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Assessment of Effects of Channelization Mitigation 
Alternatives of Stoney Brook, Carlton and St. Louis 
Counties, Minnesota

By Charles V. Cigrand

Abstract
The U.S. Geological Survey, in cooperation with the Fond 

du Lac Band of Lake Superior Chippewa (FDLB), studied the 
effects of channel modification alternatives on lake levels and 
floodplain inundation in the Stoney Brook watershed in northeast 
Minnesota. Northern wild rice (Zizania palustris), also referred 
to as manoomin by the Ojibwe/Chippewa people, is a natural 
and cultural resource to the FDLB and is sensitive to water 
levels and rates of water-level changes, particularly during the 
early stages of growth. Drainage ditches constructed in the early 
1900s in the Stoney Brook watershed lowered lake-water levels, 
caused greater fluctuations in the lakes, and created a loss in 
wetland coverage. The FDLB is committed to minimizing large 
fluctuations of the lakes with natural wild rice production in the 
Stoney Brook watershed and restoring a more natural hydrology 
to Stoney Brook. The hydrologic response of these lakes and 
floodplain storage to simulated channel modification alternatives 
were examined.

Hydrologic and hydraulic models were developed for the 
watershed and calibrated to historical rainfall events. The models 
used probabilistic frequency rainfall events of 24-hour duration 
for 1-, 2-, 5-, and 10-year annual recurrence intervals  
(100-, 50-, 20-, and 10-percent annual exceedance probability) 
to simulate watershed management scenarios with existing 
and alternative conditions. The hydraulic model outputs for 
peak flows, volume accumulation, water levels, and inundation 
duration and depths were assessed to quantify the effects of the 
channel modification alternatives. The channel modification 
alternatives were simulated with four different terrain conditions: 
existing conditions, bank spoil breach, original channel 
reconnection, and original channel reconnection with bank 
spoil breach. Hydrologic characteristics from six distinct areas 
were used in the model to evaluate the effects from the channel 
modification alternatives.

The simulated results of two lakes in which wild rice 
was planted demonstrated that the lakes would take longer to 
draw down following an event with the channel modification 
alternatives compared to existing conditions with little change to 
peak water-surface elevations. The alternatives provided minor 
to no increases in flows or conveyances at the downstream 

reference location at Pine Drive bridge. The restored floodplain 
locations had increased flows and conveyances for the channel 
modification alternatives that could be considered substantial 
when compared to flows with existing conditions. The 
inundation extent, duration, and water-depth distribution were 
assessed within selected floodplain areas. Generally, the channel 
modification alternatives produced increases in the higher depth 
(3–4 and greater than 4 feet) and duration (10–14 and greater than 
14 days) categories for these areas, which may be beneficial to 
increases in wetland coverage and floodplain storage.

Introduction
The Fond du Lac Reservation, located west of Cloquet, 

Minnesota, and south of the St. Louis River (fig. 1), contains 
multiple lakes abundant with northern wild rice (Zizania 
palustris), also referred to as manoomin by the Ojibwe/
Chippewa tribes. The Fond du Lac Reservation has an 
area of 153.8 square miles (mi2) and consists of Tribal 
lands belonging to the Fond du Lac Band of Lake Superior 
Chippewa (FDLB). The Stoney Brook watershed covers an 
area of 100.8 mi2 in Carlton and St. Louis Counties with 
most of the watershed within the Fond du Lac Reservation. 
The study area consists of 77.9 mi2 of the Stoney Brook 
watershed with the downstream boundary located 2.4 miles 
(mi) downstream from the U.S. Geological Survey (USGS) 
streamgage Stoney Brook at Pine Drive near Brookston, Minn. 
(USGS station 04021520; fig. 1; U.S. Geological Survey, 
2023a). The USGS station 04021520 has been in operation 
since May 28, 2005, in a cooperative agreement with the 
FDLB (table 1).

Wild rice is an important natural and cultural resource 
to the FDLB, who actively harvest the crop (Hedin, 2021). 
Wild rice is sensitive to water levels and rates of water-level 
changes, particularly during the early stages of growth 
when it is most susceptible to uprooting (Zepp and others, 
1996). Drainage ditches were constructed in the early 1900s 
in the Stoney Brook watershed, which lowered and caused 
greater fluctuations in lake-water levels (Natural Resources 
Conservation Service, 2009). The FDLB uses gate outlet 
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control structures on the lakes supporting wild rice to manage 
water levels and mitigate damages to rice crops. The FDLB is 
committed to minimizing large fluctuations in the lake levels 
and restoring lake levels to the previous conditions of wild 
rice production before the drainage ditch construction. The 
FDLB looks to restore a more natural hydrology to Stoney 
Brook by exploring alternatives utilizing the remnant Stoney 
Brook channel and increasing potential storage and wetland 
coverage in the Stoney Brook floodplain. In addition, the 
FDLB would like to develop a U.S. Environmental Protection 
Agency Watershed Plan, which is a comprehensive, long-term 
management plan for the watershed that may be used to plan 
treatment and conservation efforts in the watershed under 
changing landscape, hydrology, and climate conditions.

Purpose and Scope

This report describes an analysis of hydrologic and 
hydraulic conditions within the Stoney Brook watershed to 
assess the effects of channel modifications on lake levels and 
floodplain inundation after substantial rainfall events that 
can damage wild rice yields on the Fond du Lac Reservation. 
The channel modifications are used to assess options for 
improving conveyance and floodplain storage in the watershed. 
Hydrologic and hydraulic models were developed for the 
watershed and calibrated to historical rainfall events. The 
models used probabilistic frequency rainfall events to simulate 
watershed management scenarios with existing and alternative 
conditions. The hydraulic model outputs for peak flows, volume 
accumulation, water levels, and inundation duration and depths 
were assessed to quantify the effects of the channel modification 
alternatives.

Study Area Description

The landscape within the Stoney Brook watershed consists 
of flat low-laying outwash plains with peat bogs, and hilly 
morainal uplands (Ruhl, 1989). The land cover predominately 

consists of 71-percent wetlands or open water and 25-percent 
forest with the remaining 4 percent accounting for grassland, 
fields, and impervious structures (Dewitz, 2019). The 30-year 
(1991–2020) average annual precipitation normal from the 
National Oceanic and Atmospheric Administration (NOAA) 
was 32.67 inches (in.) at Cloquet, Minn., which is located about 
8 mi east of the Stoney Brook watershed (Palecki and others, 
2021). The hydrology of the watershed is complex, with a 
47-mi network of ditching that interacts with lakes, wetlands, 
streams, and groundwater (Hedin, 2021). Stoney Brook is the 
primary stream within the watershed, and major tributaries 
within the study area include Annamahasung Creek, Deadfish 
Tributary, and Arrowhead Tributary. There are 10 lakes greater 
than 50 acres in the study area, with 5 lakes supporting wild rice 
production (fig. 1, table 2).

The Stoney Brook watershed hydrology was altered 
during the early 1900s when a 47-mi ditch network was 
constructed with the intent to drain the soils for agriculture 
production (Hedin, 2021). Converting the land for agricultural 
production was not successful owing to the low gradient 
slope of the stream channels and large areas of poorly drained 
organic soils (Hedin, 2021); however, the ditching did lower 
the water levels and inundation area on the shallow bodied 
rice lakes and created larger fluctuations in lake levels after 
rain events. As an example, the water-surface area of Rice 
Portage Lake decreased from 634 to 114 acres because of the 
ditching (Fond du Lac Band of Lake Superior Chippewa, 2008). 
Wetland losses because of the ditching were estimated at 2,000 
to 4,000 acres (Hedin, 2021). Outlet control structures were 
installed on Perch, Rice Portage, and Deadfish Lakes in the 
late 1990s to try and restore the original water levels of the 
lakes and decrease lake-level fluctuations. The structures use 
outlet gates to release water after runoff events and stop logs 
to help maintain consistent water levels during the wild rice 
growing season. A gated detention structure, the Upper Deadfish 
Impoundment, was also installed upstream from Deadfish 
Lake to help attenuate runoff (Natural Resources Conservation 
Service, 2009).

Table 1.  Information on U.S. Geological Survey streamgage Stoney Brook at Pine Drive near Brookston, Minnesota (station 04021520).

[Station location is shown on figure 1; mi2, square mile; ft, foot; ft3/s, cubic foot per second; °, degree; ‘, minute; ”,second. Site information from U.S. 
Geological Survey (2023b)]

Station name
Station 
number

Drainage 
area 
(mi2)

Latitude Longitude Period of record
Maximum recorded 
stage (ft) and date

Maximum recorded 
streamflow (ft3/s)  

and date

Stoney Brook 
at Pine 
Drive near 
Brookston, 
Minnesota

04021520 74 46°46’54” 92°38’12” 2005–present1 12.36; June 21, 2012 1,170; June 21, 2012

1Present refers to the time of publication (2025).
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Previous Studies

A watershed management study was conducted between 
2005 and 2009 by the Natural Resources Conservation Service 
to provide a hydrologic and hydraulic assessment of the 
Stoney Brook watershed (Natural Resources Conservation 
Service, 2009). The study also provided recommendations 
for optimizing water levels of Perch, Rice Portage, and 
Deadfish Lakes for wild rice production. A hydrologic and 
a one-dimensional hydraulic model were developed for that 
study. The one-dimensional hydraulic model was limited 
to simulating unilateral flows at cross sections (placed at 
500-foot [ft] intervals), which represented channel and 
overbank geometries. The hydraulic model was also limited 
by simplified overbank areas with elevations derived from 
a USGS quadrangle topographic map (Natural Resources 
Conservation Service, 2009).

These models were updated and refined in this USGS 
study with more advanced modeling capabilities and 
better-quality terrain data from light detection and ranging 
(lidar) technology. Lidar data collected in 2011 (Minnesota 
Department of Natural Resources, 2020) had since become 
available to produce a 1-meter digital elevation model (DEM) 
for the hydrologic and hydraulic modeling. The 1-meter 
DEM can more accurately account for surface water storage 
from ponded water and storage-elevation ratings at the outlet 
control structures. The hydraulic model was developed 
with two-dimensional (2D) capabilities, which can simulate 
bilateral flows at the overbank areas, levee breaches, and 
stream junctions (U.S. Army Corps of Engineers, 2021).

Hydrologic Model
A hydrologic model used to simulate the timing and 

magnitude of streamflow for the Stoney Brook watershed 
was constructed using the U.S. Army Corps of Engineers 
Hydrologic Engineering Center–Hydrologic Modeling System 
(HEC–HMS) version 4.3 computer program, which was 
designed to simulate the precipitation-runoff processes of 
dendritic watershed systems (U.S. Army Corps of Engineers, 
2018). The HEC–HMS model was calibrated to two observed 
substantial rainfall events that produced flooding within the 
watershed. The calibrated HEC–HMS model was then used 
to produce probabilistic frequency rainfall events of 24-hour 
duration for simulating channel modification alternatives (refer 
to “Channel Modification Used for Alternatives” section). 
Output hydrographs from the HEC–HMS model were used 
as inputs for the hydraulic model (refer to “Hydraulic Model” 
section).

The HEC–HMS model was constructed with the 
Hydrologic Engineering Center–Geospatial Hydrologic 
Modeling System (HEC–GeoHMS) (Fleming and Doan, 2013) 
version 10.2, which is used within a geographic information 
system to build the model framework and to estimate initial 
model parameters. A 1-meter DEM (Minnesota Department 
of Natural Resources, 2020) was obtained and resampled to 
3-meter resolution to reduce the jaggedness of the delineated 
flowlines, which can increase their total lengths. Through 
HEC–GeoHMS, the 3-meter DEM was used to delineate the 
77.9-mi2 watershed into 14 subwatersheds (fig. 2) to serve as a 
basic unit for parameter assignment and to segment the stream 
network for the hydraulic model boundary conditions.

Table 2.  Major lakes within the Stoney Brook watershed study area.

