From: Chris Fitzer [CFitzer@esassoc.com]

Sent: 10/3/2019 4:37:13 PM

To: Alicia Forsythe [aforsythe@sitesproject.org]; Tull, Robert/SAC [Robert. Tull@jacobs.com]; Leaf, Rob/SAC
[Rob.Leaf@jacobs.com]; Thad Bettner (thettner@gcid.net) [tbettner@gcid.net]; Jim Lecky (jim.Lecky@icf.com)
[jim.Lecky@icf.com]; John Spranza (john.spranza@hdrinc.com) [jchn.spranza@hdrinc.com]; Rob Thomson
[rthomson@sitesproject.org]

Subject: RE: Sites - CDFW 60-Process -- Next Steps

Attachments: Freeport and NDOI rationale.docx

Hi All, alf,

Attached is a brief document summarizing rationale for CA WaterFix criteria for Sac River at Freeport and NDOL
Talk to you tomorrow,

Chris

Chris Fitzer

From: Alicia Forsythe <aforsythe @sitesproject.org>

Sent: Wednesday, October 2, 2019 7:35 AM

To: Tull, Robert/SAC <Robert.Tull@jacobs.com>; Leaf, Rob/SAC <Rob.Leaf@jacobs.com>; Thad Bettner
(tbettner@gcid.net) <tbettner@gcid.net>; Jim Lecky (jim.Lecky@icf.com) <jim.Lecky@icf.com>; Chris Fitzer
<CFitzer@esassoc.com>; John Spranza (john.spranza@hdrinc.com) <john.spranza@hdrinc.com>; Rob Thomson
<rthomson@sitesproject.org>

Subject: Sites - CDFW 60-Process -- Next Steps

Hi all — Sorry for the delay in getting this out. Below are the action items that | recorded at our Monday afterncon
call. Please let me know if | missed anything.

I'd like to have a follow up call on Friday to check in on progress. Would 9 to 10 AM Friday morning works for folks?

Action Items:

1. Ali to call Kristal on Environmental Criteria

2. Thad to talk with Chuck on WaterFix Freeport and NDOI Criteria

3. Jim and Chris to look at WaterFix Freeport and NDOI Criteria to refresh memories on logic behind it so we can
continue to think about if / how might modify

4, Jacobs to complete CALSIM and DSM2 modeling (if possible) on scenarios below from CDFW meeting — with

WaterFix scaled Freeport and NDOI

a. 8,000 CFS Wilkins Slough Bypass (including Freeport and NDOI)

b. Percentage Based Diversion, 8K Wilkin Apr/May {incl. FP, NDOI)

5. Ali to schedule a follow up call for Friday

6. Group to think about other options / opportunities for Friday’s discussions
Thanks all!

Ali
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Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesprolect.org | www SitesProlect.or

CONFIDENTIALITY NOTICE: This communication with its contents may contain confidential and/or legally privileged information. It is
solely for the use of the intended reciplent(s}. Unauthorized interception, review, use or disclosure is prohibited and may

viclate applicable faws including the Electronic Communications Privacy Act, If you are not the intended recipient, please contact the
sender and destroy all coples of the communication.
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Sac River at Freeport

Protection of reverse flows at Georgiana Slough (CWF NMFS BO pp 606)

The probability of a flow reversal in the Sacramento River downstream of Georgiana Slough occurring at
some time during a 24-hour period is one hundred percent when Sacramento River flows at F
are less than 13,000 cfs (Figure 2-118 top panel). Likewise, when flo

pected to occur at the Ge

reversals are |

Sacramento River at Freeport

e  Minimum bypass of 13,000 cfs

e Implement scaled diversions between 13,000 and 23,000 cfs

e Full diversions when flow is greater than 23,000 cfs

e Delta tidal habitat restoration would further mute reverse flows to varying degrees depending
on Sacramento River outflow (CWF NMFS BO pp 604)
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NDOI - Spring Outflow

Longfin Smelt (CWF CDFW ITP pp 5-28)

Effects of Spring Outflow

DWR has collaborated with CDFW to develop longfin smelt spring {(March—May) outflow criteria that are

consistent with existing water conveyance/operations including climate conditions. The propos%d
longfin smel tflow criteria determi tflow targets based ht River Index
/ minimum of 1

April and Ma
FS (2009) BiOp, uptoam

latory baseline; no addi deling necessary.]

Table CWF CDFW ITP 5.3-1. Proposed Longfin Smelt Spring Outflow Criteria: Monthly Net Delta
Outflow Index in Relation to Eight River Index.

Eight River Index (March), TAF Monthly Net Delta Outflow Index {March), cfs
0 0

545 6,200

1,488 8,800

1,911 12,700

2,140 17,100

2,421 20,000

2,575 25,200

3,104 35,000

3,492 43,700

>4,217 44,500

Note: Net Delta Outflow Index targets are linearly interpolated for Eight River Index values falling
between those shown on the table. This approach is based on the 90% forecast.
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Winter-run Chinook Salmon (CWF CDFW ITP pp 5-33)
Spring Outflow Criteria

As described in Section 4.2.7.2.2 Effect of Take Minimization Measures for longfin smelt, DWR and DFW
have collaborated to propose spring Delta outflow criteria to fully mitigate potential adverse effects to
longfin smelt (see also Section 5.3.2 Longfin Smelt in Chapter 5 Take Minimization and Mitigation
Measures). This has been achieved through curtailment of exports at certain times. As such there would
be essentially no difference in upstream operations between PP with longfin smelt spring outflow
criteria and PP without such criteria for which the detailed analysis of upstream effects was presented in
Section 4.3.4.2 Upstream Hydrologic Changes.

This is reflected in little difference in May and September Shasta reservoir storage between these
scenarios (Table 4.D-1 in Appendix 4.D Comparison of Key Hydrological Variables for Proposed Project
with Longfin Smelt Spring Outflow Criteria to No Action Alternative and Proposed Project Scenarios).
Within the Delta, reduction in south Delta exports to achieve longfin smelt spring outflow criteria would
result in more positive Old and Middle River flows in March of below normal and dry water years in
particular (Table 4.D-5 in Appendix 4.D), possibly providing a benefit to winter-run Chinook salmon in
terms of improved south Delta hydrodynamics (although generally the effects would be expected to be
similar to those described in Section 4.3.4.1 Proposed Delta Exports and Related Hydrodynamics).
longfin smelt spring outflo ia (Section 5.3.2 lonsfin n Chapter 5 Take Minimiza
gation Measures), the up of the Delta outflow cri 44 500 cfs resulted in Cals
deling giving somewhat gr rth Delta exports in wet r the PP with longfin sme
flow criteria compared to the result that mean Apri in wet years below the N
und 1,600 cfs [5%) less un ith longfin smelt spring : criteria compared to PP a
efore 12% less than NAA D-4 in Appendix4.D). G very high flows at which t
fin smelt outflow criteria ease, the leveling-off in -Delta survival observed a
s (Figure 5.D.45 in Appen f ICE International [201 e 5 of Perry et al. [2016])
viously described take min n measures of operatio traints, real time operatio
rgiana Slough nonphysica rrier, no additional effec cpected.
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9/27/19

NMFS CCVO questions related to Sites Reservoir modeling and analysis:

Questions related to Sites Reservoir modeling and analysis generally fall into two broad categories of “methods”
and “other.” It is likely that these questions and suggestions cannot be covered in a single meeting with Sites JP,
but they provide an overview of expectations regarding the type of analysis needed in an initiation package.

Methods

Other

Could Sites JP provide a table/listing of analytical tools/models expected to be used (e.g., HEC-5Q, Delta
Passage Model), what outputs will be evaluated (e.g., temperature, Delta survival), and what
effect/consequence of the project they are intended to be used to evaluate (impacts to incubation/rearing
habitat conditions, impacts on juvenile outmigration)? It may be most useful to set up a meeting to go
through what Sites JP is using so as to be sure NMFS is on board and that we don't have a better
alternative (but don't need to get into super detail of any one; that could be reserved for a follow-up
meeting).

o As an example, for both CWF and ROCON, NMFS produced a "model matrix” that identifies

models and analyses that may be relevant or used in the BA/BO analysis (below).

Could Sites JP provide a review of the “Daily Model” to provide understanding of this new tool?

Could Sites JP provide primer on the operations that have been agreed to/developed with DFW, including
pulse protections, and ramping rates (changes in habitat inundation and stranding)?

How is Sites JP dealing with the uncertainty related to the Proposed Action? A large number of modeling
scenarios might be needed to account for current level of uncertainty regarding reservoir size (~1.0-1.8
MAF) and operations (Pump Storage component, Holthouse Reservoir footprint, Delevan Pipeline). How
does IP plan to select the scenarios to be modelled?

How is chimate change considered in the modeling and analysis? Is the modeling based on a projection of
conditions at some point in {future? If so, what, and where is documentation of the development of that
scenario?

How is eutrophication considered in the proposed reservoir? Downstream of an outfall location?

How does Sites JP propose to deal with uncertainty? Is there information on an adaptive management
approach?

