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INTRODUCTION 
Since 1999, MN Red River Basin Watershed Districts use a planning and project permitting process 

outlined in the MN Mediation Agreement (MNFDRWG, 1998).  The MN Mediation Agreement was the 

outcome of a legal challenge by the Red River Watershed Management Board over federal and state 

environmental permitting requirements for a series of proposed floodwater impoundment projects in 

northwest MN.  The Mediation agreement established a suite of flood damage and natural resource 

goals local planners refer to when developing local watershed plans and water/natural resource 

management projects.  As part of the Mediation Agreement, the MN Flood Damage Reduction Work 

Group (FDRWG) was formed to address planning and permitting issues related to the development of 

flood damage reduction projects in the MN Red River of the North Basin. 

International Water Institute (IWI 2019) was formed in 2000 to foster watershed stewardship through 

leadership in decision support, monitoring, and educational programming (IWI 2019).  In 2018, the 

FDRWG engaged IWI to monitor nutrient and sediment loads in spring snowmelt entering and leaving 

Brandt Impoundment.  IWI was also asked to provide recommendations to guide future flood damage 

reduction and natural resource enhancement project monitoring to ensure compliance with the 1998 

Mediation Agreement which included requirements for pre- and post-construction monitoring to; 1) 

evaluate compliance with design parameters, and 2) evaluate (i.e., measure) the effectiveness in 

meeting the project’s hydraulic and environmental goals. (MNFDRWG 1998).  

BRANDT IMPOUNDMENT 
Brandt Impoundment is one example of a number of floodwater storage projects implemented or 

planned in northwestern MN using the MN Mediation Agreement with support from the Red River 

Watershed Management Board (RRWMB, 2019).  Current water management strategies in the Red River 

Basin favor impoundment projects that store “excess runoff” from their contributing watershed for 

some period of time until they can be released to receiving waters after flood conditions abate.  

Preference is given to larger scale storage projects incorporating a gate/orifice that can be controlled.  

Brandt 

Impoundment is 

a gated 

floodwater 

storage project 

in Belgium 

Township, Polk 

County, MN 

approximately 3 

miles northeast 

of Euclid, MN in 

the upper 

portions of 

Grand Marais 

Creek watershed 

(Figure 1). Figure 1. Brandt Impoundment Drainage Area (HDR 2006). 
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Drainage entering through the Brandt Channel from the east conveys the majority of upstream runoff 

into the impoundment through two 6’ x 8’ culverts.  Discharge from the impoundment is controlled 

through a gate structure/orifice allowing the Red Lake Watershed District to alter discharge flow rates 

during flood events (Figure 2). 

Figure 2. Brandt Impoundment flood pool outline. 

 

Source HDR, 2006 

Project Goals and Objectives 
Brandt Impoundment was constructed to reduce downstream agricultural and urban flood damages by 

storing excess runoff from the contributing 23.6 mile2 watershed (Table 1).  The project’s design goal is 

to provide principal outlet control for the 10-year, 24-hour rainfall event and to pass the 100-year, 10-

day rainfall event without overtopping the emergency spillway.  Secondary project objectives include 

the creation of environmental enhancements (upland and aquatic resources) and improving water 

quality by reducing erosion downstream (HDR, 2006). 

Table 1. Brandt Impoundment Functional Design Data. 

Feature Measurement Storage (acre-ft.) 

Top of Dam (Total Storage) 918.0' msl 3912 (3.1' runoff) 

Secondary Spillway 914.5' msl NA 

Ungated Storage to Emergency Spillway 916' msl 786 (0.62' runoff) 

Gated Storage NA 3,126 (2.48' runoff) 

Drainage area 23.6 mile2 NA 

Source: HDR 2006. 
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Since construction in 2008, Brandt Impoundment was operated to store floodwaters during spring 

runoff and/or summer rain events in 2009, 2010, 2011, 2013, 2014, and 2019.  This report focuses on 

analysis of data collected during the spring 2019 snowmelt/runoff event. 

METHODS 
All water quality sampling was conducted according to a Quality Assurance Project Plan (MNFDRWG 

Load Study QAPP, 2015). 

Sampling 
The Red Lake Watershed District closed the Brandt Impoundment gate on April 6th, 2019 in preparation 

for the snowmelt runoff event.  Inlet sampling began on this date and continued approximately daily 

(depending on flows entering the impoundment) until the impoundment was full (April 23rd, 2019).  

During inflow sampling, there was a discernable difference in water clarity in flows entering the 

impoundment from the north exterior ditch east of the township road serving as a perimeter dike. 

Therefore; 2 samples were collected, one from each inlet channel culvert.  Once the outlet (gate) was 

opened, inlet sampling ended.  During discharge, sampling was performed below the outlet riser on the 

west end of the impoundment.  Outlet sampling began on April 23rd and continued until the pool was 

empty (June 12th, 2019). 

