








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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The goal of the load estimation procedure is to minimize the error associated with
the load estimate. This is accomplished by first estimating the load using each of
the techniques and noting the variance associated with each estimate. Often,
stratifying the data, either by flow or season, can reduce the variance. We
typically evaluated whether the variance of the estimate was reduced by using two
flow strata, one greater and one less than the mean flow. After stratification, most
of the estimation methods resulted in greater variance. Therefore, we used the
estimation method with the lowest variance without stratifying the data. The
method with the lowest variance tended to be “Regression Applied to Individual
Daily Flows,” (see page 2-5, Walker 1986). The method selected is shown in
Equation 1.

W = Zjexp [a+ (b+ 1) In(Q)) + SE*/2] Equation 1
Where

W = estimated mean flux over N days (kg/yr)

%; = sum over N dates in daily flow record

a = intercept of In(c) versus In(q) regression

b = slope of In(c) versus In(q) regression

Q;j = mean flow on day j (hm3/yr)

SE = standard error of estimate for In(c) versus In(q) regression
The lowest coefficient of variance (CV) was used as the measure to determine the
best load estimation method of the six calculated in FLUX. The CV is calculated
by dividing the standard error of the mean loading by the mean loading. A CV
value less than 0.1 is considered optimal for mass-balance modeling but is
difficult to achieve for small, flashy streams. A CV value between 0.1 and 0.2 is
considered adequate for modeling purposes, especially for minor tributaries (see

page 2-11, Walker 1986).

The FLUX program ignores all flow and concentration data that have values less
than or equal to zero. Tables within the following Results Section list the
“Number of TSS Samples Collected.” The sample numbers listed in the tables
include only those paired data points having both flow and concentration greater

than zero.
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III. RESULTS

A. Thief River Falls Reservoir

1. Site Name: Thief River Inflow

Table 4 provides a summary of the TSS samples collected, Table 5

provides a summary of the runoff volumes computed for each year, and

Table 6 provides the results of the TSS load computation for the Thief

River inflow site. Figure 1 is the hydrograph for 1995-1997 at the Thief

River inflow site.

Table 4
Total Suspended Sediment Measurements
1995 1996 1997 Total

Number of TSS Samples Collected 84 53 67 204
First Sampling Date 3/31 4/23 1/14 N/A
Last Sampling Date 11/1 12/12 9/24 N/A
Average Concentration (mg/1) 24.73 24.77 17.46 22.35
Minimum Concentration (mg/1) 1.91 4.52 232 1.91
Maximum Concentration (mg/1) 157.60 128.30 67.45 157.60

Table 5

Volume of Runoff for Each (Portion) Year Sampled
Thief River Inflow Site Drainage Area = 1064 square miles and primary area contributing

sediment is estimated as 448 square miles (i.e. the area downstream from Agassiz NWR))
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1995 1996 1997 Total for
Period
Studied
Runoff Volume (cubic hectometers) 228 468 488 1,184
Runoff Volume (acre-feet) 184,542 | 379,277 395,990 959,810
Runoff Volume (inches) 3.3 6.7 7.0 16.9
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Flow (cfs)

Figure 1

Thief River Estimated Inflow to
Thief River Falls for 1995-1997
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