Could Sites JP provide a better layout of expected consultation (ESA section 7) timeline/time constraints
due to WISP, potential administration changes, NEPA, WIN, etc.?

Model/Analysis table:

Model/Analysis | Location Type/ Life-stage | Species Description (and NMFS
Criteria comment)
CalSim-11 CVP/SWP- | Hydrologic | NA NA A hydrological planning
wide scenario tool that provides

monthly average flows for the
entire SWP and CVP system
based on an 82-year record.
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DSM2-HYDRO | Delta and Hydrologic | NA NA One-dimensional hydraulic
Suisun model used to predict flow
Marsh rate, stage, and water velocity.
DSM2-PTM Delta and Hydrologic | NA NA Simulates fate and transport of
Suisun (Particle neutrally buoyant particles
Marsh tracking) through space and time.
DSM2-ePTM Delta and Hydrologic | model model Simulates fate and transport of
(DWR) Suisun (Particle calibration | calibration "behaving" particles through
Marsh tracking) based on based on space and time. Seven
smolt data; | Chinook smolt behavioral parameters;
uncertain data; uncertain calibration method is based on
how how applicable | particle swarm optimization
applicable | to steelhead.
to rearing
fry
ePTM Delta Hydrologic | model model Simulates fate and transport of
(SWFSC) (Particle calibration | calibration "behaving" particles through
tracking) based on based on space and time. Seven
smolt data; | Chinook smolt | behavioral parameters (same
uncertain data; uncertain seven as in DWR model,
how how applicable | though exact interpretation a
applicable | to steelhead. bit different because of
to rearing different model structures);
fry undergoing continued
refinement by the SWFSC
HEC-5Q Sacramento | Water NA NA Water quality simulation tool
and Quality used to provide water
American temperatures.
Rivers
DSM2-QUAL Delta and Water NA NA Used to predict water
Suisun Quality temperature, dissolved
Marsh oxygen, and salinity.
DSM2-QUAL Delta and Water Adults Chinook, Models "source" of water at
Fingerprinting Suisun Quality steelhead any location to indicate
Marsh (Olfactory proportion coming from
Cues) different upstream locations,
and therefore incidates how
homing capabilities of fish can
be affected by changes in
operations.
Reclamation Trinity, Biological | Egg ? Uses CalSimlI flow and
Egg Mort. Feather, climatic model output to
Model American, predict monthly water
and temperature in River basins
Stanislaus and upstream reservoirs.
Rivers
SALMOD Sacramento | Biological | Returning | All Chinook Predicts effects of flows on
River Adult, habitat suitability and quantity
Egg, for all races of Chinook
Alevin salmon.
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OBAN

Sacramento
River

Biological

All Chinook

Statistical modeling approach
to evaluating scenarios effects.

DPM

Delta to
Chipps
Island

Biological

Juvenile
(migration)

All Chinook

Simulates migration and
mortality of Chinook salmon
smolts entering the Delta from
the Sacramento, Mokelumne,
and San Joaquin rivers
through a simplified Delta
channel network, and provides
quantitative estimates of
relative Chinook salmon smolt
survival.

I0S

Sacramento
River

Biological

All

Winter-run
Chinook

A stochastic life cycle model
for winter-run Chinook
salmon.

Salvage-density
Analysis

South Delta
facilities

Biological
(Flow
relation)

Juvenile

All Chinook

A model of entrainment into
the south Delta facilities as a
function of flow based on
historical salvage data.

USGS Flow-
survival Model

North Delta
(Sacramento
R)

Biological
(Flow
relation)

Juvenile
(migration)

Fall-tun
Chinook (?)

A model that combines
equations from statistical
models estimating the
relationship of Sacramento
River inflows on reach-
specific travel time, survival,
and routing of salmonids to
allow assessment of travel
time and survival for different
operational scenarios.

USGS
Entrainment
Model

North Delta
(Sacramento
R)

Hydrologic
?)

Juvenile
(migration)

Fall-run
Chinook (?)

A statistical model of
probability of entrainment into
the central Delta as a function
of hydrodynamic variables in
the Sacramento River.

SWESC Temp.
Dependent Egg
Mort Model

Sacramento
River

Biological

Egg

All Chinook

A temperature-dependent
mortality model for Chinook
salmon embryos that accounts
for the effect of flow and
dissolved oxygen on the
thermal tolerance of
developing eggs.

SWESC
WRLCM

Sacramento
River

Biological

All

Winter-run
Chinook

A state-space and spatially
explicit life cycle model of
eggs, fry, smolts, juveniles in
the ocean, and mature adults
that includes density-
dependent movement among
habitats.
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ICF loss South Delta | Salvage Juvenile Chinook,

analysis facilities and loss steelhead
(mostly
certain),sturgeon
™)

SWESC Sacramento Juvenile Chinook Models water temperatures at

RAFT/CVTemp | River various locations and
estimates egg survival based
on Reclamation's operations

Habitat NA Habitat All Chinook This would likely only be

Suitability needed if some type of habitat

Index (HSI) restoration were included in

Modeling the PA. And would need to be
specific. HSI components are
worked into other methods,
like SALMOD.

Yolo Bypass Delta Biological | Juvenile Chinook The Yolo Bypass Fry Rearing

Fry Rearing Model links growth to

Model survival at ocean entry using
the few existing relevant
studies. May want to look into
how updated this model is
(don't recall it being used for
CWF so may be due for
refresh or replaced by
something else).

Newman 2008 | Delta Biological | Juvenile Chinook Through-Delta survival
method. Used in CWF but not
relied upon extensively. Also
used as a component of the
WRLCM during ROC.

Delta Salmonid | Delta Biological | Juvenile Chinook

Travel Time

(Perry and Pope

2018)

DSM2 Delta Physical Juvenile Chinook, Daily flow metrics, 15-minute

steelhead velocity frequency: percentage

positive flow, frequency of
velocities above sustained
swimming speeds; used in
CWEF but very data intensive.

6-year study Delta Biological | Juvenile Chinook, Perry under contract with

work steelhead NMES to work on results
from this data, but unsure if
that analysis would meet
current (?) timeline.

SRKW Ocean Biological | All SRKW See CWF. Is largely based on

Analysis effects to non-listed

salmonids, in addition to those
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on listed salmonids (which are
not as large a part of the diet).
CCC Steelhead Biological | All CCC Steelhead
Analysis
Eulachon Biological | All Eulachon
Analysis
Mean end-of- Sacramento, | Physical Spawner, (River
May and end- Feather, Egg, Juv dpendant) WR,
of-Sep reservoir | American SR, and
storage changes FR/LFR
from baseline Chinook, CV
steelhead and
GS
Mean flow Sacramento, | Physical Spawner, (River
changes from Feather, Egg, Juv dpendant)
baseline (daily American SONCC, WR,
data) and Trinity SR, and
Rivers (?), FR/LFR
and Clear Chinook, CV
Creek (?) steelhead and
GS
Flow threshold | Sacramento, | Physical Spawner, (River
exceedance Feather, Egg, Juv dpendant)
(daily data) American SONCC, WR,
and Trinity SR, and
Rivers (7), FR/LFR
and Clear Chinook, CV
creek (7) steelhead and
GS
Water Sacramento, | Water Spawner, (River
temperature Feather, Quality Egg, Juv dpendant)
changes from American SONCC, WR,
baseline (daily | and Trinity SR, and
data) Rivers (7), FR/LFR
and Clear Chinook, CV
creek (7) steelhead and
GS
Water Sacramento, | Water Spawner, (River
temperature Feather, Quality Egg, Juv dpendant)
threshold American SONCC, WR,
exceedance and Trinity SR, and
(daily data) Rivers (?), FR/LFR
and Clear Chinook, CV
creek (7) steelhead and
GS

Draft_0000010



Spawning Sacramento, | Habitat Spawner, (River
WUA Feather, dpendant)
American SONCC, WR,
and Trinity SR, and
Rivers (7), FR/LFR
and Clear Chinook, CV
creek (7) steelhead and
GS
Rearing WUA | Sacramento, | Habitat Juvenile (River
Feather, dpendant)
American SONCC, WR,
and Trinity SR, and
Rivers (?), FR/LFR
and Clear Chinook, CV
creek () steelhead and
GS
Redd Sacramento, | Habitat Egg (River Identified for all
dewatering Feather, dpendant) dams/tributaries contributing
(qualitative or American SONCC, WR, to the Sacramento River. Are
greatest and Trinity SR, and impacts to reservoir releases
monthly flow Rivers (?7), FR/LFR expected/considered at all
reduction) and Clear Chinook, CV locations?
creek (?) steelhead and
GS
Hatchery Sacramento, | Hatchery Spawner, SR, FR Chinook | Are impacts to Hatchery
assessment (lit | Feather, Juvenile and CV production expected?
review and American, Steelhead
CFM analysis) | Stanislaus,
San Joaquin
and Trinity
Rivers, and

Clear creek
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From: Whittington, Chad/SAC [Chad.Whittington@jacobs.com]

Sent: 10/4/2019 12:03:24 PM

To: Leaf, Rob/SAC [Rob.Leaf@jacobs.com]

CC: Tull, Robert/SAC [Robert.Tull@jacobs.com]; Thayer, Reed/SAC [Reed.Thayer@jacobs.com]

Subject: RE: Pulse and Post-Pulse Logic Used in CalSim (from Appendix 5.A of the 2016 CWF BA Effects Analysis)
Flag: Follow up

The table below showcases the similarities and differences between the CWF ITP and CalSim in the determination of

pulse and post-pulse rules.

