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Introduction
Polaris Group, Inc. of Minneapolis Minnesota under contract to North American Hydro
(NAH) and the Yellow Lake Sportsman Association (YLSA) has conducted an
evaluation of the Yellow River system between Yellow Lake and the Hydropower facility
located in Danbury Wisconsin. Residents have noticed periods of high water in Yellow
Lake and low water in the lower reaches of the Yellow River between the lake and dam
since at least the early 1970's. It is possible that the phenomena has existed since the
dam and power plant were constructed and may even exist without the powerhouse in
place, and that it has been noticed more frequently as the river has become more
developed. However, several potential sources for a changing of conditions are possible
ranging from changes in dam-powerhouse operation to natural evolutionary processes in
the river. With the assistance of the clients continued support of data acquisition Polaris
Group was able to ascertain the probable cause for the occurrence of both high lake levels
and low river levels observed by residents.
In August, 2003 the YLSA and NAH informed Polaris Group that the conditions that had
been evident in the previous summers were again occurring, and requested that Polaris
Group boat the length of river between Yellow Lake and the dam. It was evident during
the field observations conducted on August 14,2003 that the water level in the
downstream segment of the Yellow River, just above the dam, falls in the latter half of
summer largely due to the growth of weeds in the river. Much of the river is no more
than 4 to 5 feet deep and has a grassy type of weed that grows in clumps creating thick
patches and mats of weeds sufficient to reduce the ability of the river to convey water.
The timing of the sudden seasonal change in water level slope within the river coincided
with the period of maximum weed growth. The return to a flatter slope occuned when
the weeds die off in early fall, as evident in the water surface information led to weed
growth as a primary suspect. A seasonal increase in friction factor in the hydraulic
modeling confirmed that the weed growth could account for the change. While weed
growth certainly exasperates the situation, the problem of river conveyance still occurs
when weed growth is minimal such as during the high water in Yellow Lake that
occurred in May of 2003. Table 1, on page 4 of the report summarizes the maximum
discharge capacity of the river under different seasonal conditions. At the target water
surface elevation of 929.0 at the dam, the river can convey about 220 cfs without
increasing the water surface elevation of Yellow Lake above the summer set point of
929.7 when weeds are not present. With heavy weed growth present the rivers
conveyance falls to 170 cfs for the same condition. Both of these discharges are below
that to be expected following a large rainstorm. It should also be noted that 20 to 25 cfs
in additional discharge was added to the river flow recently when the Shell Lake water
level control system was completed.
The section of the report on river analysis quantifies the impact of the seasonal
fluctuation and provides a summary of the Yellow Lake level that may be anticipated
based on the time of year, the water surface elevation at the dam and the flow rate in the
river.

Also performed as part of the study was the preliminary selection of a stream gaging site
upstream from Yellow Lake to monitor inflows. While a stream gage will provide
information on the inflow to Yellow Lake, the usefulness of the information to aid in
hydro plantfdam operation is limited because of the size of the lake and its associated
storage volume, the limited capacity of the river, and the need for the lake level to rise to
pass the water through the channel into Lower Yellow Lake. The following report
summarizes the observations made, the results of the hydraulic modeling study, and
potential solutions to the problem.

