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IIIIINTRODUCTIONNTRODUCTIONNTRODUCTIONNTRODUCTIONNTRODUCTION

      The Lake Bronson Dam is a high-hazard1 dam
located in Lake Bronson State Park, near the city of
Lake Bronson in Kittson County, Minnesota.  Issues
associated with the Lake Bronson Dam include the
potential for major flooding, including personal injury
and loss of life in the cities of Lake Bronson and
Hallock, if the Lake Bronson Dam should fail.  Specific
concerns are areas adjacent to the river between the
dam and the city of Lake Bronson, Kittson County
State Aid Highway 28 over the Lake Bronson Dam,
and several houses in the city of Lake Bronson.  In the
city of Hallock, specific areas of concern include the
city park and campground at the Hallock Dam, and
several residences along the river. There is also concern
about the possible overtopping of levees between
Minnesota Highway 175 and US Highway 75.

      Using the U.S. Army Corps of Engineers computer
program HEC-RAS (Hydrologic Engineering Center-
River Analysis System), a computer model was created
for a 38-mile length of the South Fork Two River
between US Highway 75 in Hallock, Minnesota, and a
cross-section located approximately three miles north-
east of the Lake Bronson Dam.  The computer model
was used to calculate potential water surface elevations
in the cities, and to delineate areas subject to flooding
as a result of a dam break.

PPPPPROJECT ROJECT ROJECT ROJECT ROJECT LLLLLOCATIONOCATIONOCATIONOCATIONOCATION

      The city of Lake Bronson is located west of, and
approximately three river miles downstream of, the
Lake Bronson Dam.  The city of Hallock is located
approximately 15 miles northwest of, and 31 river
miles downstream of the Lake Bronson Dam, at the
junction of the South Branch and Middle Branch Two
River (see Figure 1).  The South Branch Two River,
like the other branches of the Two River and most of
the ditches in Kittson County, flows from east to west.
The South Branch Two River merges with, and be-
comes, the Middle Branch Two River in Hallock, just
upstream of MN Highway 175, downstream of station
2.40.  Further downstream, the Middle Branch Two
River combines with the North Branch Two River and
flows to the Red River of the North.  For purposes of
this report, the river in the project area will be referred
to as the South Branch Two River.

      Most of the South Branch Two River Watershed is
contained within Kittson and Roseau Counties.  Up-
stream of the Lake Bronson Dam, large wetland
complexes store water from precipitation (rain and
snow), reducing the inflows to the South Branch Two
River.  Downstream of the dam, the Two River Water-
shed is actively ditched.

Figure 1 - General location map showing Two River Watershed and approximate project location.

1

        
 1A high hazard dam is defined by Minnesota Rules as a dam

that will likely result in the loss of life if it should fail.
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Figure 2 - Project Location Map-South Branch Two River
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      The drainage area of the South Branch Two River at
the Lake Bronson Dam is approximately 457 square
miles.  The drainage area of the Middle Branch Two
River is 205 square miles.  At the downstream project
limit (US Highway 75 in Hallock) the drainage area of
the combined South and Middle Branch Two River is
approximately 701 square miles.

      Figure 2 is a location map for the Lake Bronson
dam break project.  This map shows the South Branch
Two River Watershed for the area included in the dam
break model, including the South Branch Two River,

3

the cities of Lake Bronson and Hallock, the Lake
Bronson and Hallock dams, tributaries, and major
bridge locations.  Station numbers are also given for
key features in the watershed.  In this report, the station
number is the distance in miles along the South Branch
Two River from the downstream project limit (US
Highway 75 in Hallock = station 0.00) to the upper
project limit northeast of Lake Bronson (station 37.75).
The water surface elevation of the project area varies
from approximately 985 feet above sea level2 on the
South Branch Two River at station 37.75 to approxi-
mately 792 feet on the Middle Branch Two River at
station 0.00.

approximately 10 feet.  At the present time, Lake
Bronson is used for recreational purposes only, with no
municipal water supplied by the lake.

      The Lake Bronson Dam is a concrete structure
consisting of three ogee spillways3 in three 20-foot
bays (see Figure 3).  In each bay is an operable, four-
foot gate on top of the spillway that is used to maintain
lake levels and control outflows from the lake.  The
runout elevation of the dam with gates fully open is
968.0 feet.  However, the gates are normally kept in the
closed position, maintaining a runout elevation of 972
feet and a normal pool elevation slightly higher than
972 feet.  The Inflow Design Flood4 elevation is 978

feet, while the minimum tailwater elevation immedi-
ately downstream of the dam is approximately 944 feet.
A 750-foot long embankment exists on the north side of
the dam while a second (shorter) embankment extends
to the south.  The lowest elevation on top of the em-
bankments is approximately 977 feet.  Kittson County
State Aid Highway 28 is built on top of the embank-
ments and the dam and, in addition to being a roadway,
forms the westerly shore of Lake Bronson.  The
maximum flood elevation is not expected to greatly
exceeded 978 feet due to the flat terrain adjacent to the
lake and the overtopping of the embankments.

      Figure 3 is a photograph of the downstream side of
the Lake Bronson Dam taken in August, 1983 showing
the approximate geometry of the dam.  The three gates
were in the closed position and no water was flowing
over the top of the dam at that time (the water observed
in the center bay is due to leakage at the base of the
center gate).

      Lake Bronson was created by construction of a
dam in 1937, for the purpose of providing a backup
source of municipal water for the cities of Hallock,
Lake Bronson and other locations in Kittson County.
Lake Bronson has a surface area of approximately 313
acres.  At its deepest location, near the dam, the lake is
approximately 32 feet deep, with an average depth of

BBBBBACKGROUNDACKGROUNDACKGROUNDACKGROUNDACKGROUND

        
  3An ogee spillway consists of an S-shaped spillway where water

flows over the spillway into the tailwater. The purpose of an ogee
spillway is to efficiently move water over the dam.

                     4The Inflow Design Flood is defined as “The Maximum
Probable Flood, which is the largest flood that can reasonably be
expected to occur on a given stream at a selected point.”

        
 2For this report, all elevations will be in National Geodetic

Vertical Datum, 1929 adjustment.
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 515 cfs is the Annual Q50 value at the USGS gage in the city of

Lake Bronson for the period from 1988 to 2004, as well as the August
and September Q50 for the same period.

