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Packwooed [Lake Entrainment Study:
Goal and Objectives

Goal:

s [0 determinge the effiects ofi Project eperation en petential
entrainment off adult rainbew. trout. Evaluate the effectiveness; of

the Project’s screens in protecting fish.

Objectives:

a Determine the velocities present at the traveling screens at a
range: ofi lake elevatiens; and Preject flews

State criterias:
= 0.801it/s for'95% of the Screen
< 0.88 ft/s for 99% of the screen

Examine: the structural integrity of the traveling screen| seals
Observe fish behavier within the' intake wells

Develep a cunve for lake elevations and water diversion rate
Summarize fish impingement data for 2008




Screen Data

raveling Sereen
n (5/32 1n) 3.968 mm X 3.968 mm
a Set In “manual® pesition) for checking

= Size:
2. SCIreens

s Each 9 fit wide
a Base at 2840 fit; tep at 2868 fit MSL

Outer Debris Screens
= Removed

Outer Trash Racks
s Debris cleaned by divers and rake
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Proposed target lake elevations (+/- 0.5 ft) and Project flows for measuring intake
screen velocities at the Packwood Lake Hydroelectric Project.

Lake
Day Elevation (ft) Project Flows (cfs) ¥

2857.0 215 160 120 82 62
2856.0 215 160 120 82 62
2855.0 215 160 120 82 62
2854.0 215 160 120 82 62
2853.0 215 160 120 82 62
2852.0 215 160 120 82 62

2851.0 215 160 120 82 62

U Measurements were started at the high flow; when criteria were met, measurements at that lake elevation
ceased and the lake elevation decreased to the next level for additional tests.




Velocity: Measurements,, conta

Measurements Were: taken Withra SWoiier
meter frem; stationary: platfiemrm i the
Intakewells:

Measurements; taken eveny foot Vertically
and hoerzoentally




Examining the Integrity of the
SCIEENnS

Used Undenwater Camera and Video: to
examine

m Screen i
N SCreen| 2
s SClieens while retating




Fish Presence and Behavior in the
Intake Wells

Traveling screens were: checked at the
PEeginning ofi each test fier Impingement

Eish Behavior Was, moenitored and

Videetaped at a range: of fiows and lake
elevations

\/ideos were: converted tor VD fermat




RESULTS

Screen Velocities




Summary of lake levels and Project flows measured during 2008
velocity tests.

Date Lake Elevation Project Flow Bypass Flow Total Flow

9/16/2008
9/16/2008
9/16/2008
9/18/2008
9/18/2008
9/19/2008
9/19/2008
9/21/2008

9/21/2008
9/22/2008
9/23/2008

2857.10
2857.00
2856.92
2855.99
2855.95
2855.07
2855.04
2854.01

2854.00
2853.09
2852.16

214.95
158.20
114.85
121.40

82.45
121.20

83.80
119.65

82.65
82.55
83.15

3.87
3.97
3.75
3.46
3.70
3.43
3.38
4.81

4.91
4.45
4.64

218.82
162.17
118.60
124.86

86.15
124.63

87.18
124.46

87.56
87.00
87.79




Summary of velocities (ft/s) measured at Screen 1 during 2008 velocity tests.

Lake Flow
Elevation (cfs)

%<=8 %<=88 % >.88

Minimum Mean Maximum ft/s ft/s ft/s

2857.10
2857.00
2856.92
2855.99
2855.95
2855.07
2855.04
2854.01
2854.00
2853.09
2852.16

218.82
162.17
118.60
124.86
86.15
124.63
87.18
124.46
87.956
87.00
87.79

0.04
0.00
0.01
0.00
0.00
0.00
0.01
0.01
0.00
0.00
0.01

0.62
0.39
0.19
0.38
0.25
0.29
0.30
0.43
0.32
0.33
0.33

2.09
.33
0.59
1.18
0.80
0.83
0.82
1.17
0.83
0.85
0.86

54.4%
79.9%
100.0%
75.0%
100.0%
99.3%
99.3%
73.8%
97.6%
99.1%

97.2%

57.3%
86.8%
100.0%
83.3%
100.0%
100.0%
100.0%
84.9%
100.0%
100.0%
100.0%

42.1%
13.2%
0.0%
16.7%
0.0%
0.0%
0.0%
15.1%
0.0%
0.0%
0.0%




Summary of velocities (ft/s) measured at Screen 2 during 2008 velocity tests.