Site Visits
A total of five site visits were conducted from the period of early November 2002,
through August 2003. The first visit on Nov 2,2002, was a field reconnaissance
conducted as part of Polaris Group's pre-proposal evaluation to determine the
components necessary to evaluate the problems occurring within the Yellow River
system. On December 18,2002, a site survey was conducted of the elevations near the
dam and powerhouses and also of the water elevations of both Little Yellow and Yellow
Lakes. Ice conditions at the time of both visits limited access to those locations adjacent
to the area near the dam and bridge crossings.
A complete survey of the River from Yellow Lake to the dam was performed on April 29
and 30,2003. The entire reach was reviewed to look for potential flow constrictions and
five cross-sections were taken to supplement the HEC-RAS model that has been
developed by FEMA. In addition, seven staff gages were installed at selected locations
from just downstream of Little Yellow Lake to the dam. At the time of the visit the river
showed no signs of isolated constrictions and water levels appeared normal.
Following a heavy rainfall in May, discharge measurements were conducted in the
Yellow River just upstream of Yellow Lake and at the bridge crossing between Yellow
and Little Yellow Lakes on May 16,2003. The flow measurements were taken using a
Price current meter and standard United States Geological Survey methods. Results of
the measurements are discussed in more detail later in the analysis section of the report,
and the data is provided in the appendix. However the discharge measurements did
support the observation that the flood wave had crested and was receding as more water
was leaving Yellow Lake than was entering from upstream.
The fifth site visit was conducted on August 14,2003 to observe the decrease in water
level on the river that had been noted by residents. As the residents along the river had
also reported the previous summer, the water level along the lower reaches of the river
falls on the order of a foot in later July as the weed growth in the river becomes fully
established. The results of this field visit and the impact of the weed growth is explained
in the analysis section of the report.

Analysis of River
As the study developed, the analysis was modified to accommodate the additional data
that was not anticipated at the time the project was initiated. The original work scope
called for the determination of the hydraulic capacity of the river over a range of flow
conditions and varied roughness. With the added staff gages it was possible to not only
relate the water surface at the dam to that of Yellow Lake, but to refine the study to
address the complex interaction between the two locations and the impact that different
stretches of the river may have. The staff gages and the season long study provided
information not normally available and substantiated observations by residents and the
hydro plant operator. The information they provided was critical in determining the
seasonal variation that occurred within the river and in effect provided a full scale, no
assumptions necessary, real life model test that no numerical model can replicate.
Figure 1 shows the projected water surface of Yellow Lake computed using the calibrated
HEC-RAS hydraulic models for the river under both the period of peak weed growth and
also during the period of minimal weed growth. The figure presents the water level of
Yellow Lake that can be anticipated as a function of the water level at the hydropower
plant and dam, the flow in the river and the weed growth period. This information is also
provided in a different format in Table 1 which summarizes the discharge capacity of the
Yellow River for a range of water surface elevations at the dam from 927.0 to 929.0 msl
which is the typical range that has been historically used in recent past. The HEC-RAS
models for the river were used to determine the estimated maximum discharge that was
possible without exceeding the summer or winter set point as well as the impact of weeds
on the rivers capacity. It can been seen in the table that while the weeds in the river
reduce the capacity by as much as 100 cfs for the summer set point, the capacity even
without weeds is only 350 cfs. At greater discharges the level Yellow Lake will rise until
it reaches a level sufficient for the river to carry the discharge.
Maximum Discharge Capacity of Yellow River
under a range of conditions
Water Surface Elev
Summer Set Point 929.7*
Winter Set Point 928.6*
at Dam
Without Weeds With Weeds
Without weeds
927.0 ft
350 cfs
250 cfs
190 cfs
330 cfs
927.5 ft
170 cfs
240 cfs
928.0 ft
31Ocfs
230 cfs
130 cfs
928.5 ft
210 cfs
280 cfs
929.0 ft
170 cfs
220 cfs
* Elevations are referenced to msl.
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Table 1, Discharge Capacity of Yellow River.
The dam has additional capacity to pass flow if the river can convey it. A review of the
maximum discharge capacity at the hydro plant and dam provided in Table 2 below
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Figure 1. Projected Water Surface Elevation at Yellow Lake vs Flow and Water Surface
Elevation at Dam
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indicates that at a forebay elevation of 927 ft msl, the maximum passable discharge is
approximately 840 cfs, at 928 ft it is 1330 cfs and at 929 ft it is 1740 cfs.
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929.0

1

1224

1

519

1

1740

* Turbine Discharge
- mav need to be decreased because of vibration. cavitation. and

other operational constraints, 80% of maximum discharge capacity assumed.
Table 2, Danbury Dam capacity.

