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Changes Since Last Review 

 An informational briefing for the Panel was 
given on December 18th, 2013 

 This briefing provided the Panel with an 
overview of the changes between the 
version previously reviewed by the Panel 
and the current version of the BDCP Effects 
Analysis and associated technical 
appendices 



Changes Since Last Review 

 Revisions made since February 2012 
Administrative Draft 

1. Changes to proposed project  

2. Changes to terrestrial effects analysis  

3. Changes to aquatic effects analysis  

 Please visit the Delta Science 
Program website for meeting 
materials and more information 



Charge to the Panel 

The Panel is charged with assessing the 
scientific soundness of Chapter 5: Effects 

Analysis and the associated technical 
appendices. The Panel will make 

recommendations for how these might be 
improved with respect to achieving their 

stated goals.  



Effects Analysis Presentation Outline 

 BDCP Effects Analysis  
1. Impacts to greater sandhill cranes and refinements to the 

conservation strategy currently being explored 

2. Effects of Clifton Court Forebay changes 

3. Assessment of far-field hydrodynamic changes in the north 
Delta, and effects on fish 

4. Restoration effects 

5. Assessment of upstream effects, specifically in the Feather 
River and Upper Sacramento River 

6. Effects downstream of the plan 

7. Decision tree analysis 

8. Development of the Fish Net Effects Assessment 

 



1. IMPACTS TO GREATER 
SANDHILL CRANES AND 
REFINEMENTS TO THE 

CONSERVATION STRATEGY 
CURRENTLY BEING EXPLORED 

 



Greater Sandhill Crane 



 Distribution and habitat 
requirements 

 Impacts 

 Key issues related to effects 

 Measures to reduce effects 

 

 

Greater Sandhill Crane: Overview 



 State-listed as 
threatened 

 Breed in Washington, 
Oregon and far 
northern California 

 Roughly 10,000 spend 
winter (September 
through mid-March) in 
the Central Valley area 

 Of these, roughly 2,000 
winter in the Delta 

Greater Sandhill Crane population 



 Foraging habitat: croplands and irrigated 
pasture (corn is highest value) 

 Roosting and foraging habitat:  managed 
wetlands, flooded agricultural fields 
(require water about 3 – 8 inches deep) 

 Temporary vs. permanent roosting: 
temporary habitat is used occasionally, 
permanent is used regularly 

Greater Sandhill Crane Winter 
Habitat 



Crane Habitat in the Plan Area 



Greater Sandhill Crane Habitat 
Loss 

Greater 
Sandhill 
Crane 

Total 
Existing 
Modeled 

Habitat in 
the Plan 

Area  

Permanent  Reusable 
Tunnel 

Material  

Temporary 
(Borrow 

and Spoil)  

Temporary  

Roosting 
and 
foraging - 
Permanent 

7,340 0 0 0 8 

Roosting 
and 
foraging - 
Temporary 

16,522 41 0 0 16 

Foraging 162,164 4,719 2,347 183 778 

Total 186,025 4,760 2,347 183 802 



 Staten Island: new impacts of 
concern due to high density of 
crane use 

 

 Transmission lines: Increased risk 
of bird strikes for cranes 

Sandhill Cranes: Key Issues 



Staten Island Detail 

Reusable Tunnel 
Material (RTM) 
storage area 

RTM storage 
area 

Work area and 
vent shaft 

Work area 

Vent 
shaft 



 Greater sandhill crane 
density in the Plan 
Area is highest at 
Staten Island 

 



Noise Effects 



Noise Effects 



 Performance standard: no net loss of crane 
use days on Staten Island 
 Minimize and/or shift the footprint of activities 

on Staten Island.  

 Minimize noise, lighting, and visual 
disturbances during construction  

 Minimize construction activity and RTM storage 
during the crane wintering season 

 Supplemental feeding/foraging habitat 
enhancement 

 Maintain flooding and irrigation capacity 

Staten Island Impact Minimization 



Crane Use Days 

 Expected loss to be estimated before 
construction, based on crane use days/acre by 
habitat type  

 Will predict number of lost crane use days within 
the direct and indirect footprint 

 This will guide decisions regarding enhancements 
needed to maintain the performance standard 
during construction 

Staten Island Impact Minimization 



Temporary 

Construction  

only 

 

Permanent  

Continuing  

operation 

Bird Strike Risk from new 
Transmission Lines 



Performance standard: no net increase in 
bird strike  

 Site lines in lower risk areas 

 Remove, relocate, or underground 
existing lines 

 Install bird strike diverters on existing 
and new lines in risk zones (assessment 
done on existing lines) 

 

Crane Impact Minimization 



Performance standard: no net increase in 
bird strike (cont.) 