Water Quality Parameters 
Surface water sampling consisted of physical parameters (temp, dissolved oxygen, pH, and specific 

conductance) and concentration measurements of total suspended solids, dissolved organic 

phosphorous, phosphorous as P, inorganic nitrogen (nitrates and nitrites), and total Kjeldahl nitrogen.  

Laboratory analysis was performed by RMB Laboratories, Detroit Lakes, MN.  This technical memo 

focuses on analysis of Total Suspended Solids (TSS), Total Phosphorous (TP) and Total Nitrogen (TN) 

entering and leaving Brandt Impoundment.   

Impoundment Water Budget 
Estimating the amount of water entering (inflow) and leaving (discharged) Brandt Impoundment during 
the runoff event is required to estimate the load mass entering, leaving, and retained within the 
impoundment. 

The impoundment water budget equation is: 

∆ Storage (between 2 time periods) = Inflow – Discharge – Evaporation + ∆ Groundwater + Precipitation 
+/- Error 

Groundwater effects, evaporation, precipitation, and error for the time period (April 6, 2019 – June 11, 
2019) were assumed to be zero; therefore, the water budget equation becomes: 

∆ Storage (between 2 time periods) = Inflow - Discharge (for the time period) 

The change in storage and discharge terms were estimated from the impoundment water surface level 
recorded at the time the water sample were collected.  Rearranging the equation above: 

Inflow = ∆Storage (between time periods) + Discharge (for time period) 
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RESULTS 

Water Budget 
A rating curve representing the relationship between water levels within the impoundment and 
discharge was provided by the Red Lake Watershed District (HDR, 2006).  Brandt Impoundment is a 
“gated” impoundment, therefore discharge estimates are related to the gate opening and pool 
elevation.  As the impoundment was emptying, the gate opening was altered at various times to address 
downstream flooding issues (Table 2). 

Table 2. Brandt Impoundment Operation (spring 2019 snowmelt event). 

Date Action Date Action 

April 22 Opened to 0.3’ May 5 Closed gate 

April 23 Increase opening to 0.5’ May 6 Opened to 0.7’ 

April 25 Increases opening to 0.8’ May 10 Reduced opening to 0.1’ 

April 25 Increased opening to 1.25’ May 14 Increased opening to 0.2’ 

April 28 Reduced opening to 0.9’ May 29 Increased opening to 0.5’ 

April 29 Reduced opening to 0.3’ June 12 Pool empty 

April 30 Increased opening to 0.4’     

(M. Jesme, Personal Communication, Oct. 2019) 

Estimated inflow and discharge / day was based on stage measurements, the simplified water budget 
equation and gate operation information (Figure 3).  Brandt Impoundment stored, and subsequently 
discharged, an estimated 3,252 acre-feet of snowmelt runoff during the spring 2019 runoff event.  The 
impoundment discharged an average of 30.6 cubic feet per second during the time the gate was opened 
(April 22nd) until the floodwater storage pool was emptied (June 12th).   

Figure 3. Brandt Impoundment Est. Daily Inflow – Outflow between Time Periods 2019. 

 

The estimated volume retained and discharged (3,252 acre-feet) and the median inflow concentrations 

for TSS, TP, and TN were used to determine mass load entering and leaving Brandt Impoundment.  

Discharge and inflow TSS, TP, and TN median concentration levels were used because there appeared to 

be no statistical relationship between flow and constituent measurements (Figures 4 - 6).  The lack of 

correlation between flow and concentration may have occurred because flow was estimated and 

samples entering the impoundment originated from snowmelt on (primarily) frozen soils. 
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Figure 4 Total Suspended Solids (TSS) concentration - Inflow/Discharge. 

 

Figure 5. Total Phosphorous (TP) concentration – Inflow/Discharge. 

 

Figure 6. Total Nitrogen (TN) concentration – Inflow/Discharge. 

 

Inflow Vs Outflow Mass 
All TSS, TN and TP inflow and discharge concentrations met established state standards or were within 

ecosystem means for the Red River Valley (MNPCA, 1993) during the spring 2019 runoff event. Censored 

data (minimum detect) were calculated at ½ minimum detect value for TN and TP.  Censured TSS data 

were calculated at 0 and 1 mg/L.  
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Total Phosphorous (TP) 
TP is a critical plant nutrient in aquatic ecosystem.  Excessive P in water promotes algae growth and can 

severely impact fish and other aquatic life.  With the exception of the initial sample measurement during 

inflow, TP in surface water runoff entering and leaving the Brandt Impoundment (Figures 7 and 8) was 

below the Red River Valley Ecoregion mean of 0.32mg/L (MNPCA 1993). 

