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1. INTRODUCTION

Flaming Gorge Dam is located on the upper main
stem of Green River in Utah (figure 1.1). The
operation of the dam influences flow and temperature
regimes and the ecology of riverine biota including
native fish. The U.S. Fish and Wildlife Service in the
1992 Biological Opinion (the 1992 Biological
Opinion) on Operation of Flaming Gorge Dam
concluded that the continuation of historic operations
at Flaming Gorge Dam was likely to further reduce
the distribution and abundance of the federally
protected fishes found in the Green River system.

In order to mitigate this problem, the Flaming Gorge
flow recommendations investigation was conducted
beginning in 1992 under the auspices of the Upper
Colorado River Endangered Fish Recovery Program.
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Figure 1.1—The Green River study area.

Operation of Flaming Gorge Dam Final EIS

App-114 —



The 2000 Flow and Temperature Recommendations (the 2000 Flow Recommendations) are
documented in a final report by Muth et al. (September 2000).

Clayton and Gilmore (2002) developed the simulation models of reservoir operation and
streamflow for the 1992 Biological Opinion, which is referred to as the No Action Alternative,
and the 2000 Flow Recommendations, which is referred to as the Action Alternative. The details
of the model development and the hydrology results as well as updated flow data are presented in
this report and were used to conduct the impact analysis on sediment transport in the Green River
downstream from the Flaming Gorge Dam to its confluence with the White River near Ouray in
Utah. This portion of the Green River has been divided into three reaches, Reach 1, Reach 2, and
Reach 3 (figure 1.1) for impact analysis.

2. STUDY REACHES

The study area for impacts on sediment transport due to differences in flow pattern under the
Action and the No Action Alternatives are the three reaches of Green River downstream from the
Dam. Reach 1 encompasses the main stem of Green River from Flaming Gorge Dam
downstream to its confluence with the Yampa River, and Reach 2 encompasses the mainstream of
Green River from its confluence with the Yampa River downstream to the confluence with the
White River. Reach 3 encompasses the mainstem of Green River from its confluence with the
White River downstream to the confluence with the Colorado River. Long term sediment
transport quantities, in terms of sand load and total load are determined for these two reaches by
using available sediment rating curves and the flows for the Action and the No Action
Alternatives.

3. HYDROLOGY

The hydrology of the Green River below Flaming Gorge Dam for the Action and the No Action
Alternatives are presented in Flaming Gorge Draft Environmental Impact Statement Hydrologic
Modeling Report by R. Clayton and A. Gilmore (February 26, 2002) and supplemental hydrology
estimates prepared for Reach 3. The hydrologic modeling results presented in the report are used
to evaluate the impacts on sediment transport under the two alternatives. The details of the
hydrology model are presented in the report. The average monthly flows for Reach 1 for the
Action and the No Action Alternatives are shown in figure 3.1 (all figures are located at the end
of this appendix) and the average monthly flows for Reach 2 for the two alternatives are shown in
figure 3.2. Figure 3.3 contains the average monthly flow estimates for Reach 3 for the two
alternatives. These three figures show the differences in monthly flows for the alternatives. The
flow values are also presented in tables 1 and 2 for Reach 1, table 3 for Reach 2, and table 4 for
Reach 3.
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4. SEDIMENT TRANSPORT ANALYSIS

The change of streamflow pattern from the No Action Alternative to the Action Alternative has
impacts on the quantity of sediment transported by the Green River. The magnitude of the
difference in sediment transport for the two alternatives was determined using flow duration data
for each month of the year and available sediment rating curves for the three reaches of the river
for each alternative.

The flow duration curves for Reach 1 are presented in figure 4.1 through 4.12, and the flow-
duration curves for Reach 2 are presented in figures 4.13 through 4.24. The flow duration curves
are based on daily flows presented in the hydrologic modeling report by Clayton and Gilmore
(February 2002). Flow duration for Reach 3 is patterned after the modeled results for Reach 2
and historic tributary inputs in Reach 3.

Four sediment rating curves, two for Reach 1, one for Reach 2, and one for Reach 3, are used to
quantify the impacts on sediment transport due to change in flow pattern in the river. Between
the two rating curves for Reach 1, one is for determining total load transport and one is for
suspended load transport. The one sediment rating curves for Reach 2 is for sand load transport
only. The one sediment rating curve for Reach 3 is for sand load transport only.

