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Figure 23-27. Iron Gate reservoir elevations for typical Dry (2001), Median (1976),
and Wet (1984) years for Scenario 4.

Figure 23-28. Iron Gate Non-Exceedance Elevations for all years from 1961 to 2008
for Scenario 4.
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Sediment Concentration and Reservoir Depths During Dam Removal
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Figure 23-29. Simulated reservoir depths and sediment concentration below Iron Gate
for WY 2001 (Dry year) for Scenario 4.

Sediment Concentration and Reservoir Depths During Dam Removal

100000 240
i 200

10000 - "
r 160

1000 i

100

_.
[
o
Reservair Depth {ft)

80

Sediment Concentration {mg/l)

10

40

P
=
o

o o OO0 o0 0 0 o o0 o0 o0 00 A A A A A A A — -
b e e T T T st A R O I s NN N s N, N, N s, O IO O I I I IO s A s A |
o O 0O 0o o0 00O o o0 o0 o0 0000 o0 0 0o o0 o 0O
NN N N NN NN NN [ N T A Y o N oV A o B o A o IR VI N B o B o
J o0 QooooUooUooododododoqoooooodaog
= — = = = i — = — = — — = — = = i - = — = — —
T T T el el el el el el el el el T T T el el el el el el el el el
O = N A Mmoo W~ o0 N H N MmN W0~ O
- - = L - =
——total sediment —— sand ——Iron Gate Depth ——Copco | depth ——JCBoyle depth

Figure 23-30. Simulated reservoir depths and sediment concentration below Iron Gate
for WY 1976 (median year) for Scenario 4.
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Sediment Concentration and Reservoir Depths During Dam Removal
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Figure 23-31. Simulated Reservoir Depths and Sediment Concentration below Iron
Gate for WY 1984 (wet year) for Scenario 4.

23.5. Scenario 5

Scenario 5 assumes drawdown commences on Jan 1, 2020. The low level outlet of
Copco 1 is used and in addition Copco 1 is notched from the top at a rate of
6ft/wk. Therefore, the dam is removed to the existing stream bed by mid April.
The results for the reservoir routing are shown in Figure 23-26, Figure 23-27, and
Figure 23-28.

Copco 1 drains more quickly for Scenario 5 than scenario 3 because the low-level
outlet tunnel is used in addition to notching Copco 1 from the top. Because Copco
1 is drawdown faster in Scenario 5 than 3, the peak concentrations are higher and
the concentrations are of shorter duration. The results for the sediment
concentrations are given in Figure 23-29, Figure 23-30, and Figure 23-31 for the
dry, median, and wet years.

There are still smaller spikes in concentration due to the refilling of Iron Gate in
the wet year.
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Figure 23-33. Iron Gate reservoir elevations for typical Dry (2001), Median (1976),

and Wet (1984) years for Scenario 5.
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Figure 23-35. Simulated reservoir depths and sediment concentration below Iron Gate

for WY 2001 (Dry year) for Scenario 5.
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Figure 23-36. Simulated reservoir depths and sediment concentration below Iron Gate
for WY 1976 (Median year) for Scenario 5.
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Figure 23-37. Simulated Reservoir Depths and Sediment Concentration below Iron
Gate for WY 1984 (wet year) for Scenario 5.
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23.6. Scenario 6

Scenario 6 assumes drawdown commences on Nov 15, 2019. The low level outlet
of Copco 1 is used and in addition Copco 1 is notched from the top at a rate of
6ft/wk. Therefore, the dam is removed to the existing stream bed by Mar 1, 2020.
The drawdown rate is limited to 1 ft/day for the upper 50 feet of the reservoir and
3 ft/d below that. Drawdown at J.C. Boyle is assumed to begin Feb 15, 2020. The
reservoir elevations for J.C. Boyle are shown in Figure 23-38.

The results for the sediment concentrations are given in Figure 23-39, Figure
23-40, and Figure 23-41, and for the dry, median, and wet years.

