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Introduction 
Located in the Red River of the North basin, Devils Lake is 
an endorheic lake with a natural outlet at an elevation of 
444.4 m (above sea level) flowing into the Sheyenne River 
(Figure 1). Devils Lake began its most recent rise in 1993 
and in June 2011 reached 443.3 m, the highest record since 
the 1830s (Ma et al. 2011). To mitigate the Devils Lake 
flooding and to avoid its natural spillage, two emergency 
outlets were constructed at the west and east sides of the 
lake to drain the lake water to the Sheyenne River in a 
controlled fashion. However, historical accumulation of 
salts through evaporation has elevated the concentration of 
salts in the lake, particularly that of the sulfates, which are 
much greater than the surrounding water bodies (Vecchia 
2011). In a recent study, we found that operating the two 
outlets has lowered the Devils Lake water levels by ~1 m 
for the time period from 2005 to 2016 (Shabani et al. 2017).  
We also estimated that pumping water from the west outlet 
alone would raise the average sulfate concentration of the 
Sheyenne River to 404 mg l-1, from the east outlet alone to 
536 mg l-1, and from both to 585 mg l-1 (Shabani et al. 
2017).  
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SWAT and HEC-RAS models were coupled to investigate the impact of discharging water from two Devils Lake outlets on the 
Sheyenne River streamflow and floodplain. Since 2005, operating the two outlets has lowered the lake water level by 0.94 m, with a 
maximum impact being to expand the floodplain of the Sheyenne River to the historical two-year flood zone and average overbank 
water depth of 0.2 m. This maximum impact has only occurred 0.4% of the time when the outlets were operating. Releasing saltier 
water from Devils Lake through the outlets has also raised the sulfate concentration in the upstream Sheyenne River from a historical 
average of 105 mg l-1 to a maximum of 700 mg l-1. However, if the state-wide sulfate standard of 450 mg l-1 were to be imposed, the 
two outlets would only lower the Devils Lake water level by 0.1 m.  

Results 

FIGURE 1. The Devils Lake watershed is delineated into 11 sub-watersheds; 
those sub-watersheds that have USGS gauging stations (red circle) are labeled 
with their names. Further shown are 9 USDA climate stations (black triangles), 
the Devils Lake airport weather station (green star), the ND Department of 
Health water sampling stations (black circles), and locations of the two 
emergency outlets (green circles) built to release water from Devils Lake to the 
Sheyenne River.  

Conclusion 
The results of this study showed that diverting the water from 
Devils Lake has caused a maximum impact on the Sheyenne 
River floodplain which in terms of either areal extension of 
the floodplain, or the increased flow rates or elevated river 
depth, is within the historical confines of the two-year flood 
The outlets are operating under a revised sulfate standard of 
750 mg l-1. Imposing the previous standard of 450 mg l-1 
would dramatically reduce the efficiency of the outlets in 
mitigating the rising of Devils Lake water level (Figure 6). 
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FIGURE 2. The Sheyenne River watershed is delineated into 4 sub-
watersheds, overlaid with the land use map, three USDA climate stations 
(black triangles), four USGS gauging stations (red circles labeled by their 
name), and the insertion points (green circles) of the two outlets.  

Research Objective 
Understand how Devils Lake flooding affect the Sheyenne River water quantity and quality.  

SWAT Model: SWAT is a physically-based hydrological 
model that has been used frequently to evaluate the impact of 
climate, land use and management activities on hydrology 
and water quality (Arnold et al. 1998). In this study, SWAT 
model used to simulate the Sheyenne River streamflow with 
and without operating the outlets. Figure 2 shows the 
delineated Sheyenne River watershed using SWAT model.  

Flood Analysis: The knowledge of frequency and magnitude 
of flood peak is important to assess the flood risk. The log-
Pearson Type III method, as recommended by Bulletin 17B 
of Interagency Advisory Committee on Water Data (1982), is 
applied calculated the magnitude of flood for 5 recurrence 
intervals (2, 5, 10, 25, and 50 years). 

HEC-RAS Model: 

HEC-RAS is a river hydraulic model developed by the U.S. 
Army Corps of Engineers to simulate 1D or 2D steady and 
unsteady flows (Brunner 2016). In this study, 2D model used 
to simulate the extent of the Sheyenne River floodplain with 
and without the outlets operation.  

Methods and Data 
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FIGURE 3. (a) Two outlets discharge; (b, c, and d) simulated 
streamflow for the Sheyenne River at gauging stations 2, 3, and 
4 with and without the operation of the outlets. Black dash 
lines show the Sheyenne River streamflow for the two-year 
flood. 

FIGURE 4. Observed and simulated water depths of the Sheyenne 
River at gauging station 4 from 2008 to 2016. 

FIGURE 5. Four sections of simulated Sheyenne River floodplains 
with (green) and without (blue) the operation of the outlets on 
August 25, 2014 are compared with the historical two-year 
floodplain (hashed red). The general area of each section is shown 
in the upper-right inset.  

FIGURE 6. SWAT-simulated Devils Lake water levels for non-
operational outlets (green line), current schedule (blue line), current 
schedule while meeting 450 mg l-1 ND sulfate standard (blue dash 
line), and maximum outlets operation for the 450 mg l-1 ND sulfate 
standard while the Sheyenne River total streamflow after operating 
outlets is less than two-year flood (orange line). Two black dash lines 
show the lake water level at 440.45 and 440.75 m at which the west 
and east outlets start to operate, respectively. The dash-dot line shows 
Devils Lake natural spillage to the Sheyenne River at 444.4 m. 

Figure 3 shows the simulated streamflow with and without the 
outlets. On average, pumping water from the west outlet increased 
streamflow at gauging stations 2 and 3 from ~2 m3 s-1 to up to 10 m3 
s-1 (Figure 3-b and c), and pumping from both outlets increased 
streamflow at gauging station 4 to up to 25 m3 s-1 (Figure 3-d). So 
far, the Sheyenne River total streamflow during the operation of 
both outlets has been limited to less than the two-year flood (black 
dash line in Figure 3). The river water depths simulated by using the 
HEC-RAS model were compared with the observed data at gauging 
station 4 (Figure 4). During the entire study period, the simulated 
water depths agreed with the observations (R2> 0.52 and ENS > 
0.40). Comparison of the HEC-RAS simulated floodplains with and 
without the outlets (Figure 5) on August 25, 2014, showed that the 
increased discharge from the outlets would expand the floodplain 
from 1,826 to 3,831 ha, resulting in overbank flooding with an 
average water depth of 0.2 m. 