Pulse and Post-Pulse Assumptions

CWFITP

CalSim Il

All pulses of CHNWR and CHNSR shall be protected
from October 1 —June 30.

® One or two pulses shall be protected from October 1 —
June 30 (depending on whether a pulse ends before December
1).

Beginning October 1st, whenever the initial Sacramento
River pulse begins, low level pumping takes effect.

® Beginning October 1st, whenever the initial
Sacramento River pulse begins, low level pumping takes effect.

® Sacramento River pulse is determined based on real-
time monitoring of juvenile fish movement (see Condition of
Approval 9.9.5.1). A fish pulse is defined as a Knights Landing
Catch Index (KLCI) 2 5 where KLCI = (# of CHNWR + # of
CHNSR)/(Total Hours Fished/24).

® Pulse protection operations shall be implemented
within 24 hours of detection of a fish pulse.

® The initiation of the pulse is defined by the following
criteria: (1) Wilkins Slough flow changing by more than 45%
within a five day period and (2) Wilkins Slough flow becomes
greater than 12,000 cfs.

® Pulse protection ends after five consecutive days of
daily KLCI < 5.

® The pulse protection and the low level pumping
continues until (1) Wilkins Slough returns to pre-pulse flows
(flow on first day of the within-5 day increase), (2) Wilkins
Slough flows decrease for five consecutive days, or (3} Wilkins
Slough flows are greater than 20,000 cfs for 10 consecutive
days.

® Number of allowable pulses is not specified; ASSUME
ALL ELIGIBLE PULSES (KLCI = 5) ARE PROTECTED.

® If the initial pulse begins and ends before December
1st, a second pulse period will be afforded the same protective
operation.

® Once the pulse protection ends, post-pulse bypass
flow operations may remain at Level 1 diversion depending on
fish presence, abundance, and movement in the north Delta;
however, the exact levels will be determined through initial
operating studies evaluating the level of protection provided at
various levels of diversions.

® After a pulse has ended, the allowable diversion will
go to post-pulse operations through June that can transition
through three levels of protection.

® The criteria for transitioning between and among
pulse-protection, Level 1, Level 2, and/or Level 3 operations
described in this permit will be based on real-time fish
monitoring and hydrologic/ behavioral cues upstream of and in
the Delta that will be studied as part of the Project’s Adaptive
Management Program. Based on the outcome of the studies
pursued under that program, additional information about
appropriate triggers, off-ramps, and other RTO management of
NDD intake operations may be integrated into the Test Period
Operations Plan and the Full Project Operations Plan.

® After the initial pulse(s), Level | post-pulse bypass
rules are applied until 15 days of bypass flows above 20,000 cfs
have accrued since the pulse ended. Then Level Il post-pulse
bypass rules are applied until 30 days of bypass flows above
20,000 cfs have accrued since the pulse ended. Then Level Ili
post-pulse bypass rules are applied.
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® The NDDTT shall develop criteria for transitioning
between and among pulse protection, Levels 1, 2 and 3 based
on best available science. The NDDTT shall recommend
transitional criteria to the TOT and ICG for consideration
through the Adaptive Management Program, to ensure that the
Project will achieve the objectives of Biological Criteria 1 and 2.

® Under the post-pulse operations allowable diversion
will be greater of the low-level pumping or the diversion
allowed by the following post-pulse bypass flow rules.

Chad

From: Whittington, Chad/SAC

Sent: Tuesday, October 01, 2019 3:11 PM

To: Leaf, Rob/SAC <Rob.Leaf@jacobs.com>; Tull, Robert/SAC <Robert.Tull@jacobs.com>; Thayer, Reed/SAC
<Reed.Thayer@jacobs.com>

Subject: Pulse and Post-Pulse Logic Used in CalSim {from Appendix 5.A of the 2016 CWF BA Effects Analysis)

Appendix 5.A of the 2016 CWF BAis at this lirk.

Here is the relevant excerpt (from the bottom of Page 30).

i“

5.A.5.2.4.9 North Delta Diversion Bypass Flows

Bypass flows requirements in the Sacramento River are specified downstream of the north Delta diversion intakes,
which govern the flow required to remain in the river before any diversion can occur. The bypass rules include low level
pumping at each intake during Sacramento River Pulse flow(s) period. After a pulse has ended, the allowable diversion
will go to post-pulse operations through June that can transition through three levels of protection (Level | to Level Il and
subsequently to Level Ill) subject to hydrologic and fishery conditions. Minimum bypass flow requirements are specified
for July through November, as noted in Table 5.A-13.

Beginning October 1st, whenever the initial Sacramento River pulse begins low level pumping allows diversions of up to
6% of Sacramento River flow flow upstream of the north Delta intakes. The low level pumping is less than or equal to
300 cfs at any one intake, with a combined limit of 900 cfs for the three intakes in the PA. The low level pumping is
constrained such that the river flow never falls below 5,000 cfs.

During the initial pulse protection period low level pumping is maintained until the pulse period has ended. For
modeling purposes, the initiation of the pulse is defined by the following criteria: (1) Wilkins Slough flow changing by
more than 45% within a five day period and (2) Wilkins Slough flow becomes greater than 12,000 cfs. The pulse
protection and the low level pumping continues until (1) Wilkins Slough returns to pre-pulse flows {flow on first day of
the within-5 day increase), (2) Wilkins Slough flows decrease for five consecutive days, or (3) Wilkins Slough flows are
greater than 20,000 cfs for 10 consecutive days. If the initial pulse begins and ends before December 1, the May Level 1
post-pulse criteria will go into effect after the pulse until December 1. On December 1, the post-pulse rules defined
below for December through April, starting with Level 1 apply. If the initial pulse begins and ends before December 1st,
a second pulse period will be afforded the same protective operation.

After the pulse period has ended, the bypass flows noted in the Table 5.A-13 are maintained. After the initial pulse(s),
Level | post-pulse bypass rules are applied until 15 days of bypass flows above 20,000 cfs have accrued since the pulse
ended. Then Level Il post-pulse bypass rules are applied until 30 days of bypass flows above 20,000 cfs have accrued
since the pulse ended. Then Level Il post-pulse bypass rules are applied. The bypass rules were applied on the mean
daily river flows in the CalSim Il model. Under the post-pulse operations allowable diversion will be greater of the low-
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level pumping or the diversion allowed by the following post-pulse bypass flow rules. In actual operations these criteria
as well as fishery conditions are expected to guide allowable north Delta intake diversions as described in Section 3.3.3.1
of the BA.

In addition to the bypass flow criteria described above, a linear constraint was applied in the CalSim Il PA simulation on
the potential diversion at the north Delta intakes, to account for the fish screen sweeping velocity criteria of 0.4 fps
based on diversion limitations from DSM2 modeling.

o

Chad Whittington

Jacobs

YWater Resources Enginger | BIAF
918 286.038

Chad Whittington@iacobs com

2485 Nalomas Park Dr., Sulte 800
Sacrameanto, CA 85833

USA

wWww.iacobs.com
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Facility Affordability Analysis
Technical Memorandum

AN N A -~ R i iy .
Frosram Management Team

To: Jim Watson

CC: Rob Thomson
JP Robinette

Date:

From: Jeff Herrin

Quality Review by: Joe Barnes

Authority Agent Review by: Lee Frederiksen
Subject: Facility Affordability Analysis

1.0 Purpose and Background

This memorandum documents the evaluation of various facility configurations and sizes in support of the
financial affordability analysis. AECOM provided three types of analysis in support of the affordability analysis.

e WISP and federal feasibility reports were reviewed to characterize the commitments for project
benefits and potential repayment mechanisms.
Rough appraisal costs were developed for a variety of facility sizes and configurations
Operation, maintenance, and replacement (OM&R) costs were estimated for each of the facility
configurations

2.0 Benefit Distribution Assumptions

Although the California Water Commission has determined that the Sites Project is eligible for up to $816M in
WSIP funding, the financial commitment to specific public benefits was not specified. Benefits identified by the
State included recreation and flood damage reduction, neither of which requires the obligation of water supply
from the project. It was necessary to estimate what portion of the $816M investment was reasonably intended
to purchase water supply.

The Federal government has also indicated an interest in investing in recreation and flood damage reduction
benefits through the ongoing feasibility report process. Flood damage reduction is typically cost shared with the
State at a 65% (Federal)/35% (State) cost share. Recreation costs have been more typically shared equally
between the State and Federal government.

The State’s economic analysis determined a maximum benefit of $44M for flood damage reduction and $197M
for recreation. Federal economic analysis has determined a benefit of $62M for flood damage reduction and
$71M for recreation. Both analyses were based on the Authority’s 1.8 MAF reservoir alternative. Table 1 shows
the assumed distribution of benefits for the State and Federal government using the average of federal/State
determined benefits for flood damage reduction and recreation and applying the cost sharing percentages.