 Manage habitat to shift cultivated land 
roost site locations away from risk zones 
created by new transmission lines 

 

Crane Impact Minimization 



Coordinating with wildlife agencies and species 
experts to: 

 Revise footprint for reusable tunnel material 
(RTM) 

 Develop a strategy for RTM re-use, to minimize 
storage time 

 Investigate ways to minimize activity during 
winter, when cranes are present 

 Refine habitat enhancement strategy 

 Develop monitoring and adaptive management 
strategy 

 

Ongoing Work – Staten 
Island Minimization 



Working with crane Technical Advisory 
Committee on long-term strategy 

 What is long-term role of Staten Island, 
given subsidence and sea level rise? 

 Long-term strategy will likely involve 
expanding crane population into areas less 
vulnerable to subsidence and sea level rise 

Ongoing Work – Long-Term Strategy 



 Identifying existing lines to target for 
undergrounding 

 Developing review, analysis, coordination, 
and decision making process for DWR, 
power provider, species experts, and 
wildlife agencies for final siting of 
transmission line alignment 

Ongoing Work – Transmission Lines 



2. EFFECTS OF CLIFTON COURT 
FOREBAY CHANGES 



Schematic of  Conveyance 

 



Clifton Court Forebay Proposed 
Changes 

 North Cell 
 Water from Sac. 

River  

 South Cell 
 Water from Old 

River 

 Storage ~26,000 af 

 (Current storage = 
~29,000 af) 

North Cell 

South Cell 



Clifton Court Forebay Proposed 
Changes Potential Effects 

 South cell storage volume similar to 
existing CCF 
 Therefore under BDCP: Effects on fish assumed 

to be the same for existing configuration (with 
a larger intermediate forebay) and the South 
Cell  



3. ASSESSMENT OF FAR-FIELD 
HYDRODYNAMIC CHANGES IN 

THE NORTH DELTA, AND 
EFFECTS ON FISH 



Assessment of North Delta 
Hydrodynamic Changes 

 Overview of Delta Hydrodynamics Modeling 
for BDCP 

 Analysis of Reverse Flows at Georgiana 
Slough 

 North Delta Intake Far-field Effects on Fish 

 



OVERVIEW OF DELTA 
HYDRODYNAMICS MODELING 
FOR BDCP 



Physical Modeling Goals 

 Provide model representations of the 
physical and operational features of the 
BDCP alternatives for comparative purposes 

 Evaluate Existing and No Action conditions 

 Evaluate BDCP Alternatives and No Action 
conditions at Early Long-Term (2025) and 
Late Long-Term (2060) timeframes 



Refined Models to Analyze Effects of Future 
Changes and BDCP Actions 

 Physical and operational changes considered for 
BDCP Modeling: 
 Climate change (range of projections considered) 

 Sea level rise (15 cm at 2025, 45 cm at 2060) 

 CM4: Large-scale restoration in the Delta (25000 ac at 
2025, 65000 ac at 2060) 

 CM1: North Delta Intakes, and the modified operations 
criteria for CVP-SWP system  

 CM2: Fremont Weir and other changes to Yolo Bypass to 
increase flood duration and frequency 



A Scaling Approach to Physical Modeling 

2-D/3-D Hydrodynamics  
& WQ Simulation 
RMA, UNTRIM 

1-D Hydrodynamics  
& WQ Corroboration 

DSM2 

Hydrology & System Ops 
CALSIM II 

Flow-Salinity  
Response 

ANNs 

1-D Delta Hydrodynamics  
& WQ Simulation 

DSM2 

Sea Level 
Rise/Tidal 
Marsh 
Modeling 

Changed Delta 
Hydrodynamics 
and Salinity 
Response 

Changed Ops Range 
for Salinity Control 

Changed Ops 
for new 
conveyance 
and tidal 
marsh 
restoration 

Limited 
verification 
simulations 



DSM2 Corroboration Overview 

 DSM2 recalibrated in 2009 to better reflect 
existing geometry in the Delta. 

 Used higher dimensional hydrodynamics and 
transport models to “corroborate” one-
dimensional DSM2 model. 

