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i Study Objective

Pacific
Northwest  Juvenile Pacific Lamprey Passage and Survival at LGR

 Distribution and approach routes
in the forebay

* Primary routes of passage

* \WWhole project survival from
forebay to tailrace

= Relate project operations to
passage and route selection

e Reach survival and reservoir
residence time




=7 Study Design

Pacific
Northwest  \iRDCt Dam Passage Survival Model

@ R Live fish released far enough upstream of the dam to

allow tagging/handling recovery and distribute as run-
of-river fish

V Live fish detected passing the dam form a virtual
1 release group for estimating dam passage survival

D Dead fish released at the dam to correct the bias that
occurs from detecting V, fish that died during passage

R T A 1

Assumption: The probability of dead-released fish

A cD arriving at the tailrace array and being detected (®) are
representative of the probabilities of arrival and detection

of fish from the V, group that die during dam passage
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Pacific
Northwest Detectlon Arrays and Release Locations
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\?/ Study Design

Pacific
Northwest  Receiver Deployment at LGR

Forebay Cabled Array

sw Powerhouse Spillway NE
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7 Study Design

Pacific
Northwest  Receiver Deployment at LGR

Forebay Array

* [/ receivers
= ~1 km upstream

* Numbered from
north to south

¢ Used for: ME’ L.IEMA_r__r:g,tFEm:_nes
: : W 3

= survival modeling |

= forebay residence

time ”
» forebay approach _
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7 Study Design

Pacific : _
Northwest  Acoustic Transmitter

* Designed for juvenile lamprey

and eels Micro-battery

e Dimensions: 12.0 mm x 2.0 mm
 Mass: 0.08 g
 Source level: 148 dB

» Tag life: ~30 days at 5-s pulse
rate interval

Circuit board

PZT transducer

 Carrier frequency: 416.7 kHz




Pacific StUdy DQSign

Northwest  Jyvenile Lamprey Collection

e LGR — March 26 - June 4

» 344 from Sample
= 94 from Raceway (incl. traps)

* Asotin Creek — May 6

= 35 from Screw Trap

« 59 excluded from tagging

= 48 = too small for acoustic
: tagging (<135 mm)

= 5 = larval life stage
= 6 = health conditions




7 Study Design

Pacific
Northwest  Tagged Lamprey Release Summary

l 3

Release Season N Mean Length Mean Weight Color
Type and Range (mm) and Range (g)
April 59 150 (135-196) 4.5(3.1-10.2) 3.1 (1-5)

Ma 191 148 (135-176 43(2.9-76) 2.6 (1-5)  mem———errerrn
g ( ) ( ) =9 B s

LIVE
June 68 147 (135-168) 4.1 (2.8-6.9) 3.2 (2-5) B .
Apr-Jun 318 148 (135-196)  4.3(2.8-10.2) 2.8 (1-5)
April 10 141 (134-154) 4.7 (4.1-5.7) NA
May 25 143 (132-164) 4.7 (3.5-6.1) NA
DEAD
June 15 143 (134-158) 4.6 (3.8-5.7) NA

Apr-Jun 50 142 (132-164) 4.7 (3.5-6.1) NA




\%/ Survival 10

Pacific _ _ | Powerhouse I?J
Northwest  ViRDCt Model Assumption Tests ;5 wicoxon P=0.075

Did the temporal distribution of dead-released 0.6~
fish (red) match that of live-released fish that died |
during dam passage (blue)? No '3'-4'_:
All dead released fish included - 02 J
S |
10- £ 00— |
_ All Routes 2 | ;
0.8 Wilcoxon P < 0.001 o Splllway
S o % 08  Wilkoxon P<0.00" !
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% Survival 1.0

Pacific _ _ i Powerhouse P
Northwest  ViRDCt Model Assumption Tests 5|  wicoxon P=0.426