The results are similar to Scenario 2, but there is a small spike in concentration
when J.C. Boyle is finally emptied in early March. The spike in concentration
lasts only 1 day. In dry years, it can exceed 1,000 mg/I, but the high

concentrations quickly recede.
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Figure 23-38. J.C. Boyle Elevations for dry, median, and wet year for Scenario 6.
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Sediment Concentration and Reservoir Depths During Dam Removal
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Figure 23-39. Simulated reservoir depths and sediment concentration below Iron Gate
for WY 2001 (Dry year) for Scenario 6.
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Figure 23-40. Simulated reservoir depths and sediment concentration below Iron Gate
for WY 1976 (median year) for Scenario 6.
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Figure 23-41. Simulated Reservoir Depths and Sediment Concentration below Iron
Gate for WY 1984 (wet year) for Scenario 6.
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Figure 23-42. Cumulative sediment erosion for Scenario 6.
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23.7. Scenario 7

Scenario 7 assumes drawdown for all three reservoirs commences on Jan 1, 2020.
The low level outlet of Copco 1 is used and in addition Copco 1 is notched from
the top at a rate of 6ft/wk. Therefore, the dam is removed to the existing stream
bed by mid April 2020. The drawdown rate is limited to 1 ft/day for the upper 50
feet of the reservoir and 3 ft/d below that. Drawdown at J.C. Boyle is assumed to
occur in a manner similar to Scenario 6, but begins Jan 1, 2020. The reservoir
elevations for J.C. Boyle are shown in Figure 23-38.

Sediment Concentrations

The results for the sediment concentrations at Iron Gate are given in Figure 23-39,
Figure 23-40, and Figure 23-41, and for the dry, median, and wet years. The
results are similar to Scenario 3.

There are slightly elevated concentrations in November prior to the start of
drawdown. There are fines in the upper portion of the reservoirs that are
mobilized upon model start up and carried through the system. It doesn’t reflect
reality, but is due to probably putting fine material too far upstream in the
reservoir where velocities are still high enough to mobilize it.

A comparison between Scenario 7 and background concentrations for dry,
median, and wet years at Seiad Valley, Orleans and Klamath stream gages is
given in Figure 23-48, Figure 23-49, and Figure 23-50, respectively. The
concentrations due to dam removal generally decrease in the downstream
direction. The maximum concentrations at Iron Gate are approximately 8,000
mg/l under a dry water year, 6,000 mg/l under a median water year, and 4,000
mg/l under a wet water year. The maximum concentrations correspond to
maximum drawdown rates or to the last portion of reservoir evacuation. It is
expected that the maximum concentrations are under predicted because the model
does not represent the variability that will existing during drawdown. For
example, bank failure is assume to occur gradually during the drawdown process.
In reality, a large bank failure may occur and suddenly add a large volume of
sediment to the river. This high concentration will quickly dissipate but may
cause a rapid spike in concentration. The concentrations in the plot are best
interpreted as daily average concentrations that may vary significantly throughout
the day.

The maximum concentrations at Seiad Valley decrease to approximately 2,000 to
3,000 mg/l under dry, median, and wet conditions. During the period Jan 1 to
April 15, the concentrations are usually above 1,000 mg/l during the dry years,
above about 700 mg/I for the median and wet years. The main difference between
the dry, median, and wet is more on the duration of the higher concentrations. The
concentrations under the dry water year are more often near the maximum
concentration, whereas, under the wet water year, the concentrations are
commonly just below 1,000 mg/Il. The background concentrations at Seiad valley
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are expected to be less than 100 mg/l during months of Jan to Apr, but may spike
to above 1,000 mg/I during wet water years as sediment is contributed from
tributaries.

The maximum concentrations at Orleans are just above 1,000 mg/l for all water
year types. Again, the main difference between dry, median, and wet is the
duration that concentrations are near the maximum concentration. The
background concentrations at Orleans will typically be around 100 mg/I, but will
spike to around 1,000 during high flow events.