[ DATE \@ "M/d/yyyy" ] TECH MEMO | Facilities Affordability Analysis ENG-TMS-Affordability Final.Docx 1 of 11
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Table 1. Assumed Distribution of Benefits for 1.8 MAF Reservoir

Benefit Proposed State Assignment Proposed Federal Assignment
Smillions Smillions

Flood Damage Reduction $19 $34

Recreation $67 S67

Adjusted State for Water Adjusted Federal for Water
Smillions Smillions

Anadromous Fish, Refuge, Yolo
Bypass Benefits? $730 $1,320
" Remaining benefits derived from WSIP responses and Feasibility Report (unpublished draft)

The adjusted water values in Table 1 were provided to Jacobs for use in operations modeling to establish the
appropriate storage volumes for State and Federal benefits. The flood damage reduction benefit provided by
Sites Dam is essentially the same for all reservoir sizes (improvements in flood damage reduction associated
with a higher dam are negligible). The flood damage reduction benefit was held constant across all dam sizes.
Recreation benefits are expected to increase with increasing reservoir size. Table 2 shows how the dollar
amounts for recreation were proportioned for different reservoir sizes.

Table 2. Assumed Recreation Benefit Assignment for Different Reservoir Sizes

Smillions
1.8 MAF 1.5 MAF 1.3 MAF 0.8 MAF 1.0 MAF
State $67 $56 $48 $30 $37
Federal $67 $56 $48 $30 $37

The assumed distribution of benefits is consistent with both the findings of the WSIP review process as posted
on the California Water Commission website and the Federal feasibility report; however, there has not yet been
a final assignment of benefits. The most likely future change would be a shift in recreation and flood damage
reduction benefits to the State. Should this occur, it would increase the assignment of storage to the Federal
government and decrease the assignment of storage to the State.

3.0 Construction Cost Scenarios

This section presents preliminary appraisal-level cost estimates for different sizes and configurations of Sites
Reservoir Project facilities.

Construction cost estimates were based on detailed appraisal-level estimates for a 1.3 MAF reservoir
(Alternative A in the EIR/S and feasibility report) and for a 1.8 MAF reservoir (Alternative D in the EIR/S and
feasibility report). These estimates reflect the current project concepts and conceptual level of project design,
with appropriate allowances for contingencies, non-contracts costs, and forward escalation. Other project-
related costs are also provided, including environmental mitigation, and temporary and permanent easement
acquisition. The Alternative D estimate was used to support the Authority’'s WSIP application. Estimated prices
were developed in October 2015 dollars and have been escalated in this estimate.

The actual project construction cost ultimately would depend on the final design details of the preferred project
alternative and the labor and material costs, market conditions, and other variable factors existing at the time of
bid. Accordingly, the final project cost would vary from the preliminary estimates presented in this section.

3.1 Scenarios Considered
In addition to Alternative D, six scenarios were considered in detail to evaluate project costs and operations.
e Scenario A1 — 1.5 MAF reservoir with two Delevan pipelines
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Scenario A2 — 1.3 MAF reservoir with two Delevan pipelines
Scenario A3 — 0.8 MAF reservoir with two Delevan pipelines
Scenario A4 — 1.0 MAF reservoir with two Delevan pipelines
Scenario B1 — 1.5 MAF reservoir with one Delevan pipeline
Scenario B2 — 1.3 MAF reservoir with one Delevan pipeline
Scenario B3 — 0.8 MAF reservoir with one Delevan pipeline
Scenario B4 — 1.0 MAF reservoir with one Delevan pipeline

All six scenarios include significant reductions in facilities to reduce costs. These cost reductions include:

e The Delevan intake pumping/generating plant and fish screen is not included in any of the six
scenarios. It is replaced with a release structure to allow the delivery of water to the Sacramento
River.

e With the elimination of the Delevan intake pumping/generating plant, there is no need for a new
substation in Colusa or transmission line along SR 45. It is also assumed that available power
sources in the vicinity of the Maxwell Irrigation District pumping plant would be adequate for
electrical needs for the release only valve structure.

e None of the six scenarios include pumpback generation. This eliminates the forebay/afterbay
(Holthouse or Fletcher Reservoir). Power can still be generated on release only to reduce OM&R.

e None of the six scenarios include the south bridge. A southern road alignment is included in the
costs for the 1.5 and 1.3 MAF reservoirs with a shorter road anticipated for a 0.8 MAF reservoir.

3.2 Level and Classification of Cost Estimates

The availability of site data and design information to support preparing cost estimates for the 1.3 MAF and 1.8
MAF reservoirs varies between the facilities that constitute the Sites Reservoir project. Some facilities (like the
main dams) are advanced enough to support a lower-bound Class 3 estimate as defined by the Association for
Advancement of Cost Engineering, International. Other facilities, like the pumping/generating plants or
Holthouse Dam, only support a Class 4 estimate.

The estimate for the 0.8 MAF reservoir dams used dimensions and cost ratios derived from quantities
previously developed by DWR (DWR DOE. 2004. Sites Reservoir Engineering Feasibility Study — Sites
Reservoir Alternative Reservoir Size Evaluation. October.). The estimate for the 1.5 MAF reservoir dams
was interpolated between the 1.8 MAF and 1.3 MAF reservoirs without supporting quantities. Similarly, the
estimate for the 1.0 MAF reservoir was interpolated from the 0.8 MAF and 1.3 MAF facilities.

3.3 Cost Estimate Considerations

Contract Costs: Contract costs include quantity and unit price estimates, plus allowances for
mobilization/demobilization, design contingency, and unlisted items. Note that design contingency incorporates
an allowance for procurement strategy covering non-competitive procurements or where limits are placed on
the competition and a contract for construction may not go to the lowest responsive, responsible bidder.

Field Cost: The field cost is the sum of the contract cost and construction contingency.

Non-Contract Costs: Non-contract costs include engineering, administration, legal services, and permitting
costs.

Construction Cost: The construction cost is the sum of the field cost and non-contract costs. The construction
cost can be escalated to the notice to proceed date for the project, and further to the mid-point of construction
for each project component if needed.
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3.4 Construction Cost Components

3.4.1 Estimate Base and Escalation

The contract, field, and construction cost estimates presented in this section were compiled using individual-
estimate worksheets for each NODOS/Sites Reservoir Project feature. All costs are provided in October 2015
dollars. Escalation of construction costs to a notice to proceed date in mid-2022 has been included. Escalation
was evaluated using various sources, including the USACE Civil Works Construction Cost Index and the
Consumer Price Index. Results varied from 15.3 percent to 15.8 percent over the escalation period. For the
project alternatives, 15 percent over 7 years has been applied for each alternative.

3.4.2 Construction Contingency

Construction contingency is a percentage allowance added to develop the field cost. Contingencies are funds
for use after construction starts to compensate the contractor for such issues as unforeseen or changed site
conditions, owner-directed orders for change, and differences between estimated and actual quantities.
Contingency allowances are generally higher for appraisal-level estimates than for feasibility-level estimates.

Table 3 presents the allowances and contingency percentages adopted and applied to the feasibility-level cost
estimate for the alternative projects.

Table 3. Allowances and Contingencies for Estimating

Allowances and Contingencies Percentages
Mobilization/Demobilization 5 percent
Design Contingency 10 percent
Construction Contingency 15 percent
Non-Contract Costs 17 percent

Mobilization/Demobilization at 5 percent and Design Contingency at 10 percent combined are reasonable
allowances for feasibility-level estimating on large projects.

The mobilization/demobilization allowance and design and construction contingencies were applied to the
contractor costs to develop the contract cost. The construction contingency was applied to the contract cost to
arrive at the field cost. Non-contract costs were applied to the field cost to arrive at the construction cost.

3.5 Non-Contract Costs

Non-contract costs include engineering and design, surveying, construction management and inspection,
project close-out, administration, legal services, permitting, etc. For the estimates presented in this section, the
non-confract costs were estimated to be 17 percent of the total field costs (contract cost plus contingency).
Actual non-contract costs would vary from facility to facility; however, 17 percent is assumed to represent the
average value. This allowance was used for all six scenarios .

3.6 Other Cost Allowances

3.6.1 Environmental Mitigation

Many environmental laws affect the State’s major water supply programs, and environmental concerns play a
major role in water policy and planning. Mitigation costs for Alternative C are based on the environmental
impact analysis, and implementing the mitigation measures from the NODOS Preliminary Administrative Draft
Environmental Impact Report (DWR 2013). Additional details are available in Sites Reservoir Feasibility
Study Technical Memorandum: Mitigation Measure Evaluation and Cost Estimate (AECOM 2016).
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The allowances and contingencies by component applied to mitigation cost estimates would be different from
the values used for other costs in Table 3 because of the nature of the nature of the work and are presented in
Table 4. The mobilization/demobilization allowance and design and construction contingencies were applied to
develop the field cost. The non-contract cost allowance was then applied to the field cost to arrive at the
construction cost.