The sediment rating curves are as follows:

Reach 1:
a) Total load rating curve by Martin et al. (1998)
Qs =4.707x10-5 Q 2.01
b) Suspended load rating curve by Martin et al. (1998)
Qsb =2.704x10-7 Q 2.58
Where Qs = total load, tons/day
Qsb = suspended load, tons/day
Q = water discharge, cfs
Reach 2:
Sand load rating curve by Andrews (1986) for USGS gauge Jensen, UT
Qs =2.04x10-5Q 2.16
Where Qsl = sand load, tons/day
Q = water discharge, cfs
Reach 3:

Sand load rating curve by Andrews (1986) for USGS gauge Green River, UT
Qsl =2.06x10-8 Q 2.90
Where Qsl = sand load, tons/day

Q = water discharge, cfs

App-120 = Operation of Flaming Gorge Dam Final EIS



The above sediment rating curves and the flow-duration curves presented in figures 4.1 through
4.24 are used in computing the sediment transport quantities for each month by utilizing the
method presented in Table 2 of Strand and Pemberton (1982).

4.1 Sediment Transport Quantities for Reach 1

The total load transport quantities determined by the total load rating curve for the reach are
shown in figure 4.1.1. Figure 4.1.1 shows the month-by-month total load transported by using
the rating curve presented in Martin et al. (1998). The greatest difference in total load transport
between the alternatives occurs in the month of July in which total load transported in the Action
Alternative is more than seven times the No Action Alternative. The smallest difference in total
load transport between the two alternatives is in the month of May when total load transported in
Action Alternative is about 103 percent of the total load transported in the No Action Alternative.

During the peak runoff season, May through July, the Action Alternative transported about
70,000 tons of total load compared to nearly 45,000 tons transported by the No Action
Alternative (a difference of 55 percent). The flow volume during the peak runoff season was
about 536,000 acre-feet under the Action Alternative and about 435,000 acre-feet under the No
Action Alternative (a difference of 23 percent).

On an annual basis total load transport in reach 1 is nearly same under both of the alternatives.
The annual total load transported in the Action Alternative is about 105,000 tons compared to
92,000 tons transported in the No Action Alternative. This annual difference is about 14 percent.
The annual modeled flow volumes were about 1,345,000 acre-feet under the Action Alternative
and about 1,330,000 acre-feet under the No Action Alternative. This difference in modeled flow
volumes in Reach 1 is about 1 percent. The month by month and the annual quantities of total
load transported under the two alternatives and the flow values are shown in table 1.

Martin et al. (1998) also presented a suspended load rating curve for Reach 1. Their suspended
load rating curve was used to compare suspended load transport quantities under the two
alternatives in Reach 1. The monthly suspended loads computed by using Martin et al. (1998)
rating curve is presented in figure 4.1.2. The greatest difference in suspended load transport
between the two alternatives was similar to the differences noted for total load transport

(figure 4.1.1). During July, suspended load transported in the Action Alternative was 14 times
greater than the No Action Alternative. The smallest difference in the transport of suspended
load between alternatives occurs in April when flows under the No Action Alternative carried
only 6 percent more suspended load than flows under the Action Alternative.

On an annual basis, the Action Alternative carried about 73,000 tons of suspended load compared
to roughly 56,000 tons carried by the No Action Alternative, a difference of about 30 percent.
The monthly suspended loads along with the annual total suspended load for Reach 1 are
presented in Table 2.

4.2 Sediment Transport Quantities for Reach 2

The sand load transport quantities determined for Reach 2 are shown in figure 4.2.1. Figure 4.2.1
shows the month-to-month sand load transport quantities determined by the sand load rating
curve by Andrews (1986). The greatest difference in sand load transport between the two
alternatives is in the month of July. The Action Alternative carried about 2.5 times more sand
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load than the No Action Alterative during July. The smallest difference in sand load transport
occurs during April, in which the No Action Alternative transported 7 percent more sand load
than the Action Alternative.

During the peak runoff season, May through July, the Action Alternative transported about
1,079,000 tons of suspended load compared to roughly 971,000 tons transported by the No
Action Alternative, a difference of about 11 percent. The flow volume during the peak runoff
season was nearly 1,673,000 acre-feet under the Action Alternative and about 1,540,000 acre-feet
under the No Action Alternative, a difference of nearly 9 percent.

On an annual basis the difference in sand load transport between the two alternatives is small.
The Action Alternative carried about 1,253,000 tons compared to roughly 1,173,000 tons carried
by the No Action Alternative, a difference of about 7 percent. The modeled annual flow volumes
were about 2,911,000 acre-feet under the Action Alternative and nearly 2,895,000 acre-feet
under the No Action Alternative; a difference of less than one percent. The monthly and annual
sand loads for Reach 2 along with the flow values are presented in Table 3.