[mi2, square mile; NAVD 88, North American Vertical Datum of 1988]

Lake number 
(fig. 1)

Lake name
Surface area 

(acres)
Drainage area 

(mi2)
Outlet structure

Wild rice  
production

1 Perch Lake 650 7.8 Concrete gated outlet Yes
2 Jaskari Lake 77 8.8 None Yes
3 Rice Portage Lake 148 21.4 Concrete gated outlet Yes
4 Miller (Mud) Lake 157 1.1 None Yes
5 Deadfish Lake 77 25.9 Concrete gated outlet Yes
6 Upper Deadfish Impoundment 330a 14.5 Concrete gated outlet No
7 Hardwood Lake 59 1.0 None No
8 Bang (Long) Lake 60 2.7 None No
9 Lost Lake 137 1.3 None No
10 Torch Light Lake 126 0.6 None No

aSurface area at 1,301.5-foot pool elevation above NAVD 88.
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Figure 2.  Digital elevation map and hydrologic and hydraulic model components for the study area. Digital elevation data from 
Minnesota Department of Natural Resources (2020). [HEC–RAS, Hydrologic Engineering Center—River Analysis System]
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Precipitation Data and Distribution

To simulate a precipitation runoff event, hydrologic 
models need accurate temporal and spatial precipitation 
data for the watershed. Next Generation Weather Radar 
(NEXRAD) Multi-sensor Precipitation Estimator precipitation 
data from the National Weather Service were used for the 
hydrologic model (National Oceanic and Atmospheric 
Administration, 2022). The NEXRAD dataset provided 
complete spatial coverage of the watershed in hourly 
increments and 2-kilometer grid resolution that was read 
directly into HEC–HMS.

Precipitation Losses

Precipitation losses account for the hydrologic processes 
such as storage losses and subsurface infiltration. The Soil 
Conservation Service Curve Number (CN) method was used 
to simulate precipitation losses for single rainfall events; CNs 
were applied to each subwatershed according to the TR–55 
methodology (Natural Resources Conservation Service, 1986), 
which uses hydrologic soil type, land use, land treatment, 
and antecedent runoff conditions. Composite CNs for each 
subwatershed were determined through HEC–GeoHMS by 
using spatial data from the Soil Survey Geographic database 
(U.S. Department of Agriculture, 2021) and the 2016 National 
Land Cover Database (Dewitz, 2019).

The CNs are divided into three classes based on 
antecedent runoff conditions: CN(I) for dry soil conditions, 
CN(II) for average soil moisture conditions, and CN(III) for 
saturated soil conditions (Natural Resources Conservation 
Service, 2004). The HEC–GeoHMS derived CNs were for 
CN(II). The CN(I) and CN(III) were used as the lower and 
upper CN ranges in HEC–HMS model calibration. The CN(I) 
and CN(III) can be computed from CN(II) with the following 
equations (Chow and others, 1988):

                              CN(I) ​= ​ 4.2CN​(II)​  ______________  10 − 0.58CN​(II)​� (1)

                              CN(III) ​= ​ 23CN​(II)​  ______________  10 + 0.13CN​(II)​� (2)

Precipitation Transformation

During a rainfall event, runoff is simulated as the amount 
of precipitation that exceeds soil infiltration rates, surface 
storage availability, and tree canopy interception in each 
time-step of the model simulation. The runoff is transformed 
into a hydrograph representing the direct runoff from a 
rainfall event by using the Clark (1945) unit-hydrograph 

method. The HEC–HMS model requires two parameters 
for this unit hydrograph method, time of concentration (Tc) 
and a storage coefficient (R). The Tc is the time of travel it 
takes for precipitation runoff to propagate from the most 
distant point in a watershed or subwatershed to its outlet. The 
storage coefficient, R, is used to account for storage within the 
floodplain such as wetlands, reservoirs, and backwater areas 
that can produce flood-wave attenuation. Initial Tc estimates 
were calculated using the TR–55 methodology (Natural 
Resources Conservation Service, 1986). A dimensionless ratio 
R/(Tc+R) has been determined to be consistent for watersheds 
on a regional basis (U.S. Army Corps of Engineers, 1994). The 
storage coefficient R values were set to the initial Tc values for 
the subwatershed and further adjusted during calibration.

Base-Flow Method

The recession base-flow method (Chow and others, 
1988; U.S. Army Corps of Engineers, 2018) was used to 
simulate base flow within the watershed. For this method 
the HEC–HMS model needed three parameters: initial 
base flow, recession constant, and the base-flow-threshold 
ratio to peak constant. The initial base flow was applied to 
the subwatersheds so that the cumulative base-flow values 
simulated observed initial flows at the USGS station 04021520 
during the calibration events. The recession constant 
represents the rate at which base flow recedes following a 
rainfall event. The base-flow-threshold ratio to peak constant 
distinguishes when to begin base flow on the receding limb of 
the hydrograph. These parameters were estimated and further 
adjusted during model calibration.

Channel Routing

Channel routing was conducted through an unsteady flow 
2D hydraulic modeling program, Hydrologic Engineering 
Center–River Analysis System (HEC–RAS), which routes 
flow using the shallow water equations described in the 
“Hydraulic Model” section. This modeling approach was 
chosen instead of hydrologic routing methods available in 
HEC–HMS to better represent floodplain storage and lower 
flow velocities in low gradient streams (U.S. Army Corps of 
Engineers, 2021). Thus, model calibration for the HEC–HMS 
and HEC–RAS models were done simultaneously as an 
interactive process.

Hydraulic Model
An unsteady flow 2D hydraulic model was used to 

simulate in-channel streamflows and water levels in the 
lakes (fig. 2). Gate operations at the lake outlets were 
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also incorporated to the model. The hydraulic model was 
constructed using the U.S. Army Corps of Engineers modeling 
program HEC–RAS version 6.4.1 (U.S. Army Corps of 
Engineers, 2023) and calibrated to the same historical rainfall 
events as the HEC–HMS model. The calibrated HEC–RAS 
model was then used to analyze the effects of proposed 
channel modification alternatives.

Elevation Data

A lidar-derived 1-meter DEM and surveyed cross sections 
were used for the elevation data in the HEC–RAS model. The lidar 
data were collected May 3–June 2, 2011, by Woolpert Incorporated 
(Minnesota Department of Natural Resources, 2020). The lidar data 
have a vertical accuracy root mean squared error of 5.0 centimeters 
in the “open terrain” land cover category and a fundamental vertical 
accuracy of 9.8 centimeters at a 95-percent confidence interval 
(Minnesota Department of Natural Resources, 2020), which 
meets USGS lidar base specifications (Heidemann, 2012). The 
horizontal accuracy is 3.8 ft at the 95-percent confidence level. 
Channel survey data were collected during the Natural Resources 
Conservation Service (2009) study. From the fall of 2005 to the 
spring of 2006, the survey grade Global Positioning System was 
used to survey channel cross-sections, culvert crossings, and lake 
outlet structures. The channel cross-sections were surveyed at 
500-ft intervals along Stoney Brook and Deadfish Tributary (fig. 1; 
Natural Resources Conservation Service, 2009).

Model Geometry

The HEC–RAS model consisted of a 2D mesh covering 
13.5 mi2 of the watershed, and storage areas representing Perch 
Lake, Jaskari Lake, Rice Portage Lake, Deadfish Lake, and 
the Upper Deadfish Impoundment (fig. 2). The 2D mesh had 
20- to 40-ft cells in the stream channels to capture the channel 
geometry and bank spoils. Larger 200-ft cells were used on 
the expansive floodplain where there were few features that 
needed to be represented in the mesh. Breaklines also were 
incorporated into the mesh to align cell faces to abrupt changes 
in terrain such as bank spoils, elevated road surfaces, and other 
terrestrial obstructions to flow. Culverts and gate-controlled 
lake outlets were incorporated in the HEC–RAS model as “2D 
connections.” The hydraulic model consisted of nine culvert 
crossings and four gate-controlled structures at lake outlets. 
Culvert and gate structure geometries were obtained from 
Natural Resources Conservation Service (2009).

Energy-Loss Factors

Hydraulic analyses require the estimation of energy losses 
that result from frictional flow resistance. These energy losses 
are quantified by the Manning’s roughness coefficient (n-value; 

Chow, 1959). Initial (pre-calibration) n-values from the Fond du 
Lac Water Management Project (Natural Resources Conservation 
Service, 2009) were used for channel areas, whereas n-value ranges 
for overland areas were based on land classifications from the 2016 
National Land Cover Database and typical n-value ranges for land 
classifications (U.S. Army Corps of Engineers, 2020). A channel 
n-value of 0.05 was used in Natural Resources Conservation 
Service (2009) because the ditched streams contained logs, heavy 
vegetation, woody debris, and numerous beaver dams. During the 
HEC–RAS model calibration for this study, an n-value of 0.045 
was determined to best replicate the observed hydrographs from 
the USGS streamgage 04021520. The calibrated n-values for the 
overland areas ranged from 0.02 for impervious surfaces (such as 
roads) to 0.1 for dense evergreen forests and woody wetlands.

Boundary Conditions

Flow hydrographs from the HEC–HMS model were 
used as the upstream boundary condition, and normal depth 
was used as the downstream boundary condition in the 
HEC–RAS model. The normal depth slope of 0.00075 foot 
per foot was calculated from the average slope of the channel 
bottom at the downstream boundary of the study area. The 
HEC–HMS model simulated flow hydrographs for the 14 
subwatersheds delineated within the study area. The HEC–
HMS subwatershed flow hydrographs were used as upstream 
boundary conditions for the outer areas of the 2D mesh 
that were adjacent to a subwatershed outlet. The remaining 
subwatershed flow hydrographs were incorporated inside the 
mesh as a lateral inflow or at a storage area if the storage area 
was located at a subwatershed outlet.

Model Calibration

Calibration of the HEC–HMS and HEC–RAS models 
was an interactive process of simultaneously calibrating both 
models and the gate operations at the lake outlets. During 
calibration, CNs, Tc, storage coefficient R, and base-flow 
parameters were adjusted in the HEC–HMS model. The CNs 
governed how much precipitation was converted to direct 
runoff. The Tc parameter affected the timing of the hydrograph 
and the storage coefficient R affected hydrograph attenuation. 
The base-flow parameters affected the initial flow values at 
the start of the simulation and the location of the inflection 
point on the receding limb of the hydrograph as the slope of 
the hydrograph after the inflection point. Manning n-values 
were adjusted to calibrate the HEC–RAS model and primarily 
affected water-surface elevations (WSEs) and hydrograph 
attenuation.

The models were calibrated to two historical rainfall 
events occurring April 2008 and June 2012. Both rainfall 
events produced flows ranked in the top seven peak flows 
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for the USGS station 04021520 (table 3). Other historical 
rainfall events were considered for calibration but could not 
be replicated accurately with the HEC–HMS model because 
rainfall occurred during spring thaw while the snowpack was 
still melting or the events consisted of multiple rainfall events 
with 4- to 5-day break periods where soil moisture conditions 
were constantly changing. These conditions cannot be 
simulated by the CN precipitation loss method in HEC–HMS 
because it is unable to account for the runoff from snowmelt 
and on frozen ground. This precipitation loss method was 
designed for single event-based modeling and does not 
account for additional soil infiltration once soil conditions 
change between rain events.

Observed streamflow hydrographs and select stage 
hydrographs from the USGS station 04021520, located near 
the downstream boundary of the study area, were used for 
model calibration (fig. 2 and table 3). The previous vertical 
datum of 1,280 ft above mean sea level at the streamgage 
originated from a topographic map that did not provide the 
accuracy needed to convert observed stage hydrographs to 
WSEs for model calibration. The streamgage datum was 
updated in 2022 with a Level II global navigation satellite 
system survey (Rydlund and Densmore, 2012) to an elevation 
of 1,278.11 ft above the North American Vertical Datum 
of 1988 (U.S. Geological Survey, 2023b). The streamgage 
and associated datum has been at its present location since 
May 2009, which allowed for the conversion of stage 
hydrographs to WSEs from this date onward. Therefore, 
observed WSEs from USGS station 04021520 were used 
in model calibration for the June 2012 event but could not 
be used for the April 2008 event because it predated the 
current location of the streamgage and its associated datum. 
Lake levels at the outlet control structures were periodically 
measured by FDLB staff and could be converted to WSEs by 
using established elevations at the outlet control structures. 
Lake-level measurements were made during the June 2012 
events that captured peak conditions and were used for model 

calibration. These peak conditions were not measured during 
the April 2008 event and only observed streamflow from the 
USGS station 04021520 was used to calibrate this event.

