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Appendix 9L

Junction Entrainment Analysis
Documentation

This appendix provides information about the junction entrainment analysis
methods and assumptions used for the Remanded Biological Opinions on the
Coordinated Long-Term Operation of the Central Valley Project (CVP) and State
Water Project (SWP) Environmental Impact Statement (EIS) analysis. This
appendix is organized in two main sections:

e Section 9L.1: Methodology and Assumptions

— The junction entrainment analysis uses the statistical relationship
published in Cavallo et al. (2015) to predict the fish routing based on the
proportion of flow moving through channel junctions in the Delta. This
section briefly describes the approach and assumptions of the junction
entrainment analysis.

e Section 9L.2: Results

— This section presents the junction entrainment analysis results. Results are
presented in a series of figures showing the probability of fish entrainment
at various junctions in the Delta.

9L.1 Methodology and Assumptions

9L.1.1 Methodology

In this analysis, predicted entrainment into a distributary was based on 15-minute
flow output from DSM2 over the 82-year simulation period following the
statistical relationship reported in Cavallo et al. (2015). In that analysis, the
proportion of acoustically tagged juvenile Chinook Salmon entrained in a
distributary at seven junctions in the Delta was regressed against the proportion of
flow into the distributary. The releases of tagged juvenile Chinook Salmon
included fall- and late-fall-run fish.

The probability of fish entrainment was predicted at five Delta junctions:
Georgiana Slough, Head of Old River, Turner Cut, Columbia Cut, and Middle
River. Using the proportion of flow entering the distributary for every 15-minute
observation in the 82-year simulation period, the mean daily proportion of flow
into the distributary was calculated. The mean daily flow proportion was then
used to calculate the predicted daily probability of fish entrainment.

9L.1.2 Scenario Assumptions
The junction entrainment analysis includes the following assumptions.

Draft LTO EIS 9L-1
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The entrainment analysis is applicable to spring- and winter-run Chinook
Salmon even though only fall- and late-fall-run Chinook Salmon were used to
construct the statistical model.

Hatchery fish used in the tagging studies behave similarly to natural-origin
fish when migrating through channel junctions.

The proportion of flow into a distributary could not exceed one.

When flow was entering a junction from the distributary, the proportion of
flow into the distributary was set to zero.

9L.2 Results

The following scenario comparisons are presented in Figures 9L.1 through 9L.30,
comparing the probability of fish entrainment at various junctions:

No Action Alternative compared to the Second Basis of Comparison
Alternative 3 compared to the No Action Alternative

Alternative 3 compared to the Second Basis of Comparison
Alternative 5 compared to the No Action Alternative

Alternative 5 compared to the Second Basis of Comparison

9L.3 Reference

Cavallo, B., P. Gaskill, J. Melgo, and S.C. Zeug. 2015. “Predicting juvenile

Chinook Salmon routing in riverine and tidal channels of a freshwater
estuary” 98:1571-1582.

9L-2 Draft LTO EIS



Appendix 9L: Junction Entrainment Analysis Documentation

[=)
w
1

|

|
|
T

Scenario
—1 NAA
SBC

Daily probability of fish entrainment

0.20

T T T T T T
Jan Feb Ma Apr May Jun

Month
1

2 Figure 9L.1 Probability of Fish Entrainment into Georgiana Slough under the No
3 Action Alternative (NAA) compared to the Second Basis of Comparison (SBC)

0.5 L_ J—

1
o o T el -

I NAA
SBC

Daily probability of fish entrainment

0.1+

T
Jan Feb Ma Apr May Jun

Month

5 Figure 9L.2 Probability of Fish Entrainment into Head of Old River under the No
6  Action Alternative (NAA) compared to the Second Basis of Comparison (SBC)

Draft LTO EIS 9L-3



1

2
3

5
6

Appendix 9L: Junction Entrainment Analysis Documentation

[=} o =]

- [N N

o o o
| 1 1

Daily Probability of fish entrainment

Jan

Feb

T
Mar

Month

T
Apr

May

Jun

Scenario
1 NAA
SBC

Figure 9L.3 Probability of Fish Entrainment into Turner Cut under the No Action
Alternative (NAA) compared to the Second Basis of Comparison (SBC)

