
Acronyms 
BiOp= Biological Opinion 
CDFW = California Department of Fish and Wildlife 
DCC = Delta Cross Channel 
DWR = Department of Water Resources 
M&I = municipal and industrial 
KLCI = Knights Landing Catch Index 
NMFS = National Marine Fisheries Service 
RST = rotary screw trap 
SBCI = Sacramento Beach Seine Catch Index  
STCI = Sacramento Trawl Catch Index 
SR = spring-run Chinook salmon 
TUCP = Temporary Urgency Change Petition 
USFWS = U.S. Fish and Wildlife Service 
WQ = water quality 
WR = winter-run Chinook salmon 
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Outline 
• Why were DCC flexibilities implemented in 2014? 
• Overview of DCC Trigger Tables  

• Comparison to NMFS BiOp and D-1641 
• Evolution through drought planning process 
• Rationale for specific trigger elements 

• Actual DCC operations in 2014 
• Questions to the panel 

• Risks to listed species 
• Monitoring locations 
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Why were DCC operations modified in 2014? 
• Water quality (for agricultural and M&I uses) in the 

Delta was of concern as early as November 2013 
• By mid-January 2014: 

• Below-average reservoir storage 
• Drought Emergency Declaration 
• Poor precipitation outlook 
• Continuing water quality concerns 

• Limited ability to manage WQ by reducing exports or 
increasing reservoir releases. 
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Why were DCC operations modified in 2014? 
• Water quality (for agricultural and M&I uses) in the 

Delta was of concern as early as November 2013 
• By mid-January 2014: 

• Below-average reservoir storage 
• Drought Emergency Declaration 
• Poor precipitation outlook 
• Continuing water quality concerns 

• Per drought plan, limited opportunities to manage WQ 
by reducing exports or increasing reservoir releases. 
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DCC Operations – salmonid concerns 
• Keep DCC closed 

during juvenile 
salmonid outmigration 
in winter & spring to 
reduce routing through 
interior delta. 
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DCC 



DCC Operations – water quality concerns 
• Interior delta stations:  

Keep DCC open to 
freshen interior delta 
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DCC 



DCC Operations – water quality concerns 
• Interior delta stations:  

Keep DCC open to 
freshen interior delta 

• Mainstem Sacramento 
River stations: Keep 
DCC closed to 
maximize flow in 
Sacramento R. 
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DCC 



The DCC gates – view from the Sacramento River 
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The DCC gates – view from inside the DCC 

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 10 



The DCC gates when OPEN – view from inside 
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Photo credit: USGS 



Overview of DCC operations tables 
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Oct Nov - Jan Feb-May 20 May 21-Jun 15 
-- DCC gates closed for up to 45 days DCC gates 

closed 
DCC gates  

closed for at  
least 14 days 

Oct - Nov Dec 1-Dec 14 Dec 15-Jan Feb-May 20 May 21-Jun 15 
DCC may be 

open unless catch 
triggers 

exceeded; 
exceptions for 

WQ 

DCC gates 
closed, with 

exceptions for 
WQ that depend 

on catch 
triggers 

DCC gates 
closed, with 

one-time 
exceptions for 

WQ or 
experiments 

DCC gates 
closed 

DCC gates 
closed for at 
least 14 days 

 

D-1641 

NMFS 
BiOp 

Drought operations 
An interagency team of technical staff (NMFS, DFW, Reclamation and DWR) 

developed DCC trigger tables for flexible DCC operations during drought operations. 