The April 2008 event produced about 2.5 in. of rainfall 
on the watershed according to the cumulative Multi-sensor 
Precipitation Estimator precipitation from the NEXRAD 
dataset (National Oceanic and Atmospheric Administration, 
2022). The University of Minnesota’s Cloquet Forestry Center 
is approximately 5 mi east of the study area (not shown) 
and has recorded daily weather data including temperature, 
precipitation totals, and snowpack depth since 1912 that meets 
the data collection standards from NOAA. These records 
indicate that the winter snowpack did not completely melt 
until April 14, 2008, which is only 7 days prior to the rainfall 
event that was modeled (Cloquet Forestry Center, 2021). 
The recent snowmelt would indicate that the antecedent 
soil moisture was under saturated conditions, which likely 
contributed to higher runoff than expected from a 2.5-in. 
rainfall event.

The June 2012 event produced substantial rainfall 
amounts in Carlton and St. Louis Counties of 7 in. or greater 
during June 19–20, causing severe flooding to the area (Czuba 
and others, 2012). The flooding caused extensive damages 
to homes, businesses, and infrastructure—including dams 
and flood-control structures (Czuba and others, 2012). This 
event produced the peak-of-record for the USGS streamgage 
04021520 with a peak flow of 1,170 cubic feet per second 
(ft3/s) (table 3; U.S. Geological Survey, 2023a). The extreme 
rainfall also had a negative effect on the rice lakes within 
the Stoney Brook watershed by uprooting young rice plants 
that were in the vulnerable floating leaf stage because of the 
sudden increase in water levels (Hedin, 2021).

Model calibration was completed by adjusting model 
parameters between the hydrologic and hydraulic models 
(CNs, Tc, R, and Manning n-values) until the hydraulic 
computations at Pine Drive bridge (fig. 2) closely agreed with 
the observed hydrograph characteristics from USGS station 
04021520 (figs. 3 and 4). The simulated peak flow of 471 ft3/s 

Table 3.  Seven highest peak flow events at the U.S. Geological Survey streamgage Stoney Brook at Pine Drive near Brookston, 
Minnesota (station 04021520).

[ft, foot; ft3/s, cubic foot per second; site information from U.S. Geological Survey (2023a)]

Date
Streamgage height 

(ft)
Peak flow 

(ft3/s)

June 21, 2012 12.36 1,170
April 16, 2023 10.19 722
May 2, 2013 8.62 552
March 17, 2016 8.08 496
May 2, 2014 8.08 496
April 8, 2020 7.72 430
April 27, 2008 7.70 453
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for the April 2008 event was 18 ft3/s (about 4 percent) higher 
than the observed peak flow of 453 ft3/s, and the simulated 
peak flow of 1,380 ft3/s for the June–July 2012 event was 
210 ft3/s (about 18 percent) higher than the observed peak 
flow of 1,170 ft3/s at the USGS station 04021520 (table 4). 
Peak WSEs from lake-level measurements provided additional 
calibration locations for the June 2012 event, and the 
differences from observed and simulated peak WSEs ranged 
from −0.27 to 0.20 ft (table 5). The June 2012 flood caused 
an outage at USGS station 04021520, and the streamgage did 
not record data for 5 days near the peak flow of the event, so 
there is some uncertainty with the observed peak values during 
this event. Nonetheless, final calibration results indicated the 
model simulations can replicate observed hydrographs and 
lake levels with acceptable accuracy (figs. 3 and 4).

The Nash-Sutcliffe efficiency (NSE) coefficient (Nash 
and Sutcliffe, 1970) and percentage bias (PBIAS; Gupta 
and others, 1999) statistics were used to assess model fit. 
The NSE measures the relative magnitude of the residual 
variance compared to the measured data variance. Values of 
NSE can vary from –∞ to 1 (where ∞ represents infinity). 

Values of 1 correspond to a perfect match between simulated 
and observed time series, whereas values of 0 or less indicate 
that the average of the observed values is a better predictor 
than the simulated values. The NSE of the two calibration 
events using the USGS station 04021520 streamflow data 
was 0.93 for the April 2008 event and 0.84 for the June 2012 
event (table 4), indicating a good to excellent model fit 
(Moriasi and others, 2007). The PBIAS measures the average 
tendency of the simulated data to be larger or smaller than 
the observed data. The optimal value for PBIAS is 0 with 
low absolute percentage bias, indicating accurate model 
simulation. Positive values indicate a model underestimation 
bias, whereas negative values indicate a model 
overestimation bias. The calibration events at the USGS 
station 04021520 yielded PBIAS values of 0.47 percent for 
the April 2008 event and 6.74 percent for the June 2012 
event (table 4), indicating a good to excellent model fit 
(Moriasi and others, 2007). The calibration results and model 
evaluation statistics demonstrate that the hydrologic and 
hydraulic models can simulate accurate water levels and flow 
in the study area.
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Channel Modification Used for 
Alternatives

The calibrated hydrologic and hydraulic models were 
used to simulate hypothetical channel modification alternatives 
intended to improve flow conveyances and storage and 
wetland coverage within the floodplain. Terrain modifications 
were made in the hydraulic model to reconnect areas of the 
floodplain that were negatively affected by the ditching and the 
bank spoils the ditching produced. These terrain modifications 
include breaches in the bank spoils, reconnecting the original 
channel to Stoney Brook, and clearing the original channel of 
soil deposition and debris.

Three breaches to the bank spoils were made along 
Stoney Brook (fig. 2) to reconnect Stoney Brook to the 
floodplain and not confine flows within the ditching and bank 
spoils. Two of the bank spoil breaches were placed on the 
upstream end of Wetland Areas 1 and 2 (fig. 2) to allow flow 
to leave the Stoney Brook channel and enter the wetland areas 
of interest, which are further described in the “Results for 
Channel Modification Alternatives” section. These breaches 
were about 2,000 ft in length in areas where the meander 
belt of the original channel closely parallels Stoney Brook. 
A meander belt is an area across an alluvial valley in which a 

stream periodically shifts its channel to form meander loops 
and bends (Fisk, 1944). These locations provided connectivity 
to the low-lying areas near the original channel meander belt 
and to the locations where the course of the original channel 
begins to deviate from Stoney Brook. A third spoil breach was 
created about 3,600 ft upstream from the Pine Drive bridge. 
This breach was about 500 ft in length and connects Stoney 
Brook to a small area near the original channel meander belt.

The original channel was reconnected to Stoney Brook 
by means of the breaches, and it was cleared of silt and 
debris deposition, and furnished with additional culverts at 
road crossings. With the main source of flow having been 
diverted from the original channel, it has become silted-in 
and full of debris (Hedin, 2021). Two large segments of the 
original channel (fig. 2) were modified into the DEM with 
a 6-ft channel bottom and 3:1 (horizontal to vertical) side 
slope that covers a similar footprint to the original channel. 
Profiles of the terrain elevation were used to give the original 
channel a similar slope to pre-existing ditching conditions. 
Two 3.5-ft diameter pipe culverts on the original channel 
and adjacent to the first bridge replaced a 1.5-ft arching pipe 
culvert to allow more flow to cross the bridge site into the 
original channel. Two additional 2.5-ft diameter pipe culverts 
were also incorporated adjacent to the second bridge on the 
original channel.

Table 4.  Observed and simulated peak flow and model performance statistics (Nash-Sutcliffe efficiency and percentage bias) at the 
U.S. Geological Survey streamgage Stoney Brook at Pine Drive near Brookston, Minnesota (station 04021520).

[ft3/s, foot per second; NSE, Nash-Sutcliffe efficiency (Nash and Sutcliffe, 1970); PBIAS, percentage bias; information from U.S. Geological Survey (2023b) 
and Cigrand (2024)]

Calibration event
Observed peak flow 

(ft3/s)
Simulated peak flow 

(ft3/s)
Difference1 

(ft3/s)
NSE

PBIAS 
(percent)

April 2008 453 471 18 0.93 0.47
June 2012 1,170 1,380 210 0.84 6.74

1Difference equals simulated value minus observed value.

Table 5.  Observed and simulated peak water-surface elevations for the June–July 2012 calibration event at the U.S. Geological Survey 
streamgage Stoney Brook at Pine Drive near Brookston, Minnesota (station 04021520) and lake outlet structures.

[WSE, water-surface elevation (feet above the North American Vertical Datum of 1988); ft, foot; USGS, U.S. Geological Survey; information from U.S. 
Geological Survey (2023b) and Cigrand (2024)]

Location
Observed peak WSE 

(ft)
Simulated peak WSE 

(ft)
Difference1 

(ft)

Stoney Brook at Pine Drive near Brookston, Minnesota 1,290.45 1,290.50 0.05
Deadfish Lake 1,295.29 1,295.02 −0.27
Perch Lake 1,297.36 1,297.52 0.16
Rice Portage Lake 1,296.52 1,296.46 −0.06
Upper Deadfish Impoundment 1,301.40 1,301.60 0.20

1Difference equals simulated value minus observed value.
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Five checkdams were added to the terrain to enable 
a flow diversion from the main channel to the original 
channel and to pool areas in the original channel. Two of the 
checkdams were added in the main channel (Stoney Brook) 
immediately downstream from bank spoil breach locations 
for Wetland Areas 1 and 2 (fig. 2). These checkdams were set 
to an elevation 1 ft below the spoil breach elevation to allow 
normal flow in the main channel during base-flow conditions 
but can propagate flow into the original channel during rainfall 
runoff conditions. Three additional checkdams were placed in 
Wetland Areas 1 and 2 in the original channel (fig. 2). These 
checkdams elevations were set to the top of bank and used to 
pool water in the original channel.

To analyze the channel modifications under a range of 
precipitation intensities, frequency rainfall events of 24-hour 
duration were produced from the hydrologic model for  
1-, 2-, 5-, and 10-year annual recurrence intervals (100-, 50-, 
20-, and 10-percent annual exceedance probability; table 6). 
The NOAA Atlas 14 partial duration series was used for 
the frequency rainfall estimates (Perica and others, 2013). 
Hydrologic model outputs of simulated flow hydrographs for 
the frequency rainfall events under CN(II) were incorporated 
in the hydraulic model as boundary conditions. The hydraulic 
model simulated the four frequency rainfall events for each 
of the four channel modification alternatives. The simulations 
covered a 20-day period to allow the precipitation runoff 
to route through the watershed and for the flow to return to 
base-flow conditions and lake-water levels to recede.

Results for Channel Modification Alternatives

Six distinct areas were used in the model to evaluate 
the effects from the channel modification alternatives. One 
area is a large portion of the Stoney Brook watershed, 
which is referred to as the “Lower Stoney Brook” and is 
bounded by the outlets of Rice Portage Lake and Deadfish 
Lake as the upstream extent and the Pine Drive bridge as the 
downstream extent (fig. 2). The other five areas are Deadfish 

Lake, Pine Drive bridge, Rice Portage Lake, Wetland Area 
1, and Wetland Area 2 (fig. 2). Deadfish Lake, Rice Portage 
Lake, and Pine Drive bridge provided areas to assess if the 
channel modification alternatives increase flow conveyances 
or attenuate flow through the watershed. Wetland Areas 1 and 
2 are areas of interest to FDLB for the potential to restore 
or enhance wetland areas and because they are areas of the 
alluvial valley associated with the original channel that are 
most disconnected from the ditching that rerouted Stoney 
Brook. The Lower Stoney Brook Area provides a larger extent 
for any cumulative additions to wetland coverage with the 
channel modification alternatives.

