves for Rafferty and Grant Devine. 
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Figure 3: Annex A area capacity Curves for Rafferty (top) and Grant Devine (bottom). Surface area in 
hectares (ha) and storage in cubic decameters (dam3). 

 

4. Data Processing and Curve Development Methodology 

The data processing carried out by WSA’s geomatics group consisted of the following steps: 

a) Mosaicing the bare earth DEM tiles into a seamless raster for the entire area of interest 

b) Further mosaicing the bare earth DEMs with the existing bathymetry data that WSA had 

acquired in 2012-2013 

c) Creation of new Area/Capacity curves for Rafferty Reservoir and Grant Devine Lake 

based on the mosaic created previously 
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The area capacity curves were created using a Python script and the Surface Volume tool 

within ArcMap.  

5. Results 

The “new” curves developed from the bathymetry and LiDAR for Grant Devine Lake and 

Rafferty Reservoir are illustrated in Figures 3 and 4, as well the curves from Annex A. The 

figures suggest an overall agreement between the new and the Annex A curves, in particular for 

Grant Devine Lake (Figure 3) where small differences between the curves are observed. 

Although, the curves for Rafferty (Figure 4) present an overall agreement, more considerable 

differences between the new and the Annex A curves are observed.  

 

Figure 4: Area/Capacity Curves for Grant Devine Lake. 

 

The curves for Grant Devine Lake, suggest that there is a good agreement between the Annex A 

and new flooded area curves, particularly above 552 m, where the new values are within 2-4% 



 
9 

of the Annex A values (Table 3). The new curves do however have less surface area at the lower 

end, which translates to lower storage volumes throughout the curve. This is likely due to the 

lack of survey data within upper reaches of the lake. Between the Maximum Required 

Drawdown Level (555.9 m) and the Maximum Allowable Flood Level (567 m) there is 1.5% or 

2,167 dam3 less storage on the new curve.   

Table 3: Grant Devine Lake. 
 

Elevation 
(m) 

Annex A 
Capacity 
(dam3) 

New 
Capacity 
(dam3) 

Difference 
(dam3) 

Annex A 
Area 
(ha) 

New 
Area (ha) 

Difference 
(ha) 

Maximum 
Allowable Flood 

Level 

567 189,600 180,220 9380 2180 2207 -27 

Maximum Required 
Drawdown 

555.9 50,700 43,487 7213 625 603 22 

Difference  138,900 136,733 2167 1555 1604 -49 
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Figure 5: Area/Capacity Curves for Rafferty Reservoir 

 

 

The curves for Rafferty Reservoir (Figure 4) suggest that there is good agreement between the 

new and Annex A flooded area curves at the bottom end, where bathymetric coverage was 

good, and at the top end, where LiDAR data is available. There is however a large discrepancy in 

the flooded areas between 539 and 550 m, presumably due to the inability to access areas in 

the upper end of the reservoir to obtain bathymetric data. Like at Grant Devine Lake, this 

results in lower volumes being estimated using the new data when compared to the values 

contained in Annex A. 

Table 4 summarizes the differences between the curves for Rafferty Reservoir at Maximum 

Allowable Flood Level and Maximum Required Drawdown water levels.  
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Table 4: Rafferty Reservoir. 
 

Elevation 
(m) 

Annex A 
Capacity 
(dam3) 

New 
Capacity 
(dam3) 

Difference 
(dam3) 

Annex A 
Area 
(ha) 

New 
Area (ha) 

Difference 
(ha) 

Maximum Allowable 
Flood Level 

554 632,776 600,486 32,290 6222 6265 -43 

Maximum Required 
Drawdown 

547.5 305,287 280,566 24,721 4134 3904 230 

Difference  327,489 319,920 7569 2088 2361 -273 

 

At both reservoirs less flooded area at the lower end of the curves translates to lower storage 

throughout the curves. Collectively, between the Maximum Required Drawdown and Maximum 

Allowable Flood levels, there is 9736 dam3 or 2% less storage in the new curves compared to 

the old curves.  

 

6. Conclusions and Recommendations 
 

The new curves developed from the bathymetry and LiDAR datasets present some discrepancies when 

compared to the curves originally developed for the reservoirs and contained in Annex A of the 1989 

Agreement for Water Supply and Flood Control in the Souris River Basin.  While minor discrepancies 

were observed between the Annex A and the new curves for Grant Devine Lake, more considerable 

discrepancies in the curves for Rafferty Reservoir were observed. Therefore, based on the findings 

presented in this document, there is not enough data to support the adoption of the new area capacity 

curves developed by this task. It is recommended to continue using the Annex A area capacity curves. 

The discrepancy between the curves might be due to the area of the reservoirs covered by the 

bathymetric surveys.  The survey data do not go as far upstream due to shallow and weedy conditions at 

the time when the bathymetry data was collected.  This resulted in that the storage volume of these 

areas was not included in the development of the new Area/Capacity curves. The areas that were not 

capture by the bathymetric surveys for Rafferty Reservoir and Grant Devine Lake are illustrated in 

Figures 5 and 6. 

In order to improve these curves, it is recommended to either carry out new supplemental bathymetric 

surveys on these areas when the reservoirs are high and there is minimal weed grow or obtain 

additional LiDAR data when the reservoirs area low. 

The new data is insufficient to produce new curves that can be adapted for the study or for operational 

use, but they do validate the curves in Annex A for both reservoirs since they are in excellent agreement 

over elevation bands where the recent data coverage is good.  
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Finally, the use of the LiDAR data obtained with funds from the Plan of Study is not only limited 

to the development of new area capacity curves for the reservoirs. The data will be useful for 

the update and/or development of new hydraulic models between the reservoirs and the North 

Dakota border.   

 

Figure 6: Areas for supplemental bathymetric/LiDAR data collection that would help improve the 
accuracy of the Area/Capacity Curve for Rafferty Reservoir. 
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Figure 7: Areas for supplemental bathymetric/LiDAR data collection that would help improve the 
accuracy of the Area/Capacity Curve for Grant Devine Lake. 
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Annex I - LiDAR Report 