 DSM2 refined to match incremental changes 
from UNTRIM and RMA2 in the tidal flows, 
net flows, water levels, and salinity. 

 Detailed results included in the BDCP 
EIR/EIS Appendix 5A. 



Modeling Restoration Areas 

 

Figure 2-8 Contours of tidal datums for Cache 
Slough ROA, Early Long-term (RMA2)  

Figures from BDCP EIR/EIS Appendix 5A: 
Modeling Technical Appendix 



DSM2 Flow Corroboration Example 

 
Cache Slough at Ryer Island 

Red is RMA2 
Green is DSM2 
Results shown at ELT 



DSM2 Salinity Corroboration Example 

 
Sacramento River at Emmaton 

Results shown at ELT 



Putting it Together in CALSIM II 

 Used the “corroborated” DSM2 to re-train 
CALSIM II’s Artificial Neural Network (ANN). 

 Used HEC-RAS to revise the Fremont Weir 
rating curve in CALSIM II to reflect the 
notch. 

 CALSIM II updated to consider daily flow 
variability in determining the potential 
north Delta diversion. 

 CALSIM II modified to include proposed 
operations criteria. 



41 

Operational Considerations for the Proposed 
North Delta Diversion Intakes 

 Bypass (in-river) flows requirements 
 Purpose 

 Avoid increased upstream tidal transport from downstream channels  

 Support salmonid migration 

 Preserve shape of the natural hydrograph which may act as cue to 
important biological functions 

 Lower potential for increased tidal reversals that may occur because 
of the reduced net flow in the River 

 Provide flows to minimize predation effects downstream 

 Rules 
 Constant low level pumping during Dec – Jun (< 300 cfs at each intake 

such that Sac > 5000 cfs) 

 Initial pulse protection 

 Post – pulse operations (Level I, Level II and Level III) 

 

 



North Delta Diversion Bypass Flow 
Post-pulse Operations Criteria 

 
Proposed North Delta Diversion Bypass Rule: February - April

PROPOSED OPs
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North Delta Diversion Example  
Critical Year (1988) 
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North Delta Diversion Example  
Above Normal Year (1993) 
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North Delta Diversion Intakes – DSM2 Grid 

 

Figure from BDCP EIR/EIS  
Appendix 5A: Modeling Technical 
Appendix 



North Delta Diversion Operations in 
DSM2 

 3 proposed intakes in the north Delta are dynamically 
simulated using the operating rules feature in DSM2, 
version 8 

 Intakes operating criteria: 
 Each intake operates as long as: 

 CALSIM II daily diversion volume > 0 

 Instantaneous velocity downstream of an intake > 0.4 fps 

 Daily diversion volume is not met 

 Intakes not operated if criteria is not satisfied 

 Priority is given for upstream to downstream intake operations 

 Intake diversions are ramped over an hour to allow smooth 
transitions when they are turned on and off 



ANALYSIS OF REVERSE FLOWS 
AT GEORGIANA SLOUGH 



Reverse Flows at Georgiana Slough 
 One of the goals of CM1 north Delta diversion 

bypass flows criteria is to:  
 avoid increases in the frequency, duration or 

magnitude of reverse flow in the Sacramento River at 
Georgiana Slough, during Dec–Jun. 



Reverse Flows at Georgiana Slough 
 15-min DSM2 results for EBC2 and BDCP analyzed 

to answer the questions: 
 Does BDCP increase frequency of the reverse flows in 

Sacramento River at Georgiana Slough? 

 Does BDCP increase fraction of total Sacramento River 
flow entering Georgiana Slough? 

 Does BDCP increase fraction of reversing Sacramento 
River flow entering Georgiana Slough? 



Analysis Method 
 Does BDCP increase fraction of total or reversing 

Sacramento River flow entering Georgiana Slough? 

 

 

 

 

 

 

 Under Conditions 1 and 2 reverse Sacramento 
River flows enter Georgiana Slough 

Condition 1 
Sac River flow from upstream 

and downstream of the junction 
enters Georgiana Slough 

Condition 2 
Sac River flow from only 

downstream of the junction 
enters Georgiana Slough 

Condition 3 
Sac River flow from only 
upstream of the junction 
enters Georgiana Slough 

SAC_US 

SAC_DS 

GEO 

SAC_US 

SAC_DS 

GEO 

SAC_US 

SAC_DS 

GEO 



Frequency of Reverse Flows in 
Sacramento River at Georgiana Slough 

 

• Based on 15-min results from 16-year DSM2 simulation 
• Percent of time SacR flow is reversing downstream of Georgiana Slough is similar or   
less than NAA (existing biological conditions, EBC) under all Alt 4 (ESO) scenarios at 
ELT, during Dec – Jun months 

(ELT) 

Detailed monthly results included in Appendix 5C Section 5C.5.3.8.1. 



