Predicting Fish Behavior Near Pile Dikes and Navigation Markers
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Fish Response "

Environmental Considerations
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Ex: Fish Response to Pile Dikes = f [(Pile dike structure)+(Flow)+(Location)+(Salmon life history)] /*T
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Model fish parameters to predict behavior?

q Columbia River Tools q

JSAT Data & Associated Studies
Adaptive Hydraulic Models (AdH)
Eulerian-Langrangian-Agent-Method (ELAM)

Ex: Fish Response to Pile Dikes = f [(Pile dike structure)+(Flow)+(Location)+(Salmon life history)] *




Modeling fish Behavior

General Approach
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Replicable model that allows
prediction of fish behavior:

- Transit time
- Points of concentration

Simulated River Data - Survival
- Migration route *
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Real Fish Data

JSAT data Courtesy of PNNL, NWP, and NWW
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American Fisheries Society * www.fisheries.org loumait

Table 3. Residence times (h) of acoustic-tagged fish in the vicinity of the Sandy River delta during spring and summer 2007 and 2008.
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pathway Statistic CH1 CHO CH1 STH CHoO an Ecosystem Context.Using "
_ the Adaptive Stod(lilg Congcept.
All combined Mean (SE) 4.0(0.1) 3.8(0.1) 6.6 (0.3) 2.7 (0.1) 3.3 (0.0) > - i
Median 26 3.4 3.0 25 ;
Range 1.3-255.7 1.6-565.0 0.8-373.2 0.8-211.0 o Yearling ‘
n 3567 5222 3748 1525 Statistic Chinook Steelhead Fall Chinook
Cum. % I From the Spillway to the Primary Array (31.4 km)
I 1* Percentile Travel Time (hours) 5.78 49 6.26
i i _ Median and Standard Deviation in Travel Time (hours) 835+305 685+917 887+359
J j' u J 99th Percentile Travel Time (hours) 20.80 19.16 231
o ' o " "] Median Travel Rate (m/s) 1.04 1.27 0.98
Main only Mean (SE)  3.6(0.1) 37(0.3) 5.5(0.3) 27 (0.) Projected Egress Time (Spillway to the Tailrace End = 2.2 km) 0.59 0.48 0.62
Median 2.6 34 3.0 25
Range 1.4-255.7 1.8-565.0 0.8-373.2 0.8-211.0 From B2 to the Primary Array (31.8 km)
'('*: . 3231 5028 3347 1468 1* Percentile Travel Time (hours) 6.23 490 6.46
M. 1 1
I f l ( Median and Standard Deviation in Travel Time (hours) 937+6.14 760+£337 936x537
.- 99th Percentile Travel Time (hours) 34.88 2243 31.36
I I Median Travel Rate (m/s) 0.94 1.16 0.94
_-J — | i H - Projected Egress Time from B2 to the Tailrace End (2.6 km) 0.77 0.62 0.77
I o BonneVille Dam
Offchannel ~ Mean (SE) 8.4(0.7) 4.8(0.3) 15.2 (L6) 37(0.3) 2L
Median 3.2 40 45 34
Range 1.3-107.0 17-23.2 0.9-278.1 0.9-12.6
n 336 194 401 5
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Note: The x-axis scale is from 0 to 30 h, which includes 90%-100% of observed residence times. The y-axis scale is cumulative JERES




Washington

AdH Model

Courtesy of Rod Moritz (NWP) & David
S. Smith (CHL)

2D MCR AdH Model- depth L - Washougal AdH sub-domain model - = 1
averaged mesh with refinement R S | | |
near project location. Washougal
sub-domain.

Bonneville

project area

=

Flow based on JSAT fish
conditions:

2007 = 225 kCFS Mean Flow
2008 = 300 kCFS Mean Flow

PD 124.70.
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Model Fish

Courtesy of Dr. Andy Goodwin (EL) & Dr.
David L. Smith (EL)
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Eulerian-Langrangian-Agent-Method NN view |/ Daytime

(ELAM) Fpe . Virtual fish : Migrant

n = 500 “fish” particles released from B2
& Spillway per JSAT studies.

1 hr. run with 20 sec. output interval.
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Calibration

Travel Time — Tune model

Equivalent travel times and
survival from BON — first array.

JSAT Fish = Modeled Fish

Assume model calibration a
success and validate against JSAT
fish in more dynamic
environment.

Bonneville Dam
AM 145

i
_lézt_hcr_ﬁu.ihn
Receiver Arrays
RM 110 P
i £ e Eirstaficolstic
e Heceiver Array
RM 1255

o Tl

Median Transit Time from Bonneville Dam to First JSAT Array

S A Observed Fish
15 M simulated Fish
1 5.0,

Time (hr.)