Lake Flow %<=8 %<=88 9% >.88
Elevation (cfs) Minimum Mean Maximum ft/s ft/s ft/s

2857.10 218.82 0.02 0.73 1.85 54.9% 56.9% 43.1%
2857.00 162.17 0.02 0.54 1.32 59.7% 65.3% 34.7%
2856.92 118.60 0.02 0.73 1.85 79.9% 93.1% 6.9%
2855.99 124.86 0.01 0.66 0.93 86.1% 96.5% 3.5%
2855.95 86.15 0.00 0.30 0.68 100.0% 100.0% 0.0%
2855.07 124.63 0.00 0.38 1.02 86.7% 94.8% SWA
2855.04 87.18 0.00 0.32 0.73 100.0% 100.0% 0.0%
2854.01 124.46 0.00 0.51 1.10 81.0% 88.1% 11.9%
2854.00 87.56 0.02 0.35 0.69 100.0% 100.0% 0.0%

2853.09 87.00 0.00 0.35 0.79 100.0% 100.0% 0.0%

2852.16 87.79 0.00 0.23 0.65 100.0% 100.0% 0.0%




Summary of velocities (ft/s) measured at both Screens 1 and Screen 2 during
2008 velocity tests.

Lake Elevation Flow (cfs)

2857.10
2857.00
2856.92
2855.99
2855.95
2855.07
2855.04
2854.01
2854.00
2853.09
2852.16

218.82
162.17
118.60
124.86
86.15
124.63
87.18
124.46
87.56
87.00
87.79

Mean
0.68
0.46
0.46
0.58
0.28
0.52
0.31
0.65
0.33
0.34
0.28

00 <=.8 ft/s

54.6%
69.8%
89.9%
80.6%

100.0%

93.0%
99.6%
71.4%
98.8%
99.6%
98.6%

% <=.88 ft/s
57.1%
76.0%
96.5%
89.9%
100.0%

97.4%
100.0%

86.5%
100.0%
100.0%
100.0%

90 >.88 ft/s

42.9%
24.0%
3.5%
10.1%
0.0%
2.6%
0.0%
13.5%
0.0%
0.0%
0.0%




Regression Equations to Predict
Lake Elevation and Project Flows
(Based upon Velocity Test Data)

Z,=-11.3958 + 0.00445 X — 0.00364 Y (r?2 = 0.93); (Equation 1) and
Z,=-22.0354 + 0.00818 X' — 0.003424 Y (r2 = 0.94) (Equation 2)

where;

Z,= Percent of screen area with velocities < 0.80 ft/s
Z, = Percent of screen area with velocities < 0.88 ft/s
X = Lake Elevation (ft)

Y = Project Flow (cfs)




Relationship Between Lake Elevation and Project Flows (Based Upon Regression Equations
While Meeting Criteria of 95%0 of the Screen Area Having Velocities < 0.80 ft/sec and 99%o of
the Screen Area Having Velocities < 0.88 ft/sec).
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Mean Screen Velocities
Based on 2008 Screen Tests
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2857 ft

Screen 2

Elev

2855.95

2854.95

2853.95

2852.87

2851.87

2850.78

2849.78

2848.78

2847.72

2846.72

2845.66

2844.66

2843.66

2842.64

2841.64

2840.64

1
0.18
0.09
0.15
0.11
0.08
0.08
0.08
1.31
1.81
1.57
1.62
151
1.42
1.27
0.86
0.39

219 cfs

Screen 1

Elev
2855.90
2854.90
2853.84
2852.84
2851.84
2850.78
2849.78
2848.65
2847.65
2846.65
2845.59
2844.59
2843.57
2842.57
2841.57