Fraction of Total Sacramento River Flow 
Entering Georgiana Slough 

• Based on 15-min results from 16-year DSM2 simulation 
• Total SacR flow entering Georgiana Slough is similar or less than NAA (EBC) under 
all Alt 4 scenarios at ELT 

(ELT) 

Detailed monthly results included in Appendix 5C Section 5C.5.3.8.2. 



Fraction of Reversing Sacramento River 
Flow Entering Georgiana Slough 

 

• Based on 15-min results from 16-year DSM2 simulation 
• Reversing SacR flow entering Georgiana Slough is less than NAA under all Alt 4 
scenarios at ELT 

(ELT) 

Detailed monthly results included in Appendix 5C Section 5C.5.3.8.3. 



Frequency of Reverse Flows in 
Sacramento River at Georgiana Slough 

 



Changes in Net Flows with Restoration Explains 
Changes in Frequency of Reverse Flows 

Georgiana Slough – models indicate reduced net flow 

Sacramento River at Rio Vista – models indicate increased net flow 

Results shown at ELT 

Figure 5C.5.3-148.B  



Georgiana Slough Flow is Linearly Related to 
Stage Gradient across Georgiana Slough 



Changes in Stage Gradient across 
Georgiana Slough 



Changes in Tidal Range in Sacramento 
River at Georgiana Slough 

 



Restoration Reduces Tidal Range in 
Sacramento River at Georgiana Slough 

 



Restoration Reduces Stage Gradient 
Across Georgiana Slough 

 

EBC2_ELT: Existing Delta with SLR 
ESO_ELT (no restoration): BDCP with SLR and No Restoration 
ESO_ELT: BDCP with SLR and Restoration 



Sensitivity Run Confirms the Effect of 
Restoration on Reverse Flows 

 



Factors Affecting Tidal Conditions 
near Georgiana Slough under BDCP 

 Tidal attenuation in the Sacramento River due to 
restoration reduces the frequency of reverse 
flows under BDCP. 

 Water level gradient across Georgiana Slough is 
reduced primarily due to the restoration (tidal 
attenuation) in Sacramento River, and to a 
smaller extent due to north Delta diversion. 

 Reduced stage gradient across Georgiana Slough 
results in less Sacramento River flow entering 
Georgiana Slough under BDCP. 



NORTH DELTA INTAKES FAR-
FIELD EFFECTS ON FISH 



North Delta Intakes Fish Effects 

 Far-field Effects (Appendix 5.C) 
 River Flow and Survival Effects 

 Entry into Channel Divergences 
 Survival lower with entry into Interior Delta 

 (Near-field Effects) 
 Entrainment/impingement(App 5.B) 

 Predation (App 5.F) 



North Delta Intakes Fish Effects 

 Methods for River Flow and Survival Effects 
 Delta Passage Model (Chinook salmon smolts) 

 Juvenile Spring-Run/Fall-Run Chinook Salmon 
Smolt Through-Delta Survival (Newman 2003) 

 North Delta Diversion Bypass Flow Effects on 
Chinook Salmon Smolt Survival 

 (Particle Tracking Modeling Nonlinear 
Regression Analyses) 

 



River Flow and Survival Effects 

 Delta Passage Model 
 Includes flow-survival relationships by reach 

 

SAC4 

SAC1 

SAC1 
SAC2 



River Flow and Survival Effects 

 Delta Passage Model 
 Modification of DSM2 flow in Sac1 to account 

for north Delta intake effects on flow 

 Weighted-average of intake locations (RM 37, 
39.5, and 41) is 56% of length downstream from 
start of Sac1 
 Example: Flow into Sac1 = 10,000 cfs 

 Diversions = 2,000 cfs 

 Modified Sac1 flow = (0.56 * 10,000 cfs) + (0.44 * 
8,000 cfs) = 9,120 cfs   

 