<

N

o
|

o
(&)
|

0.05 A

Daily probability of fish entrainment

0.00 1

Jan

Feb

T
Mar

Month

T
Apr

May

Jun

Scenario
I NAA
SBC

Figure 9L.4 Probability of Fish Entrainment into Columbia Cut under the No Action
Alternative (NAA) compared to the Second Basis of Comparison (SBC)

9L-4

Draft LTO EIS



Appendix 9L: Junction Entrainment Analysis Documentation

- oo i ;
c N : f ' .
o) i i
E — N |
.= 0.15 1 | I— i i
b | ’:;
g } —
< l | | i 1 | ‘ ! i Scenario
= . : } i ! : i i ' ' ﬁ
- - : o NAA
O 0.10 P S T
=2 ; SBC
3 o
© ; ;
o ! P
o : :
= : .
o H
0054
= Do
o P
I I 1 I I 1
Jan Feb Mar Apr May Jun

Month
1

2 Figure 9L.5 Probability of Fish Entrainment into Middle River under the No Action
3 Alternative (NAA) compared to the Second Basis of Comparison (SBC)

0.25

0.20
i : | Scenario

: i ’ ~INAA
| | i SBC

:4+gﬁgé

0.15

Daily probability of fish entrainment

0.10

T T
Jan Feb Mar Apr May Jun

Month

5 Figure 9L.6 Probability of Fish Entrainment into Old River under the No Action
6  Alternative (NAA) compared to the Second Basis of Comparison (SBC)

Draft LTO EIS 9L-5



Appendix 9L: Junction Entrainment Analysis Documentation

L

Scenario

1 NAA
o A3

'
0.25 | i
|

o

w

o
|

Daily probability of fish entrainment

= T |
|

0.20

T T T T
Jan Feb Mar Apr May Jun

Month
1

2 Figure 9L.7 Probability of Fish Entrainment into Georgiana Slough under
3 Alternative 3 (Alt 3) as compared to the No Action Alternative (NAA)

T

I NAA
1 Alt3

©
¢y
1

S
~
1

w
1

Daily probability of fish entrainment

0.2

T T T
Jan Feb Mar Apr May Jun

Month

5 Figure 9L.8 Probability of Fish Entrainment into Head of Old River under
6  Alternative 3 (Alt 3) as compared to the No Action Alternative (NAA)

9L-6 Draft LTO EIS



Appendix 9L: Junction Entrainment Analysis Documentation

=) =} o

N N N

o 3 o
1 | 1

Daily probability of fish entrainment

Lo

1

Jan

Feb

T T
Mar Apr May
Month

Jun

Scenario

1 NAA
] AIt3

2 Figure 9L.9 Probability of Fish Entrainment into Turner Cut under Alternative 3
3 (Alt 3) as compared to the No Action Alternative (NAA)

0.20

0.15

0.10 A

Daily probability of fish entrainment

0.00 A

Labitd

Feb

T T T
Mar Apr May

Month

Jun

Scenario

I NAA
— AIt3

5 Figure 9L.10 Probability of Fish Entrainment into Columbia Cut under Alternative 3
6 (Alt 3) as compared to the No Action Alternative (NAA)

Draft LTO EIS

9L-7



Appendix 9L: Junction Entrainment Analysis Documentation

0
m-

; ! b b R : Scenario
P L ~INAA
J ; — AIt3

Daily probability of fish entrainment

T T
Jan Feb Mar Apr May Jun
| Month

2 Figure 9L.11 Probability of Fish Entrainment into Middle River under Alternative 3
3 (Alt 3) as compared to the No Action Alternative (NAA)

0.25 1

Scenario

i P _ 1 NAA
I o . — AIt3

0.15

Daily probability of fish entrainment

0.10

T T T
Jan Feb Mar Apr May Jun

Month

5 Figure 9L.12 Probability of Fish Entrainment into Old River under Alternative 3
6 (Alt 3) as compared to the No Action Alternative (NAA)

9L-8 Draft LTO EIS



Appendix 9L: Junction Entrainment Analysis Documentation

Scenario

0.35
SBC

] ] AIt3

T | T
0.20

T T T T
Jan Feb Mar Apr May Jun

Month

©

w

o
|

Daily probability of fish entrainment

1

2 Figure 9L.13 Probability of Fish Entrainment into Georgiana Slough under
3 Alternative 3 (Alt 3) as compared to the Second Basis of Comparison (SBC)

_T 0 4 B

SBC
— AIt3

Daily probability of fish entrainment

0.1+

T T T T T T
Jan Feb Mar Apr May Jun

Month

5 Figure 9L.14 Probability of Fish Entrainment into Head of Old River under
6  Alternative 3 (Alt 3) as compared to the Second Basis of Comparison (SBC)

Draft LTO EIS 9L-9



Appendix 9L: Junction Entrainment Analysis Documentation

[=} o =]

- [N N

o o o
| 1 1

Daily Probability of fish entrainment

1

Jan

Feb

T
Mar

Alpr
Month

]
=
4@ Scenario
SBC
' S A3
I 1
May Jun

2 Figure 9L.15 Probability of Fish Entrainment into Turner Cut under Alternative 3
3 (Alt 3) as compared to the Second Basis of Comparison (SBC)

<

N

o
|

o
(&)
|

Daily probability of fish entrainment

0.00 1

Scenario
SBC
— AIt3

Jan

Feb

T
Mar

Alpr
Month

T
May Jun

5 Figure 9L.16 Probability of Fish Entrainment into Columbia Cut under Alternative 3
6 (Alt 3) as compared to the Second Basis of Comparison (SBC)

9L-10

Draft LTO EIS



Appendix 9L: Junction Entrainment Analysis Documentation

i
i
i
H
I

I P Lo P Scenario
j C o SBC
: ] AIt3

Daily probabilitypf fish entrainment

T T T T
Jan Feb Mar Apr May Jun

Month
1

2 Figure 9L.17 Probability of Fish Entrainment into Middle River under Alternative 3
3 (Alt 3) as compared to the Second Basis of Comparison (SBC)

0.25

0.20

!
' . SBC

i
H X i : . .
I ! i P Scenario

0.15

Daily probability of fish entrainment

0.10

T T
Jan Feb Mar Apr May Jun

Month

5 Figure 9L.18 Probability of Fish Entrainment into Old River under Alternative 3
6 (Alt 3) as compared to the Second Basis of Comparison (SBC)

Draft LTO EIS 9L-11



Appendix 9L: Junction Entrainment Analysis Documentation

}7
}7
}7
| —

Scenario
1 NAA
1 Alts

©

w

o
1

o

)

&
1

Daily probability of fish entrainment

0.20

T T
Jan Feb Mar Apr May Jun
| Month

2 Figure 9L.19 Probability of Fish Entrainment into Georgiana Slough under
3 Alternative 5 (Alt 5) as compared to the No Action Alternative (NAA)

©
o
1

Sai LIS

T G

T ‘ Scenario
I NAA
= Alts

g
~
1

©
w
1

Daily probability of fish entrainment

0.2

T T T
Jan Feb Mar Apr May Jun

Month

5 Figure 9L.20 Probability of Fish Entrainment into Head of Old River under
6  Alternative 5 (Alt 5) as compared to the No Action Alternative (NAA)

9L-12 Draft LTO EIS



Appendix 9L: Junction Entrainment Analysis Documentation

0.20 - i

11
1]

o EE | I i:g Scenario
’ ’ 1 NAA
1 Alts

0.10

0.05

Daily probability of fish entrainment

T T
Jan Feb Mar Apr May Jun
| Month

2 Figure 9L.21 Probability of Fish Entrainment into Turner Cut under Alternative 5
3 (Alt 5) as compared to the No Action Alternative (NAA)

o
N
o

©

=

(&)
1

©
o
|

= Alts

- i
—— - — |
Scenario
b NAA

Daily probability of fish entrainment

0.00 A

T T T
Jan Feb Mar Apr May Jun

Month

5 Figure 9L.22 Probability of Fish Entrainment into Columbia Cut under Alternative 5
6 (Alt 5) as compared to the No Action Alternative (NAA)

Draft LTO EIS 9L-13



Appendix 9L: Junction Entrainment Analysis Documentation

o

[N

w
1

Daily probability oj fish entrainment

- —

Ihikakeas

1

T T
Feb Mar Apr May Jun
Month

Scenario
1 NAA
1 Alts

2 Figure 9L.23 Probability of Fish Entrainment into Middle River under Alternative 5
3 (Alt 5) as compared to the No Action Alternative (NAA)

0.15

Daily probability of fish entrainment

0.10

T

T T T
Feb Mar Apr May Jun

Month

Scenario
I NAA
= Alts

5 Figure 9L.24 Probability of Fish Entrainment into Old River under Alternative 5
6 (Alt 5) as compared to the No Action Alternative (NAA)

9L-14

Draft LTO EIS



Appendix 9L: Junction Entrainment Analysis Documentation

I

Scenario
SBC

1 Alts

©

w

o
|

o

N

o
1

i

Daily probability of fish entrainment

0.20

T T
Jan Feb Mar Apr May Jun
| Month

2 Figure 9L.25 Probability of Fish Entrainment into Georgiana Slough under
3 Alternative 5 (Alt 5) as compared to the Second Basis of Comparison (SBC)

TP 4

Scenario
SBC

= Alts

Daily probability of fish entrainment

0.1+

T T T T
Jan Feb Mar Apr May Jun

Month

5 Figure 9L.26 Probability of Fish Entrainment into Head of Old River under
6  Alternative 5 (Alt 5) as compared to the Second Basis of Comparison (SBC)

Draft LTO EIS 9L-15



Appendix 9L: Junction Entrainment Analysis Documentation

o

N

o
1

ﬁg
i
in
i

Scenario
SBC

- Alts

o

=

o
1

Daily Probability of fish entrainment

T T T T
Jan Feb Mar Apr May Jun

Month
1

2 Figure 9L.27 Probability of Fish Entrainment into Turner Cut under Alternative 5
3 (Alt 5) as compared to the Second Basis of Comparison (SBC)

<

N

o
|

o
(&)
|

| -
% =

L

0.05 - o

Daily probability of fish entrainment

0.00 1

T T T T T
Jan Feb Mar Apr May Jun

Month

5 Figure 9L.28 Probability of Fish Entrainment into Columbia Cut under Alternative 5
6 (Alt 5) as compared to the Second Basis of Comparison (SBC)

9L-16 Draft LTO EIS



Appendix 9L: Junction Entrainment Analysis Documentation

|

i Scenario
SBC

- Alts

T T T T

Daily probabilitypf fish entrainment

T T T T
Jan Feb Mar Apr May Jun

Month
1

2 Figure 9L.29 Probability of Fish Entrainment into Middle River under Alternative 5
3 (Alt 5) as compared to the Second Basis of Comparison (SBC)

: : SBC

P o Al

i i i o Scenario

0.15

Daily probability of fish entrainment

0.10

T T T T T
Jan Feb Mar Apr May Jun

Month

5 Figure 9L.30 Probability of Fish Entrainment into Old River under Alternative 5
6 (Alt 5) as compared to the Second Basis of Comparison (SBC)

Draft LTO EIS 9L-17



This page left blank intentionally.



	9L. Junction Entrainment Analysis Documentation
	9L.1 Methodology and Assumptions
	9L.1.1 Methodology
	9L.1.2 Scenario Assumptions

	9L.2 Results 
	9L.3 Reference





Accessibility Report





		Filename: 

		LTO_EIS_App_9L_Junction_Entrainment.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found no problems in this document.





		Needs manual check: 0



		Passed manually: 2



		Failed manually: 0



		Skipped: 0



		Passed: 30



		Failed: 0







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Passed manually		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Passed manually		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Passed		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top



