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• An incised channel would be formed as a result of the drawdown of the 
Copco 1 Reservoir. The channel alignment follows approximately the old 
channel. 

• A major portion of the top bed layer deposit within the old channel 
alignment, which is the input to the model, is eroded during the drawdown 
period in the first one and half months. It is the case particularly for the 
upstream half of the solution domain (Figure 9-77). These top bed layer 
deposits provide most of the suspended sediment delivered to the 
downstream. 

• It is predicted that incision does cut into the bottom bed layer for the upper 
half of the modeled reach (zone 4 to 6) six months later (Figure 9-77). 

• Some deposition is predicted on the old floodplain area in the lower half 
of the modeled domain (zone 1 to 3), particularly in the wider area near 
the dam. 

• For the area just upstream of the dam (e.g., zone 1 and 2), channel incision 
decreases with increasing flow into the reservoir; but the trend is reversed 
in zone 4 and 5 where incision increases with increasing flow.  

• The deposition near the drawdown gate in zone 1 may be unrealistic given 
that: (1) only a depth-averaged model is used, but flow is three-
dimensional; and (2) flow at the gate is a type of “pressurized flow” while 
the model assumed an “open channel flow.” In fact, the bed near the gate 
is more probably erosional, not depositional. However, the inaccuracy of 
the erosion prediction in this area will not have much impact to the results 
upstream. 

It is cautioned that there are uncertainties with regard to the model prediction. 
Major uncertainty is related to the bank erosion that is not included in the model. 
Therefore, the eroded material sent downstream may be underestimated. Also, the 
predicted channel may be narrower and deeper than what actually would happen, 
especially for upstream zones (e.g., zones 3 to 5). 
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Figure 9-63. A photo of Paonia Reservoir in Colorado after the reservoir is drawn 
down showing how a channel incised through a portion of the reservoir sediments . 
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(a) On December 29 

 
(b) On May 14 

Figure 9-64. Predicted erosion/deposition pattern on two dates during the drawdown 
of Copco 1 Reservoir under the Dry (2004) hydrological scenario – overall view. 
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(a) On December 29 

 
(b) On May 14 

Figure 9-65. Predicted erosion/deposition pattern on two dates during the drawdown 
of Copco 1 Reservoir under the average (1968) hydrological scenario – overall view. 
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(a) On December 29 

 
(b) On May 14 

Figure 9-66. Predicted erosion/deposition pattern on two dates during the drawdown 
of Copco 1 Reservoir under the wet (1999)  hydrological scenario – overall view. 
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(a) Dry Year (2004) 

 

(b) Average Year (1968) 

 

(c) Wet Year (1999) 

Figure 9-67. Predicted erosion/deposition pattern in zone 1 on December 29 during the 
drawdown of Copco 1 Reservoir under three hydrological scenarios. 
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(a) Dry Year (2004) 

 

(b) Average Year (1968) 

 

(c) Wet Year (1999) 

Figure 9-68. Predicted erosion/deposition pattern in zone 2 on December 29 during the 
drawdown of Copco 1 Reservoir under three hydrological scenarios. 
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(a) Dry Year (2004) 

 

(b) Average Year (1968) 

 

(c) Wet Year (1999) 

Figure 9-69. Predicted erosion/deposition pattern in zone 3 on December 29 during the 
drawdown of Copco 1 Reservoir under three hydrological scenarios. 
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(a) Dry Year (2004) 

 

(b) Average (1968) 

 

(c) Wet Year (1999) 

Figure 9-70. Predicted erosion/deposition pattern in zone 4 on December 29 during the 
drawdown of Copco 1 Reservoir under three hydrological scenarios. 
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(a) Dry Year (2004) 

 

(b) Average Year (1968) 

 

(c) Wet Year (1999) 

Figure 9-71. Predicted erosion/deposition pattern in zone 5 on December 29 during the 
drawdown of Copco 1 Reservoir under three hydrological scenarios. 
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(a) Dry Year (2004) 

 

(b) Average Year (1968) 

 

(c) Wet Year (1999) 

Figure 9-72. Predicted erosion/deposition pattern in zone 1 on May 14 during the 
drawdown of Copco 1 Reservoir under three hydrological scenarios. 
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(a) Dry Year (2004) 

 

(b) Average Year (1968) 

 

(c) Wet Year (1999) 

Figure 9-73. Predicted erosion/deposition pattern in zone 2 on May 14 during the 
drawdown of Copco 1 Reservoir under three hydrological scenarios. 