River Flow and Survival Effects 

 Delta Passage Model results 
 Overall through-Delta survival with BDCP 

generally similar to or slightly lower than 
existing biological conditions (EBC) 
 Flow-driven model, tidal habitat restoration (CM4) 

only represented in terms of hydrodynamics 

 Results reflect more Yolo Bypass access, more 
favorable south Delta hydrodynamics, and less 
Sacramento River flow below north Delta intakes 

 Post-processing of results to explore potential 
effects of nonphysical barriers (+) and predation at 
north Delta intakes (-); other CMs with potential 
effects (e.g., CM6, CM15) not explored 

 



River Flow and Survival Effects 

 Delta Passage Model Example Results 



River Flow and Survival Effects 

 Delta Passage Model Example Results 



River Flow and Survival Effects 

 Juvenile Spring-Run/Fall-Run Chinook Salmon Smolt 
Through-Delta Survival (Newman 2003) 

 Through-Delta survival from covariates (smolt 
size, flow [Freeport*], salinity, release 
temperature, south Delta exports, and turbidity) 

*DSM2 flow from below 
the north Delta intakes 
(upstream of 
Sutter/Steamboat 
Slough) was used for 
BDCP scenarios 



River Flow and Survival Effects 

 Juvenile Spring-Run/Fall-Run Chinook Salmon Smolt 
Through-Delta Survival (Newman 2003) results 

 As with DPM, through-Delta survival with BDCP 
generally similar or slightly lower than EBC 

Notes: 
•Focus on effects of Sac. 
R. below north Delta 
intakes and south Delta 
export flows 
•Does not consider Yolo 
Bypass 
•Effects of habitat 
restoration (e.g., 
CM4,CM6), nonphysical 
barriers, near-field 
predation at north Delta 
intakes not represented 
 



River Flow and Survival Effects 

 North Delta Diversion Bypass Flow Effects on 
Chinook Salmon Smolt Survival 
 Applies Perry (2010) flow-survival relationship (same as 

DPM) 
 Survival from Sac. R at Georgiana Slough to Chipps Island 

 Based on 3-day-mean Sac. R flow below Geo. Sl. 

 Uses full CALSIM simulation period (1922-2003) based on 
daily disaggregated data 

 Used same daily weightings for Chinook salmon presence 
as DPM (all runs), as well as equal daily weighting for 
Dec.-Jun.  

 Survival increment assessed by bypass flow level (pulse 
protection, I, II, III) 

 



River Flow and Survival Effects 

 North Delta Diversion Bypass Flow Criteria 



River Flow and Survival Effects 

 North Delta Diversion Bypass Flow Effects on 
Chinook Salmon Smolt Survival 
 Winter-Run Chinook salmon example (ESO vs. EBC2, LLT) 

 



River Flow and Survival Effects 

 North Delta Diversion Bypass Flow Effects on 
Chinook Salmon Smolt Survival 
 Spring-Run Chinook salmon example (HOS vs. EBC2, LLT) 

 



Entry into Channel Divergences 

 Georgiana Slough/Delta Cross Channel 
 Same fish-split relationship as for DPM 

 Sutter/Steamboat Sloughs 
 Fish split = Flow split (DSM2) 



Entry into Channel Divergences 

 Georgiana Slough/Delta 
Cross Channel 

Sutter/Steamboat 
Sloughs 



4. RESTORATION EFFECTS 



Restoration Effects Analysis Methods 

 Habitat Restoration (Appendix 5.E) 
 Foodweb benefits 

 (Habitat suitability effects) 

 Yolo Bypass Enhancement (Appendix 5.C) 
 Chinook salmon fry growth analysis 

 Yolo Bypass entry during migration (Chinook 
salmon): DPM, empirical estimates 

 Sacramento splittail habitat area 

 (Other, qualitative analyses, e.g., passage 
improvements) 



Foodweb Benefits 

 Foodweb conceptual model 

Food sources for 
covered fish species 
 



Foodweb Benefits 

 Phytoplankton productivity 
 Increase in shallow-water habitat and therefore 

greater potential for phytoplankton growth 

 Production acres (‘prod-acres’) = growth rate 
(estimated from mean depth) * acreage 



Foodweb Benefits 

 Potential increase in primary production 

Acknowledged uncertainty: 
 
•Potential consumption by 
clams (Lucas & Thompson 
2012) 
•Availability to covered fish 
species (e.g., delta smelt) 
 



Yolo Bypass Enhancement Effects 

 Chinook salmon fry growth analysis method 
 Winter-run and fall-run Chinook salmon 