Overview of DCC operations tables 
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Oct Nov - Jan Feb-May 20 May 21-Jun 15 
-- DCC gates closed for up to 45 days DCC gates 

closed 
DCC gates  

closed for at  
least 14 days 

Oct - Nov Dec 1-Dec 14 Dec 15-Jan Feb-May 20 May 21-Jun 15 
DCC may be 

open unless catch 
triggers 

exceeded; 
exceptions for 

WQ 

DCC gates 
closed, with 

exceptions for 
WQ that depend 

on catch 
triggers 

DCC gates 
closed, with 

one-time 
exceptions for 

WQ or 
experiments 

DCC gates 
closed 

DCC gates 
closed for at 
least 14 days 

 

D-1641 

NMFS 
BiOp 

Oct-Jan Feb Mar-May 20  May 21-Jun 15 
-- Conditional 

opening of 
DCC gates 

Conditional 
opening of 
DCC gates 

DCC gates closed for at 
least 14 days 

 

Drought 
plans 



Evolution of DCC Trigger Table Elements 
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Element Feb*  Mar-May 20** 

Monitoring locations 
considered in fish 

triggers 

Knights Landing RST 
Sacramento trawl 

Sacramento beach seines 

Knights Landing RST 
Sacramento trawl 

Sacramento beach seines 
DCC closure period 4+ days  3+ days 

DCC diurnal operations Triggered at low catch indices Triggered at low catch indices 
or at higher catch indices when WQ is 

of high concern 
Species or runs 

considered in fish 
triggers 

Wild winter-run Chinook Wild winter-run Chinook 
Hatchery winter-run Chinook 

Wild spring-run Chinook 
Hatchery spring-run Chinook 

Wild steelhead 
WQ triggers -- Based on whether or not concern level 

is exceeded at any of  4 stations 
*   Enclosure 2 of the January 31, 2014 letter from NMFS to Reclamation and DWR 
** Enclosure 2 of the January 31, 2014 letter from NMFS to Reclamation and DWR, and Attachment G of the April 8, 2014 
Drought Operations Plan  
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Thanks, USFWS, CDFW, DWR and assorted 
agency crews! 

Credit: NMFS Credit: USFWS 

Credit: USFWS Credit: USFWS 

Credit: NMFS 



Evolution of DCC Trigger Table Monitoring 
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Element Baseline  Feb*  Mar-May 20** 
Knights Landing 

RST 
Daily sampling, 

weekday reporting 
Daily sampling, daily 

reporting 
Daily sampling, daily 
reporting as needed 

 
Sacramento Trawl 3x/week sampling, 

weekly reporting 
Daily sampling, daily 

reporting 
DCC open or soon to open: 

Feb schedule  
DCC closed: 3x/week 

sampling, 3x/week reporting 
Sacramento 

Beach Seines 
3x/week sampling, 
weekly reporting 

 

Daily sampling, daily 
reporting 

 

DCC open or soon to open: 
Feb schedule  

DCC closed: 3x/week 
sampling, 3x/week reporting 

WQ conditions Gage data available 
daily 

same same 

Acoustic receivers 
in/near the DCC 

None Receivers installed 
~February 7 

Receivers in place 



DCC Trigger Table – Catch indices 
• Knights Landing RST Catch Index (KLCI) 
• Sacramento Trawl Catch Index (STCI) 
• Sacramento Beach Seine Catch Index (SBCI) 
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Catch indices are standardized to 
effort, and provide an index of the 
number of fish passing by a sampling 
location within a given day. 
 

Photo credit: CDFW 



Sampling Locations Used in DCC Triggers 
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DCC 

Knights Landing  
rotary screw trap 

Sacramento beach 
seines 

Sacramento trawl 



Full Set of Catch Triggers 
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Winter-run Chinook trigger 
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Used all season – clipped and unclipped individuals 
from FR production release unlikely to be WR-sized. 



Spring-run Chinook trigger 
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Used only until first FR production release upstream of 
Knights Landing – clipped and unclipped individuals from 
FR production release could be SR-sized. 



Spring-run Chinook trigger 
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Used only until first FR production release upstream of 
Knights Landing – clipped and unclipped individuals from 
FR production release could be SR-sized. 

4.5 million FR 
released into 

Battle Creek on 
April 4, 2014 



Steelhead trigger 
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No hatchery steelhead included in triggers because not all 
hatchery steelhead are part of the listed population segment. 