The maximum concentrations at Klamath are variable between water years. For
the median and wet year, the maximum concentrations are due to high
background concentrations pushing the concentrations to over 1,000 mg/Il. The
concentrations due to dam removal are expected to be around 700 to 800 mg/| at
Klamath for the median and dry years and will occur near the end of Iron Gate
drawdown in January and the end of Copco drawdown in April.
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Figure 23-43. J.C. Boyle Elevations for dry, median, and wet year for Scenario 7.
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Figure 23-44. Simulated reservoir depths and sediment concentration below Iron Gate
for WY 2001 (Dry year) for Scenario 7.
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Figure 23-45. Simulated reservoir depths and sediment concentration below Iron Gate
for WY 1976 (median year) for Scenario 7.
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Figure 23-46. Simulated Reservoir Depths and Sediment Concentration below Iron
Gate for WY 1984 (wet year) for Scenario 7.
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Figure 23-47. VVolume of sediment erosion for Scenario 7.
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Figure 23-48. Sediment Concentrations at Seiad Valley for Scenario 7 and for
Background conditions for dry, median and wet years.
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Figure 23-49. Sediment Concentrations at Orleans for Scenario 7 and for
Background conditions for dry, median and wet years.

23-34



23. APPENDIX K. OTHER DRAWDOWN SCENARIOS ANALYZED

Concentratiomn (mgA)

I
0l
0l

r 000k
Q000 |

punciByoeg sA JOUBU3DS (LIRWIEY

| 1001718
= &
o 0
3 3
EE 11119 -
g g
% E 124119 -
I"HI
|
g E 11520 -
N
[ ]
L]
= = 21720
&= W
3 3
55 W20 -
41
=1
I*Eh 4120 -
I
P
E 51120
1
L
&= 61720 -
3 3
g5
g4 e
B
E.
- BI1/20 -
=
=
8120 -

Figure 23-50. Sediment Concentrations at Klamath for Scenario 7 and for
Background conditions for dry, median and wet years.
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Figure 23-51. Sediment Concentrations at stream gage locations for Scenario 7 at

50% exceedance levels.
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Figure 23-52. Sediment Concentrations at stream gage locations for background

conditions at 50% exceedance levels.
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Figure 23-53. Sediment Concentrations at stream gage locations for Scenario 7 at

10% exceedance levels.
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Figure 23-54. Sediment Concentrations at stream gage locations for background

conditions at 10% exceedance levels.
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23.8. 1D Model Sensitivity
One of the main model uncertainties was the sediment angle of repose.
Angle of Repose

The angle of repose is varied from 15 degrees to 5.7 degrees. The effect on the
erosion volumes and concentration is significant. The angle of repose is likely the
most important model parameter. When the angle of repose is decreased to 5.7
degrees (a slope of 10H:1V), significantly more sediment is eroded than when an
angle of repose of 15 degrees is assumed. This is because a large portion of the
reservoir slopes are steeper than 10%. Therefore, the sediment simply falls into
the river channel with no applied shear stress.

The peak sediment concentrations are similar when an angle of repose of 5° is
used, but the concentrations remain above 1,000 mg/l and 100 mg/I for a
significantly longer period of time.

Geotechnical tests indicated that the angle of repose was above 25°, but Strauss
(2010) indicated that this is likely an upper estimate and that the actual value
could be significantly lower. Samples indicated the samples rapidly increase in
shear strength when drained. As a simple test, the container in Figure 5-42 was
tipped at a 4:1 slope a day after placement. The slope was maintained and the
sediment did not show any significant movement. Therefore, as long as the
sediment is freely drained, the sediment should maintain slopes of 4:1 or greater
shortly after drawdown. The sediment will have very little strength when it is first
saturated and an angle of repose of 5° is considered, but as the sediment drains,
the angle of repose will quickly increase and it is not likely that the angle of
repose remains at 5° for more than a few weeks.