9 .  F U T U R E  G E O M O R P H O L O G Y  A N D  S E D I M E N T  T R A N S P O R T  
C O N D I T I O N S  

9-82 

 

(a) Dry Year (2004) 

 

(b) Average Year (1968) 

 

(c) Wet Year (1999) 

Figure 9-74. Predicted erosion/deposition pattern in zone 3 on May 14 during the 
drawdown of Copco 1 Reservoir under three hydrological scenarios. 
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(a) Dry Year (2004) 

 

(b) Average Year (1968) 

 

(c) Wet Year (1999) 

Figure 9-75. Predicted erosion/deposition pattern in zone 4 on May 14 during the 
drawdown of Copco 1 Reservoir under three hydrological scenarios. 
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(a) Dry Year (2004) 

 

(b) Average Year (1968) 

 

(c) Wet Year (1999). 

Figure 9-76. Predicted erosion/deposition pattern in zone 5 on May 14 during the 
drawdown of Copco 1 Reservoir under three hydrological scenarios. 

 



9 .  F U T U R E  G E O M O R P H O L O G Y  A N D  S E D I M E N T  T R A N S P O R T  
C O N D I T I O N S  

9-85 

 

Figure 9-77. Predicted eroded depth along the thalweg of the incised channel on 
December 29 and May 1 (average year scenario and medium-erode case), which is 
compared with the initial thickness of the top bed layer deposit. 

 

Figure 9-78. Predicted bed elevation along the thalweg of the incised channel on 
December 29 and May 14 (average year and medium-erode case), which is compared 
with the initial top and bottom bed layer elevations. 
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9.2.3. FUTURE BED MOBILIZATION DOWNSTREAM OF IRON GATE DAM 

The bed material gradation results of the 50-year SRH-1D simulation were used 
to assess future bed mobility 10 years after dam removal in 2030 under the No 
Action and Dam Removal Alternatives. An identical analysis to that presented in 
Section 5.5 was performed using the predicted median particles size in year 2030 
under the No Action and Dam Removal Alternatives. The only difference is that 
the median bed material sizes were altered based upon the 50-year simulations. 
The median particle sizes were given in the previous section. The resulting 
estimates of the initiation of bed mobilization flows and return period of those 
flows are given in Figure 9-79 and Figure 9-80. A range of estimates are given 
based upon the variation in the reference shear stress for mobilization being 0.025 
to 0.035. It should be noted that when comparing alternatives, one should use the 
same reference shear stress in the comparison. For example, one should not use a 
reference shear stress of 0.025 for the No Action Alternative and a reference shear 
stress of 0.035 for the Dam Removal Alternative. 

The comparison shows that the main effect of dam removal on bed mobilization 
will be from Iron Gate Dam to Cottonwood Creek (USGS RM 190 to RM 182). 
After Dam Removal, the median estimate of the mobilization flow will reduce 
from approximately 10,000 cfs to 6,000 cfs in the Bogus Creek to Willow Creek 
Reach (RM 189.7 to RM 185). In the Willow Creek to Cottonwood Creek reach, 
the median estimate of the mobilization from will reduce from about 11,000 cfs to 
6,000 cfs. The return period of mobilization in this reach will decrease from 4 
years to approximately 2 years. Downstream of Shasta River there will be 
essentially no effect of dam removal on bed mobilization. 

Reduced mobilization of bed material under the No Action Alternative will 
generally result in more stable bed features and the existing bars will become 
more densely vegetated. More stable features also typically result in less complex 
habitat. As banks become more stable because of vegetation growth, the diversity 
of depth can be lost as the bars that create edge and fringe habitat become higher 
as the vegetation traps more sediment. This process has been documented on the 
adjacent Trinity River and gravel augmentation schemes are being implemented 
to increase bed mobilization. It is expected that the reach between Iron Gate and 
Cottonwood Creek will have improved habitat function under the Dam Removal 
Alternative than under the No Action Alternative.   
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Figure 9-79. Future estimate of initiation of sediment mobilization flows under Dam 
Removal and No Action Alternatives. 
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Figure 9-80. Return Period of Mobilization flow under No Action and Dam Removal 
Alternatives. 
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9.2.4. WATER QUALITY CONSIDERATIONS DURING DRAWDOWN 

One consideration in the drawdown of the reservoirs is the water quality of the 
reservoirs at the time of drawdown. PacifiCorp (2004) states that Copco and Iron 
Gate reservoirs are stratified from March to Mid-November. Based upon the 
yearly water quality summary reports from Raymond (2007, 2008, and 2010) and 
Figure 3.8-5 in PacifiCorp (2004b), Copco Reservoir turns over in middle to late 
October and Iron Gate Reservoir in mid-November.  

Table 9-3. Date of measured non-stratified conditions at Copco and Iron Gate 
reservoirs based upon Raymond (2008, 2009, 2010). 