Did the temporal distribution of dead-released 0.6-:
fish (red) match that of live-released fish that died |
during dam passage (blue)? Yes 0.4-
Last 8 dead released spillway & last 5 dead released 0.2
powerhouse fish removed g o
1.0- £ 0.0
All Routes S
0.8 Wilcoxon P = 0.053 E Spillway
g | 0.8 Wilcoxon P =0.093
oY E 06 |
G 0.6 !
0.4-
E | 0.4 l,
0.2 0.2
0.0 —" — T 0.0 - o
90 100 110 120 130 140 150 160 90 100 110 120 130 140
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\%/ Survival

Pacific
Northwest  \/iRDCt Model Assumption Tests

Did the spatial (i.e., route) distribution 1

of dead-released fish match that of 90

live-released fish that died during 80
dam passage? No 70
 Dead-released fish =%
* 11 of 37 (30%) released into spillway < 50

« 26 of 37 (70%) released into powerhouse "~ 40

* Live-released fish not detected 30
downstream of tailrace 20

* 49 of 95 (52%) passed via spillway
* 46 of 95 (48%) passed via powerhouse

 Fisher's P=0.014

10

" Spillway
m Powerhouse

Dead-released

Live-released

13



\%/ Survival

Pacific
Northwest  \/iRDCt Model Assumption Tests

Did the dead-released detection rate
differ by route? No

 Dead-released fish that were detected

» 6 of 26 (23%) powerhouse released fish
= 4 of 11 (36%) spillway released fish

e Fisher's P=0.442
 Qverall dead fish detection rate: 10/37 = 27%

o - N N w w
o a o &) o &)

$)}

Dead Released Fish (n)

m Not Detected

m Detected

Powerhouse

Spillway
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Pacific
Northwest  Jyvenile Lamprey Passage Timing at LGR

Juvenile lamprey 150 R 2022 -
. Outflow
Sampled In JFF 400~ = JFF Sampled Count

--------------- Passage Periods

« Mar 26—Nov 2022 350
= Total: 4,485

150

T 300
" April: 75 (1.7%) £
» May: 1,843 (41%) 8~ |
" June: 347 (7.7%) ¢

50

JUL AUG SEP OCT NOV

(pad4) (5423) MOJJANO We  s)UeID) JSMOT
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Pacific _ _
Northwest  Qperations During Passage

- April release | May release June release
—Total
—Spill
2000 —Powerhouse
* AT Passage
0
2 150
Q
<X
2
S 100 4
2
50
\ > % % % o
= > U &
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A
A
A
A
A

*GC: Gas Cap; PS: Performance Standard

All

SW

270
146
124
41
229
226
185
44

0.9111
0.9198
0.8943
0.4652
0.9823
0.8939
0.9774
0.9977

0.0290
0.0398
0.0390
0.1173
0.0200
0.0337
0.0229
0.0395

17
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Survival

 Tag life adjustments
were required for
reach survival
estimates

« Survival estimates
were increased by
~1-4% due to the tag
life adjustment with
greater adjustments
being required in
downstream reaches

Reach Estimates
100 7]

Percent

20 ']

80 -
60

40

W695 M 655 M E35 M550 M 539 M 525 M Taglife Curve (Weibul 3-Parameter)

Time (days)

10 20 . 30 40 50



% Survival

Pacific _
Northwest  Reach Estimates
LGR LGS LMN IHR
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Pacific
Northwest  Cumulative
LGR LGS LMN IHR
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Central Ferry

Little Goose Dam forebay

_ower Monumental Dam forebay

ce Harbor Dam forebay

0.7070 (0.0404)
0.6698 (0.0422)
0.5445 (0.0449)
0.4497 (0.0461)

0.6410 (0.0479)
0.6144 (0.0493)
0.4469 (0.0515)
0.4075 (0.0543)

21



% Survival

Pacific
Northwest LGR-to LGS Forebay as Functlon of Dlscharge
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Pacific
Northwest  Djstribution Across River Entering Forebay
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Pacific
Northwest  Cross-Channel Distribution in Front of Dam Face

