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L INTRODUCTION

As part of the Total Suspended Sediment study of the Red Lake, Thief, Mud and Moose
Rivers, Houston Engineering, Inc. (Houston) was requested to provide engineering
services to estimate the flow and to compute the suspended sediment load to each
sampling site during the monitoring period, and to briefly describe the methods,

assumptions and results of the hydrology and load computations.

Houston performed this work in three phases. Phase 1 analyzed the Thief River Falls
Reservoir sites consisting of two inflow-sampling sites (Thief River and Red Lake River)
and one outflow-sampling site (Thief River Falls Reservoir Dam). Phase 2 analyzed the
Thief Lake sites consisting of one inflow-sampling site (Moose River Crossing) and one
outflow-sampling site (Thief Lake Dam). Phase 3 analyzed the Agassiz National
Wildlife Refuge sites consisting of two inflow-sampling sites (Thief River at Thief Bay
Bridge and Mud River at Highway 89) and one outflow-sampling site (Judicial Ditch 11
at Mud Lake outlet).
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IL. METHODS

A. Hydrology

The following sections describe the methods used to estimate daily flow rates at

the sediment sampling sites.

1. Thief River Falls Reservoir

Flows at sites within the Thief River Falls reservoir were based upon
recorded flows at the USGS stream gauge sites on Red Lake River at
Highlanding and Thief River near Thief River Falls. Flows in each river
were increased to account for the increased drainage area between the
USGS gauging stations and Thief River Falls. Table 1 lists the drainage
areas at the USGS gauging stations and at Thief River Falls.

TABLE 1 Drainage Area at Drainage Area
USGS Gauging at Thief River | Difference
Station Falls
(square miles) (square miles) (square miles)
Thief River 985 1064 79
Red Lake River 2300 2386 86

A simplified runoff model was used to estimate the local runoff resulting
from precipitation over the contributing drainage area between the USGS
gauges and Thief River Falls. This model used precipitation data from
Thief River Falls and the SCS Curve Number hydrology method to
compute direct runoff from precipitation. A curve number of 80 was
assumed and flow to the Red Lake and Thief Rivers was computed as the

direct runoff at a uniform rate over 24 hours.

The Thief River and Red Lake River flows were further increased by 24%,
6% and 7% for 1995, 1996 and 1997, respectively in order to split the
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difference between flows computed by the method described above and by

rating curve of tailwater levels measured at the Thief River Falls

hydropower dam. Outflow for the Thief River Falls reservoir was

computed as the sum of the estimated inflows from the Thief and Red
Lake Rivers.

Thief Lake

a)

b)

Thief Lake Dam

Flow at the Thief Lake outlet was estimated by the Minnesota
DNR staff at the Thief Lake Wildlife Management Area using weir
and orifice flow equations in conjunction with observed headwater
and tailwater levels (and weir and gate settings) at the Thief Lake
dam. Linear interpolation was used to estimate flow at the dam on

intervening days between DNR observations of stage.

Inflow to Thief Lake

Flow at the Moose River inlet to Thief Lake was estimated using a
water budget method. Groundwater inflow and outflow were

neglected and inflow was determined using the following equation:

Inflow = Outflow + Evaporation + Change in Storage — Precipitation

Outflow was determined by the DNR at the outlet dam using
headwater and tailwater levels and hydraulic equations. Change in
storage per day was determined using the recorded lake levels
(headwater at dam) and elevation versus storage rating curves.
Evaporation rates used were the Minnesota Hydrology Guide listed

average monthly evaporation rates from shallow lakes and
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reservoirs. Records of precipitation at Thief Lake WMA were

obtained from the Minnesota DNR Climatology website.

Linear interpolation was used to estimate lake levels and outflow

on days between gauge readings. This water budget process
allows the computation of total inflow to the lake—not only inflow
at the Moose River inlet. Negative inflow values were determined
on many dates as a consequence of summing the other estimated
parameters. Negative inflow values were rounded to 1 cfs to allow
sediment load calculations, however, rounding the negative
ordinate values to 1 cfs effectively over predicts the total inflow to
the lake. Table 2 provides a comparison of computed inflow
volumes for each sampling period with and without rounding

negative inflows to 1 cfs.

TABLE 2 Sampling Period
1995 1996 1997

Acre-feet Acre-feet Acre-feet
Inflow volume computed for balanced water 19,555 82,265 71,013
budget
Inflow volume used in load estimates 34,394 90,935 83,040
(computed by rounding negative inflow
values to 1 cfs)
Over prediction 76 % 11 % 17 %
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a)

Agassiz National Wildlife Refuge

Thief River at Thief Bay Bridge

Flows at the Thief Bay site within the Agassiz National Wildlife

Refuge were based upon estimated flows at the Thief Lake dam.
Flows in the Thief River at Thief Bay Bridge were increased to
account for the increased drainage area between Thief Lake and
the Thief Bay Bridge. Table 3 lists the drainage areas at the Thief
Lake dam and at the Thief Bay Bridge.

TABLE 3 Drainage Area at | Drainage Area at Difference

Thief Lake Thief Bay Bridge

(square miles) (square miles) (square miles)

Thief River

2152 262.4 472

b)

A simplified runoff model was used to estimate the local runoff
resulting from precipitation over the contributing drainage area
between Thief Lake and the Thief Bay Bridge. This model used
precipitation data from Thief Lake and the SCS Curve Number
hydrology method to compute direct runoff from precipitation. A
curve number of 75 was assumed and flow to the Thief River was

computed as the direct runoff at a uniform rate over 24 hours.

Mud River

Water levels in the Mud River near Grygla were measured when
sediment samples were collected. A rating curve was developed
from measured flows and stages at this USGS partial record gauge
site. Flows on sampling dates were estimated using the observed
stage and the rating curve (regression equation). Linear
interpolation was used to estimate flows on dates between stage

measurements. Water levels at this site were not measured during
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either the 1996 or 1997 spring floods, so no flow data is available

for those runoff events at this site.

c) Judicial Ditch 11

Flow at the Judicial Ditch 11 (JD 11) outlet from Mud Lake in the

Agassiz National Wildlife Refuge was computed by two methods.

Minnesota DNR Hydrologist Jim Solstad computed spring outflow
rates at the JD-11 outlet using headwater and tailwater records and
hydraulic equations. Solstad’s computed flows were used as

available (for dates 4-15 to 5-29 in 1996 and 4-4 to 6-30 in 1997).

Water levels were recorded at the JD-11 site during the sediment
sampling period. Records of the JD-11 water level about 150 feet
downstream from the Mud Lake outlet structure were measured
from a bridge railing. Loren Sanderson, of the Red Lake
Watershed District, measured the railing elevation on May 14,
2003. A tailwater rating curve at JD-11 was developed from
Solstad’s computed flows. This rating curve was used to compute
flows in JD-11 for the dates when “measure down” distances were
recorded. Linear interpolation was used to estimate flows between

dates when measurements were taken.

B. Load Estimation (FLUX)

The computer program FLUX was used to calculate tributary loads and flow-

weighted mean concentrations. FLUX is an interactive menu driven program,
which consists of six unique methods for load estimation (Walker 1986). The
program uses daily stream volume and chemistry data, and is supported by the

Corps of Engineers, Vicksburg, Mississippi.
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