Figure 7. Total Phosphorous Concentration (mg/L). 

 

Figure 8. Total Phosphorous Concentration Box-Whisker. 

 

Data (non-detect/censored data assumed ½ minimum detect value) indicate the operation of Brandt 

Impoundment during the spring 2019 runoff event reduced TP mass to downstream receiving waters by 

an estimated 752 pounds (Figure 9). 

Figure 9. Total Phosphorous Mass Inflow vs Discharge (lbs.). 
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Total Nitrogen (TN) 
TN is the sum of Kjeldahl nitrogen (ammonia/NH3, organic, and reduced N), nitrate (NO-

3), and nitrite 

(NO-
2).  Nitrogen (N) is a critical plant nutrient.  Excessive N in surface water can result in low oxygen 

levels, overstimulated aquatic plant and algae growth, and negatively impact aquatic organisms.  

According to the US Environmental Protection Agency (EPA, 2019), the acceptable range of TN in U.S. 

surface waters is 2 to 6 mg/L.  TN concentration levels into – and out of – Brandt Impoundment were 

well below or within acceptable US Environmental Protection Agency ranges (Figures 10 and 11). 

Figure 10. Total Nitrogen Concentration (mg/L). 

 

Figure 11. Total Nitrogen Concentration Box-Whisker. 

 

Data (non-detect/censored data assumed ½ minimum detect value) indicate Brandt Impoundment 

reduced TN mass by an estimated 2,290 lbs. (Figure 12).   

Figure 12. Total Nitrogen Mass Inflow vs. Discharge (lbs.). 
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Total Suspended Solids (TSS) 
TSS is an indicator of sediment transport as measured by the dried weight of suspended particulate 

matter in the water sample.  TSS can include a wide variety of material such as silt, decaying plant and 

animal matter, and industrial waste.  High TSS concentrations can cause a variety of problems in aquatic 

ecosystems including chronic and severe impacts to aquatic life. 

Brandt Impoundment drainage is in the upper reaches of Grand Marais watershed and inflow originated 

from spring snowmelt; therefore, TSS concentrations entering and leaving Brandt Impoundment were 

well below the ecoregion mean of 60 mg/L (MNPCA 1993). There was a relatively higher concentration 

measurement (14.8 mg/L) in early June as the impoundment emptied which may have been the result of 

biological processes, mobilized debris, and/or in-channel scour originating from the channel within the 

impoundment footprint (Figures 13 and 14). 

Figure 13. Total Suspended Solids Concentration (mg/L). 

 

Figure 14. Total Suspended Solids Concentration Box-Whisker. 
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Figure 15. Total Suspended Solids Mass Inflow vs Discharge (tons). 

 

DISCUSSION AND MONITORING RECOMMENDATIONS 
This study focused on estimating mass load changes resulting from Brand Impoundment operation 
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The FDRWG should support and expand ongoing monitoring of flood damage reduction and natural 

resource enhancement project outcomes throughout the Red River Basin to inform future project 

planning, development, and decision-making (e.g., project siting, design and operation/management).  

The FDRWG should commission a technical and scientific advisory committee to develop and implement 

pre- and post-project monitoring standard operating procedures to measure: 

• Agriculture flood damage reduction. 

o Areas (e.g., total acreage and location) no longer flooding because of project operation 

o Frequency (E.g., how often are project outcomes realized?). 

• Urban flood damage reduction. 

o Structures (number, type and location) no longer damaged because of project 
operation. 

o Frequency (E.g., how often are project outcomes realized?). 

• Downstream erosion mitigation. 

o Location and length of rivers/agricultural ditches that no longer erode because of 
project operation. 

o Frequency (E.g., how often are project outcomes realized?). 

• Environmental / habitat improvements. 

o Amount and location of habitat resulting from project establishment. 

o Upland and aquatic (upstream/downstream) habitat improved because of project 
operation (e.g., wetlands/upland ecological functions). 

• Pre and post project wetland Floristic Quality Assessments. 

• Index of biological integrity/comparison to reference. 

• Water Quality Improvements. 

o TSS, TP and/or TN Load changes (at some downstream lake or river reach with a WQ 
problem) resulting from project operation. 

o Mitigation of erosion (e.g. reduced ditch maintenance or channel instability) because of 
project operation. 

Once flood damage and environmental enhancement project outcomes are better understood, the 

technical and scientific advisory committee should establish some method to assess effects relative 

to other alternatives/strategies (e.g., buy outs, flood plain ordinances, urban and agricultural levees, 

enhanced drainage, and best management practices)  that might be employed to address flood 

damage and water quality problems.  Methods should also assess, and track through time, project 

outcomes relative to urban or agricultural flood protection goals, regional habitat protection or 

creation goals, total maximum daily load goals, or lake goals to reduce algal bloom frequency. 
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