From Figure 1 it can be seen that the ability to control the water level at Yellow Lake by
adjusting the water level at the dam is highly dependent upon the discharge in the river.
As discharge increases the dam has less and less effect. The water level of Yellow Lake
is not impacted by the water level at the dam for discharges above approximately 600 cfs.
Figure 2 shows the slope of the water surface of the river with and without summer weed
growth for a typical discharge of 250 cfs as well as the higher flood discharge of 5 10 cfs
that occurred. This information was obtained using the seven staff gages that were
installed April 29 and 30,2003. With the continual support of the members of the
Yellow Lake Sportsman Association each of the gages was typically read weekly from
May through September 2003. Summarized in the Appendix, this information provides
the data essential for evaluating each isolated reach of the river under both summer weed
growth conditions as well as non-weed growth conditions. Through the data it was
possible to calibrate the HEC-RAS model not just from the dam to the Yellow Lake but
to break this reach of river into three segments shown in Figure 3, the upper reach down
to approximately Staff Gage 7, the middle reach with a length of approximately 1.5 miles
from Staff Gage 7 downstream to Staff Gage 4 and the lower reach below Staff Gage 4.
The field data indicated that the river slope is reasonably constant during the months with
minimal weed growth. During the period of peak weed growth, the slopes of the upper
and lower segments don't change significantly however the slope, or frictional resistance,
of the middle stretch of the river jumps noticeably.
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Figure 2. Relative Water Levels along Yellow River
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Photo 2. Surface weed patches, although difficult to see because of the reflection thick
submerged weeds are also present.

Photo 4. Submerged weed clumps, note shallow depth.

Photo 5. Submerged weed clumps.
Through the use of the RAS model the middle reach of river was found to increase about
three times in effective relative roughness during the peak weed growth period. This
roughness is made up of several components.
1. The weed growth shown in Photos I through 5 blocks a significant portion of
the flow passageway, this in turn forces the water to move faster in the openings it
can pass through. The shallow river depth is also apparent in several pictures.
2. Dislodged weeds accumulate on the many docks and deadfalls along the reach
enhancing fish habitat but further restricting the flow passageway.

3. The weed related blockage effectively makes the flow passageway longer
requiring more head to pass through the reach, and.
4. The weeds themselves increase the roughness of the channel. The results of
the RAS modeling are contained in the appendix.

The spring 2003 flood provided water surface elevation information and dam discharge
data, shown in Figure 4, which along with the flow data obtained upstream and

downstream of Yellow Lake at the time were used to analyze the flood passage and the
impact that dam operations have on the passage of such an event.

Figure 4, Discharge and Water surface elevation data, May, 2003.

Following heavy rainfall in the early part of May the flow at the dam was increased from
330 cfs on May 11,2003 to 520 cfs on May 12,2003. The increase in discharge at the
plant was driven by a daily increase in water level at the dam of 0.4 ft and an increase at
the Yellow Lake gage ofjust less than 0.2 ft. This increase in flow at the dam translated
to a fall of water surface at the dam of nearly 1 ft within two days. The drop in water
level at the dam was caused by the hydro plant operator trying to pass more water to
match the inflow into Yellow Lake and mitigate the rise in the lake. However doing so
temporarily created a discharge at the dam that was greater than the discharge into the
river at the time. In other words, the water level at the dam temporarily fell simply
because more water was leaving the river than was entering it. While the water level at
the dam fell by a foot between May 12 and 14, the level at the lake actually increased by
a couple hundredths of a foot indicative of the large storage capacity of the lake and the
complexity of the overall system wherein the outlet of Yellow Lake and the channel
between Yellow and Little Yellow Lakes become other controlling factors at high flows.
The discharge at the dam was maintained at approximately 500 cfs until May 25, when it
was again lowered to about 300 cfs. During this time the water level at the dam gradually
fell reaching a total drop of 1.3 feet below the peak level on May 11 and 12, during this
period however the level of the lake slowly receded a total of about one third of a foot.

Field discharge measurements taken on May 15,2003, indicated an inflow into Yellow
Lake of 490 cfs and an outflow of 640 cfs. Within the accuracy of the field flow
measurements the flow information matched that at the dam and correlated well with the
rate of fall of the water surface of Yellow Lake of 0.1 fl per day at the time.