]
SW 3-8
e
SW 1.2 EB5m
.
R 10 m
25m
‘ T m50m Bl
> AUy, Risheries
N @22 2090902 ma o
.
PH 1-3
.
| Offield LangingiReereation
__ S Eiie |G Cany
@ mﬂ'—'ﬂ'—; .
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 . grauet=s

jrar‘.itg Dam Fish LadderMisitor Center 3

Proportion




\%/ Behavior

Pacific
Northwest  Depth Distribution at Different Distances to the Dam Face

All Fish Day Passed Fish Night Passed Fish
Powerhouse Spillway Powerhouse Spillway Powerhouse Spillway
0 0 0
-10 -10 -10
m<5m
E -15 -15 -15 E10m
£ -20 -20 -20 m25m
o
o -25 -25 -25 B50m
B75m
-30 30 -30
-35 -35 -35
40 -40 -40

25
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Pacific _ _ _
Northwest  Passage Distribution
| All Fish
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\%/ Behavior

mﬂﬁs"est Factors Affecting Passage Routing
~ PHN  TotalN  PH%  SW%
Day 95 128 74 26
Night o1 142 36 64
April 18 41 44 56
May-June 128 229 56 44
GC Apr-Jun 105 226 46 54
PS May-Jun 41 44 93 !
GC May-Jun 87 185 47 93
GC day 60 90 67 8%
GC night 45 136 E6 67
PS day 343 38 92 8
PS night 6 6 100 0

*GC: Gas Cap; PS: Performance Standard
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Pacific
Northwest  Factors Affecting Passage Routing
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Pacific
Northwest  Bast Multivariable Model Predicting PH Passage

Intercept 0434 0445 0976 0.329
Logit(Spill) -1.131 0.178 -6.347 <0.001
Diel (night) -1.020 0.311 -3.276 0.001
Approach 0.312 0.100 3.116 0.002

Day, mid-channel
— Night, mid-channel
02 4| ——— Day, SW-side
— Night, SW-side

— — — Day, PH-side
— Night, PH-side

0.0 T T T T T T T T T T T T T
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Powerhouse passage probability

Spill proportion
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Pacific
Northwest  Tajlrace Egress & Forebay Residence Times
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7 Summary

Pacific
Northwest  Juvenile Pacific Lamprey Passage Behavior and Survival

* Model assumptions were met and improvements were identified for future studies

* Overall dam survival rate was 0.9111 (SE = 0.0290) with April being 0.4652 (SE =
0.1173) and May-June being 0.9823 (SE = 0.0200)

* Powerhouse and spillway passed fish had similar dam passage survival: 0.9198 (SE
= 0.0398) vs 0.8943 (SE = 0.0390)

« Powerhouse and spillway passed fish had similar cumulative survival from LGR to
Central Ferry, LGS forebay, LMN forebay, and IHR forebay.

 Survival was highly correlated with discharge

 Spill proportion, diel period, cross-channel approach location, and discharge were
the most important factors affecting passage route

* Fish moved from north to south as they approach dam
* Note that this is only from a one-year study and we will revisit after 2023 study
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Pacific

Northwest  potential Causes Low April Survival

Rel to LGR passage (d)
o = N W & U~

- = | m
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Detection vs. non-detection at Little Goose Dam forebay
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April

Powerhouse Spillway

Behavior

Depth Distribution at Different Distances to the Dam Face

May Fish
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June Passed Fish

Powerhouse Spillway

B<5m
m10m
B25m
m50m
m/5m

36



	Juvenile Pacific Lamprey Passage Behavior and Survival at Lower Granite Dam
	Study Objective�Juvenile Pacific Lamprey Passage and Survival at LGR
	Slide Number 3
	Study Design�Detection Arrays and Release Locations
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Survival�Dam Passage
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Acknowledgments
	Thank you
	Slide Number 34
	Slide Number 35
	Slide Number 36