2840.57




2857 ft 160 cfs

Screen 2 Screen 1

Elev Elev

2855.95 2855.90

2854.95 2854.90

2853.95 2853.84

2852.87 2852.84

2851.87 2851.84

2850.78 2850.78

2849.78 2849.78

2848.78 2848.65

2847.72 2847.65

2846.72 2846.65

2845.66 2845.59

2844.66 2844.59

2843.66 2843.57

2842.64 2842.57

2841.64 2841.57

2840.64 2840.57




2857 ft 120 cfs

Screen 2 Screen 1

Elev Elev

2855.95 . . . . . . . . . 2855.90

2854.95 . . . . . . . . . 2854.90

2853.95 . . . . . . . . . 2853.84

2852.87 . . . . . . . . . 2852.84

2851.87 . . . . . . . . . 2851.84

2850.78 . . . . . . . . . 2850.78

2849.78 . . . . . . . . . 2849.78

2848.78 ; ; ; ; : : : : : 2848.65

2847.72 . . . . . . . . . 2847.65

2846.72 . . . . . . . . . 2846.65

2845.66 . . . . . . . . . 2845.59

2844.66 . . . . . . . . . 2844.59

2843.66 ; ; ; ; : : : : : 284357

2842.64 - - - - : : : : : 284257

2841.64 ; ; ; ; : : : : : 284157

2840.64 . . . . . . . . . 2840.57




2856 ft 120 cfs

Screen 2 Screen 1

Elev Elev

2855.95 2855.90
2854.95 2854.90
2853.95 2853.84
2852.87 2852.84
2851.87 2851.84
2850.78 2850.78
2849.78 2849.78
2848.78 2848.65
2847.72 2847.65
2846.72 2846.65
2845.66 2845.59
2844.66 2844.59
2843.66 2843.57
2842.64 2842.57
2841.64 2841.57

2840.64 2840.57




2856 ft

Screen 2

Elev
2855.95
2854.95
2853.95
2852.87
2851.87
2850.78
2849.78
2848.78
2847.72
2846.72
2845.66
2844.66
2843.66
2842.64
2841.64

2840.64

1
0.18
0.06
0.03
0.02
0.07
(0X0)
0.01
0.60
0.58
0.57
0.59
0.53
0.48
0.47
0.32
0.15

Elev
2855.90
2854.90
2853.84
2852.84
2851.84
2850.78
2849.78
2848.65
2847.65
2846.65
2845.59
2844.59
2843.57
2842.57
2841.57