4.3 Sediment Transport Quantities for Reach 3

The monthly sand load transport quantities determined for Reach 3 are shown in figure 4.3.1.
These month by month sand load estimates were determined using the sand load rating curve for
Green River at Green River, Utah USGS gauge. Flow information for Reach 3 was estimated
from the Flaming Gorge Model (described in the Hydrology Appendix) results for Reach 2 and
estimated tributary inflows within Reach 3.

5. CONCLUSIONS

Flow-duration comparisons for May, June and July show that flows greater than power plant
capacity (4,600 cfs) occur more frequently under Action Alternative conditions than under No
Action Alternative conditions. Martin et al. (1998) documented increased active channel area in
reach 1 following a series of special research flow releases greater than 4,600 cfs from Flaming
Gorge dam. The maximum mean daily release from Flaming Gorge during this period was
8,420 cfs.

The sediment transport quantities for Reach 1, whether considering suspended load or total load
show variation between the Action and the No Action Alternatives on a month-to-month basis.
This variation is greatest during the summer month of July. There is difference in monthly total
load transport for the two alternatives. Relative to conditions under the No Action Alternative,
implementing the Action Alternative will likely result in some additional channel deposition and
erosion in the reach during May through September. Additional channel deposition in the reach
is likely during October through April under the Action Alternative in comparison to the No
Action Alternative. On an annual basis, sediment transport in reach 1 will be slightly greater
under the Action Alternative relative to the No Action Alternative. The net result of greater
frequency of flows in excess of 4,600 cfs and increased sediment transport associated with these
higher flows will be greater active channel area under the Action Alternative relative to
conditions under the No Action Alternative.
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For Reach 2, there are some differences in monthly sand load discharge between the two
alternatives although on an annual basis the difference is small. No total load rating curve is
available for Reach 2. Assuming sand load transport to be proportional to total load, sediment
deposition will likely occur from October through May in Reach 2 under Action Alternative
conditions relative to the conditions under the No Action Alternative. From June through
September, sediment will tend to be removed from Reach 2 under the Action Alternative relative
to the No Action Alternative. However, on an annual basis, the difference in sediment transport
between Alternatives will most likely be small in Reach 2.

For Reach 3, the trends in sand load transport are likely to be similar to those discussed for
Reach 2. Annual differences in sediment transport in Reach 3 under the two Alternatives will
likely be small.
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Figure 3.1
Green River Reach 1: Average Monthly Flows
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Figure 3.2
Green River Reach 2: Average Monthly Flows
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Figure 4.1:Reach One Flows in January
Modelled vs. Historic
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Figure 4.2: Reach One Flows in February
Modelled vs. Historic
6000
5000 Historic Flows (1971-1991)
NoAction
| = Action
4000 \\
3000 \\

Flow (cfs)

L ~

0 10 20 30 40 50 60 70 80 90 100

Percent Exceedance

App-126 — Operation of Flaming Gorge Dam Final EIS



Flow (cfs)

Flow (cfs)

Figure 4.3: Reach One Flows in March
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Figure 4.4: Reach One Flows in April
Modelled vs. Historic
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Figure 4.5: Reach One Flows in May
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Figure 4.6: Reach One Flows in June
Modelled vs. Historic
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Figure 4.7: Reach One Flows in July
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Figure 4.8: Reach One Flows in August
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Figure 4.9: Reach One Flows in September
Modelled vs. Historic
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Figure 4.10: Reach One Flows in October
Modelled vs. Historic
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Figure 4.11: Reach One Flows in November
Modelled vs. Historic
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Figure 4.12: Reach One Flows in December
Modelled vs. Historic
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Figure 4.13: Reach Two Flows in January
Modelled vs. Historic
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Figure 4.14: Reach Two Flows in February
Modelled vs. Historic
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Figure 4.15: Reach Two Flows in March
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Figure 4.16: Reach Two Flows in April
Modelled vs. Historic
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Figure 4.17:Reach Two Flows in May
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Figure 4.18: Reach Two Flows in June
Modelled vs. Historic
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Figure 4.19: Reach Two Flows in July
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Figure 4.20: Reach Two Flows in August
Modelled vs. Historic
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Figure 4.21: Reach Two Flows in September
Modelled vs. Historic
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Figure 4.22: Reach Two Flows in October
Modelled vs. Historic
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Figure 4.23: Reach Two Flows in November
Modelled vs. Historic
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Figure 4.24: Reach Two Flows in December
Modelled vs. Historic
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Figure 4.1.1
Green River Reach 1: Total Load Using Sediment Rating Curve by
Martin et al.(1998
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Figure 4.1.2
Green River Reach 1: Suspended Load Using Sediment Rating Curve By Martin
et al.(1998)
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Figure 4.1.4
Green River Reach 3: Sandload Using Sediment Rating Curve by Andrews (1986)
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