� � !  � � � � �  7  $ �  6 � +

� � � � �  � � � � � � � !  � � 
 # � �  7  � �  6 � +

� � �  � 6  � � � � � � � ! / 8 � � � � � � � 
  * � , + �  6 � +

� � �  � 6  	 � � � /  8 � � � � � � � 
  * 4 $ + �  6 � +
9 # � � � �  � � �  � 
  � � �  � � � � � �  � � � � � � � 
 :

� � �  � � � � � /  8 � � � � � � � 
  * 4 1 + )  6 � +

� � �  � 6  � � � � /  8 � � � � � � � 
  * 4 4 + ,

� � � � � � � � � /  8 � � � � � � � 
  * - - + �  6 � +

Figure 3 - Lake Bronson Dam
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      The primary purpose of this study is to quantify the
impact(s) of a failure of the Lake Bronson Dam on the
cities of Lake Bronson and Hallock.  Specific questions
to be addressed are the travel time of the floodwave
from the dam to the cities of Lake Bronson and
Hallock, and the maximum water surface elevation of
the floodwave at those locations.  Three different
scenarios were modeled:

      SCENARIO 1 - Sunny day dam failure with a fast
break. This is a failure during normal summer flow
conditions with a steady inflow of 15 cfs5  to Lake
Bronson.  In this scenario, it is assumed that piping will
cause a complete failure of the dam down to elevation
950 feet, and that the failure will occur within a 15-
minute time span.  All gates are modeled in the fully
closed position, maintaining a runout elevation of 972.0
feet  (Figure 4 shows the model parameters used for
each of the three dam break scenarios).

PPPPPROJECT ROJECT ROJECT ROJECT ROJECT DDDDDESCRIPTIONESCRIPTIONESCRIPTIONESCRIPTIONESCRIPTION

      SCENARIO 2 - 100-year flood with a slow break.
This is a failure of the dam during a 100-year flood
event with failure occurring when the lake elevation
exceeds the minimum elevation of the dam embank-
ment (roadway) by approximately one foot.  In this
scenario, the concrete dam will remain intact, with the
failure occurring in the earthen dikes adjacent to the
dam.  The failure will represent the erosion of earthen
materials to elevation 946.0 feet due to overtopping and
down cutting.  The failure will be trapezoidal in shape
with a bottom width of 20 feet, a top width of 76 feet, a
side slope ratio of 1:1, and will occur in 12 hours.  In
this scenario, the three gates will be kept in the fully
closed position as the flood elevation increases, simu-
lating inoperable gates due to ice or debris jamming.
The runout elevation is 972 feet and the initial pool
elevation is 972.49 feet.
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      SCENARIO 3 - 100-year flood with a fast break.
This is a failure of the dam during a 100-year flood
with the dam break occurring near the peak of the flood
event.  In this scenario, a breach will form in 15
minutes, representing the rapid and complete failure of
the concrete structure and parts of the earthen embank-
ments.  The size of the failure will be large, with the
breach area being 2574 square feet.  The breach will be
trapezoidal in shape with a bottom width of 60 feet and
a top width of 138 feet.  In this scenario, the gates of
the dam will be adjusted in accordance with the operat-
ing plan for this dam (see Appendix D).

Figure 4 - Breach Parameters and Results

Breach Parameters

- Failure Time

- Bottom Elevation

- Top Width

- Base Width

- Side Slopes

- Breach Area

Scenario 1

Sunny Day Failure

Full concrete
dam failure

Scenario 2

100-Year Flood Event

Earthen dam erosion
due to overtopping

Scenario 3

100-Year Flood Event

Full failure of one
concrete bay

222

15 minutes

950 ft.

70 ft.

70 ft.

Vertical

1540 ft

12 hours

946 ft.

76 ft.

20 ft.

1:1

1248 ft

15 minutes

946 ft.

138 ft.

60 ft.

1:1.5

2574 ft

5

      For flood frequencies greater than the 100-year
flood, including the Inflow Design Flood, breakout
flows occur at the dam and other locations upstream
and downstream of the dam.  Therefore, in Scenarios 2
and 3, the 100-year flood was modeled rather than the
Inflow Design Flood.
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A HEC-RAS model was created for the project area
between US Highway 75 in Hallock to approximately
three miles northeast of the Lake Bronson Dam (see
Figure 2).  The basic model consists of 105 cross-
sections, nine bridges and three dams. Four tributaries
are also incorporated into the model to add flows,
simulating the natural gain observed in the stream.
Two lateral weirs are incorporated into the model to
duplicate the observed removal of water from the
stream during periods of major flooding.  A profile of
the model, showing water surface elevations observed
in the Scenario 3 configuration, is shown in Figure 5.
This profile also shows the location of the cross
sections, bridges, dams, tributaries and lateral weirs.

      Cross sectional information was gathered from
topographic quadrangle maps by drawing a line at the
desired location.  Points, including UTM coordinates
and approximate elevations, were interpolated from the
maps and entered into the model.  The contour interval
of the quadrangle maps is five feet and elevations were
interpolated between contour lines.  As there is no
information on the shape of the stream below the water
surface, the shape and depth were estimated and then
adjusted to match the known shapes and depths at
bridges and dams.

      In addition to cross sections obtained from topo-
graphic maps, other cross-sections were interpolated by
the HEC-RAS program and represent an average
section between known cross sections.  The number of
interpolated cross sections created for the Scenarios 2
and 3 models was small, and were used primarily to
calculate flow upstream and downstream of bridges and
dams.  However, in Scenario 1, the large distance
between cross sections, the small flows observed prior
to dam break, and the relatively large size of the
floodwave after dam break, required the addition of
hundreds of interpolated cross sections.

      Details for nine of the bridges was obtained from
the Kittson County Highway Department and the
Minnesota Department of Transportation. Information

HEC-RAS MHEC-RAS MHEC-RAS MHEC-RAS MHEC-RAS MODELODELODELODELODEL D D D D DESCRIPTIONESCRIPTIONESCRIPTIONESCRIPTIONESCRIPTION

obtained included deck elevations, low steel elevations,
lengths, pier sizes and locations, and thalwag (point of
low flow) in the river channel beneath each bridge.

      A tenth crossing, at US Highway 59 in the city of
Lake Bronson, is actually three 12' by 16' culverts, each
approximately 70 feet in length.   HEC-RAS had
difficulty with these culverts and all attempts to model
the Highway 59 crossing as culverts failed.  Therefore,
this crossing was modeled as a dam with three 12' by
16' gates. Each gate simulated the characteristics of a
culvert while the crest of the dam simulated the eleva-
tions of the roadway.