Effects of Channel Modification Alternatives on 
Deadfish and Rice Portage Lake Levels

For each of the four frequency rainfall events  
(1-, 2-, 5-, and 10-year recurrence intervals), the simulated 
event peak WSEs and ending WSEs at Deadfish Lake and Rice 
Portage Lake were assessed. These are the bounding lakes to 
the alternative scenarios that were simulated on the Lower 
Stoney Brook Area (fig. 2) where substantial increases of peak 
WSEs could be detrimental to rice yields. The remaining lakes 
are located farther upstream where effects from the alternative 
scenarios were not substantial. The simulated results of 
Deadfish Lake and Rice Portage Lake had small differences 
of peak WSEs from the alternative scenarios and existing 
conditions ranging from −0.09 to 0.03 ft (figs. 5 and 6; table 7). 
For WSEs at the end of the 20-day simulated scenarios, both 
lakes had higher WSEs under the alternative scenarios, with 
Deadfish Lake varying from 0.34 to 0.73 ft and Rice Portage 
Lake varying from 0.04 to 0.13 ft (figs. 5 and 6; table 7) higher 
than existing conditions. These results demonstrated that the 
lakes would take longer to draw down with the alternative 
scenarios, especially water levels in Deadfish Lake that had 
increasingly longer drawdown periods for the lower recurrence 
interval rainfall events when compared to the existing 
conditions scenario.

Table 6.  National Oceanic and Atmospheric Administration Atlas 14 precipitation-frequency estimates of 24-hour rainfall duration for 
the Stoney Brook watershed (Perica and others, 2013).

Frequency rainfall events of 24-hour duration
Precipitation total 

(inches)

1-year recurrence interval 2.29
2-year recurrence interval 2.65
5-year recurrence interval 3.30
10-year recurrence interval 3.88
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Figure 5.  Water-surface elevations on Deadfish Lake for channel modification alternatives and existing conditions during 
24-hour duration for 1-, 2-, 5-, and 10-year recurrence interval rainfall events. A, 1-year recurrence interval rainfall event. B, 
2-year recurrence interval rainfall event. C, 5-year recurrence interval rainfall event. D, 10-year recurrence interval rainfall event. 
Data available in Cigrand (2024).
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Figure 6.  Water-surface elevations on Rice Portage Lake for channel modification alternatives and existing conditions during 
24-hour duration for 1-, 2-, 5-, and 10-year recurrence interval rainfall events. A, 1-year recurrence interval rainfall event. B, 
2-year recurrence interval rainfall event. C, 5-year recurrence interval rainfall event. D, 10-year recurrence interval rainfall event. 
Data available in Cigrand (2024).
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Table 7.  Peak water-surface elevations and water-surface elevations at the end of the 20-day simulated period on Deadfish Lake 
and Rice Portage Lake for channel modification alternatives and existing conditions during 24-hour duration for 1-, 2-, 5-, and 10-year 
recurrence interval rainfall events. Data available in Cigrand (2024).

[WSE, water-surface elevation (feet above the North American Datum of 1988); ft, foot; --, no data]

Lake Scenario
Peak WSE 

(ft)
Difference1 

(ft)

WSE at the end of 
20-day event 

(ft)

Difference1 
(ft)

1-year recurrence interval rainfall event

Deadfish Existing conditions 1,292.48 -- 1,287.69 --
Original channel 1,292.46 −0.02 1,288.31 0.62
Original channel with bank spoil breach 1,292.44 −0.04 1,288.42 0.73
Bank spoil breach 1,292.46 −0.02 1,288.42 0.73

Rice Portage Existing conditions 1,293.84 -- 1,291.62 --
Original channel 1,293.86 0.02 1,291.66 0.04
Original channel with bank spoil breach 1,293.85 0.01 1,291.70 0.08
Bank spoil breach 1,293.85 0.01 1,291.70 0.08

2-year recurrence interval rainfall event

Deadfish Existing conditions 1,292.52 -- 1,288.16 --
Original channel 1,292.48 −0.04 1,288.61 0.45
Original channel with bank spoil breach 1,292.45 −0.07 1,288.69 0.53
Bank spoil breach 1,292.48 −0.04 1,288.70 0.54

Rice Portage Existing conditions 1,294.75 -- 1,291.92 --
Original channel 1,294.78 0.03 1,291.98 0.06
Original channel with bank spoil breach 1,294.76 0.01 1,291.98 0.06
Bank spoil breach 1,294.77 0.02 1,291.99 0.07

5-year recurrence interval rainfall event

Deadfish Existing conditions 1,293.42 -- 1,288.32 --
Original channel 1,293.38 −0.04 1,288.73 0.41
Original channel with bank spoil breach 1,293.35 −0.07 1,288.79 0.47
Bank spoil breach 1,293.39 −0.03 1,288.79 0.47

Rice Portage Existing conditions 1,294.67 -- 1,292.04 --
Original channel 1,294.69 0.02 1,292.09 0.05
Original channel with bank spoil breach 1,294.67 0.00 1,292.09 0.05
Bank spoil breach 1,294.69 0.02 1,292.09 0.05

10-year recurrence interval rainfall event

Deadfish Existing conditions 1,293.85 -- 1,288.75 --
Original channel 1,293.79 −0.06 1,289.09 0.34
Original channel with bank spoil breach 1,293.76 −0.09 1,289.12 0.37
Bank spoil breach 1,293.80 −0.05 1,289.10 0.35

Rice Portage Existing conditions 1,295.09 -- 1,292.49 --
Original channel 1,295.12 0.03 1,292.62 0.13
Original channel with bank spoil breach 1,295.10 0.01 1,292.54 0.05
Bank spoil breach 1,295.12 0.03 1,292.60 0.11

1Difference equals simulated value minus observed value.
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Effects of Channel Modification Alternatives on 
Channel Conveyances

For each of the four frequency rainfall events  
(1-, 2-, 5-, and 10-year recurrence intervals), peak flows and 
hydrograph volume accumulation were assessed to quantify 
flow restoration/reconnection and conveyance in the original 
channel at reference locations in Wetland Area 1, Wetland 
Area 2, and Stoney Brook at the Pine Drive bridge (fig. 2). To 
visualize streamflow velocities and flow paths of the channel 
modification alternatives, a comparison of graphical model 
outputs for the 1-year recurrence interval rainfall event for the 
existing conditions and the original channel reconnection with 
bank spoil breach alternatives is shown in figure 7. The intent 
was to better evaluate effects of alternatives on flow velocity 
at the original channel reconnection and bank spoil breach 
locations for Wetland Area 1 and Wetland Area 2 because of 
a frequency rainfall event that is lower in magnitude and with 
less predominate overbank flows.

For the Wetland Area 1 comparison, the channel 
modification alternative had a small increase in flow velocity, 
which is distinguished by the higher concentration of velocity 
vectors (white colored vectors in figure 7) in the area where 
flow is overtopping the bank spoil breach. In contrast, the 
existing conditions had an increase in flow velocity in the 
main channel of Stoney Brook where flow is substantially 
constricted within the bank spoils. No differences were 
noticeable in extent of inundated area at this location for the 
alternative and existing conditions. Wetland Area 1 could 
prove challenging to establish flow gradients if more flow 
was routed through the original channel. In Wetland Area 
1 the original channel has an exceptionally low gradient 
(0.30 foot per mile) downstream from the first bridge (fig. 7), 
and the alluvial valley is not as pronounced. Alternatively, 
the main channel of Stoney Brook is more than 3 ft lower in 
elevation than the original channel immediately downstream 
from the first bridge and is exemplified by the higher bank 
spoils (fig. 7), which correlates to a greater amount of ditch 
excavation in this section of ditching. For the Wetland Area 
2 comparison, the channel modification alternative had an 
increase in flow velocity and a smaller extent of inundation 
(less backwater) than the existing conditions in the overbank 
area near the checkdam. The increase in velocity and smaller 
extent of inundation at the flow diversion for Wetland 
Area 2 was an indication of less backwater and improved 
conveyance with the channel modification alternatives, 
whereas conveyance improvements were less pronounced at 
the Wetland Area 1 channel diversion.

Wetland Area 1 received peak flows ranging from  
1.10 to 29.7 ft3/s for 1-, 2-, 5-, and 10-year recurrence intervals 
and hydrograph volume accumulations ranging from  
2.88 to 275 acre-feet (acre-ft) for the existing conditions 
scenario (table 8; fig. 8). The original channel reconnection 
with and without the bank spoil breach alternatives had the 
largest increases from existing conditions with peak flows 
ranging from 2.37 to 40.5 ft3/s and hydrograph volume 
accumulations ranging from 9.10 to 415 acre-ft (fig. 8; 
table 8). The bank spoil breach alternative also showed 
increases in peak flows ranging from 2.07 to 35.9 ft3/s and 
8.67 to 358 acre-ft in hydrograph volume accumulations 
(fig. 8; table 8) from existing conditions. Although there is not 
a high rate of flow going to Wetland Area 1 (especially for the 
lower recurrence interval rainfall events), the relative increase 
in flows with the channel modification alternatives could be 
considered substantial when compared to flows with existing 
conditions, and the increase in volume accumulations are more 
pronounced for the channel modification alternatives.

Wetland Area 2 received peak flows ranging from  
14.9 to 89.2 ft3/s for 1-, 2-, 5-, and 10-year recurrence intervals 
and hydrograph volume accumulations ranging from 124 to 
646 acre-ft for the existing conditions scenario (fig. 9; table 8). 
The original channel reconnection alternative showed the 
largest increase in peak flows ranging from 41.1 to 128 ft3/s 
and hydrograph volume accumulations ranging from  
269 to 1,070 acre-ft from existing conditions (fig. 9; table 8). 
The original channel reconnection with bank spoil breach 
alternative also resulted in increases from existing conditions 
with peak flows ranging from 35.9 to 125 ft3/s and 201 to 
960 acre-ft in hydrograph volume accumulations (fig. 9; 
table 8). The bank spoil breach alternative results indicated 
decreases in peak flows and volume accumulations from 
existing conditions with peak flows ranging from 12.6 to 
85.4 ft3/s and 76.9 to 559 acre-ft in hydrograph volume 
accumulations (fig. 9; table 8). Wetland Area 2 had substantial 
increases in peak flow and volume accumulations with 
the original channel reconnection and the original channel 
reconnection with bank spoil breach.

The Pine Drive bridge location was assessed for the 
channel modification alternatives. All simulated probabilistic 
precipitation events and channel modification alternatives 
produced greater peak flows at the Pine Drive bridge 
location than the existing conditions but did not exceed a 
2-percent difference from the existing conditions (fig. 10; 
table 8). The results demonstrate there are little conveyance 
improvements at the Pine Drive bridge with the channel 
modification alternatives for 1-, 2-, 5-, and 10-year recurrence 
intervals events.
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Figure 7.  Simulated streamflow velocity vectors (white colored vectors in the figure) near the original channel 
reconnections and spoil breaches at Wetland Area 1 and Wetland Area 2 during a 1-year recurrence interval rainfall 
event. A, Upstream from Wetland Area 1 with existing conditions. B, Upstream from Wetland Area 1 with the original 
channel reconnection and spoil breach alternative. C, Upstream from Wetland Area 2 with existing conditions. D, 
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18    Assessment of Effects of Channelization Mitigation Alternatives of Stoney Brook, Carlton and St. Louis Counties, Minnesota

Table 8.  Peak flows and volume accumulations at discrete locations for channel modification alternatives and existing conditions 
during 24-hour duration for 1-, 2-, 5-, and 10-year recurrence interval rainfall events. Data from Cigrand (2024).