 Flow-based fish movement trigger 

 Entry into Yolo Bypass based on flow split 

 Migration rate/residence time dependent on 
size (fall-run) or date (winter-run) 

 Daily growth rates set at 1.0% (Yolo Bypass) and 
0.7% (Sac. R.) (Sommer et al. 2001) 
 Faster growth in Yolo Bypass at spills ≥ 3,000 cfs 

(overbank flow) 

 Weir notch assumed open Dec. 1- Apr. 30 



Yolo Bypass Enhancement Effects 

 Chinook salmon fry growth analysis method 
 Greater survival in Yolo Bypass to Chipps Island 

 Fall-run – Yolo Bypass = 12.5%, Sac. R. = 8.0% 
(Sommer et al. 2001, 2005) 

 Winter-run 



Yolo Bypass Enhancement Effects 

 Chinook salmon fry growth analysis method 
 Greater survival in Yolo Bypass to Chipps Island 

 Fall-run – Yolo Bypass = 12.5%, Sac. R. = 8.0% 
(Sommer et al. 2001, 2005) 

 Winter-run 



Yolo Bypass Enhancement Effects 

 Chinook salmon fry growth analysis method 
 Size-dependent ocean recovery rate 



Yolo Bypass Enhancement Effects 

 Chinook salmon fry growth analysis results 
 Fall-run: Average 14% greater ocean recovery 

rate (range: 2% in critical years, 28% in wet 
years) 

 Winter-run: Average 3% greater (1-8%) 



Yolo Bypass Enhancement Effects 

 Entry into Yolo Bypass (Chinook salmon) 
 Alternative migration route, higher growth and 

survival 

 Delta Passage Model 
 Fixed daily smolt downstream migration distribution 

(historical data) 

 Flow split entry to bypass (BDCP and EBC scenarios) 

 Empirical estimates (Roberts et al. 2013) 
 Daily downstream migration based on Knights 

Landing rotary screw traps 

 Flow split entry to bypass (with/without notch) 

 



Yolo Bypass Enhancement Effects 

 Entry into Yolo Bypass Results 
 Delta Passage Model 



Yolo Bypass Enhancement 

 Entry into Yolo Bypass (Roberts et al. 2013) 

Roberts, J., J. Israel, and K. Acierto. 2013. An Empirical Approach to Estimate Juvenile Salmon Entrainment over Fremont 
Weir. Fisheries Branch Adminstrative Report 2013-01. California Department of Fish and Wildlife, Sacramento. 



Yolo Bypass Enhancement Effects 

 Sac. R. region Chinook salmon escapement 
upstream/downstream of Yolo Bypass 
 100% of winter-run, 50% of fall/late-fall, 35% 

spring-run 



Yolo Bypass Enhancement 

 Sacramento splittail habitat area 
 Suitability based on depth (e.g., 0 to 1.5 feet = 

1, > 6.5 feet = 0) 

 Feb. 1 – June 30; at least 30 days of continuous 
inundation 



5. ASSESSMENT OF UPSTREAM 
EFFECTS, SPECIFICALLY IN THE 

FEATHER RIVER AND UPPER 
SACRAMENTO RIVER 



Upstream Effects 

 No operational criteria for any reservoirs 
were changed to model BDCP  

 Current NMFS BiOp criteria are met at same 
frequency under with and without BDCP 
conditions 

 Other applicable regulations (i.e., Oroville 
FERC Relicensing Draft BiOp) are also met 
at the same frequency 

 



Physical Modeling Results for 
Upstream Area 

 No changes in key storage measurements in 
any river except Feather River 
 No changes in end of May or end of September 

storage at Shasta or Folsom 

 Shifts in the timing of Oroville releases 
 Under all BDCP outflow scenarios (LOS, HOS), 

releases are greater in spring and lower in fall 



Biological Modeling for Upstream 
Habitats 

 Methods used to assess spawning, rearing, egg 
incubation, and other habitat conditions 
 Comparisons of mean end of May and September 

storage capacity, monthly flows, and monthly 
temperatures 

 Flow analysis of exceedance above minimum thresholds 

 Temperature analysis of degree-days or degree-months 
exceeding maximum thresholds 

 Reclamation salmon egg mortality model 

 SALMOD, including “worst case scenario” analysis 

 SacEFT 

 2 winter-run Chinook life cycle models (discussed later) 