      The three dams used in the model include the Lake
Bronson Dam, the city of Hallock Dam and the dam
used to model the US Highway 59 crossing.  The dams
at Hallock and US Highway 59 were modeled as non-
operable dams with their gates in the fully open posi-
tion.  The Lake Bronson Dam, which has operable
gates, was modeled with the gates in the closed posi-
tions in Scenarios 1 and 2.  In Scenario 3, the gates
were moved in accordance with the operating plan
established for this dam. Design, elevations, gate sizes
and other parameters of the dams were obtained from
the DNR Dam Safety files.

      A significant issue during flooding in Hallock is
“breakout”.  Breakout occurs when water surface
elevations are sufficiently high that waters are able to
flow overland into adjacent watersheds, rather than
remain in the river channel of the original watershed.
Breakout is a significant issue in the South Branch Two
River (and other parts of the Red River of the North
Watershed), due to the flatness of the terrain.  Several
locations of possible breakout for the South Branch
Two River have been identified near and in the city of
Hallock and are shown in Figure 2.  However, deter-
mining when breakout occurs, and how much water is
involved, requires very accurate topographic informa-
tion which was not available for this study.
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Figure 5 - Profile plot of project stream.
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      In order to model the behavior of a stream, an input
hydrograph is needed to show the variations in dis-
charge over a given time period.  A hydrograph from
the April, 1996 snowmelt event, based on USGS gage
data from the South Branch Two River at Lake
Bronson (USGS ID 05094000), was imported into the
model and multiplied by a numerical value (1.50) so
that the discharge at US Highway 59 matched that of a
100-year flood event. As the input hydrograph is based
on an actual flood event, the dam break model used the
times from that event, which started on April 15, 1996,
with both peak water surface elevation and discharge
occurring on April 22, 1996.

       Using a hydrograph of the outflow of a lake as an
inflow hydrograph is not a normally accepted proce-
dure.  However, in this case, there is limited storage in
Lake Bronson during a 100-year flood event and the
inflow hydrograph is nearly identical to the outflow
hydrograph.  The Scenario 2 model was run for the
100-year flood, without dam break, to compare the
inflow and outflow hydrographs of Lake Bronson.  The
model confirmed that the reservoir had minimal effects
on the 100-year flood hydrograph and that the inflow
and outflow hydrographs are very similar.

      The South Branch Two River can receive or lose
waters due to breakout.  During the spring flood of
April 1996, ice jams in the adjacent Roseau River
watershed caused waters to breakout of that watershed
and flow overland into the Two River watershed.
Failure to account for break out will result in modeled
water surface elevations that are different than ob-
served water surface elevations.

      In this study, the only area of breakout incorporated
into the model is located at an unnamed coulee within
Tourist Park in the city of Hallock.  However, two
lateral weirs were required by HEC-RAS due to the
length of the lateral area and the number of cross
sections in the breakout area.  The weirs are located
downstream of MN Highway 175, on the left (west)
bank of the river.  These lateral weirs allow water to
overflow the Middle Branch Two River and flow into
the Red River of the North, or back into the Two River
downstream of station 0.00, when water surface
elevations exceed 812.79, slightly higher than the 100-
year flood elevation.  The elevations of the weirs were
obtained from the Minnesota Department of Transpor-
tation and represent the top of US Highway 75 in
Hallock. The lateral weirs were only incorporated into
Scenarios 2 and 3 as the water surface elevations
observed in Scenario 1 were not high enough to cause
breakout.

8
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      Upon completion of the computer model, it was
calibrated to known water surface elevations and
discharges at two locations.  The first calibration was at
the USGS gage located immediately upstream of US
Highway 59 in the city of Lake Bronson.  At this
location, the flood insurance study6 estimates a peak
discharge of 7000 cfs as the 100-year flood event in the
city of Lake Bronson.  The second calibration was at
the Minnesota Department of Natural Resources flood
warning gage at MN Highway 175 in the city of
Hallock.  A rating curve had been developed for this
location and model parameters were adjusted so that
discharges and elevations from the dam break model
were consistent with the curve.  However, the highest
measured discharge at this site, 4400 cfs, is well below
the peak discharge associated with the dam break
floodwave during the 100-year flood event.  The flood
insurance study estimates the 100-year discharge at this
location to be 10,350 cfs at an elevation of 812.4.

     To produce the desired flow of 10,350 cfs at the
Highway 175 bridge, four tributaries were added to the
model to simulate the naturally increasing flows.  The
tributaries were added to the model as lateral hydro-
graphs, using the April, 1996 hydrograph from the
USGS stream gage at Lake Bronson.  They were also
multiplied by a correction factor to produce discharges
representative of the area of the tributaries’ sub-
watersheds.  The first tributary, State Ditch No. 48,
which joins the South Fork Two River in the city of
Lake Bronson (station 31.23), has an estimated peak
flow of 590 cfs and a drainage area of 8.75 square
miles.  The second tributary represents additional flows
added to the river from the local watershed.  This
tributary joins the river near County Road 5 (station
19.84), has an estimated peak flow of 765 cfs and a
drainage area of 11.46 square miles.  The third tribu-
tary, which  joins the South Fork Two River near
Township Road T-231 (station 9.03) approximately five

MMMMMODELODELODELODELODEL C C C C CALIBRATIONALIBRATIONALIBRATIONALIBRATIONALIBRATION

         7In the 1979 Flood Insurance Study, a constant flow of 7000 cfs
was used for the 100-year flood in the South Branch Two River from
Lake Bronson to Hallock, and 3350 cfs was used for the 100-year
flood in the Middle Branch Two River at Hallock.

        6The “Flood Insurance Study for the City of Hallock, Minnesota”,
was completed in July, 1979, under funding by the U.S. Department
of Housing and Urban Development, Federal Insurance Administra-
tion.

9

      After calibration of the Lake Bronson dam break
model, individual models were created for each of the
three scenarios described previously.  Output hydro-
graphs were calculated using a time interval of five
minutes.  In Scenario 1, the sunny day failure, the
model simulated elevations and flows for the time
period April 21, 0000 hours to April 24, 2400 hours.
For Scenarios 2 and 3, the model simulated flows and
stages from April 15, 0000 hours to May 4, 2400 hours.
The longer time period was needed in Scenarios 2 and
3 to allow the South Branch Two River to build to the
100-year flood event prior to dam break.  In Scenarios
1 and 3, the dam break begins at 0000 hours on April
22.  In Scenario 2, the dam break occurs when the
elevation of Lake Bronson reaches an elevation of
978.0 feet, which is approximately one foot above the
minimum embankment (roadway) elevation.

miles upstream of the Hallock Dam, has an estimated
peak discharge of 955 cfs and a drainage area of 14.30
square miles.  The final tributary, representing the
Middle Branch Two River,  joins just upstream of the
Highway 175 bridge and approximately one-half mile
downstream of the Hallock Dam (station 2.40).  USGS
calculations indicate that the 100-year flood discharge
on the Middle Branch Two River near Minnesota
Highway 175 are 1000 cfs, therefore, the fourth tribu-
tary was adjusted to match7.

      As it was necessary to increase flows by approxi-
mately 3300 cfs at the MN Highway 175 bridge, they
were added at the first three tributaries based on the
size of their respective subwatersheds.  The locations of
the four tributaries are shown in Figure 2 and on the
profile in Figure 5.  The input hydrographs for the
tributaries are based on the April, 1996 event, but with
a reduced amplitude. The timing of the peak stage and
discharge is the same as the original hydrograph.
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      The following assumptions were made during the
dam break model development and calculation phases:

      •  No backwater effects in the Red River of the
North that would impact the Lake Bronson dam break
model, such as those seen in 1996 and 1997, when
backwater conditions were observed on the Middle
Branch Two River near US Highway 75 in Hallock.  If
backwater conditions exist during the Scenarios 2 and 3
dam breaks, which is likely during the 100-year flood
event, water surface elevations in Hallock would most
likely be higher than predicted by the model.

      •  The input hydrograph was derived from the April,
1996 spring snowmelt event, which occurred prior to
the emergence of spring vegetation.  It was assumed
that the Two River channel is relatively free of vegeta-
tion and other obstructions, such as ice.  In fact, the
South Branch Two River is an entrenched stream
consisting of a highly vegetated valley.  Numerous
stands of cottonwoods, elms, and other vegetation can
be found along the channel and in the many segments
of abandoned channels and oxbow lakes.  During
periods of major flooding, and especially after a breach
in the Lake Bronson Dam, it is likely that vegetation
and other debris would become trapped in bridges and
other locations in the channel, creating natural dams,
and causing even higher water levels at some locations.

AAAAASSUMPTIONSSSUMPTIONSSSUMPTIONSSSUMPTIONSSSUMPTIONS

A specific concern would be at the Hallock Dam,
where debris could easily become trapped behind the
dam, reducing capacity, and causing water levels in the
park and city to be higher than predicted by the model.

      •  No culverts under US Highway 75 in Hallock
that would drain water from the east side of the road to
the west side of the road.  Culverts below the roadway
may result in water surface elevations being slightly
lower than expected.

      •  All input hydrographs are based on the observed
hydrograph at the USGS gage in the city of Lake
Bronson. The amplitude was reduced based on drainage
areas, but the timing was unaltered. In reality, it is
unlikely that all input hydrographs would peak simulta-
neously, as they do in this model.

      •  During periods of major flooding, such as those
in Scenarios 2 and 3, emergency personnel will be on
site monitoring the condition of the Lake Bronson
Dam.

      •  Great effort has been put forth to make the Lake
Bronson Dam Break model as accurate as possible.
However, heavy reliance on the quadrangle maps for
cross section elevations reduced the accuracy of the
model.

An additional check was performed on the model to
verify that the volume of water in the river and in Lake
Bronson was consistent.  First, the total volume of
water in the South Branch Two River and Lake
Bronson was calculated during the 100-year flood
event (without dam break).   This value was then
compared to the volume of water in the river after the
Scenario 3 dam break.  It was observed that the river
contained an additional amount of water, equal to 89%
of the volume of Lake Bronson, with 10% of the
original lake water remaining in the lake.  Therefore,

the volume of water found in Lake Bronson was
consistent with the volume of water found in the river
after the dam break.

      After calibrating to the flood warning gage rating
curve, it was found that the water surface elevations
predicted by the dam break model substantially agreed
with the flood insurance calculations up to a 10-year
flood event, or approximately 4900 cfs, for the city of
Hallock.  Additional high-flow measurements are
needed to extend the rating curve into the range of
lower frequency floods.
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      After completing calibration, the model computed
water surface elevations and discharge hydrographs,
using a time increment of five minutes, which produces
a very accurate hydrograph. A shorter time interval
would produce a slightly more accurate hydrograph,
but also a very large amount of data, while a longer
time interval would produce a slightly less accurate
hydrograph.

      The characteristics of the floodwave, including
maximum stage, discharge, change in water surface
elevation prior to dam break, and travel time were
computed at six selected sites.   The location of those
six sites, shown on Figure 2, from upstream to down-
stream, are 1) Lake Bronson Dam tailwater; 2) US
Highway 59 in the city of Lake Bronson and location
of the USGS gage; 3) County Road 5, an intermediate
site between the two cities; 4) City of Hallock Dam; 5)
MN Highway 175 in Hallock, and the location of the
MDNR flood warning gage site, and 6) US Highway
75 in Hallock.  Peak stage and discharge information
for all cross sections are shown in Appendix A through
C, for Scenarios 1 through 3, respectively.

MMMMMODELODELODELODELODEL R R R R RESULTSESULTSESULTSESULTSESULTS
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      In a sunny day dam break, nearly all of the water
from Lake Bronson is contained within the river
channel.  Downstream of Lake Bronson and upstream
of the city of Lake Bronson, the model indicates that
some water overtops the river banks and flows onto
lands adjacent to the river.  The areas experiencing out-
of-bank flows are not large and the waters flow back
into the river channel as the floodwave passes.  No
water was observed overtopping bridges.

      At the Canadian Pacific Railroad bridge (station
32.00), approximately 2.5 miles downstream of Lake
Bronson, the peak water surface was higher than the
low steel components of the bridge, causing a backwa-
ter to briefly form upstream of the bridge.  The back-
water quickly disappears as the floodwave moves
downstream.   That the floodwave exceeded the capac-
ity of this bridge, and that the bridge becomes an
impediment to flow, should be noted.  At US Highway
59, the wave exceeded the capacity of the three gates,
also causing a brief backwater to form upstream of the
bridge, but the peak water surface did not exceed the
elevation of the roadway.

8For purposes of this report, the dam break floodwave is defined as
the change in stage or discharge due to the breaking of the dam, and
is obtained by subtracting the hydrograph without dam break from the
hydrograph with dam break.

      A sunny day dam break would produce the largest
change in both peak discharge and height of floodwave
when compared to the conditions prior to the dam
break.  However, the maximum water elevations
observed during the sunny day dam break were signifi-
cantly lower than those in the other two scenarios, due
to lower water elevations prior to dam break.

      Figure 6a shows water surface elevation hydro-
graphs, for Lake Bronson and the six selected sites,
from six hours prior to dam break to 48 hours after dam
break.  Prior to dam break, the approximate water
surface reflects a flow of 15 cfs.  At dam break, the
level of Lake Bronson drops rapidly while the tailwater
increases rapidly.  Comparing the hydrographs in
Figure 6a, it is possible to follow the dam break flood-
wave as it moves downstream.  The time lag of the
floodwave at each of the sites is clearly visible in the
figure.

      Figure 6b shows the discharge hydrograph as a
result of the sunny day dam break.  The maximum
discharge, approximately 26,000 cfs, occurred immedi-
ately downstream of the Lake Bronson Dam, approxi-
mately two hours after dam break.  As the wave moves
downstream, the amplitude rapidly attenuates.  By the
time the wave arrives in the city of Lake Bronson, it
has diminished to approximately 10,000 cfs. When the
peak arrives at the Hallock Dam, approximately 14
hours after dam break, the discharge has diminished to
less than 3000 cfs.

      Figure 6c shows the height of the dam break
floodwave8 at the six selected sites along the river.  The
height rapidly diminishes as the wave moves down-
stream.  At Lake Bronson tailwater, the height is
approximately 17 feet.  When the wave arrives in the
city of Lake Bronson, three miles downstream, it has

          SCENARIO 1 - Sunny Day Dam Break

diminished to approximately 12 feet.  At the Hallock
dam, approximately 14 hours later, the floodwave has
diminished to approximately five feet in height.  After
the floodwave passes the Hallock Dam, it increases in
height, due to a change in the hydraulic properties of
the river channel.  At this location, the slope of the river
channel becomes almost flat.  As the velocity de-
creases, the water surface elevation increases, to
maintain the channel discharge near the current rate of
flow.  The calculated water surface elevation down-
stream of the Hallock Dam was compared to the rating
curve for the MDNR flood warning gage and found to
be consistent with the curve.
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Figure 6a: Scenario 1 - Sunny Day Dam Break
Water Surface Elevation vs. Time
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Figure 6b: Scenario 1 - Sunny Day Dam Break
Floodwave Discharge

      The large size of breach in Scenario 1 and the fast
failure time result in a large dam break floodwave.  A
failure with a smaller breach size or a longer breach
time would greatly reduce the amplitude of the
floodwave and eliminate any impacts on residential
properties in the project area.

      Appendix A is a profile output table showing the
initial and maximum discharge and water surface
elevations for all cross sections and structures in
Scenario 1.  Data is also shown in tabular form in
Figure 9, along with the data from the other two dam
break scenarios.

      In a sunny day dam break, only one house in the
city of Lake Bronson was determined to be at risk.  A
field survey in July, 2004 indicated that the maximum
water elevation of a sunny day dam break would be
approximately the same elevation as the first floor of
the house.  As the floodwave from this scenario is of
relatively short duration in the city of Lake Bronson,
any flooding at this residence would likely be minor,
and pose a minimal risk to public safety.  Within
minutes of the peak, the water surface would begin to
fall and no other residences would be at risk. By the
time the floodwave reaches Hallock, it would diminish
to the point where all waters are contained in the river
channel.
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Figure 6c: Scenario 1 - Sunny Day Dam Break
Height of Dam Break Floodwave
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Spreading the dam break floodwave on the 100-year
flood event also helps to reduce the elevation of the
wave. Failure of the Lake Bronson Dam prior to the
peak of the 100-year flood event would reduce the
magnitude of the combined floodwave for the upper
three sites and for the city of Lake Bronson.

          Figure 7b shows the calculated discharge for the
combined 100-year flood event and the dam break due
to overtopping and erosion of the embankment.  The
peak discharge, approximately 27,000 cfs, is slightly
greater than the peak discharge observed in Scenario 1,
and is a result of greater discharge in the channel due to
the snowmelt event.  Like the hydrograph in Scenario
1, the discharge rapidly attenuates as the wave moves
downstream. Note than in Scenario 2, the size of the
breach is approximately 20% smaller than the breach in
Scenario 1, while the time to the maximum opening of
the breach is eight times longer.  A faster breach or
larger opening in Scenario 2 would cause both the
maximum water elevation and discharge to be higher.

      The peak discharges of dam break Scenario 2 are
numerically closer at each of the six selected sites than
those of Scenario 1.  At the Lake Bronson Dam, the
smaller breach area and the longer time period reduced
the peak discharge of the floodwave to less than 15,000
cfs, while at the Hallock Dam, the floodwave had a
peak discharge of approximately 12,000 cfs.  Further
enhancing the peak discharge of the floodwave is the
time lag between the dam break and the rising time of
the 100-year flood event.  At Lake Bronson, the dam
break occurred before the peak of the 100-year flood
event.  At sites further downstream, the dam break peak
arrives closer to the peak of the 100-year flood event.
The added discharges from the 100-year flood event
helped maintain higher peak water surface elevations
and discharges for the dam break flood event.

      In Scenario 2, the Lake Bronson dam was set to fail
when the water surface exceeded the elevation of the
embankment (977.0 feet) by one foot.  The failure
represents erosion of earthen materials along the
embankment or emergency spillway. It is the smallest
of the three scenarios examined, yet represents a fairly
large failure over the course of 12 hours. All gates on
the dam are held in the fully closed position, simulating
the conditions where the gates have been jammed with
ice or other debris.

      Using the data from the April, 1996 spring flood
and adjusting that data for an approximate 100-year
flood event, the Lake Bronson Dam failed on April 19
at approximately 1900 hours.  This failure is approxi-
mately three days prior to the snowmelt event reaching
peak water surface elevation and discharge. The results
of the model are shown in Figures 7a-d and in Figure 9.

      Figure 7a shows the combined dam break and 100-
year flood event hydrographs for Lake Bronson and the
six selected sites.  In Figure 7a, the elevation of Lake
Bronson can be seen rising as the discharge increases to
the 100-year flood event.  At elevation 978 feet,
approximately one foot above the road embankment
and with water flowing over the embankment, the
embankment fails.  With failure, the elevation of Lake
Bronson drops rapidly and the floodwave is clearly
visible on the hydrographs for all of the selected sites.
However, at the lower three sites, the wave is less
visible as it is nearly incorporated into the leading edge
of the spring snowmelt event.

      Without dam break, the elevation of Lake Bronson
would have risen to approximately 978.6 feet.  The
dam break floodwave was responsible for the maxi-
mum water elevations at all sites, however, as it moved
downstream, attenuation of the wave and incorporation
into the 100-year flood event reduced its size.

SCENARIO 2 - Erosion of embankment during 100-year flood event
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Figure 7a: Scenario 2 - 100-Year Flood Event
with Embankment Failure

Water Surface Elevation vs. Time
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      As the peak of the floodwave moved past MN
Highway 175, rising water overtopped US Highway 75
and breakout flows occurred in the vicinity of station
1.80.  After losing water to the breakout, the peak dam
break discharge reduced to approximately 7,000 cfs at
US Highway 75.

Figure 7b: Scenario 2 - 100-Year Flood with Embankment Failure

Combined Floodwave and Dam Break Discharge

      Figure 7c was obtained by taking the water surface
elevation prior to the start of the flood event, on April
15 at 0000, and subtracting that elevation from the
water surface elevations of the Scenario 2 dam break
floodwave.  As seen in Scenario 1, the height of the
dam break floodwave decreases as it moves down-
stream until the wave passes the Hallock Dam, where
the height increases due to changes in the hydraulic
properties of the channel.

      Figure 7d was obtained by taking the calculated
water surface elevation with dam break and subtracting
that elevation from the water surface elevation without
dam break. The net result is the height of the dam break
floodwave.  Figure 7d also shows that the height of the
floodwave has been reduced to less than 1.5 feet by the
time it reaches the city of Hallock. However, a rise of
1.5 feet during a 100-year flood event can significantly
increase property damages and threats to public safety.
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Figure 7c: Scenario 2 - 100-Year Flood with Embankment Failure

Height of Combined Floodwaves

       Approximately six residential properties were
identified to be at risk during a Scenario 2 dambreak in
the city of Lake Bronson.  These residences can be seen
in the inundation map in Appendix E.  The level of risk
for each residence varies, from water up to the first
floor, to approximately eight feet over the first floor
level of the residence identified in Scenario 1.  As in all
of the scenarios, the warning time for these residences
is approximately one hour to the leading edge of the
dam break floodwave to two hours until the peak of the
floodwave.

      In the city of Hallock, a Scenario 2 dam break
during a 100-year flood event will increase property
damage.  However, with sufficient warning time,
approximately eight hours to the leading edge of the

floodwave and 14 hours to the floodwave peak, indi-
viduals can be evacuated from areas of expected
flooding.

      In Scenario 2, the fact that the dam break occurred
three days prior to the peak of the flood resulted in
lower water surface elevations than if the break had
occurred during the peak of a 100-year flood event.

      Appendix B is a profile output table showing the
initial and maximum discharge and water surface
elevations for all cross sections and structures in
Scenario 2.  Data is also shown in tabular form in
Figure 9, along with the data from the other two dam
break scenarios.
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Figure 7d: Scenario 2 - 100-Year Flood with Embankment Failure

Height of Dam Break Floodwave
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SCENARIO 3 - 100-year flood event with a fast break

      Scenario 3 is a fast forming, massive dam break
occurring at the peak of a 100-year flood event.  The
area of the break is 67% greater than the Scenario 1
break, and represents a complete washout of the dam
and significant amounts of the earthen embankments
adjacent to the dam.  It is an extremely unlikely event
and represents the worst possible dam break.

      In Scenario 3, the gates of the Lake Bronson Dam
are adjusted as required by the operating plan (see
Appendix D) which requires that the gates be opened in
specific sequences when the water surface elevation
exceeds 972.5 feet.  Initially, the gates are operated
individually, with a maximum change of 0.5 feet and a
minimum time between adjustments of two hours.  If
water levels continue to rise after all three gates are
open two feet, the operator is required to move all three
an additional 0.5 feet in a minimum of two-hour time
increment until water stops rising, or all gates are fully
open.  Closure is not considered in this report as the
dam will fail when the water elevation of Lake Bronson
is near its peak.

      Incorporating the operating plan for the Lake
Bronson Dam into the model was a complicated task as
these types of gates have not previously been incorpo-
rated into a HEC-RAS model.  Essentially, three 4’ by
20’ operable gates and three 3’ by 20’ non-operable
gates were created for the model to duplicate the
operation of the three existing 7’ by 20’ gates. In this
scenario, using six gates provided an extremely close
simulation to the three gates in the dam.

      The initial conditions for the Scenarios 2 and 3
models were based on flow from April 15, 1996 at
0000, which was approximately 100 cfs.  At 100 cfs,
the elevation of Lake Bronson would be 972.67 with
the gates fully closed.  However, the operating plan
requires the gate(s) to be opened when lake elevation
exceeds 972.50 feet.  Therefore, in Scenario 3, the
simulation began with gate number two opened 0.5
feet, as required by the operating plan.

      Figure 8a shows the water surface elevations at the
six selected sites.  As in Scenario 1, failure of the Lake
Bronson Dam occurrs at 0000 on April 22.  The
waviness of the rising hydrograph, as seen in the Lake
Bronson tailwater and at the US Highway 59 site on
April 17 through 19, is due to manipulation of the gates
in the dam.  At the last three downstream sites, the
water surface elevations converge to nearly equal the
headwater elevation at the Hallock Dam.  This conver-
gence is due to backwater and flooding between US
Highway 75 and MN Highway 175.

      Figure 8b shows the five minute discharge for the
combined dam break and 100-year flood event at the
six selected sites.  The peak discharge, exceeding
60,000 cfs in the Lake Bronson tailwater, is a direct
result of the large breach, the very fast failure time of
15 minutes, and failure of the dam during a 100-year
flood event.  A change in any of these parameters
toward more average conditions would greatly reduce
the water surface elevation and discharge of a Scenario
3 floodwave.  Note that the discharge at US Highway
75 is impacted by the removal of large volumes of
water upstream at the lateral weirs.  Additionally, the
flatness of the channel geometry between this site and
the Hallock Dam result in slower velocities and higher
elevations, as seen in Figure 8c.

      Figure 8c shows the change in water surface from
the initial elevation throughout the time period of the
model.  The elevation due to the 100-year flood event
as well as the dam break flood event is readily visible
in the hydrograph.  Manipulation of the gates in the
Lake Bronson Dam, as prescribed by the operating
plan, can also be seen in the stepped appearance of the
rising limb of the hydrograph at the Lake Bronson
tailwater, and at the US Highway 59 and County Road
5 bridges.

      Figure 8d shows the height of the dam break
floodwave which continually attenuates as it moves
downstream.  The floodwave is impacted less by the
hydraulics and geometry of the channel, and more by
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Figure 8a: Scenario 3 - 100-Year Flood with Fast Dam Break

Water Surface Elevation vs. Time
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Figure 8b: Scenario 3 - 100-Year Flood with Fast Dam Break

Combined Dam Break and 100-Year Flood Event

the 100-year flood event and structures that could
impede peak flow.  These factors combine to make the
overall height of the floodwave lower than in Scenario
1, even though the Scenario 3 breach is much larger
and the breach time is the same.

      Placing the dam break floodwave at the peak of the
100-year flood event allows it to spread out on the
flood event as well as flow onto additional floodplain
areas, which helps attenuate the wave.  Also, due to
high water surface elevations at most of the bridges in
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Figure 8c: Scenario 3 - 100-Year Flood with Fast Dam Break

Combined Dam Break and 100-Year Flood Event

24

the area of flooding, the floodwave spreads out of the
river channel.  The dam break peak is further reduced
by the action of the bridges on the floodwave.  Finally,
near the downstream limits of the project area, the
remaining combined floodwave results in a significant
volume of water leaving the South Branch Two River
via the lateral weirs. Water leaving the project area via
the lateral weirs will either flow to the Red River of the
North through other waterways, or will re-enter the
South Branch Two River downstream of the project
area.

      Appendix C is a profile output table showing the
initial and maximum discharge and water surface
elevations for all cross sections and structures in
Scenario 3.  Data is also shown in tabular form in
Figure 9, along with the data from the other two dam
break scenarios.
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Figure 8d: Scenario 3 - 100-Year Flood with Fast Dam Break
Height of Floodwave
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Summary Table of the Three Dam Break Scenarios

      Figure 9 is a table showing the results for various
parameters at the six selected sites during each of the
three dam break scenarios.  Parameters in the table
include water surface elevations, discharge, amplitude
of the dam floodwave and travel time of the dam break
floodwave to the six selected sites.

      Figure 9a lists headwater and tailwater elevations
obtained prior to arrival of the dam break floodwave.
The elevations in Scenarios 2 and 3 differ significantly,
even though they both would occur during a 100-year
flood event.  The reason for this difference is that
Scenario 2 would occur while the 100-year flood event
is still building, while Scenario 3 would occur near the
peak of the 100-year flood event. For all sites in
Scenarios 2 and 3, the elevations are a best estimate as
it was often difficult to differentiate rising waters of the
100-year flood event from the first arrivals of the dam
break floodwave.

      Figure 9b shows the peak headwater and tailwater
elevation at each of the six selected sites for each of the
three scenarios.  In Scenario 1, the peak elevation is
due to the dam break.  In Scenarios 2 and 3, the peak
elevation is a result of the combined 100-year flood
event and the dam break floodwave.

      Figure 9c shows the amplitude (height) of the dam
break floodwave (in feet) for the headwater at each of
the six selected sites.  The height of the floodwave was
determined by running the model without dam break
and subtracting that value from the water surface
elevation obtained with dam break.  Only headwater
elevations were calculated using this method.  Note that
these numbers are very similar to the numbers obtained
by subtracting the value in Figure 9b from the respec-
tive value in Figure 9a.  The slight differences were due
to interpolation when determining the value from the
hydrographs for Figures 9a and 9b.

      Figure 9d shows discharge prior to the arrival of the
dam break floodwave, and the peak discharge as a
result of the floodwave.  Determining the pre-
floodwave discharge is very subjective as the value is
interpolated from a hydrograph at the same time as the
pre-breach headwater elevation shown in Figure 9a.
The peak discharge represents the instantaneous value
reported by HEC-RAS for the scenario modeled.

     Figure 9e shows the approximate travel time of the
dam break floodwave.  The first time listed is the
approximate time to the leading edge of the floodwave,
as interpolated from a hydrograph.  The second is the
time to peak water surface elevation.  In several
scenarios, the peak discharge occurred up to 30 minutes
after peak water surface elevation due to the hydraulic
properties of floodwaves.
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Lake Bronson Dam
US Highway 59
County Road 5
Hallock Dam

MN Highway 175
US Highway 75

Figure 9 - Model Comparison

SCENARIO 1 SCENARIO 2 SCENARIO 3

Figure 9a - Pre-breach Headwater / Tailwater Elevations

Figure 9 - Model Comparison

Figure 9a - Pre-breach Headwater / Tailwater Elevations
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Figure 9b - Peak Floodwave Headwater / Tailwater Elevations
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Figure 9c - Amplitude of Dam Break Floodwave
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Figure 9d - Pre-Floodwave Discharge / Peak Dam Break Floodwave Discharge
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Figure 9e - Floodwave Travel Time: Time to Leading Edge and Peak Floodwave
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IIIIINUNDATION NUNDATION NUNDATION NUNDATION NUNDATION MMMMMAPSAPSAPSAPSAPS CCCCCONCLUSIONSONCLUSIONSONCLUSIONSONCLUSIONSONCLUSIONS

      Maps showing the expected areas of inundation, in
the cities of Lake Bronson and Hallock, are shown in
Appendix E and F.  These maps show the approximate
areal extremity of inundation that can be expected by
the combined 100-year flood event and massive dam
break in Scenario 3.  Each map is based on a 2003 air
photo.

      Overlaying each photo are lines representing the
approximate  FEMA (Federal Emergency Management
Agency) 100-Year and 500-Year floodplain limits.  The
heavy dark blue lines, perpendicular to the river
channel, represent the approximate location and length
of interpolated cross sections.  At one end of the cross
section line is a number indicating the station number,
which is also the river distance in miles from the
downstream most cross section (US Highway 75 in
Hallock).  The yellow hatching represents the areas that
can expect to be flooded during a Scenario 3 dam
break.

      1.  A sunny day dam break, as modeled in Scenario 1
is unlikely to cause any fatalities.  The size of the
breach modeled in Scenario 1 was large, however, a
smaller breach, or a longer breach time, would greatly
diminish the discharge and height of the dam break
floodwave.