[ft3/s, cubic foot per second; acre-ft, acre-feet; --, no data]

Area Scenario

1-year recurrence 
interval rainfall event

2-year recurrence 
interval rainfall event

5-year recurrence 
interval rainfall event

10-year recurrence 
interval rainfall event

Peak 
flow 
(ft3/s)

Volume 
(acre-ft)

Peak 
flow 
(ft3/s)

Volume 
(acre-ft)

Peak 
flow 
(ft3/s)

Volume 
(acre-ft)

Peak 
flow 
(ft3/s)

Volume 
(acre-ft)

Lower Stoney 
Brook1

Existing conditions 449 -- 490 -- 706 -- 848 --
Original channel 454 -- 493 -- 715 -- 856 --
Original channel with 

bank spoil breach
460 -- 499 -- 722 -- 864 --

Bank spoil breach 457 -- 496 -- 713 -- 849 --
Wetland 

area 1
Existing conditions 1.10 2.88 8.53 66.6 15.1 116 29.7 275
Original channel 2.37 9.57 14.6 122 22.4 190 40.5 415
Original channel with 

bank spoil breach
2.30 9.10 14.6 123 21.9 187 40.2 413

Bank spoil breach 2.07 8.67 11.9 101 18.3 157 35.9 358
Wetland 

area 2
Existing conditions 14.9 124 17.0 166 50.5 376 89.2 646
Original channel 41.1 269 43.3 356 90.3 710 128 1,070
Original channel with 

bank spoil breach
35.9 201 38.3 275 85.9 609 125 960

Bank spoil breach 12.6 76.9 13.8 103 47.1 302 85.4 559

1Lower Stoney Brook flow location is at the Pine Drive bridge.
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Figure 8.  Wetland Area 1 flows for channel modification alternatives and existing conditions with 24-hour duration for 1-, 2-, 5-, 
and 10-year recurrence interval rainfall events. A, 1-year recurrence interval rainfall event. B, 2-year recurrence interval rainfall 
event. C, 5-year recurrence interval rainfall event. D, 10-year recurrence interval rainfall event. Data from Cigrand (2024).
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Figure 9.  Wetland Area 2 flows for channel modification alternatives and existing conditions during 24-hour duration for 1-, 2-, 5-, 
and 10-year recurrence interval rainfall events. A, 1-year recurrence interval rainfall event. B, 2-year recurrence interval rainfall 
event. C, 5-year recurrence interval rainfall event. D, 10-year recurrence interval rainfall event. Data from Cigrand (2024).
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Effects of Channel Modification Alternatives 
on Floodplain Inundation Duration and Water 
Depths

For each of the four frequency rainfall events (1-, 2-, 5-, and 
10-year recurrence intervals), the inundation extent, inundation 
duration, and water-depth distribution were assessed within 
selected areas Wetland Area 1, Wetland Area 2, and the Lower 
Stoney Brook Area (fig. 2). Developed inundation duration 
categories included 0 to 3 days, greater than 3 to 7 days, greater 
than 7 to 10 days, greater than 10 to 14 days, and greater than 
14 days. Depth categories included 0 to 1 foot, greater than 1 
to 2 feet, greater than 2 to 3 feet, greater than 3 to 4 feet, and 

greater than 4 feet. The duration categories have implications in 
determining changes in wetland classification for each modeled 
scenario depending on the classification method (Minnesota 
Department of Natural Resources, 2024) used in delineating 
a wetland. The depth categories combined with the duration 
information also has implications in terms of the wetland type, 
function, and the resilience and susceptibility of the wetland to 
changes in hydrologic conditions (Minnesota Board of Water and 
Soil Resources, 2018).

The simulated floodplain dynamics from channel 
modification alternatives indicated that the results varied by 
probabilistic event, management alternative, and duration and 
depth category. The most consistent increase in total inundated 
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Figure 10.  Flows at the Pine Drive bridge for channel modification alternatives and existing conditions during 24-hour duration for 
1-, 2-, 5-, and 10-year recurrence interval rainfall events. A, 1-year recurrence interval rainfall event. B, 2-year recurrence interval 
rainfall event. C, 5-year recurrence interval rainfall event. D, 10-year recurrence interval rainfall event. Data from Cigrand (2024).
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area was achieved through the spoil breach alternative, with 
changes in duration and depth subcategories yielding highly 
variable results for each probabilistic event. The maximum 
inundation condition for many area-subcategory conditions were 
achieved under existing conditions.

Results of the 1-year recurrence interval rainfall event 
indicate that there were minor changes in overall inundation 
extent in the three selected areas between the existing conditions 
and alternatives (table 9). The change in total inundation varied 
between channel modification alternatives and area of inundation. 
The bank spoil breach alternative in Wetland Area 1 provided 
the greatest increase in total inundated area (2.68 percent) with 
remaining alternatives providing changes of −0.84 to 1.46 
depending on area and alternative. Although the overall changes 
in total inundation extent were minor, the changes in the areal 
extent by duration and depth category could be substantial 

(tables 9 and 10; figs. 11 and 12). The range in the change in 
inundation area from existing conditions by duration category 
ranged from −22.5 to 128 percent depending on duration category 
and channel modification alternative (table 9). The alternative 
providing the maximum inundation area for each duration 
category and in each area was determined. In several cases, the 
existing conditions provided the maximum inundation area. 
Similarly, the channel modification alternative providing the 
maximum inundation area by depth category varied by area and 
by depth category. The percent change in area from the existing 
conditions scenario ranged from −22.9 to 117 percent (table 10).

Results of the 2-year recurrence interval rainfall event 
indicated the changes in total inundation extent varied 
substantially by assessment area and the changes in the areal 
extent by duration and depth category also could be substantial 
(tables 11 and 12; figs. 13 and 14). The changes in overall 

Table 9.  Effects of channel alterations on inundation duration characteristics of the Stoney Creek floodplain for the 1-year recurrence 
interval rainfall event. Data from Cigrand (2024).

[>, greater than; --, no data]

Scenario
Duration category 

(days)

Inundation area

Lower Stoney Brook Wetland Area 1 Wetland Area 2

Acres
Percent change 

from existing 
condition

Acres
Percent change 

from existing 
condition

Acres
Percent change 

from existing 
condition

Existing condition >0–3 145 -- 12.0 -- 65.6 --
>3–7 247 -- 17.1 -- 93.2 --
>7–10 52.6 -- 7.80 -- 9.08 --
>10–14 23.9 -- 5.73 -- 3.77 --
>14 90.5 -- 14.4 -- 24.5 --
Total 559 -- 57.1 -- 196 --

Original channel  
reconnection

>0–3 146 0.79 9.43 −21.3 65.0 −0.81
>3–7 222 −9.80 14.5 −15.6 79.3 −15.0
>7–10 52.4 −0.40 7.03 −9.80 12.6 38.9
>10–14 29.7 24.2 4.91 −14.3 8.61 128
>14 109 20.7 21.0 45.5 33.5 36.6
Total 560 0.23 56.8 −0.42 199 1.46

Original channel  
reconnection with 
bank spoil breach

>0–3 148 2.26 9.29 −22.5 65.4 -0.20
>3–7 217 −12.1 14.0 −18.3 77.9 −16.5
>7–10 49.5 −6.05 6.08 −22.0 10.8 19.0
>10–14 26.0 8.66 4.98 −13.1 7.01 85.9
>14 113 25.4 22.8 57.8 35.7 45.4
Total 554 −0.84 57.1 0.08 197 0.31

Bank spoil breach >0–3 148 2.08 9.71 −18.9 67.5 2.99
>3–7 230 −6.83 15.0 −12.7 85.5 −8.23
>7–10 51.2 −2.70 7.01 −10.1 10.1 11.5
>10–14 28.6 19.4 6.42 12.1 6.75 79.0
>14 103 14.4 20.5 42.1 28.9 17.8
Total 561 0.42 58.6 2.68 199 1.36
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inundation extent in Wetland Area 1 were the largest for any 
probabilistic event, with an increase in total inundation area of 
13.7 percent (original channel reconnection) to 17.3 percent (bank 
spoil breach) for the channel modification alternatives relative 
to existing conditions (table 11). The changes in total inundation 
area for alternatives in Wetland Area 2 and the Lower Stoney 
Brook Area were minor (−3.61 to 1.45 percent). The change 
in inundation area again varied by duration and water depth 
category for the alternatives compared to existing conditions with 
a range of −15.6 to 55.3 percent (table 11) depending on area and 
duration category and −21.3 to 99.8 percent (table 12) depending 
on target area and depth category.

Results of the 5-year recurrence interval rainfall event 
indicated minor changes in overall inundation area by assessment 
area with greater changes by specified duration or depth category 
(table 13–14; figs. 15–16). The largest change in overall 
inundation extent was in Wetland Area 1 with an increase in 
total inundation area of 3.65 percent for the bank spoil breach 
alternative relative to existing conditions (table 13). The changes 
in total inundation area for alternatives in Wetland Area 2 and 
the Lower Stoney Brook Area relative to the existing conditions 

were negative and minor (−0.92 to −3.52 percent). The change 
in inundation area by duration and water depth category for the 
alternatives compared to existing conditions indicated a range of 
−16.7 to 47.3 percent (table 13) depending on area and duration 
category and −11.7 to 53.7 percent (table 14) depending on area 
and depth category.

Results of the 10-year recurrence interval rainfall event 
indicated the minor changes in total inundation area was positive 
in Wetland Area 1 but negative in Wetland Area 2 and the Lower 
Stoney Brook Area, whereas changes by duration and depth 
category could again be substantial (tables 15–16; figs. 17–18). 
The largest change in overall inundation extent again was in 
Wetland Area 1 with an increase in total inundation area of 6.96 
percent for the bank spoil breach alternative relative to existing 
conditions (table 15). The changes in total inundation area for 
alternatives in Wetland Area 2 and the Lower Stoney Brook 
Area were negative and minor (−0.16 to −1.77 percent). The 
change in inundation area by duration and water depth category 
for the alternatives compared to existing conditions indicated a 
range of −23.7 to 38.5 percent (table 15) depending on area and 
duration category and −17.7 to 45.5 percent (table 16) depending 

Table 10.  Effects of channel alterations on inundation depth characteristics of the Stoney Creek floodplain for the 1-year recurrence 
interval rainfall event. Data from Cigrand (2024).

[>, greater than; --, no data]

Scenario
Depth category 

(feet)

Inundation area

Lower Stoney Brook Wetland Area 1 Wetland Area 2

Acres
Percent change 

from existing 
conditions

Acres
Percent change 

from existing 
conditions

Acres
Percent change 

from existing 
conditions

Existing condition >0–1 307 -- 31.0 -- 125 --
>1–2 127 -- 10.4 -- 41.8 --
>2–3 70.5 -- 6.67 -- 10.2 --
>3–4 16.5 -- 3.07 -- 3.25 --
>4 39.4 -- 5.96 -- 16.6 --

Original channel reconnection >0–1 301 −2.00 29.4 −5.19 121 −3.34
>1–2 124 −2.39 9.82 −5.92 40.3 −3.61
>2–3 69.6 −1.22 5.14 −22.9 11.8 14.7
>3–4 21.8 32.5 5.38 75.2 6.21 91.2
>4 45.1 14.7 7.10 19.1 20.7 24.9

Original channel reconnection 
with bank spoil breach

>0–1 295 −3.87 27.7 −10.8 119 −5.45
>1–2 120 −5.77 9.00 −13.8 38.6 −7.72
>2–3 73.8 4.64 8.07 21.0 13.1 28.2
>3–4 22.1 34.2 5.32 73.2 7.03 117
>4 44.9 14.0 7.07 18.5 20.7 24.5

Bank spoil breach >0–1 307 −0.05 30.0 −3.12 127 1.44
>1–2 126 −1.05 11.3 8.61 40.3 −3.61
>2–3 73.7 4.53 8.24 23.6 11.6 13.3
>3–4 17.3 4.85 3.28 6.91 4.18 28.8
>4 39.4 −0.02 5.74 −3.77 16.9 1.74
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Figure 11.  Duration of inundation during a 1-year recurrence interval rainfall event in the Stoney Brook watershed upstream from the 
U.S. Geological Survey streamgage Stoney Brook at Pine Drive near Brookston, Minnesota (station 04021520). A, Existing conditions. B, 
Original channel reconnection. C, Original channel reconnection with bank spoil breach. D, Bank spoil breach. Data from Cigrand (2024).
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Figure 12.  Depth of inundation during a 1-year recurrence interval rainfall event in the Stoney Brook watershed upstream from the 
U.S. Geological Survey streamgage Stoney Brook at Pine Drive near Brookston, Minnesota (station 04021520). A, Existing conditions. B, 
Original channel reconnection. C, Original channel reconnection with bank spoil breach. D, Bank spoil breach. Data from Cigrand (2024).
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on area and depth category. Generally, the channel modification 
alternatives produced increases in the higher depth (3–4 ft and 
greater than 4 ft) and duration (10–14 days and greater than 
14 days) categories for the Wetland Area 1, Wetland Area 2, 
and the Lower Stoney Brook Area, which could be beneficial to 
increases in wetland coverage and floodplain storage.