Biological Modeling for Upstream 
Habitats 

 Some biological models appear to be very 
sensitive to modeled variations in daily 
flows and temperatures 
 SacEFT, IOS, OBAN 



Biological Model Results for  
Sacramento River 

 Winter-run and spring-run Chinook salmon 
and steelhead 
 All analyses except SacEFT show no effects 

 SacEFT results due to high model sensitivity to 
small changes 

 Fall-run Chinook salmon, green and white 
sturgeon, and lamprey 
 All analyses show no effect 



Biological Model Results for  
Feather River 

 No effects or beneficial effects to spring-
run and steelhead 

 Beneficial effects to fall-run 

 Small negative effects on white and green 
sturgeon 

 Mostly no effects or small beneficial effects 
on lamprey 



IOS Strengths and Limitations 

Strengths 
 Relies on established 

models to evaluate 
effects 

 Useful for comparing 
relative effects of 
different scenarios 

 Sensitive to Plan Area 
effects 

 Extensive formal and 
informal peer review 

Limitations 
 Single species model 
 Simplistic 

characterization of 
life stage behavior 

 Does not consider key 
conservation measures 

 Cumulative 
escapement estimates 
sensitive to initial 
conditions 
 



IOS Results 

 BDCP would cause small increases or 
reductions in egg mortality and fry rearing 
or have no effect, depending on scenario 
(HOS, LOS, ESO) and time period (ELT, LLT) 

 Small reductions in through-Delta survival 
due to flow-related mortality in some Delta 
reaches 

 



IOS Results 

 Overall, small reductions in adult 
escapement predicted under BDCP 

 Effects of climate change would be larger 
than BDCP effects 



IOS Results 

 Sensitivity analysis conducted to evaluate 
some CMs 
 Georgiana Slough non-physical barrier would 

provide small benefits to through-Delta survival 

 Predation at the North Delta intake would 
reduce through-Delta survival  

 Both effects on through-Delta survival would 
result in larger effects to adult escapement, 
indicating high model sensitivity to in-Delta 
conditions 

 



OBAN Strengths and Limitations 

Strengths 
 Promoted by Delta 

fisheries experts 
 Statistical model 

based on 
observational data 

 Bayesian component 
addresses parameter 
uncertainty 

Limitations 
 Shorter data record 

than IOS 
 Cannot predict where 

mortality is occurring 
 Insensitive to Plan 

Area conditions and 
most conservation 
measures 

 Results have large 
probability bounds 



OBAN Results 

 Adult escapement would decline under 
BDCP 
 Primarily due to high sensitivity of model to 

upstream temperatures, which may not be 
representative due to input node 

 No changes to Shasta storage expected under 
BDCP and flows can be managed in real time to 
match those under baseline 

 Effects of climate change are larger than 
effects of BDCP 

 



OBAN Results 

 Through-Delta winter-run survival increased 
moderately under BDCP 

 Model does not include any CMs except 
some aspects of CM2, so no benefits 
included in model results 

 Sensitivity analysis conducted to estimate 
predation effects at North Delta diversions 
 Showed very minor effects on overall 

escapement 



IOS and OBAN Lifecycle Models 

 Results must be interpreted with caution 

 Models are incomplete: 
 Most CMs not included 

 Not fully equipped to evaluate changes in Delta 
conditions related to flows and restoration 

 Not fully representative of conditions 
experienced under entire life history 

 Large variation in model calculations to 
deal with uncertainty led to large ranges in 
results  

 



6. EFFECTS DOWNSTREAM OF 
THE PLAN AREA 

 



Effects Downstream of Plan Area 

 Potential effects of BDCP on water bodies 
downstream of Delta were analyzed 

 Potential effects include: 
 Flow 

 Sediment inputs 

 Food 

 Temperature 

 Dissolved oxygen 



Effects Downstream of Plan Area 

 Analysis concluded that there would be no 
effects 

 Will be supplementing the analysis and text 



7. DECISION TREE ANALYSIS 



Overview of the Decision Trees 

 Developed to take advantage of time until CM1 
operations to better understand spring and fall 
outflow needs 

 Includes 2 outcomes for spring outflow and 2 
outcomes for fall outflow 

 Focused primarily on delta smelt and longfin 
smelt, with consideration for salmon and sturgeon 

 Fish agencies have ultimate say for initial 
operations 

 Adaptive management process applied once 
operations begin  



Decision Tree 

Fall outflow 

 

 

Fall X2          D-1641 

(FWS RPA) 