Knights Landing Catch Index 
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• # 𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

× 24 ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡−𝑑𝑑𝑑𝑑𝑑𝑑

= # 𝑓𝑓𝑓𝑓𝑓𝑓𝑓 
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡−𝑑𝑑𝑑𝑑𝑑𝑑

 

Photo credit: CDFW 



Sacramento Beach Seine Catch Index 
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• # 𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
# 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

× 8 ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = # 𝑓𝑓𝑓𝑓𝑓𝑓𝑓 

Photo credit: USFWS 



Sacramento Trawl Catch Index 
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• # 𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
# 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

× 10 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = # 𝑓𝑓𝑓𝑓𝑓𝑓𝑓 
Photo credit: USFWS 



Tides near the DCC – river stage 
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Data from cdec.water.ca.gov 



Tides near the DCC – river flow 
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Negative values = upstream flow 

Data from cdec.water.ca.gov 



Tides near the DCC – river flow 
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Negative values = upstream flow 

Data from cdec.water.ca.gov 



Diurnal Operations 
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Why Open the DCC Gates During the Daytime Ebb? 
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Probability of entrainment into DCC 

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 33 

• Highest entrainment at 
most negative flows 
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More fish pass the 
DCC at night… 
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…but the entrainment 
risk to an individual is 
highest during the day. 
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…but the entrainment 
risk to an individual is 
highest during the day. 



Open the DCC Gates During the Daytime Ebb 
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• Daytime: Reduces the number of fish exposed to 
an open DCC 

• Ebb: Fish are exposed to an open DCC during the 
most “fish-friendly” flow conditions 

 
 

 
 



Open the DCC Gates During the Daytime – 
Flood or Ebb 
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Joint Probabilities: 
 
 

 
 

Daytime arrival & 
Entrainment = 6% 
 
 

 
 
Nighttime arrival & 
Entrainment = 19% 
 
 

 
 

Non-tidal daytime opening still 
better than gates open for 24 hours 



Diurnal Operations – operational concerns 

• Short-term opening may have limited WQ 
benefits 

• Frequent opening may fatigue the gate 
mechanism 
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Never used diurnal operations in WY 2014 
Photo credit: USGS 



Actual DCC operations in WY 2014 
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Opened February 1  
Closed February 10 = 9 days open 

Photo credit: USGS 



Questions to panel 
• Is using the upstream trigger at Knights Landing 

protective of 95% of juveniles given the ~2-day travel 
time to the DCC? 

• Are the localized STCI and SBCI protective of 95% of 
the fish lingering near the DCC? 

• Are there other methods or station locations 
recommended for use as the basis for a DCC trigger in 
the future? 

• What studies or methods would you recommend to 
evaluate the effectiveness of the DCC gate operations? 
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Risks to listed Chinook salmon in WY 2014 
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Risks to listed Chinook salmon in WY 2014 

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 44 

Hypothetical travel times from Sherwood Harbor to 
the DCC  

Run 0 days  2 days  
 

Winter-run Chinook 1.5% 0% 

Spring-run Chinook 0% 0% 

Estimated fraction of natural-origin listed Chinook 
salmon passing an open DCC, based on catch timing 
at the Sacramento Trawl and variable travel times: 
 

...this is just one “realization” of the DCC Trigger Table 



Questions to panel 
• Is using the upstream trigger at Knights Landing 

protective of 95% of juveniles given the ~2-day travel 
time to the DCC? 

• Are the localized STCI and SBCI protective of 95% of 
the fish lingering near the DCC? 

• Are there other methods or station locations 
recommended for use as the basis for a DCC trigger in 
the future? 

• What studies or methods would you recommend to 
evaluate the effectiveness of the DCC gate operations? 
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DCC Trigger & all DJFMP monitoring locations 
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Sampling protocols 
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• Monitoring programs have 
take limits for listed species 

• Sampling protocols may 
reduce sampling effort 
during periods of high catch 
to reduce take  

 
 
• Need to balance information 

needs with take 
management. 

 Photo credit: CDFW 



Questions? 
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Photo credit: CDFW 
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