Sensitivity Analysis

The sensitivity of the Stoney Brook hydraulic model 
to modifications in channel conditions was assessed by 
quantifying the differences in selected lake water-level 
conditions and floodplain inundation conditions under 
alternatives. A baseline condition using the original channel 
with bank spoil breaches for the 10-year recurrence interval 
rainfall event was modified to develop six hydraulic sensitivity 
analysis scenarios:

Table 11.  Effects of channel alterations on inundation duration characteristics of the Stoney Creek floodplain for the 2-year recurrence 
interval rainfall event. Data from Cigrand (2024).

[>, greater than; --, no data]

Scenario
Duration 
category 

(days)

Inundation area

Lower Stoney Brook Wetland Area 1 Wetland Area 2

Acres
Percent change 

from existing 
conditions

Acres
Percent change 

from existing 
conditions

Acres
Percent change 

from existing 
conditions

Existing condition >0–3 133 -- 16.8 -- 76.4 --
>3–7 301 -- 29.6 -- 116 --
>7–10 82.1 -- 16.4 -- 17.9 --
>10–14 50.3 -- 11.2 -- 6.65 --
>14 110 -- 21.0 -- 26.9 --
Total 677 -- 95.0 -- 244 --

Original channel 
reconnection

>0–3 128 −3.88 14.9 −11.4 70.7 −7.42
>3–7 284 −5.82 33.4 13.1 100 −13.4
>7–10 78.8 −4.00 17.7 7.82 18.3 1.77
>10–14 54.6 8.64 11.7 4.16 11.5 72.3
>14 136 23.2 30.3 44.3 38.5 43.0
Total 681 0.58 108 13.7 239 −1.87

Original channel  
reconnection with  
bank spoil breach

>0–3 129 −3.25 14.6 −12.7 69.7 −8.75
>3–7 276 −8.44 33.0 11.7 97.9 −15.6
>7–10 78.2 −4.75 17.6 7.59 17.8 −0.57
>10–14 49.5 −1.60 10.4 −7.32 9.10 36.8
>14 140 26.5 32.6 55.3 40.5 50.6
Total 672 −0.77 108 14.1 235 −3.61

Bank spoil breach >0–3 135 1.62 15.7 −6.20 76.6 0.32
>3–7 291 −3.45 34.8 17.6 106 −8.20
>7–10 79.6 −3.01 18.7 14.3 17.0 −5.21
>10–14 51.5 2.53 11.7 4.64 8.57 28.9
>14 130 17.4 30.4 44.7 33.2 23.4
Total 687 1.45 111 17.3 242 −0.81
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1.	 1-ft increase in the main channel checkdam height—This 
scenario increased checkdam heights in the main channel 
(Stoney Brook ditch) by 1 ft to equal the height of the spoil 
breaches.

2.	 3-ft increase in the main channel checkdam height—This 
scenario increased checkdam heights in main channel 
(Stoney Brook ditch) by 3 ft.

3.	 No additional culverts on first and second bridge—For this 
scenario, no additional culverts were added for original 
channel reconnection that was used in scenario model runs.

4.	 No checkdams in main channel—For this scenario, no 
checkdams were in the main channel.

5.	 No checkdams in all channels—For this scenario, all 
checkdams were removed from the main and original 
channels.

6.	 Decreased bank spoil breach length to 300 ft—For this 
scenario, the length of the spoil breaches was shortened 
from 2,000 to 300 ft.

The sensitivity of selected lakes to changes in channel 
characteristics was assessed by comparing peak and ending 
lake-water levels of the baseline and sensitivity analysis scenarios. 
The sensitivity of the modeled Stoney Brook floodplain conditions 
was assessed by comparing total inundation area, inundation area 
by duration category, and inundation area by depth category for the 
baseline and six sensitivity analysis scenarios.

The peak WSEs in Deadfish Lake and Rice Portage Lake 
were insensitive to almost all the sensitivity analysis scenarios 
because only the 3-ft increase to the checkdam heights in the 
main channel (change of 0.1 ft) resulted in a WSE change of 
greater than plus or minus (±) 0.05 ft (table 17). The drawdown 
of the lake-water levels was more sensitive to the channel 
modifications because the 1-ft and 3-ft increases to the checkdam 
heights in the main channel resulted in an increase for the end 
of the 20-day simulation period of lake-water levels in Deadfish 
Lake by 0.35 ft and 1.75 ft, respectively, and the increase of water 
levels in Rice Portage Lake by 0.06 ft and 0.73 ft, respectively.

Table 12.  Effects of channel alterations on inundation depth characteristics of the Stoney Creek floodplain for the 2-year recurrence 
interval rainfall event. Data from Cigrand (2024).

[>, greater than; --, no data]

Scenario
Depth 

category 
(feet)

Inundation area

Lower Stoney Brook Wetland Area 1 Wetland Area 2

Acres
Percent change 

from existing 
conditions

Acres
Percent change 

from existing 
conditions

Acres
Percent change 

from existing 
conditions

Existing condition >0–1 375 -- 57.9 -- 155 --
>1–2 164 -- 17.3 -- 56.0 --
>2–3 63.5 -- 9.39 -- 13.5 --
>3–4 35.1 -- 2.77 -- 3.71 --
>4 42.5 -- 7.61 -- 17.2 --

Original channel  
reconnection

>0–1 376 0.36 66.8 15.3 148 −4.54
>1–2 157 −4.15 18.3 5.52 50.9 −9.09
>2–3 60.4 −5.00 7.38 −21.3 14.0 3.26
>3–4 39.9 13.5 4.86 75.8 6.59 77.9
>4 50.3 18.4 10.7 40.5 21.6 25.2

Original channel  
reconnection with  
bank spoil breach

>0–1 369 −1.39 65.8 13.6 144 −6.88
>1–2 151 −7.84 16.9 −2.56 48.6 −13.3
>2–3 63.8 0.44 10.1 7.78 15.0 10.6
>3–4 40.2 14.4 4.88 76.4 7.40 99.8
>4 50.1 17.9 10.7 40.0 21.6 25.1

Bank spoil breach >0–1 383 2.31 68.8 18.7 155 −0.29
>1–2 160 −2.30 18.6 7.14 52.9 −5.59
>2–3 66.8 5.14 12.5 33.0 14.0 3.68
>3–4 36.6 4.10 3.59 29.8 4.92 32.8
>4 43.0 1.14 7.97 4.71 17.5 1.63



28    Assessment of Effects of Channelization Mitigation Alternatives of Stoney Brook, Carlton and St. Louis Counties, Minnesota

04021520 04021520

04021520 04021520

46°48'

46°46'

46°44'

46°42'

46°40'

92°38'92°40'92°42'92°44'92°46' 92°38'92°40'92°42'92°44'92°46'

46°48'

46°46'

46°44'

46°42'

46°40'

0.001 to 3
3.001 to 7

7.001 to 10
10.001 to 14

Greater than 14.001
Duration, in days

EXPLANATION

04021520
U.S. Geological Survey

streamgage and identifier

Base from U.S. Geological Survey digital data, various scales and dates
Universal Transverse Mercator zone 15 north
North American Datum of 1983

2 MILES1

1

0

0 2 KILOMETERS

Wetland
Area 1

Wetland
Area 2

Wetland
Area 1

Wetland
Area 2

Wetland
Area 1

Wetland
Area 2

Wetland
Area 1

Wetland
Area 2

AA BB

CC DD

Figure 13.  Duration of inundation during a 2-year recurrence interval rainfall event in the Stoney Brook watershed upstream from the 
U.S. Geological Survey streamgage Stoney Brook at Pine Drive near Brookston, Minnesota (station 04021520). A, Existing conditions. B, 
Original channel reconnection. C, Original channel reconnection with bank spoil breach. D, Bank spoil breach. Data from Cigrand (2024).



Channel Modification Used for Alternatives    29

04021520 04021520

04021520 04021520

0.001 to 1
1.001 to 2

2.001 to 3
3.001 to 4

Greater than 4

Water depth, in feet
04021520

U.S. Geological Survey
streamgage and identifier

46°48'

46°46'

46°44'

46°42'

46°40'

92°38'92°40'92°42'92°44'92°46' 92°38'92°40'92°42'92°44'92°46'

46°48'

46°46'

46°44'

46°42'

46°40'

EXPLANATION

Base from U.S. Geological Survey digital data, various scales and dates
Universal Transverse Mercator zone 15 north
North American Datum of 1983

2 MILES1

1

0

0 2 KILOMETERS

Wetland
Area 1

Wetland
Area 2

Wetland
Area 1

Wetland
Area 2

Wetland
Area 1

Wetland
Area 2

Wetland
Area 1

Wetland
Area 2

AA BB

CC DD

Figure 14.  Depth of inundation during a 2-year recurrence interval rainfall event in the Stoney Brook watershed upstream from the 
U.S. Geological Survey streamgage Stoney Brook at Pine Drive near Brookston, Minnesota (station 04021520). A, Existing conditions. B, 
Original channel reconnection. C, Original channel reconnection with bank spoil breach. D, Bank spoil breach. Data from Cigrand (2024).
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Table 13.  Effects of channel alterations on inundation duration characteristics of the Stoney Creek floodplain for the 5-year recurrence 
interval rainfall event. Data from Cigrand (2024).

[>, greater than; --, no data]

Scenario
Duration 
category 

(days)

Inundation area

Lower Stoney Brook Wetland Area 1 Wetland Area 2

Acres
Percent change 

from existing 
conditions

Acres
Percent change 

from existing 
conditions

Acres
Percent change 

from existing 
conditions

Existing condition >0–3 287 -- 37.5 -- 153 --
>3–7 491 -- 58.7 -- 219 --
>7–10 163 -- 20.3 -- 52.4 --
>10–14 63.6 -- 12.3 -- 9.30 --
>14 187 -- 23.3 -- 91.5 --
Total 1,190 -- 152 -- 526 --

Original channel  
reconnection

>0–3 284 −0.82 34.4 −8.11 152 −0.62
>3–7 470 −4.26 52.5 −10.6 206 −6.30
>7–10 147 −10.2 21.9 7.92 43.7 −16.7
>10–14 66.3 4.31 13.2 7.19 13.5 45.1
>14 214 14.0 32.2 37.9 104 14.0
Total 1,180 −0.92 154 1.37 520 −1.24

Original channel  
reconnection with  
bank spoil breach

>0–3 283 −1.32 33.7 −10.1 152 −0.98
>3–7 458 −6.71 51.0 −13.2 196 −10.5
>7–10 140 −14.2 21.7 6.74 42.0 −19.9
>10–14 61.8 −2.89 11.7 −4.96 11.5 23.7
>14 216 15.2 34.3 47.3 106 15.5
Total 1,160 −2.80 152 0.14 508 −3.52

Bank spoil breach >0–3 277 −3.25 33.6 −10.2 149 −2.61
>3–7 477 −2.73 54.8 -6.66 209 −4.65
>7–10 151 −7.84 23.6 16.1 45.7 −12.8
>10–14 63.5 −0.13 13.1 5.91 10.6 13.9
>14 207 10.4 32.6 39.9 98.5 7.61
Total 1,180 −1.36 158 3.65 513 −2.41
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Table 14.  Effects of channel alterations on inundation depth characteristics of the Stoney Creek floodplain for the 5-year recurrence 
interval rainfall event. Data from Cigrand (2024).

[>, greater than; --, no data]

Scenario
Depth 

category 
(feet)

Inundation area

Lower Stoney Brook Wetland Area 1 Wetland Area 2

Acres
Percent change 

from existing 
conditions

Acres
Percent change 

from existing 
conditions

Acres
Percent change 

from existing 
conditions

Existing condition >0–1 624 -- 101 -- 330 --
>1–2 283 -- 27.3 -- 115 --
>2–3 155 -- 9.37 -- 50.5 --
>3–4 58.8 -- 5.97 -- 13.1 --
>4 73.5 -- 8.76 -- 20.3 --

Original channel  
reconnection

>0–1 618 −1.00 102 1.60 324 −1.85
>1–2 275 −2.89 26.0 −4.65 110 −4.96
>2–3 149 −3.93 8.27 −11.7 47.9 −5.03
>3–4 58.6 −0.37 5.70 −4.52 14.5 10.4
>4 83.7 13.9 12.1 37.8 27.1 33.4

Original channel  
reconnection with  
bank spoil breach

>0–1 603 −3.41 99.9 −0.95 316 −4.36
>1–2 267 −5.48 24.2 −11.5 107 −7.44
>2–3 146 −5.68 10.0 6.56 45.1 −10.6
>3–4 59.2 0.69 6.48 8.59 14.3 8.95
>4 88.7 20.7 12.0 36.9 29.0 43.0

Bank spoil breach >0–1 615 −1.52 104 3.12 322 −2.50
>1–2 277 −1.94 26.7 −2.21 113 −1.99
>2–3 149 −3.72 9.24 −1.42 46.6 −7.72
>3–4 60.7 3.28 9.18 53.7 11.9 −9.35
>4 79.6 8.38 8.80 0.53 23.3 14.9
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Figure 15.  Duration of inundation during a 5-year recurrence interval rainfall event in the Stoney Brook watershed upstream from the 
U.S. Geological Survey streamgage Stoney Brook at Pine Drive near Brookston, Minnesota (station 04021520). A, Existing conditions. B, 
Original channel reconnection. C, Original channel reconnection with bank spoil breach. D, Bank spoil breach. Data from Cigrand (2024).
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Figure 16.  Depth of inundation during a 5-year recurrence interval rainfall event in the Stoney Brook watershed upstream from the 
U.S. Geological Survey streamgage Stoney Brook at Pine Drive near Brookston, Minnesota (station 04021520). A, Existing conditions. B, 
Original channel reconnection. C, Original channel reconnection with bank spoil breach. D, Bank spoil breach. Data from Cigrand (2024).



34    Assessment of Effects of Channelization Mitigation Alternatives of Stoney Brook, Carlton and St. Louis Counties, Minnesota

The management alternatives to which total wetland 
inundation was most sensitive included the “3-ft increase in the 
main channel checkdam height” and the scenario “No additional 
culverts on first and second bridges.” The “3-ft increase in the 
main channel checkdam height” resulted in an increase in total 
inundation area of 2.66 to 6.67 percent depending on area, and the 
“No additional culverts on first and second bridges” resulted in a 
change in inundation area of −6.97 to 0.79 depending on selected 
area (table 18). All other alternatives resulted in maximum change 
in total inundation area of −0.83 to 1.10 percent. The greatest 
percentage change in inundation by duration category and depth 
category also was primarily associated with the “3-ft increase 
in the main channel checkdam height.” Changes from the base 
condition for these two scenarios ranged from −24.7 to 42.7 for 
the duration categories (table 18) and −25.3 to 17.3 for depths 

(table 19). The changes in inundation area by duration and depth 
categories for other alternatives generally were less than  
±5 percent for duration categories and less than ±2 percent for 
depth categories.

Uncertainties and Limitations Regarding Use of 
Hydrologic and Hydraulic Model Results

Although the generated flows represent the water 
elevations and boundaries of inundated areas with a distinct 
line, some uncertainty is associated with these simulations. 
The WSEs in the study area were estimated by unsteady-state 
hydraulic modeling, assuming unobstructed flow, and used 
flows and hydrologic conditions anticipated at the Stoney 

Table 15.  Effects of channel alterations on inundation duration characteristics of the Stoney Creek floodplain for the 10-year 
recurrence interval rainfall event. Data from Cigrand (2024).

[>, greater than; --, no data]

Scenario
Duration 
category 

(days)

Inundation area

Lower Stoney Brook Wetland Area 1 Wetland Area 2

Acres
Percent change 

from existing 
conditions

Acres
Percent change 

from existing 
conditions

Acres
Percent change 

from existing 
conditions

Existing condition >0–3 345 -- 40.8 -- 172 --
>3–7 637 -- 94.3 -- 299 --
>7–10 273 -- 34.1 -- 95.9 --
>10–14 92.1 -- 19.6 -- 15.2 --
>14 214 -- 29.1 -- 94.9 --
Total 1,560 -- 218 -- 677 --

Original channel  
reconnection

>0–3 351 1.81 40.4 −1.12 177 2.80
>3–7 625 −1.97 88.7 −5.99 292 −2.36
>7–10 248 −9.30 37.0 8.51 78.5 −18.2
>10–14 90.6 −1.61 21.4 9.30 17.5 14.6
>14 245 14.3 38.6 32.9 110 15.7
Total 1,560 −0.16 226 3.75 675 −0.38

Original channel  
reconnection with  
bank spoil breach

>0–3 355 3.07 40.6 −0.54 181 5.17
>3–7 613 −3.85 85.4 −9.42 285 −4.81
>7–10 236 −13.8 36.8 7.92 73.1 −23.7
>10–14 87.9 −4.61 20.8 6.08 16.3 7.10
>14 244 13.9 40.2 38.5 110 16.0
Total 1,540 −1.67 224 2.75 665 −1.77

Bank spoil breach >0–3 348 0.84 40.0 −2.13 175 2.03
>3–7 625 −1.98 91.9 −2.58 288 −3.79
>7–10 258 −5.48 40.1 17.6 84.2 −12.2
>10–14 89.1 −3.32 22.2 13.3 14.9 −2.18
>14 236 10.5 38.9 33.9 103 8.37
Total 1,560 −0.33 233 6.96 665 −1.76
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Brook main stem and tributaries. The hydraulic model 
reflects the land-cover characteristics and any bridge, culvert, 
bank spoil, gated lake outlet, or other hydraulic structures 
existing as of July 2021. Unique meteorological factors 
(timing and distribution of precipitation) may cause actual 
flows along the modeled reach to vary from those assumed 
during a flood, which may lead to deviations in the WSEs 
and areas of inundation boundaries shown. Additional areas 
may be flooded because of unanticipated conditions such as 
changes in the streambed elevation or roughness, backwater 
into major tributaries along a river main stem, or backwater 
from localized debris or ice jams. The accuracy of the 
water-elevation profiles and floodwater extent portrayed on 
these maps also will vary with the accuracy of the DEM used 
to simulate the land surface.

Additional uncertainties may be inherent or factored 
into the simulation of flows generated from rainfall-runoff 
simulations. A hydrologic model was used to simulate flows 

associated with various probabilistic precipitation amounts. 
The precipitation was assumed to follow a defined temporal 
distribution during the duration of the event and an even 
spatial distribution throughout the watershed. The actual 
temporal and spatial distribution of precipitation may vary, 
thereby affecting the timing and magnitude of the flows in 
the main stem or tributary. A single “simple” storm was 
simulated with a near-base-flow starting condition. For 
multiple compounding precipitation events, the starting 
flow condition may be considerably higher than base flow 
and, therefore, the peak condition also will be higher than 
simulated conditions. Other sources of uncertainty will 
arise from the selection of the appropriate antecedent runoff 
condition and the occurrence of atypical precipitation events 
including rainfall on frozen ground or on a substantial 
existing snowpack, all of which may affect the timing and 
magnitude of the simulated flows.

Table 16.  Effects of channel alterations on inundation depth characteristics of the Stoney Creek floodplain for the 10-year recurrence 
interval rainfall event. Data from Cigrand (2024).

[>, greater than; --, no data]

Scenario
Depth 

category 
(feet)

Inundation area

Lower Stoney Brook Wetland Area 1 Wetland Area 2

Acres
Percent change 

from existing 
conditions

Acres
Percent change 

from existing 
conditions

Acres
Percent change 

from existing 
conditions

Existing condition >0–1 819 -- 145 -- 406 --
>1–2 341 -- 42.8 -- 146 --
>2–3 211 -- 12.5 -- 80.3 --
>3–4 99.0 -- 8.00 -- 23.1 --
>4 97.0 -- 9.52 -- 26.5 --

Original channel  
reconnection

>0–1 819 0.03 150 3.37 404 −0.48
>1–2 338 −0.87 43.6 1.81 142 −2.64
>2–3 202 −4.59 12.0 −3.62 74.4 −7.31
>3–4 97.7 −1.31 6.59 −17.7 24.9 8.02
>4 108 11.2 13.8 45.5 33.3 25.7

Original channel  
reconnection  
with bank  
spoil breach

>0–1 806 −1.59 148 1.80 399 −1.71
>1–2 332 −2.74 42.0 −1.88 140 −4.33
>2–3 195 −7.81 10.9 −12.4 71.7 −10.7
>3–4 98.2 −0.76 9.49 18.6 23.2 0.57
>4 110 13.7 13.8 44.6 35.8 35.3

Bank spoil breach >0–1 819 −0.03 153 5.46 400 −1.46
>1–2 340 −0.46 45.9 7.25 143 −2.15
>2–3 205 −3.03 12.9 3.29 76.7 −4.48
>3–4 99.3 0.30 11.4 42.2 21.0 −8.79
>4 99.6 2.70 9.78 2.80 29.0 9.69
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Figure 17.  Duration of inundation during a 10-year recurrence interval rainfall event in the Stoney Brook watershed upstream from the 
U.S. Geological Survey streamgage Stoney Brook at Pine Drive near Brookston, Minnesota (station 04021520). A, Existing conditions. B, 
Original channel reconnection. C, Original channel reconnection with bank spoil breach. D, Bank spoil breach. Data from Cigrand (2024).
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Figure 18.  Depth of inundation during a 10-year recurrence interval rainfall event in the Stoney Brook watershed upstream from the 
U.S. Geological Survey streamgage Stoney Brook at Pine Drive near Brookston, Minnesota (station 04021520). A, Existing conditions. B, 
Original channel reconnection. C, Original channel reconnection with bank spoil breach. D, Bank spoil breach. Data from Cigrand (2024).
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Table 17.  Sensitivity analysis of simulated lake water-surface elevations to modifications of the original channel with spoil breach 
alternative. Data from Cigrand (2024).

[WSE, water-surface elevation (feet above the North American Datum of 1988); --, no data]

Model run

Deadfish Lake Rice Portage Lake

Peak WSE
Change 

from base 
(feet)

WSE end of 
simulation

Change 
from base 

(feet)
Peak WSE

Change 
from base 

(feet)

WSE end of 
simulation

Change 
from base 

(feet)

  Sensitivity analysis using the original channel with spoil breach alternative as the base run during a 10-year recurrence interval rainfall event

Original channel with bank spoil 
breach (base condition)

1,293.76 -- 1,289.1 -- 1,295.1 -- 1,292.54 --

1-foot increase in the main channel 
checkdam height

1,293.78 0.02 1,289.45 0.35 1,295.1 0.00 1,292.6 0.06

3-foot increase in the main channel 
checkdam height

1,293.86 0.10 1,290.85 1.75 1,295.14 0.04 1,293.27 0.73

No additional culverts on first and 
second bridges

1,293.78 0.02 1,289.06 −0.04 1,295.05 −0.05 1,292.46 −0.08

No checkdams in main channel 1,293.75 −0.01 1,288.95 −0.15 1,295.09 −0.01 1,292.52 −0.02
No checkdams in all channels 1,293.75 −0.01 1,288.94 −0.16 1,295.09 −0.01 1,292.52 −0.02
Decreased bank spoil breach length 

to 300 feet
1,293.78 0.02 1,289.08 −0.02 1,295.11 0.01 1,292.61 0.07
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Table 18.  Sensitivity analysis of simulated floodplain inundation duration characteristics to modifications of the original channel with 
spoil breach alternative. Data from Cigrand (2024).

[>, greater than; --, no data]

Scenario
Duration 
category 

(days)

Inundation area

Lower Stoney Brook Wetland Area 1 Wetland Area 2

Acres
Percent change 

from existing 
conditions

Acres
Percent change 

from existing 
conditions

Acres
Percent change 

from existing 
conditions

Original channel  
reconnection with  
spoil breach

>0–3 355 -- 40.6 -- 181 --
>3–7 613 -- 85.4 -- 285 --
>7–10 236 -- 36.8 -- 73.1 --
>10–14 87.9 -- 20.8 -- 16.3 --
>14 244 -- 40.2 -- 110 --
Total 1,540 -- 224 -- 665 --

1-foot increase in the  
main channel  
checkdam height

>0–3 356 0.28 41.1 1.15 180 −0.55
>3–7 615 0.42 85.7 0.32 288 1.26
>7–10 234 −0.55 37.4 1.52 72.3 −1.18
>10–14 83.4 −5.06 21.1 1.63 14.2 −13.3
>14 259 6.38 41.1 2.07 115 4.75
Total 1,550 0.87 226 1.10 670 0.72

3-foot increase in the  
main channel  
checkdam height

>0–3 349 −1.65 39.5 −2.73 171 −5.20
>3–7 605 −1.22 90.7 6.16 295 3.61
>7–10 216 −8.30 36.9 0.09 66.4 −9.2
>10–14 75.5 −14.08 17.0 −18.29 12.3 −24.7
>14 348 42.7 54.8 36.1 138 25.0
Total 1,590 3.82 239 6.67 683 2.66

No additional culverts  
on first and second  
bridge

>0–3 356 0.34 40.7 0.27 181 0.28
>3–7 614 0.27 82.3 −3.63 288 1.26
>7–10 232 −1.35 31.5 −14.5 74.1 1.38
>10–14 83.9 −4.52 16.2 −22.08 16.7 2.09
>14 238 −2.39 37.6 −6.67 110 −0.19
Total 1,530 −0.66 208 −6.97 670 0.79

No checkdams in  
main channel

>0–3 356 0.18 41.1 1.26 182 0.42
>3–7 611 −0.35 83.9 −1.79 283 −0.54
>7–10 234 −0.70 36.8 −0.07 72.7 −0.52
>10–14 88.4 0.56 20.4 −1.64 16.5 0.83
>14 238 −2.22 39.9 −0.88 108 −1.55
Total 1,530 −0.52 222 −0.78 662 −0.41

No checkdams in  
all channels

>0–3 359 1.11 42.6 4.92 183 1.09
>3–7 621 1.27 91.4 6.92 286 0.52
>7–10 234 −0.77 33.9 −8.08 74.0 1.16
>10–14 84.0 −4.44 20.2 −2.85 12.7 −22.5
>14 230 −5.49 34.0 −15.4 107 −3.13
Total 1,530 −0.48 222 −0.83 662 −0.42
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Table 18.  Sensitivity analysis of simulated floodplain inundation duration characteristics to modifications of the original channel with 
spoil breach alternative. Data from Cigrand (2024).—Continued

[>, greater than; --, no data]

Scenario
Duration 
category 

(days)

Inundation area

Lower Stoney Brook Wetland Area 1 Wetland Area 2

Acres
Percent change 

from existing 
conditions

Acres
Percent change 

from existing 
conditions

Acres
Percent change 

from existing 
conditions

Decreased bank spoil  
breach length to  
300 feet

>0–3 355 0.05 41.7 2.61 180 −0.58
>3–7 615 0.29 86.8 1.62 284 −0.17
>7–10 239 1.28 37.0 0.54 73.9 1.10
>10–14 87.5 −0.39 20.5 −1.51 16.8 2.66
>14 241 −0.96 38.8 −3.59 107.6 −2.17
Total 1,540 0.15 225 0.39 662 −0.40
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Table 19.  Sensitivity analysis of simulated floodplain inundation depth characteristics to modifications of the original channel with 
spoil breach alternative. Data from Cigrand (2024).

[>, greater than; --, no data]

Scenario
Depth 

category 
(feet)

Inundation area

Lower Stoney Brook Wetland Area 1 Wetland Area 2

Acres
Percent change 

from existing 
conditions

Acres
Percent change 

from existing 
conditions

Acres
Percent change 

from existing 
conditions

Original channel  
reconnection with  
spoil breach

>0–1 806 -- 148 -- 399 --
>1–2 332 -- 42.0 -- 140 --
>2–3 195 -- 10.9 -- 71.7 --
>3–4 98.2 -- 9.49 -- 23.2 --
>4 110 -- 13.8 -- 35.8 --

1-foot increase in the  
main channel  
checkdam height

>0–1 813 0.84 150 1.08 402 0.63
>1–2 335 0.85 42.7 1.56 141 0.84
>2–3 196 0.78 11.0 0.57 72.4 1.00
>3–4 99.7 1.47 9.50 0.13 23.5 1.23
>4 111 0.94 13.8 0.47 36.0 0.54

3-foot increase in the  
main channel  
checkdam height

>0–1 839 4.14 157 6.17 411 2.80
>1–2 344 3.62 47.8 13.8 144 2.84
>2–3 205 5.08 12.8 17.3 74.9 4.47
>3–4 99.9 1.67 7.09 −25.3 24.2 4.34
>4 112 1.37 14.2 3.01 34.1 −4.75

No additional culverts  
on first and  
second bridge

>0–1 797 −1.13 138 −6.43 402 0.66
>1–2 329 −0.93 37.7 −10.3 141 0.88
>2–3 195 0.03 9.66 −11.8 72.5 1.07
>3–4 99.7 1.49 9.31 −1.82 23.6 1.77
>4 111 0.48 13.4 −2.67 36.0 0.53

No checkdam in  
main channel

>0–1 802 −0.54 147 −0.43 398 −0.44
>1–2 331 −0.38 41.1 −2.12 139 −0.31
>2–3 194 −0.57 10.9 −0.62 71.3 −0.52
>3–4 97.6 −0.64 9.47 −0.23 23.1 −0.42
>4 110 −0.43 13.7 −0.33 35.7 −0.25

No checkdam in  
all channels

>0–1 802 −0.52 147 −0.55 397 −0.47
>1–2 330 −0.40 41.1 −2.15 139 −0.37
>2–3 194 −0.45 10.9 −0.68 71.4 −0.46
>3–4 97.7 −0.51 9.46 −0.28 23.1 −0.26
>4 110 −0.33 13.7 −0.35 35.7 −0.20

Decreased bank spoil 
breach length to 
 300 feet

>0–1 809 0.37 149 0.98 399 −0.14
>1–2 333 0.44 43.1 2.66 140 −0.17
>2–3 197 1.14 11.8 7.42 72.2 0.67
>3–4 96.2 −2.06 6.91 −27.1 23.5 1.25
>4 108 −1.9 13.8 0.23 33.3 −6.89
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Summary
The U.S. Geological Survey, in cooperation with the Fond 

du Lac Band of Lake Superior Chippewa (FDLB), studied the 
effects of channel modification alternatives on lake levels and 
floodplain inundation in the Stoney Brook watershed in northeast 
Minnesota. Northern wild rice (Zizania palustris) also referred 
to as manoomin by the Ojibwe/Chippewa people, is a natural 
and cultural resource to the FDLB and is sensitive to water 
levels and rates of water-level changes, particularly during the 
early stages of growth. Drainage ditches constructed in the early 
1900s in the Stoney Brook watershed lowered lake-water levels, 
caused greater fluctuations in lake levels, and created a loss 
in wetland coverage. The FDLB is committed to minimizing 
large fluctuations of the lakes with natural wild rice production 
in the Stoney Brook watershed and restoring lake levels to the 
previous conditions before the drainage ditch construction. The 
FDLB looks to restore a more natural hydrology to Stoney Brook 
by exploring alternatives utilizing the remnant Stoney Brook 
channel and increasing potential storage and wetland coverage in 
the Stoney Brook floodplain. The hydrologic response of these 
lakes and floodplain storage to simulated channel modification 
alternatives were examined.

Hydrologic and hydraulic models were developed for 
the watershed and calibrated to historical rainfall events. A 
hydrologic model, Hydrologic Engineering Center–Hydrologic 
Modeling System (HEC–HMS), was used to simulate the timing 
and magnitude of streamflow for the Stoney Brook watershed. 
An unsteady flow two-dimensional hydraulic model, Hydrologic 
Engineering Center–River Analysis System (HEC–RAS), was 
used to simulate streamflows and water levels in the lakes. The 
models used probabilistic frequency rainfall events of 24-hour 
duration for 1-, 2-, 5-, and 10-year annual recurrence intervals 
(100-, 50-, 20-, and 10-percent annual exceedance probability) 
to simulate watershed management scenarios with existing 
and alternative conditions. The hydraulic model outputs for 
peak flows, volume accumulation, water levels, and inundation 
duration and depths were assessed to quantify the effects of the 
channel modification alternatives.

For channel modification alternatives, three breaches to 
the bank spoils were made along Stoney Brook to reconnect 
the floodplain and not confine flows within the ditching and 
bank spoils. The original channel was reconnected to the main 
channel, cleared of silt and debris deposition, and furnished 
with additional culverts at road crossings. Five checkdams were 
added to the terrain to enable a flow diversion from the main 
channel to the original channel and to pool areas in the original 
channel. The channel modification alternatives were simulated 
with four different terrain conditions: existing conditions, bank 
spoil breach, original channel reconnection, and original channel 
reconnection with bank spoil breach. Hydrologic characteristics 
from six distinct areas were used in the model to evaluate the 
effects from the channel modification alternatives: Deadfish Lake, 
the Lower Stoney Brook Area, Pine Drive bridge, Rice Portage 
Lake, Wetland Area 1, and Wetland Area 2.

The simulated results of Deadfish Lake and Rice Portage 
Lake had small differences of peak water-surface elevations from 
the channel modification alternatives and existing conditions 
ranging from –0.09 to 0.03 foot (ft). Both lakes had higher 
water-surface elevations at the end of the 20-day simulation period 
under the alternatives, with Deadfish Lake varying from 0.34 to 
0.73 ft and Rice Portage Lake varying from 0.04 to 0.13 ft higher 
than existing conditions. These results demonstrated that the lakes 
would take longer to draw down with the channel modification 
alternatives, especially water levels in Deadfish Lake.

Wetland Area 1 had an increase in flows for the channel 
modification alternatives that could be considered somewhat 
substantial when compared to the flows with existing conditions, 
and the increase in volume accumulations were more pronounced 
for the channel modification alternatives. Wetland Area 2 had 
a substantial increase in peak flows and volume accumulations 
with the original channel reconnection and the original channel 
reconnection with bank spoil breach. The results demonstrate 
there are little conveyance improvements at the Pine Drive bridge 
because the channel modification alternatives were within 2 percent 
of peak flows. Wetland Area 2 produced the largest increase in 
flows and conveyance for the alternative scenarios.

The inundation extent, duration, and water-depth distribution 
were assessed within selected floodplain areas: Wetland Area 1, 
Wetland Area 2, and the Lower Stoney Brook Area. The alternative 
scenarios of floodplain dynamics indicated that the results varied 
by probabilistic event, management alternative, and duration and 
depth category. The most consistent increase in total inundated area 
was achieved through the spoil breach alternative, with changes in 
duration and depth subcategories yielding highly variable results 
for each probabilistic event. With the 1-year recurrence interval 
rainfall event, the overall changes in total inundation extent were 
minor, but the changes in the areal extent by duration and depth 
category could be substantial (from −22.5 to 128 percent). Results 
of the 2-year recurrence interval rainfall event indicated the changes 
in total inundation extent varied substantially by assessment area 
and the changes in the areal extent by duration and depth category 
also could be substantial. The change in overall inundation extent 
in Wetland Area 1 were the largest for any probabilistic event 
with an increase in total inundation area of 13.7 percent (original 
channel reconnection) to 17.3 percent (bank spoil breach) for the 
channel modification alternatives relative to existing conditions. 
The changes in total inundation area for channel modification 
alternatives in Wetland Area 2 and the Lower Stoney Brook Area 
were minor. The change in inundation area again varied by duration 
and water depth category for the alternatives compared to existing 
conditions with a range of −21.3 to 99.8 percent depending on 
target area, depth category, and duration category. Results of the 
5- and 10-year recurrence interval rainfall events indicated minor 
changes in overall inundation area by assessment area with greater 
changes (from −23.7 to 53.7 percent) by specified duration or 
depth category. Generally, the channel modification alternatives 
produced increases in the higher depth (3–4 ft and greater than 4 ft) 
and duration (10–14 days and greater than 14 days) categories for 
the Wetland Area 1, Wetland Area 2, and the Lower Stoney Brook 
Area, which may be beneficial to increases in wetland coverage and 
floodplain storage.
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