It is possible that the sediment does slump toward the river channel for a period of
time that is longer than predicted in the sediment model. The model assumes bank
failure occurs instantaneously when in reality, the sediment may tend to act
similar to a very viscous liquid for a period of time. The sediment may slowly
slump into the river channel and be carried away. The duration of impacts shown
in Figure 23-56 is not considered likely, but because of the large uncertainties in
the project, such a scenario cannot be discounted. Water quality permits should
consider potential extensions in the duration of impacts over those presented as
best estimates.
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Figure 23-56. Sensitivity of model results to angle of repose of sediment.
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23.9. Summary of Drawdown Model Results

The most important differences between the dam removal scenarios are the timing
and magnitude of the sediment concentrations during the year of removal. There
are expected to be no significant differences between the scenarios in terms of the
long term impacts to sediment transport.

The sediment concentrations of all seven scenarios at the 5% exceedance level are
shown in Figure 23-57. The 5% exceedance is computed on a daily basis and
represents the concentration that is exceeded only 5 % of the time for a given day.

The magnitude of the sediment concentrations are greatest for the scenarios that
have the higher drawdown rates at Copco 1 (Scenarios 1, 4, and 5). The peak
concentrations are near or above 10,000 mg/l for several weeks. The magnitude of
the concentrations that have smaller drawdown rates at Copco 1 peak at around
8,000 mg/l and this last only for a few days.

The durations of the concentrations above 1,000 mg/I are greatest for the
scenarios that have lower drawdown rates at Copco 1 (2, 3, 6, and 7). The
concentration remains above 1,000 mg/I for about 4 months.

The scenario that does not allow notching of Copco 1 (Scenario 1) shows high
concentrations into June and July during wet years, whereas, all the other
scenarios do not experience high concentrations past April.

If the drawdown of Copco 1 is not begun until Jan 1 and the drawdown rates are
limited to 1ft/day or less, there will be high concentrations throughout March and
into April.

The number of days above various concentration thresholds for given months are
shown in Figure 23-58 to Figure 23-61. The exceedance levels in these charts
refer to percent likelihood that concentrations will exceed the concentration
threshold for a given number of days.

A comparison between just Scenario 6 and 7 is shown in Figure 23-62 and Figure
23-63, where the 5% and 50% exceedance concentrations for each day are shown.
Scenario 6 has high concentrations at 50% exceedance levels between Nov 15 and
March 1. Scenario 7 has high concentrations at a 50% exceedance level between
Jan 1 and mid April.

23-41



OTHER DRAWDOWN SCENARIOS ANALYZED

APPENDIX K.

23.

Sediment Concentration {mg/l)

100,000

10,000

1,000

100

10

Sediment Concentrations at 5% Exceedance Level

Scenario 1

Scenario 2

= Scenario 3

Scenario 4

Scenario5

Scenario 6

—Scenario 7

O A0 S 0 o 0 Q O QO WIS e A NYooAY Ay Ay he
R 2 I U L VA Vs A A VI A A A A A A A 4

QY AQY O DY A0 DY O D A A A O O O O OO QYD
IR GRS G U G G U R G G LR GO G G G U G G G
ou/./. o./i ou/J. 6/}. )/.( aVJ. &/J. J.O/_( J./\/_( &«/J .(/./\ Jv./\ ou/,( o./]. Ao_/f. G/J. )/7\ &/J‘ &/J.

J\o

Figure 23-57. Sediment Concentration at 5% Exceedance Level for all Scenarios.
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Figure 23-58. Number of Days Concentration Threshold of 2000 mg/l is Exceeded at
a 10% Exceedance Level.
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Figure 23-59. Number of Days Concentration Threshold of 1000 mg/l is
Exceeded at a 50% Exceedance Level.
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Figure 23-60. Number of Days Concentration Threshold of 400 mg/| is Exceeded
at a 10% Exceedance Level.
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Figure 23-61. Number of Days Concentration Threshold of 400 mg/| is Exceeded
at a 50% Exceedance Level.
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Figure 23-62. Comparison between Scenario 6 and 7 at 5% exceedance level.
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Figure 23-63. Comparison between Scenario 6 and 7 at 50% exceedance level.
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