Table 4. Cost Estimate Allowances and Contingencies for Mitigation Costs

Component Value Basis for Assigned Allowance or Contingency
Mobilization/ 2% Approximately 65% of the mitigation costs are associated with real estate actions, 19% of the
Demobilization costs with environmental and cultural resources monitoring, and the remaining 16% for

restoration. Mobilization/demabilization for monitoring largely consists of the mobilization and
demobilization of environmental monitoring staff with pickup trucks, and infrequent short-term
monitoring by watercraft. In this case, mobilization/demobilization costs are likely to be in the
range of 1% to 2%.

Design Contingency 12% | Covers minor unlisted items, minor design and scope changes, and cost estimating
refinements. This is the area of greatest uncertainty prior to the negotiation of permits. We
recommend increasing the design contingency from 10% to 12%.

Procurement Strategy 1% The most notable effort would be associated with procuring mitigation credits. The
construction contractors selected for facility construction would perform the bulk of the
restoration and construction-related tasks. There would be a real estate contractor and one or
two environmental monitoring contracts. There may be some small landscaping contracts.
Most of the oversight throughout would likely be performed by the environmental contractor,
who would work for the Authority.

Escalation to Notice to — This would be consistent with the overall project construction cost estimate.

Proceed

Construction Contingency 2% Only 16% of the total mitigation is anticipated to include construction costs related to
restoration. The construction contingency for real estate and monitoring should be very low.

Non-Contract Costs 4% Approximately $52 million in monitoring costs is already included in the mitigation estimates.

We do not anticipate another layer of construction management. There would be some
design, but the design would be highly constrained by the permits.

Source: Data compiled by AECOM in 2016.

3.6.2 Right-of-Way

ROW costs represent the estimated fair market value of the real estate required for the NODOS/Sites
Reservoir Project; they do not include staff costs for appraisals or acquisition, damages to the remaining land
caused by the acquisition or construction of the project, or utility relocations that may be necessary.

3.7 Assumptions

Major assumptions made to prepare the preliminary feasibility cost estimates include:

e Competitive market conditions would prevail at the time of bid tender.

¢ Work would be packaged for bidding so that the magnitude of the contract would not unduly restrict
competition.

¢ The construction schedule assumes a start of field construction activities in the second quarter of 2022
for all scenarios.

e Environmental mitigation and ecosystem enhancement measures would be consistent with those
currently used in practice and would be the same for each alternative.

e Builder's Risk Insurance would be available to the contractor.

e Materials such as sand, gravel, and cement would remain available within the haul distances used to
prepare the estimates.
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3.8 Exclusions

Major exclusions from the cost estimates include:

e Ultility costs for system upgrades to provide pumping power or receive generation power are not defied
at this time, and no costs are included.

e There would be no new overpasses, interchanges, or sidings required for existing highways, roads, and
rail lines associated with constructing the NODOS/Sites Reservoir Project.

3.9 Cost Estimate Summary

Table 5 presents the estimated cost for each of the four NODOS/Sites Reservoir Project scenarios with two
Delevan pipelines and Table 6 the cost for scenarios with a single pipeline.
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Table 5. Cost Estimate Summary — Two Delevan Pipeline Scenarios

Scenario AQ

Scenario G1

Scenario G2

Scenario G3

Scenario Al

Scenario A2

Scenario A3

1.8 MAF

1.5 MAF

1.3 MAF

1.0 MAF

1.5 MAF

1.3 MAF

0.8 MAF

Total (52018) w/o financing cost

$5,234,596,920

$4,662,196,920

$4,446,196,920

$4,346,836,920

$4,240,564,920

$3,972,724,920

$3,642,244,920

% cost reduction

0%

11%

15%

17%

19%

24%

30%

Total (52015)

$4,846,849,000

$4,316,849,000

$4,116,849,000

$4,024,849,000

$3,926,449,000

$3,678,449,000

$3,372,449,000

Two Pipelines/with Delevan Intake

RESERVOIRS AND DAMS

Cost

Cost

Cost

Cost

Two Pipelines/without Deleva

n Intake

Cost

Cost

Cost

Develop Sites Reservoir Area

$255,000,000

$255,000,000

$255,000,000

$255,000,000

$255,000,000

$255,000,000

$255,000,000

Bridge $215,000,000 $114,000,000 $114,000,000 $114,000,000 $114,000,000 $114,000,000 $114,000,000
Construct Main Dams $610,000,000 $511,000,000 $400,000,000 $317,000,000 $511,000,000 $400,000,000 $296,000,000
Construct Saddle Dams $270,000,000 $183,000,000 $94,000,000 $85,000,000 $183,000,000 $94,000,000 $6,000,000
Construct Holthouse Reservoir or Funks

Appurtenances $190,000,000 $22,000,000 $22,000,000 $22,000,000 $22,000,000 $22,000,000 $22,000,000
Construct TRR Reservoir $39,000,000 $39,000,000 $39,000,000 $39,000,000 $39,000,000 $39,000,000 $39,000,000

PUMPING AND GENERATING PLANTS
Construct I/O Structure and 30' Diameter Tunnel $210,000,000 $210,000,000 $210,000,000 $210,000,000 $210,000,000 $200,000,000 $149,000,000
Sites Pumping-Generating Plant $800,000,000 $702,000,000 $702,000,000 $702,000,000 $702,000,000 $664,000,000 $601,000,000
TRR Pumping-Generating Plant $160,000,000 $160,000,000 $160,000,000 $160,000,000 $160,000,000 $160,000,000 $160,000,000
Sacramento River Pumping-Generating Plant $260,000,000 $260,000,000 $260,000,000 $260,000,000 $16,600,000 $16,600,000 $16,600,000
Sacramento River Fish Screen Structure $55,000,000 $55,000,000 $55,000,000 $55,000,000 S0 SO $0
Red Bluff Pump Addition $3,849,000 $3,849,000 $3,849,000 $3,849,000 $3,849,000 $3,849,000 $3,849,000
L Canals and Condhits a0

Construct Channel to Holthouse $49,000,000 $49,000,000 $49,000,000 $49,000,000 $49,000,000 $49,000,000 $49,000,000
Construct Delevan Pipeline $660,000,000 $660,000,000 $660,000,000 $660,000,000 $660,000,000 $660,000,000 $660,000,000
Construct TRR Pipeline $350,000,000 $373,000,000 $373,000,000 $373,000,000 $373,000,000 $373,000,000 $373,000,000
Transmission Lines, Switchyards and Substations $190,000,000 $190,000,000 $190,000,000 $190,000,000 $98,000,000 $98,000,000 $98,000,000
General Property $30,000,000 $30,000,000 $30,000,000 $30,000,000 $30,000,000 $30,000,000 $30,000,000

Mitigation ($350M construction + $150M operation)

$500,000,000

$500,000,000

$500,000,000

$500,000,000

$500,000,000

$500,000,000

$500,000,000
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Table 6. Cost Estimate Summary — One Delevan Pipeline Scenarios

Scenario B1

Scenario B2

Scenario B3

Scenario B4

Scenario F2

Scenario F3

Scenario F4

1.5 MAF

1.3 MAF

0.8 MAF

1.0 MAF

1.5 MAF

1.3 MAF

1.0 MAF

Total (52018) w/o financing cost

$3,847,876,920

$3,580,036,920

$3,249,556,920

$3,439,636,920

$4,122,628,920

$3,906,628,920

$3,807,268,920

% cost reduction

26%

32%

38%

34%

21%

25%

27%

Total (52015)

$3,562,849,000

$3,314,849,000

$3,008,849,000

$3,184,849,000

$3,817,249,000

$3,617,249,000

$3,525,249,000

One Pipeline/without Delevan Intake One Pipeline with Delevan Intake
RESERVOIRS AND DAMS Cost Cost Cost Cost Cost Cost Cost

Develop Sites Reservoir Area $255,000,000 $255,000,000 $255,000,000 $255,000,000 $255,000,000 $255,000,000 $255,000,000
Bridge $114,000,000 $114,000,000 $114,000,000 $114,000,000 $114,000,000 $114,000,000 $114,000,000
Construct Main Dams $511,000,000 $400,000,000 $296,000,000 $317,000,000 $511,000,000 $400,000,000 $317,000,000
Construct Saddle Dams $183,000,000 $94,000,000 $6,000,000 $85,000,000 $183,000,000 $94,000,000 $85,000,000
Construct Holthouse Reservoir or Funks

Appurtenances $22,000,000 $22,000,000 $22,000,000 $22,000,000 $22,000,000 $22,000,000 $22,000,000
Construct TRR Reservoir $39,000,000 $39,000,000 $39,000,000 $39,000,000 $39,000,000 $39,000,000 $39,000,000