2840.57




2855 ft 120 cfs

Screen 2 Screen 1

Elev Elev

285b5.95 2855.90

2854.95 2854.90

2853.95 2853.84

2852.87 2852.84

2851.87 2851.84

2850.78 2850.78

2849.78 2849.78

2848.78 2848.65

2847.72 2847.65

2846.72 2846.65

2845.66 2845.59

2844.66 2844.59

2843.66 2843.57

2842.64 2842.57

2841.64 2841.57

2840.64 2840.57




2855 ft 82 cfs

Screen 2 Screen 1

Elev Elev

2855.95 2855.90

2854.95 2854.90

2853.95 2853.84

2852.87 2852.84

2851.87 2851.84

2850.78 2850.78

2849.78 2849.78

2848.78 2848.65

2847.72 2847.65

2846.72 2846.65

2845.66 2845.59

2844.66 2844.59

2843.66 2843.57

2842.64 2842.57

2841.64 2841.57

2840.64 2840.57




2854 ft 120 cfs

Screen 2 Screen 1

Elev Elev

2855.95 2855.90

2854.95 2854.90

2853.95 2853.84

2852.87 2852.84

2851.87 2851.84

2850.78 2850.78

2849.78 2849.78

2848.78 2848.65

2847.72 2847.65

2846.72 2846.65

2845.66 2845.59

2844.66 2844.59

2843.66 2843.57

2842.64 2842.57

2841.64 2841.57

2840.64 2840.57




2854 ft 82 cfs

Screen 2 Screen 1

Elev Elev

2855.95 2855.90

2854.95 2854.90

2853.95 2853.84

2852.87 2852.84

2851.87 2851.84

2850.78 2850.78

2849.78 2849.78

2848.78 2848.65

2847.72 2847.65

2846.72 2846.65

2845.66 2845.59

2844.66 2844.59

2843.66 2843.57

2842.64 2842.57

2841.64 2841.57

2840.64 2840.57




2853 ft 82 cfs

Screen 2 Screen 1

Elev Elev

2855.95 2855.90

2854.95 2854.90

2853.95 2853.84

2852.87 2852.84

2851.87 2851.84

2850.78 2850.78

2849.78 2849.78

2848.78 2848.65

2847.72 2847.65

2846.72 2846.65

2845.66 2845.59

2844.66 2844.59

2843.66 2843.57

2842.64 2842.57

2841.64 2841.57

2840.64 2840.57




2852 ft 82 cfs

Screen 2 Screen 1

Elev Elev

2855.95 2855.90

2854.95 2854.90

2853.95 2853.84

2852.87 2852.84

2851.87 2851.84

2850.78 2850.78

2849.78 2849.78

2848.78 2848.65

2847.72 2847.65

2846.72 2846.65

2845.66 2845.59

2844.66 2844.59

2843.66 2843.57

2842.64 2842.57

2841.64 2841.57

2840.64 2840.57




Results

Screen Integrity,




Screen Integrty Video

Screen Views

s Screen 1 (Clip#2 00:04:00 — 00:05:00)

s Screen 2 (Clip #5 00:10:00 — 00:10:40) &
s (Clip#6 00:11:15 — 00:12:00)

Rotatingl SCeens
s (Clip #12 00:18:45 — 00:19:45)




RESULTS

EIsh Entrainment




Eish Entrainment

Norfishrwere impinged on the Screen
duling any: of the Velocity: tests

EIshiwere able' tor moyve: abouit fireely,
petween the forelnay and the intake wells
With the delbris screens removed

IHighest project flows (—219i¢cfs) did not
negatively: affect the fish.




Fish Behavior Video

Elow/EISArView,
= Screen 1 (Clip #1 00:01:05 — 00:01:45)
n Screen 2 (Clip #3 00:05:40 — 00:06:20)

liransition: Erom: 82 ciisi— 215 ¢ifis
s Screen 2 (Clip 12 00:25:15 — 00:26:15)




Results

2008, Entrainment and Packwoeod
Lake Iniflows




2008 Entrainment, cont'd

ljotall off 60 fishy Were entrained on| the: screens ink 2008
m 26 on Screen 1
= 29 on Screen 2
s 5 — Sereen number not recorded
s Some of the fish Impinged When the project Wass not eperating

84% entrained hetween June 12 anal July: 23, (10 6ls)

TIming consistent with late and' post-spawn PEreds, ofi
Packwoed [Lake rainnoew: troui

Many/ efi the fishi Were iR advanced states) off decay/,
Slig@esting poor condition When: enterng the: intake
wells.




Packwood Lake: Inflows and Entrainment, 2008

Approximate
/Spawn Timing
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Spawning Escapement
(Number of Fish)

2007

Packwood Lake Entrainment and Spawning Timimg
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Percentage of Time that Packwood Lake
Operational Flows > 100 cfs

Month

% of Time > 100 cfs

January
February
March
April
May
June

July

August
September
October
November
December

28.6%
13.7%
12.2%
13.0%
59.5%
85.6%
55.3%
10.9%
29.2%
3.9%
24.4%
32.9%




June Plant Flow Duration (1999-2008)
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August Plant Flow Duration (1999-2008)
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Conclusions

Onraverage, the flews at the Packweod
Lake Intake: structure enly exceed 100 cfis
31.% of the time o/l an annualibasis

Restricting plant filovw Woeuld 3 Gnerous
= Pewer Production
s Preventing spill i’ Lake Creek




Conclusions, cont’d

Ohsenvations durng the velocity tests
Indicate that, altheughivVeloeity, crtera are
exceeded, fish were elhserved to be able
10 aveld entrapment and Impingement on
the Intake screens

Energy: Northwest proposes; biclegical
moeniterng




NEext Steps

Energy: Nertawest preopeses: an adaptive
appreach’®
s Clean out the debris infirent ofi the' Intake Building

x Maitain the use off the: debris screens, but leave 2 it
gap at the bettem ter allow: fishite meve: betweeni the
ferebay and ntake wells

This will"allew: fish aceess to/from the: intake wells

Potentiall “Step leg™ In| frent 6f the screens te prevent debris
accumulaven anda velocity shield




Next Steps, cont'd

s Vienitor screens for Impingement

s Use underwvater camera te moniter fish
PERAVIOR/ALUMIBErS
DURNG SpawnIng
DUrng spring
During fall' prier te “drawdewn 1n 2009




Next Steps, cont'd

[ IMpPINGEMERTD G| LhE SCrEEnS EXCEEds
thresheld levels (1o be establishead with
el agencies), Energy: Nertawest will
consult withr the: natural resource agencies
and tikes ter examine alternative means
Ol protecting fish at the intake:




