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Questions

1. What is the “combination of physical 
conditions in the Delta (flows, 
transport, temperature) that give rise 
to entrainment events of [young] delta 
smelt”? (2002 EWA Review Panel report)

2. What affect does the “post” shoulder-
on-VAMP export curtailment have on 
young delta smelt?

3. Should the shoulder-on-VAMP 
implementation occur under an
explicit experimental framework?



Conclusions

SWP salvage often dominates combined 
salvage and extreme salvage events.
High SWP salvage events consistently occur 
during or immediately after a low export 
period and when water temperature > 20 C.
Water temperatures > 20 C motivates delta 
smelt movement high salvage.
Export curtailments at the CVP likely result in 
direct reductions in delta smelt entrainment. 
Results from shoulder-on-VAMP less clear 
for the SWP.
Shoulder-on-VAMP likely reduced SWP 
entrainment of delta smelt.
Benefit of SWP curtailment depends on 
temporal relationship of spawning and 
Clifton Court diversions.
Post shoulder less beneficial than pre-
shoulder curtailment.



Monthly combined (SWP+CVP)
delta smelt incidental take

Percentage of Young Delta Smelt in the 
Zone of Influence vs. Spring Delta Outflow
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SWP salvage often dominates combined 
salvage and extreme salvage events.

Extreme SWP salvage events often coincide
with water temperature > 20 C.

0

20000

40000

60000

80000

100000

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004Date

N
um

be
r o

f F
is

h

SWP
CVP

M – J   M – J    M – J   M – J   M – J   M – J   M – J   M – J    M – J   M – J   M – J   
1994   1995      1996   1997    1998     1999    2000    2001     2002    2003    2004

Daily SWP and CVP Delta Smelt Salvage Density 
and SWP Water Temperature 1994 - 2004

-1.00

1.00

3.00

5.00

7.00

9.00

1 62 123 184 245 306 367 428 489 550 611

Sa
lv

ag
e 

D
en

si
ty

 (F
is

h/
A

F)

0.0

5.0

10.0

15.0

20.0

25.0

30.0

W
at

er
 T

em
pe

ra
tu

re
 (C

)

SWP CVP Water Temp

M – J   M – J   M – J   M – J   M – J   M – J   M – J   M – J   M – J   M – J   M – J   
1994   1995    1996    1997    1998    1999    2000    2001 2002    2003    2004



D aily  E xp o r t R a te  a n d  R iv e r  F lo w

0

2 0 0 0

4 0 0 0

6 0 0 0

8 0 0 0

1 0 0 0 0

1 2 0 0 0

74 81 88 95 102 109 116 123 130 137 144 151 158 165 172 179

Ex
po

rt
 R

at
e 

(C
FS

)

-4 0 0 0

-3 0 0 0

-2 0 0 0

-1 0 0 0

0

R
iv

er
 F

lo
w

 (C
FS

)

R iv e r  F lo w S W P C V P T o ta l E x p o r ts

0

1 0 0

2 0 0

3 0 0

4 0 0

5 0 0

2 0 0 1 2 0 0 2 2 0 0 3 20 0 4 2 0 01 -0 4
Year

W
at

er
 A

m
ou

nt
 (T

A
F)

T o ta l E WA F is h  Ac tio n s
E WA As s e ts  fo r  V AM P
E WA As s e ts  fo r  S h o u ld e rs

15 15
9 16

13

5

45

56

84

42

(1054)

Without VAMP or Shoulders With VAMP and Shoulders



Daily Export Rate and River Flow
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Daily Export Rate and River Flow
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Daily Export Rate and River Flow
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Daily Export Rate
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Daily Export Rate and River Flow
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Daily Export Rate and River Flow
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Water temperatures > 20 C 
motivates delta smelt
movement high salvage

High SWP salvage events
consistently occur during
or immediately after a low
export period and when 
water temperature > 20 C.



VAMP Shoulder Effects on CVP Salvage

CVP Delta Smelt Salvage During VAMP and 
Shoulders Periods 2002 - 2004
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Clifton Court Average Hourly Inflow When Gates Open During 
Four Periods Between March and July 2001 - 2004
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Estimating Clifton Court Inflow 
for 1993 and 2000
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Shoulder on VAMP likely reduced
SWP entrainment of delta smelt.
Benefit depends on temporal   
relationship of spawning and 
exports.
Post shoulder less beneficial 
than pre-shoulder curtailment.
Clifton Court Average Hourly Inflow W hen Gates Open During 
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Conclusions

SWP salvage often dominates combined 
salvage and extreme salvage events.
High SWP salvage events consistently occur 
during or immediately after a low export 
period and when water temperature > 20 C.
Water temperatures > 20 C motivates delta 
smelt movement high salvage.
Export curtailments at the CVP likely result in 
direct reductions in delta smelt entrainment. 
Results less clear for the SWP.
Shoulder-on-VAMP likely reduced SWP 
entrainment of delta smelt.
Benefit of SWP curtailment depends on 
temporal relationship of spawning and 
Clifton Court diversions.
Post shoulder less beneficial than pre-
shoulder curtailment.



Salvage is an incomplete estimate of
young delta smelt entrainment.
Length of Young Delta Smelt Salvage at the 

SWP and CVP 1995 - 2003
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Extreme SWP salvage is a function of the 
integrated response of delta smelt to 
environmental conditions that vary 

in time and space
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Comparing Export Reduction Scenarios
SW P Export Reductions 

During the Delta Sm elt Spaw ning W indow
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Information Needs

Verify estimates of Clifton Court Inflow 
with in-situ measurements.
Estimate CVP and SWP entrainment of 
young delta smelt with field sampling.
Study young delta smelt accumulation in 
Clifton Court Forebay with field sampling.
Conduct experiments to estimate the 
magnitude of delta smelt mortality in 
Clifton Court Forebay.
Gather larval distribution data to verify 
particle tracking model predictions.
Conduct mesocosum studies of young 
delta smelt behavior to changes in 
hydraulics and water temperature. 



Questions & Answers
1. What is the “combination of physical conditions in the 

Delta (flows, transport, temperature) that give rise to 
entrainment salvage events of [young] delta smelt”? 
Interactive effects of:
March-May average daily inflow < 50,000 cfs
Adult spawning distribution
South delta hydraulics post-hatch
Delta warming above 20 C motivating 
movement/emigration

2. What affect does the “post” shoulders on VAMP 
export curtailment have on young delta smelt?
CVP: direct reduction in entrainment
SWP: affect is variable depending on
temporal relationship of spawning
period and export schedule

3. Should the shoulders on VAMP implementation occur 
under an explicit experimental framework?
Yes!  Determine export reduction schedule
based on water temperatures.  At SWP,
focus on reducing the magnitude and 
duration of Clifton Court inflow.