PUMPING AND GENERATING PLANTS
Construct /O Structure and 30' Diameter Tunnel $210,000,000 $200,000,000 $149,000,000 $200,000,000 $210,000,000 $210,000,000 $210,000,000
Sites Pumping-Generating Plant $702,000,000 $664,000,000 $601,000,000 $626,000,000 $628,000,000 $628,000,000 $628,000,000
TRR Pumping-Generating Plant $160,000,000 $160,000,000 $160,000,000 $160,000,000 $160,000,000 $160,000,000 $160,000,000
Sacramento River Pumping-Generating Plant $16,600,000 $16,600,000 $16,600,000 $16,600,000 $217,000,000 $217,000,000 $217,000,000
Sacramento River Fish Screen Structure S0 S0 S0 $0 $36,000,000 $36,000,000 $36,000,000
Red Bluff Pump Addition $3,849,000 $3,849,000 $3,849,000 $3,849,000 $3,849,000 $3,849,000 $3,849,000
Canals and Conduits ! _

Construct Channel to Holthouse $49,000,000 $49,000,000 $49,000,000 $49,000,000 $49,000,000 $49,000,000 $49,000,000
Construct Delevan Pipeline $389,400,000 $389,400,000 $389,400,000 $389,400,000 $389,400,000 $389,400,000 $389,400,000
Construct TRR Pipeline $280,000,000 $280,000,000 $280,000,000 $280,000,000 $280,000,000 $280,000,000 $280,000,000
Transmission Lines, Switchyards and Substations $98,000,000 $98,000,000 $98,000,000 $98,000,000 $190,000,000 $190,000,000 $190,000,000
General Property $30,000,000 $30,000,000 $30,000,000 $30,000,000 $30,000,000 $30,000,000 $30,000,000
Mitigation ($350M construction + $150M operation) $500,000,000 $500,000,000 $500,000,000 $500,000,000 $500,000,000 $500,000,000 $500,000,000
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4.0

OM&R

The financial model requires estimated costs for OM&R. Many long-term OM&R costs are proportional to
diversions (e.g., energy for pumping and wheeling costs for GCID and Reclamation facilities). Variable and
fixed repair and replacement costs were estimated using INEL Guidelines (Estimation of Economic Parameters
of U.S. Hydropower Resources for estimating O&M, 2003) and through comparison to costs for the Central
Utah and Animas La Plata Projects. Estimated OM&R costs are summarized in Table 7.

Table 7. Annual OM&R Costs

Two
Pipe
Total
Size Flow
(MAF) (TAF)
1.8 455
1.5 389
1.3 370
1.0 327
0.8 299
One
Pipe
Total
Size Flow
{MAF) {TAF)
1.5 357
1.3 348
1.0 319
0.8 289

Estimated
Diversion
(TAF)

503
424
400
348
314

Estimated
Diversion
(TAF)

394
377
333
303

SOD Flow
(TAF)

178
144
129
97
70

SOD Flow
(TAF)

98
91
75
60

Pumping
Energy

$11,143
$11,174
$10,648
$9.410
$8,604

Pumping
Energy

$10,264
$10,032
$9,196
$8,331

Wheeling
$14,126
$11,767
$11,055

$9,770
$8,933

Wheeling
$10,278
$9,922
$9,128
$8,269

Variable
$25,269
$22,941
$21,703
$19,180
$17,537

Variable
$20,542
$20,572
$18,324
$16,600

Var/AF
$55.54
$58.97
$58.66
$58.65
$58.65

Var/AF
$57.54
$57.33
$57.44
$57.44

Fixed/AF

$16
$19
$20
$23
§25

Fixed/AF

820
$21
$24
$26

SOMBRR/AF $Generate/AF
$71.54 $19
$77.97 $22
$78.66 $22
$81.65 S22
$83.65 $22

SOM&R/AF S$Generate/AF
$77.54 $21
$78.33 $21
$81.44 $21
$83.44 $21

Wheeling costs are conservatively estimated at $22/AF. Power costs (Table 8) were derived from modeling by
PARO (DWR, 2016).
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Table 8. Pumping Energy Costs from Feasibility Report

Pumping-Generation Site

Planning Alternative

Alternative A (1.3 MAF)

Alternative B (1.8 MAF)

Alternative C (1.8 MAF)

Alternative D (1.8 MAF)

Operations Strategy

Incidental | Optimized

Incidental | Optimized

Incidental | Optimized

Incidental | Optimized

Pumping Annual Revenues
T-C Canal Pumping {$302) {$302) {$363) {$363) ($284) {5284 {$323) {$323)
GCID Pumping {$483) (5483} {$549) {$549) ($474) {3474 {$518) ($518)
Eaelc?.\i/t?enspipe"ne Intake {$2,668) ($2,688) N/A N/A ($2.910) ($2,910) ($1,737) {$1,737)
TRR Pumping ($507) (8507} ($794) {$784) ($579) ($579) (3643) (5643)
Sites Pumping {$7.629) {$7.018) ($7,168) {$6,881) {$8.821) {$7,882) {$9,256) {$8,509)
Subtotal {$11,588) ($18,977) {$8,873} {58,387} ($12,868) {$12,229) {312,477} {$11,731)
Generation Annual Revenues
Sites Generation $5,176 $6,050 $5,120 $5,779 $6,401 $7,054 $6,359 $6,865
TRR Generation $874 $874 $298 $298 $925 $925 $495 $4095
Sacramento River Generation $1,980 $1,980 N/A N/A $2,280 $2,280 $2,152 $2,152
Subtotal $8,031 $8,905 $5,419 $6,077 $9,606 $10,259 $9,007 $9,512
Costs derived from modeling performed by the DWR Power and Risk Office (PARO) — Reclamation, 2017 (Appendix H1)
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5.0 Limitations

The cost estimates presented in this report are at an appraisal level and useful for the comparison of options.
Specifically, no quantities have been developed to support the 1.5 MAF reservoir option. Quantities for other
options are derived from available DWR estimates.
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Abstract. Life histories of migratory species such as anadromous fishes make them particularly suscepti-
ble to composite effects of processes experienced across distinct habitats and life stages. Therefore, their
population dynamics are difficulf to quantify and manage without tools such as life-cycle models. As a
model species for which life-cycle modeling is particularly useful, we provide an analysis of influential pro-
cesses affecting dynamics of the Central Valley fall-run Chinock salmon (CVFEC) population (Oncorhynchus
tshawytscha). This analysis demonstrates how, through identification of covariates that affect this popula-
tion at each life stage and their relationship to one anocther, it is possible to identify actions that best pro-
mote sustainability for this anadromous species. We developed a life-cycle model for CVFC examining
primary processes influencing variability in observed patterns of escapement from 1988 to 2016. CVFC are
a valuable fishery along the US West Coast; however, their natural population is a fraction of its historic
size, and recent low escapements have resulted in substantial restrictions on the fishery. Our model
explains 68.3% of variability in historic escapement values. The mest influential processes include tempera-
tures experienced during egg incubation, freshwater flow during juvenile outmigration, and environmen-
tally mediated predation during early marine residence. This work demonsirates the need, and
methodology, for considering the interactions between freshwater and marine dynamics when evaluating
the efficacy of managerial practices in freshwater and the ocean, especially in the context of increased envi-
ronmental variability, climate change, and dynamic predator populations. The methodology developed in
this study can be used toward improved conservation and management of other anadromous fishes and
migratory species.
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INTRODUCTION in abundance, including as much as 90-99% in
North America (Limburg and Waldman 2009).

Worldwide, a significant number of anadro- Their complex life histories involving obligatory
mous fishes have experienced dramatic declines migrations and dependence upon freshwater,
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estuarine, and marine habitats make anadro-
mous fish sensitive to human activities in these
varied environments, and especially challenging
to manage. To aid in recovery of anadromous
species and sustain recovery gains, a life-cycle
modeling approach is useful for identifying the
most sensitive life stages and for developing
effective management strategies. This approach
is particularly useful for highly migratory species
such as anadromous fishes because it accounts
for additive consequences across the full life
cycle, allowing for population-level assessments
of the efficacy and impact of managerial practices
affecting one or more stages or habitats.

We focus on California Central Vi alley Chinook
salmon {Oncorhynchus tshawytscha) as a model
species subject to composite effects across a wide
range of habitats and life stages, and for which a
life-cycle modeling approach is particularly
informative (Zabel et al. 2006, Crozier et al
2008, Hendrix et al. 2014). Pacific salmon are a
forage item for predators in fresh (Michel et al
2015) and marine waters (Wells et al. 2017), a
dominant prey item in mammalian diets (Chasco
et al. 2017), and provide a valuable fishery along
the West Coast (Satterthwaite et al. 2015, Riddel
et al. 2018). However, coincident with lost and
degraded freshwater habitat (Yoshiyama et al
1998, Williams 2006) and increased variability in
the marine environment (Sydeman et al 2013)
the dominant California Chinook population
{fall-run, hereafter "CVEFC”; Pyper et al. 2013)
has declined to a fraction of its historic size
(Yoshiyama et al. 1998) and has shown enor-
mous variability in freshwater returns over the
last 30 yr (Appendix 51: Fig. 51; Satterthwaite
and Carlson 2015, Pacific Fishery Management
Council 20175). For example, in 2008 and 2009
extremely low spawner escapement resulted in
the near-complete closure of the Chinook salmon
fisheries off California and much of Oregon; sur-
prisingly, this event followed the highest
recorded escapement in recent decades only six
years prior (Lindley et al. 2009, Appendix 51:
Fig. 51). All four Central Valley Chinook runs are
managed under federal and state conservation
initiatives; winter and spring runs are both pro-
tected under the Endangered Species Act (ESA),
while fall- and late-fall runs have been listed as a
Species of Concern by the National Marine Fish-
eries Service (NMEFES). Describing how this
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population responds to different natural and
anthropogenic processes informs strategic man-
agement initiatives for stock rebuilding,
increased genetic portfolios (Carlson and Sat-
terthwaite 2011), conservation of predators reli-
ant on it (Chasco et al. 2017, Wells et al. 2017),
and sustainability of the fishery (Lindley et al.
2009).