Spring outflow 

 

 
Enhanced             D-1641 
May-March  
outflow 

High fall outflow Low fall outflow 

High spring 
outflow 

High Outflow 
Scenario (HOS) 

Enhanced spring 
outflow, fall outflow 

per D-1641 

Low spring 
outflow 

Evaluated Starting 
Operations (ESO) 

Low Outflow Scenario 
(LOS) 



Fall Outflow Decision Tree 

 Disagreement that delta smelt rearing 
habitat is best defined by abiotic variables 
and whether location of fall X2 affects 
subsequent juvenile production  

 High Outflow Scenario 
 Same as the USFWS 2008 BiOp RPA  

 Based on an observed correlation between increased abiotic 
habitat (i.e., turbidity and salinity) and higher reproductive 
success the following spring 

 When Fall X2 is located in Suisun Bay, abiotic habitat increases for 
delta smelt and the majority of the smelt population is often 
centered around Fall X2 in wet years.   



Fall Outflow Decision Tree (cont.) 

 Low Outflow Scenario 
 Same scenario as State Water Resources Control Board Water Right 

Decision 1641 

 Based on the hypothesis that food and habitat conditions restored 
under BDCP will benefit smelt at a comparable rate to high fall 
outflow 

 Uncertainty about how Fall X2 affects whole population given that 
some proportion of the smelt population resides in Cache Slough 
Complex (i.e., outside the Low Salinity Zone and unaffected by 
Fall X2) 

 



Spring Outflow Decision Tree 

 General scientific agreement that longfin smelt 
are food-limited; disagreement over extent of 
outflow needed; both have documented 
associations with longfin smelt abundance 

 High Outflow Scenario 
 Based on relationship between longfin smelt abundance 

and winter–spring X2 (Kimmerer et al. 2009) 

 Developed under BDCP to maximize spring outflow 
without affecting upstream storage or non-project 
supplies 

 Uses a combination of Delta export reductions and 
changes in Oroville seasonal releases to achieve 
outflows 
 

 

 

 



Spring Outflow Decision Tree (cont.) 

 Low Outflow Scenario 
 Same scenario as State Water Resources Control Board 

Water Right Decision 1641 

 Based on the hypothesis that increased food (through 
restoration) can meet conservation goals without 
adjustments to outflow 

 Uncertainty about the current survey methods for 
longfin smelt, which may affect the abundance/X2 
relationship 

 Uncertainty about the flow regime needed (i.e., 
constant outflow or pulses? Some months more 
important that others?) 

 



Decision Tree Process 

 Intensive testing of hypotheses related to outflow over 
the next 10+ years prior to operations of BDCP  

 Currently working to identify the studies needed 

 Will implement and document these studies in a multi-
agency collaborative process 

 Initial BDCP (CM 1) operations will be set based on the 
knowledge gained through this testing; fish agencies 
have ultimate decision-making authority 

 Adaptive management program under BDCP would be 
used to make adjustments as needed over 50-year Plan 
period 



Effects Analysis Methods and Results 

 Evaluated ESO quantitatively (High fall, low 
spring outflow) 

 Identified and fully evaluated differences in 
HOS and LOS to ESO 

 Most differences were between HOS and 
ESO; minimal differences between LOS and 
ESO 

 Evaluations found that outflow operations 
were generally isolated to the season in 
which it occurred 

  



8. DEVELOPMENT OF THE FISH 
NET EFFECTS ASSESSMENT 



Fish Net Effects Assessment 

 Identification of attributes (aka stressors) 

 Qualitative evaluation of attributes 
 Current importance to species (and certainty) 

 Change because of BDCP (and certainty) 

 August 2013 workshops to receive agency 
biologist comments 
 Range of opinion summarized in Chapter 5  



Fish Net Effects Assessment 

 BDCP effect conclusion for each attribute, 
by life stage and species 
 Attribute importance * change = effect 

 Certainty of importance * certainty of change = 
certainty of effect 

 Importance/change: none = 0, low = 1, 
moderate = 2, high = 3, very high = 4 

 Effect: 0 = zero, 1 = very low, 2-3 = low, 4-
8 = moderate, 9-15 = high, 16 = very high 

 Each conclusion independent but overlap 



Fish Net Effects Assessment 

 Delta smelt effects (excerpt) 
 Zooplankton abundance: critical importance 

(high certainty) * moderate change (low 
certainty) = moderate effect (low certainty)  
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