      2.  The greatest potential for injury in a Scenario 1
dam break would be to individuals in motor vehicles
driving on the road over the dam shortly after or during
the dam break.

      3.  A failure of the Lake Bronson Dam has the
potential to cause injury and property damage in the
city of Lake Bronson.  The leading edge of a floodwave
would arrive at US Highway 59 in Lake Bronson
within 30 to 60 minutes of the breach, while the peak
floodwave would arrive in two to four hours, depend-
ing on the configuration of the breach and the flows in
the river prior to the breach.

      4.  For the City of Hallock, the leading edge of the
floodwave would arrive approximately eight to 13
hours after dam break, and the peak water surface
elevation would occur from 13 to 18 hours after dam
break.  With proper notification, planning, and training,
the impacts of a Lake Bronson dam break could be
limited to property damage in Hallock.  Sufficient
times exists to warn and remove potential victims from
the expected innundation areas, including the camp-
ground near the Hallock Dam.

      5.  For the three scenarios modeled, the results
indicate that the dam break floodwave with the highest
amplitude occurs in Scenario 1 but the maximum water
surface elevation of this floodwave is lower than those
observed in Scenarios 2 and 3.  The floodwaves in
Scenarios 2 and 3 have smaller amplitudes because
they are attenuated by floodplain storage and they
would incorporate into the 100-year flood event.
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      7.  A dam failure at night or on weekends, when the
dam is not observed, should be a source of serious
concern for the city of Lake Bronson.

      8.  Several dwellings within the city of Lake
Bronson are potentially at risk if the Lake Bronson
Dam should fail during a major flood event.

      9.  It may be desirable to further evaluate the forces
on the Canadian National Railroad bridge from a dam
break flood wave to determine the likelihood of failure.
All three scenarios exceeded the capacity of the bridge,
and water surface elevations in Scenarios 2 and 3
exceeded the elevation of the top of the bridge.  A copy
of this report will be forwarded to the Canadian Na-
tional Railroad for their review.

      10.  The threat to public safety could be greatly
diminished by using a stream gage with an automatic
notification system that would notify concerned
individuals of rapidly changing water conditions or
very high water elevations.  A copy of the Emergency
Notification Contacts and Notification Flow Chart are
included in Appendix G and H.

RRRRREFERENCESEFERENCESEFERENCESEFERENCESEFERENCES

      Prediction of Embankment Dam Breach Param-
eters, Dam Safety Office-Water Research Laboratory,
July 1998.

      “Hydrologic Design for Reservoirs”,  US Army
Corps of Engineers, EM-1110-2-1420

      Design of Small Dams, US Department of Interior,
Bureau of Reclamation, Washington DC, 1977

      Flood Insurance Study for the City of Hallock,
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      6.  Each of the scenarios would pose a significant
risk for personal injury and loss of life for any indi-
viduals caught in the various floodwaves.  The greatest
risk observed would be to persons in motor vehicles
driving over the dam in Scenario 1 and to persons on
the dam in Scenarios 2 and 3.  Further downstream, the
risk is reduced as the water would rise at a slower rate
and adults should be able to avoid the slower rising
water.
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      1.  For normal run-of-river operation, keep the three
main gates closed.  Maintain the pool elevation by
using the low flow valve or by letting flow go over the
top of the gates.

      2.  Start using the gates when the pool rises to a
gage reading of 19.85 (0.5’ above normal pool) and is
still rising.  Use only the center gate until it is 2’ open;
then use the south gate until it is 2’ open; then use the
north gate until 2’ open.  For openings more than 2’,
keep all gate openings about equal.

      3.  For a rising pool above gage 19.85, open the
gates in 6” increments at 2 hour intervals.  Monitor
pool elevations and continue 6” incremental gate
openings until the pool stops rising.  As the pool
recedes, use 6” closing increments.  Begin closing
gates when the pool has dropped 6” below the peak
elevation.  Continue checking pool and making incre-
mental closings until pool is back to normal.  The gate
adjustment increment and frequency of checking the
pool may be adjusted, based on runoff event experi-
ences.  The dam operator shall keep records of gate
operations in a daily log, which can be used to fine tune
the procedures.  Consult with the Area Hydrologist and
Dam Safety Supervisor to formally revise the proce-
dures.

AAAAAPPENDIXPPENDIXPPENDIXPPENDIXPPENDIX D    D    D    D    D   Additional Gate Operation Procedures,Additional Gate Operation Procedures,Additional Gate Operation Procedures,Additional Gate Operation Procedures,Additional Gate Operation Procedures,
Lake Bronson DamLake Bronson DamLake Bronson DamLake Bronson DamLake Bronson Dam

      4.  Implement a preflood drawdown of the lake
when a rapid runoff of 3” of water (watershed average)
is probable.  Drawdown is to be to the top of the
concrete spillway (gage reading 15.2).  Three inches of
runoff applies for snowmelt, rainfall or combinations
therof.

      5.  Lower the pool when the dam is threatened by a
breach of any kind.  This lowering may result in
spillway discharges which could flood downstream
properties.  The warning procedures described in the
Emergency Preparedness and Response Plan should
then be implemented.

      6.  Operate each of the gates at least once every
three months to assure proper function.  Open each of
the gates to “full open” at least once a year.  Keep
records of these “tests” in the daily log.  The DNR Dam
Safety Supervisor may require gates to be opened fully
when conducting annual inspections.

      7.  Maintain run-of-river flow for downstream
needs. Consult with the Area Hydrologist for instream
flow needs or when discharge ceases.

48
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AAAAAPPENDIXPPENDIXPPENDIXPPENDIXPPENDIX G   G   G   G   G  Emergency Notification ContactsEmergency Notification ContactsEmergency Notification ContactsEmergency Notification ContactsEmergency Notification Contacts

October 13, 2004

ORIGINATING CALLER TO BE NOTIFIED PHONE NO.

OBSERVER

Lake Bronson State Park

Kittson County Sheriff

MNDNR Area or Regional Hydrologist

1.  Lake Bronson State Park
     Manager/Asst. Manager

2.  State Division of Homeland Security
and Emergency Management Duty Officer

1.  Kittson County Sheriff

2.  MNDNR Area Hydrologist
     Chad Konickson

Alt. MNDNR Regional
      Hydrologist
      Larry Kramka

1.  Lake Bronson Fire Department
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Impacts of a Lake Bronson Dam Break on the Cities of Lake Bronson and Hallock, Minnesota

October 2004
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