Central Valley fall-run Chinook salmon life history
and pressures on the population

Central Valley fall-run Chinook salmon spawn
from late September to December in the Sacra-
mento River, its tributaries, and tributaries to the
San Joaquin River (Fisher 1994, Yoshivama et al.
1998, Fig. 1). Egg development time and survival
are sensitive to water temperature (Zeug et al.
2012, Martin et al. 2017), as well as to increased
or variable flows that can destroy eggs, modulate
oxygen availability, or expose them to desicca-
tion {Becker et al. 1982, Lapointe et al. 2000, Mar-
tin et al. 2017). Most locations where CVFC
spawn are below reservoirs, which moderate
flows and alter temperatures downstream. Egg
and embryo survival can also be reduced by redd
superimposition, which occurs at higher rates
with increased adult abundance and decreased
spawning habitat (McNeil 1964). After emer-
gence, juveniles may rear near their place of birth
or disperse downstream: or onto floodplains,
where growth rates are usually higher (Sommer
et al. 2001). In the spring, juveniles undergo
transformation to the smolt stage and migrate to
the coastal ocean. Tagging studies show that sur-
vival during this period has been shown to
increase with river discharge (Michel et al. 2015,
Perry et al. 2018), and survival can be quite low
during dry periods, most Eikeiy due to predation
by other fish {Sabal et al. 2016). CVFC must
migrate through the Sacramento—San Joaquin
Delta, which has been heavily modified by chan-
nelization, diking, and the operations of a com-
plex water supply infrastructure that alters the
hydrodynamics and water quality of the estuary
{Nichols et al. 1986). Survival rates for juvenile
salmon migrating through the interior Delta are
notably low (Buchanan ef al. 2013). Hatchery-
produced salmon may avoid or experience differ-
ent mortality sources when released in different
locations throughout the system (Huber and
Carlson 2015). Very little is known about how
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Fig. 1. Map of Central Valley fall-run Chinook habitat, hatchery locations {(dots), and key locations (stars).

present conditions in the San Francisco Bay affect
growth and survival of juvenile salmon. Survival
of CVFC following ocean entry is dependent on
predation risk and relatedly to the availability of
suitable forage (Wells et al. 2012, Friedman et al.
2018), growth (Woodson et al. 2013, Fiechter
et al. 2015), density dependence (Miller et al.
2013), and the occurrence of fronts enhancing
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trophic interactions (Woodson and Litvin 2015).
These processes are affected by environmental
variability modulating predator-prey relation-
ships (Emmett and Krutzikowsky 2008, Wells
et al. 2017). Factors affecting later ages, other
than fishing, are less well understood, although
size-at-age is variable and related to ocean condi-
tions, and because mortality rates are often
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size-dependent, ocean climate variation may
influence survival of later ages as well as young-
of-the-year salmon (Heath et al. 1994, Wells et al.
2007).

Scope of study

Conservation and recovery efforts for this pop-
ulation require identification of those variables
that most affect population dynamics and those
that can be affected through management. In this
study, we developed a model of C V FC population
dynamics (FCa) to identify the processes that best
explain the observed variability in CVFC popula-
tion dynamics over the last three decades, as well
as how additive effects among such processes
relate to salmon escapement. Building from iden-
tification of key processes as well as thenf relation-
ship to one another over time, we use the
parameterized FCo model to illustrate potential
effects of two management scenarios: changes to
freshwater temperatwre during incubation and
changes to freshwater flow during outmigration.
This mahodoloov may be applied toward conser-
vation and management of other types of anadro-
mous fishes and migratory species.

METHODS

Model description

FCuais an age- and stage-structured population
dynamics model that produces model-based pre-
dictions of year t annual adult escapement based
on observed returns t-2, {-3, and t—4 yr prior,
together with covariates affecting the estimated
survival of each brood year cohort. The model
predicts the abundance of male (M) and female
(F}) retuns separately; adding the two values
provides a model-predicted estimate of total
spawner escapement for each year (E}). Covariate
data were assembled from 1983 to 2016, and
model predictions are provided over the period
of 1988-2016. A conceptual diagram of the full
model is presented in Fig. 2. The model was
written and tested in R (version 3.5.1; R Core
Team 2018).

Base model.—To quantify the effect of different
covariates on annual adult escapement, we first
constructed a base model representing known
dynamics of the CVFC life cycle. Model testing
included the base model and iterative combina-
tions of non-collinear covariates. Eq. 1 shows the
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base model underlying FCo. This model predicts
annual spawner returns (£}) based on the number
of reported spawners estimated to be female 2, 3,
and 4 yr prior (Fi_p, Fy_3, Fiy described below);
the historic average proportion of males and
females that return at ages 2, 3, and 4 (R,,,2, Rus
Rgs, described below); published values of sur-
vival at ages 2, 3, and 4 in the ocean (55 S3, Ss)
{(Magnusson and Hilborn 2003); background sur-
vival terms for natural-origin fry (Spn), atcher}
origin releases (Spy), and juvenile survival (Sp4)
estimated by model fitting; and an annual ocean
harvest survival index {5y, described below).
Each female was assumed to have a fecundity (Y)
of 5401 (Quinn 2005), and eggs were assumed fo
be 50% male and female. The model-predicted
estimates of male spawners (M) and female
spawners (F}) were summed to provide a model-
predicted estimate of total annual escapement
(E}). Model-predicted estimates were compared
to spawner escapement values reported by the
Facific Fishery Management Council (PFMC;
Pacific Fishery Management Council 20175) for
the Sacramento River and San Joaquin River
combined, for the period of 1983-2016 (E,). These
values result from annual surveys conducted
throughout the Sacramento and San Joaquin
basins (Kano 2006, Killam et al. 2016); they are
treated as observed values in model fitting but
are themselves best estimates. Further d(,scnpu
tions of all variables can be found in Table 1.
During this period, 93.8% of all CVFC adult
escapement was comprised of spawners return-
ing to the Sacramento Basin.

The PFMC escapement data report the total
number of adult spawners and jacks returning in
each vyear, but do not differentiate males and
females. To estimate these values, we used 11 yr
(2000-2010) of spawner return data from Cole-
man National Fish Hatchery and Feather River
Fish Hatchery in the Sacramento River Basin
{(California Hatchery Scientific Review Group
2012) to construct a relationship between the pro-
portion of jacks to total and proportion of adult
males to total returning to the hatcheries
{Appendix S51: Fig. 52). Data from these two
hatcheries were used as they had the longest
overlapping time series and most complete data
over the time period. Total females returning
each year (F,) were estimated as E,—M,, with M,
estimated using the hatchery relationship.
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Fig. 2. Simplified diagram of the fall-run life-cycle model (FCa) showing the processes affecting a single brood
year cohort. Note annual model-predicted escapement is the sum of these processes across multiple brood year

cohorts (for more detail see Appendix S1: Eq. S1).

The average proportion of males and femnales
returning by age category (corresponding to
Ry R Rps Table 1) were derived from the
database of coded-wire-tagged fish maintained
by the Regional Mark Processing Center (www.
rmpc.org). We queried “Standard Reporting, All
Recoveries” for all recoveries of Chinook salmon
recorded over the maximum available time per-
iod (1990 to 2015) and “Standard Reporting, All
Releases” for all releases of Chinook salmon
recorded over the same period (1986-2014). We
used only Central Valley fallrun Chinook
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salmon released as fry or smolts in the Sacra-
mento River or its tributaries by Coleman
National Fish Hatchery, for which there were
data on release, spawner return, and the sex of
recovered individuals. We estimated returning
age-group percentages for each sex, based on all
returns from salmon released over the 29-yr per-
iod (Appendix 51: Fig. 53). In FCa, male return
estimates are the sum of estimates for age 2, 3,
and 4 males (capturing 98% of the returning pop-
ulation; Appendix 51: Fig. 53). Female return
estimates are the sum of estimates for age 3 and

Tuly 2019 < Volume 10(7) <¢ Article e02743

Draft_0000030



FRIEDMAN ET AL.

Table 1. FCa model terms and descriptions. Observed data are those reported or derived from published annual

escapement data.