Year Copco Iron Gate 
2009 Oct 13 Nov 17 
2008 Oct 22 Nov 19 
2007 Oct 23 Nov 28 

 

 

Figure 9-81. Temperature profiles from PacifiCorp (Figure 3.8-5 in Water Resources  
Technical Appendix, PacifiCorp, 2004). 
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9.2.5. SUGGESTED MONITORING  

The Dam Removal Alternative will require extensive monitoring of impacts to 
ensure that the impacts associated with removal are consistent with the expected 
impacts. A brief outline of the suggested monitoring objectives would be: 

1. To determine the quantity and particle size distribution of sediment 
supplied to the downstream channel, the rate of downstream movement, 
and location of sediment accumulation in the channel and/or floodplain;  

2. To determine the changes to the water surface elevation of a given 
discharge along the reach from Iron Gate Dam to Shasta River; 

3. To determine the erosion and evolution of material in the reservoir region; 
and 

4. Evaluate the condition of aquatic and riparian habitat in the Klamath River 
from J.C. Boyle Dam to the Ocean. 

To meet these objectives the following activities are suggested: 

1. Continued operation of all existing Klamath Basin stream gages to 
monitor flow discharge. 

2. Suspended sediment measurements at the Keno, Iron Gate, Seiad Valley, 
Orleans and Klamath stream gages. This would begin 2 years prior to dam 
removal and continue at least 5 years after dam removal. 

3. Bed material monitoring from upstream of J.C. Boyle to the Scott River. 
There would be at least one sampling trip prior to dam removal followed 
by every year after dam removal for 5 years. The purpose would be to 
monitor the content of fine material in the bed and to monitor changes to 
the coarse bed material. 

4. Aerial Photography the year prior to dam removal and in years 1, 2, 5, and 
10 after dam removal. 

5. Detailed reservoir bathymetric surveys prior to dam removal followed by 
detailed topographic surveys in the reservoir in years 1, 2, and 5 after dam 
removal.  

6. Channel bathymetric surveys from Iron Gate Dam to the Shasta River. 

7. Monitoring of water surface elevations at several locations between Iron 
Gate Dam and the Shasta River. 
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9.2.6. SUMMARY 

The sediment stored in the PacifiCorp Reservoirs is predominantly silt, clay and 
organic material that is 80 to 90 % water and highly erodible. Drawdown of the 
four PacifiCorp Dams will release approximately 1/3 to 2/3 of the approximately 
15 million yd3 of sediment that will be stored in the reservoirs by 2020. If there is 
a wet year, more material will be eroded and if there is a dry year, less material 
will be eroded from the reservoirs. The river will return to its pre-dam alignment 
at each reservoir and have a similar width to pre-dam conditions. The sediment 
that is left behind in the reservoirs will raise the floodplain terraces above the pre-
dam conditions and the floodplains are expected to be inundated less frequently 
than typical floodplains. High flows will gradually widen the floodplain, but this 
process is expected to occur slowly over several decades. 

Over 80 % of the reservoir sediment is fine sediment (silt, clays, and organics). 
Most of this material will be transported to the ocean during the period of 
drawdown which will last from January 1, 2020 to mid March, 2020. The 
maximum sediment concentrations during this period may be more than 10,000 
mg/l downstream of Iron Gate. The tributaries entering Klamath River will 
significantly reduce these concentrations to less than 2,000 mg/l at the mouth of 
the Klamath River.  

If there is a wet year, it may take longer to drain Iron Gate Reservoir because of 
its limited outlet capacity and there may be sediment concentrations larger than 
1,000 mg/l as late as June. If there is a dry year, the sediment concentration will 
be higher during the drawdown period because of less dilution of sediment by the 
flow.  

Sediment concentrations are expected to resume to background levels by the end 
of the summer 2020 regardless of type of hydrology present. There will be 
aggressive hydro seeding of the reservoir material immediately following dam 
removal which will stabilize the sediment from erosion due to rainfall. In 
addition, the reservoir sediment dramatically increases its resistance to erosion 
once it dries out.  

The bed material within the reservoirs and between Iron Gate to Cottonwood 
Creek is expected to have a high content (30 to 50 %) of sand immediately 
following reservoir drawdown until a flushing flow moves the sand sized material 
out of the reach. The flushing flow is expected to have to be at least 6,000 cfs and 
of several days to weeks to return the bed to bed dominated by cobble and gravel 
with a sand content less than 20%. After the flushing flow, the bed is expected to 
maintain fractions of sand, gravel, and cobble which would be expected under 
natural conditions.  

The mobility of the bed downstream of Iron Gate Dam to Cottonwood Creek will 
be increased by the removal of the dams. The return of the natural gravel supply 
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to this reach will increase the frequency of gravel mobilization from once every 
four years to once every other year. 
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