DA\

N\

\\\\\\\\\\\\\\N
DM

NN

.

‘08 - CHO - '08 - CH1 - ‘08 - CHO - ‘08 - CH1 - ‘07 - CHO - ‘07 - CH1 -
Observed Fish Observed Fish Simulated Simulated Simulated Simulated
Year - Age class of Fish




Main Channel vs. Off Channel Simulated Fish
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Model vs JSAT — Route of Travel
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Main Channel Use:
JSAT fish >91% ot
Modeled fish > 86% — ¢ s € et e L R
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A5 3471200° M

Travel Route:
JSAT Fish = Modeled Fish

45" 333600° N
45"330000° N

45° 3224007 N

45" 37°4800° N
Chi Square Goodness of Fit T S—— 3 Vit & st
Off-channel vs. Main Channel 1222400007 W 12221 3600° W 122°18°1 200 W 122164800 W 122240000 W 122°2 1°3600° W 122°19°1 200" W 12216 4B00 W
Year - Cohort X2 Degree = Main Channel
Statistic P Freedom Phi (¢) effect = Off Channel
07 - CHO 6.513 <0.01072 1 0.255
07-CH1 0.543 <0.46152 1 0.074
08 — CHO 0 0 1 0

08-CH1 3.051 <0.08061 1 0.17




Validation

Model vs JSAT — Travel Time

Almost complete overlap of

Travel Time distributions.

Simulated fish have less
variance than JSAT fish.

Off-Channel Fish Transit Time (hrs.)
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Each error bar is constructed usina 1 standard deviation from the mean

e = Simulated Fish

® = Observed Fish

% of
Fish - Year - Cohort n sample | Mean (SE) Median (SD) Ccv Range
Simulated - 07-CHO | 42 0.09 13.6 0.5 12.8 3.2 23.5 8.7-21.6
Observed - 07-CHO | 209 0.04 4.8 0.3 4.0 4.3 90.4 1.7 -23.2
Simulated - 07-CH1 | 49 0.10 13.0 0.8 11.5 53 40.4 8.0-28.5
Observed - 07-CH1 | 406 0.08 8.4 0.7 3.2 14.1 167.9 1.3-107.0
Simulated - 08 -CHO | 28 0.06 5.1 0.7 4.2 3.6 70.6 3.6-22.8
Observed - 08-CHO | 364 0.06 4.4 0.3 3.0 5.7 130.1 1.3-55.6
Simulated - 08-CH1 | 69 0.14 5.1 0.4 4.1 3.0 58.6 3.3-18.1
Observed - 08-CH1 | 658 0.09 15.2 1.6 4.5 41.0 270.0 1.7-23.2
Main-Channel Fish Transit Time (hrs.)
% of
Fish - Year - Cohort n sample | Mean (SE) Median  (SD) CV Range
Simulated - 07-CHO | 449 0.91 3.6 0.1 4.2 2.0 55.6 3.2-26.7
Observed - 07-CHO | 5558  0.96 3.7 0.1 34 7.5 2015 1.8-565.0
Simulated - 07-CH1 | 444 0.90 4.4 0.1 3.7 2.4 54.5 2.6 -28.6
Observed - 07-CH1 | 4626 0.92 3.6 0.1 2.6 6.8 188.9 1.4 -255.7
Simulated - 08 -CHO | 471 0.94 3.1 0.0 29 0.4 12.9 2.7-8.1
Observed - 08-CHO | 5576  0.94 3.2 0.0 3.0 0.0 0.0 1.6-26.5
Simulated - 08-CH1 | 431 0.86 3.2 0.0 3.0 0.5 15.9 2.8-6.3
Observed - 08-CH1 | 6437 0.91 5.5 0.3 3.0 24.1 437.6 0.8-373.2




Application

Model Fish in Proposed Design

Contractor provided AdH models
with Alternative Analysis of proposed
pile dikes.

Ran the validated fish model with the
proposed Pile Dike structures.
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Application

Model Fish in Proposed Design

* No change in off-channel vs. main
channel migration routes.

* Travel Time was statistically longer
for the Alternative (~0.5 hrs).
Biologically relevant?

SCENARIO
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Score Mean Std Err Dif

Difference
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So, what did we learn and
where might this approach be
applied to other projects?

* Expand application to ongoing lower river pile dike
projects.

* Inform habitat development projects (i.e. DMIMP).

* |dentify concentration points (predation/rearing).

NMES Pile Dike PIT Antenna (i.e. Survival Studies)

* Inform ongoing juvenile lamprey telemetry studies.
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