Variable Value Description
£ {1983,1984,.. 2016} Year
E E, Number of total spawners observed in vear?
F Fy Number of fernale spawners observed in year {
Y 5401 Average fecundity for an adult fernale chinook salmon
br 0.024°C g™t Slope at which mortality rate increases above T
Sy Sty Argmal temperature-dependent survival
Sy 0.6 Survival for age 2 chinook at sea
53 0.7 Survival for age 3 chinook at sea
Sa 0.8 Survival for age 4 chinook at sea
Sy Svi Annual ocean harvest survival index
Ry 0.220 Mean proportion of CWT males returning at age-2
Rya 0.583 Mean proportion of CWT males rehurning at age-3
Rya 0.665 Mean proportion of CWT females returning at age-3
Parameter estimates
Terie 11.56 (10.80, 12.99) Temperature threshold at RBDD
Sin 0.043 (0.003, 0.758) Background survival for naturally spawned fry
Sint 0.403 (0.060, 1.000) Background survival for hatchery fish released in rivers
Sus 0.246 (0.083, 0.658) Background survival for natural and hatchery fish to age-2
Bw 1.448 (0.787, 2.098) Coefficient for flow-dependent survival
Br —1.185 (—1.664, —0.797) Coefficient for marine predation risk
Bo Coefficient for survival based on ocean productivity
K Spawner capacity
Model-based predictions
£ 4 Model-predicted number of total spawrners in year ¢
F F, Model-predicted rumber of female spawners in year
M M Model-predicted number of male spawners in year ¢
Neies: References and further explanation of variables can be found in methods. 93% confidence intervals are reported in
parentheses next to parameter estimates for covariates inchuded in the final model (Model 1). Dashes indicate parameters that

were tested but not included in the final model.

4 females (capturing 96% of the returning popu-
fation; Appendix S1: Fig. 53).

During the last 30 yr, the five primary hatch-
eries on the Sacramento and San Joaquin rivers
and tributaries (Coleman, Feather, Nimbus,
Mokelumne, Merced) have released an anmual
average of 28.3 million hatchery-raised CVFC
throughout the system (Huber and Carlson 2015)
over the same period as natural fall-run juvenile
outmigration. To capture the contribution of
hatchery smolts to the return population, we
included the total number of sub-yearling sal-
mon released by the five major hatcheries (H).
Hatchery release data for 1970-2016 were col-
lected Dby Huber and Carlson  (2015),
Appendix B) and A. M. Sturrock et al. (unpub-
lished manuscript).

We derived an  annual  ocean Tharvest
survival index (5y) from published harvest
rates and population estimates defined as
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S5y = 1 — {oceann harvest/Sacramento Index)
(O'Farrell et al. 2013, Pacific Fishery Manage-
ment Council 20174). Ocean harvest is the annual
sum of ocean troll and sport harvest of SRFC
south of Cape Falcon, OR, between September 1
and August 31 (Pacific Fishery Management
Council 2017a). The Sacramento Index approxi-
mates the total population of spawners in a given
year as the sum of ocean harvest, river harvest,
and annual escapement (O'Farrell et al. 2013). S
was allowed to affect only individuals greater
than age 2, corresponding to those individuals
typically large enough to be harvested by ocean
fisheries (Pacific Fishery Management Council
2017b; Satterthwaite et al. 2017).

Error in our model is represented by the differ-
ence between predicted and observed data. We
estimate the distribution of error as a normal dis-
tribution, with a mean equal to zero and a vari-
ance equal to the variance of our residuals.
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Sub-models temperature reconstruction. We used tempera-

Temperature-dependent egg mortality.—We used
a temperature-dependent mortality sub-model
(Martin et al. 2017) to estimate annual survival
(S7) for eggs incubating in the Sacramento and
San }()aqum and their tributaries The model

embryo duun&j the zth ddy of xts deveiopment
(T;) to its instantaneous mortality rate {f; dh
with two parameters:  Toqy the temperature
below which there is no mortality due to temper-
ature, and by, the slope at Wthh mortality rate
increases with femperature above T (Eq. 2)

by = br x max(’l} — T(:ri{, 0) (2)

the SdLTdTnEﬂt() Rwer dnd its tr},butanes, as weﬂ

as tributaries of the San Joaquin River
(Yoshivama et al. 2000, Palmer-Zwahlen and

Kormos 2015). To minimize complexity and data
scarcity, we chose a single site, Red Bluff Diver-
sion Dam (EBDD), to approximate patterns in
temperature across the system. RBDD is located
on the Sacramento River near Red Bluff CA
(40°09'16"N, 122°12/07"W). We extracted daily
minimum  and maximum  water temperature
data from 1983 to 1989 from California Depart-
ment of Water Resources reports (Turek 1990)
and calculated the mean of these values for each
day. We approximated missing data using itera-
tive singular spectrum analysis, a nonparametric
method which uses temporal and spatial correla-
tion to fill data gaps (Kondrashov and Ghil
2006). We used daily mean water temperature at
Bend Bridge, CA (USGS site 11377100} and from
the RMA-11 model (Deas 2002) for this
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~3

ture data for RBDD from 1990 to 2016 from the
River Assessment for Forecasting Temperature
(RAFT) model, which uses hydrodynamic and
heat transport equations to model water temper-
ature (Pike et al. 2013). RAFT output has a
15-min temporal resolution and 2-km spatial res-
olution. We averaged the sub-daily data and
used linear interpolation to obtain daily mean
water temperature at RBDD. To verify RBDD
data were representative of the system, we com-
pared mean daily temperatures recorded at
RBDD to daily temperatures recorded at 9 other
major spawning regions for CVEC and found
high correlations between all sites and RBDD
{Pearson’s r = 0.76-0.91; Table 2). Data for each
of the 9 sites were downloaded from the Califor-
nia Department of Water Resources California
Data Exchange Center (CDEC).

Table 2. Correlations {Pearson’s r) between daily tem-
perature at Red Bluff Diversion Dam (RBDD) and
temperatures recorded throughout spawning range
of CVFC.

Data Correlation

Region Site 1D Coverage to RBDD (1)
Clear Creek GO 19962017 0.80
Butte Creek BCK 1998-2017 (.82
Feather River FRA 2002-2017 (.85
Yuba River YRS 2001-2017 0.83
American River AFD 19982017 0.76
Mokelumne River MOK 20062017 (.91
Stanislaus River SOK 20012017 0.85
Tuolumne River TS5 2004-2017 0.83
Merced River RS 2000-2017 (.85

Note: Site IDs are those used by CDEC.
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We used published data on annual CVFC
spawning periods (Vogel and Marine 1991, Wil-
liams 2006} to estimate temporal patterns in redd
constructions over the spawning period (a nor-
mal distribution with peak spawning occurring
on November 15, and 99.9% of redds spawned
from October 1 to December 1). Incubation peri-
ods (n, days), starting at each possible fertiliza-
tion day (October 1 through December 1), were
determined using a temperature-dependent mat-
uration function (Zeug et al. 2012, Martin et al.
2017), where the relative developmental state at
fertilization equals 0 and increases at a rate,
0.001044(°CHd™ Yy = T; + 0.00056(d" ). Incuba-
tion periods ended when the temperature-depen-
dent developmental state exceeded 1.

Temperature-dependent survival throughout
the entire embryonic period (S4) is the product of
the daily temperature-dependent survival proba-
bilities for each year {(Eq. 3).

5 =1 ][ exp(—hy) ©
i=1

Given our temperature data do not represent the
exact conditions experienced by the widespread
CVFC, and to minimize model complexity, we
used the published value of by from Martin et al.
(2017) 0.024°C ".d"". In that study (2017), esti-
mates for by were found to be similar across labo-
ratory and field contexts, and laboratory datasets
that brwas fit to include both fall and winter-run
embryos, which displayed similar thermal per-
formance curves. T, was estimated simultane-
ously with all other model parameters. It is
important to note that our T, estimate does not
represent a physiological thermal limit, rather
the temperature at one site (RBDD) above which
mortality is expected to be high throughout the
system.

Density-dependent  superimposition of redds.—
Capacity effects in spawning grounds have not
been well quantified for CVFC, though are pre-
sumed to ocour (Hallock 1977, Williams 2006)
and are considered in the conservation objectives
for the population (Pacific Fishery Management
Council 2016). In particular, there may be limited
optimal habitat for spawning, leading to an
increased probability of redds being superim-
posed by later spawners when female spawner
abundance (F) is high (Essington et al. 2000). We
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evaluated whether female spawner density
affects naturally spawned egg-to-smolt survival
{Sn) by testing the inclusion of a Beverton-Holt
density dependence term (Beverton and Holt
1959} in our models. We note that other factors,
such as competition for resources, may also
contribute but are untestable at present due to
limited data.

Sn = S/ (1 + F/K) )

In Eq. 4 S,y is the expected egg-to-smolt survival
probability in the absence of temperature- or
density-dependent survival, and K is a capacity
parameter representing the maximum number of
spawners.

Environmental covariates

River conditions during outmigration (W).—Flow
data used in the model were from a gauge on the
Sacramento River at Colusa, CA (39°1251"N,
121°59'57"W,; USGS site 11389500). Data were
downloaded from the USGS National Water
Information System (hitps://waterdata.usgs.gov/
nwis). We calculated an annual median value for
flow in February, aligning with the period at
which at 50% of sampled CVEC juveniles were
captured by rotary screw traps at Red Bluff
Diversion Dam from 2005 to 2017. These data
were derived from the Juvenile Salmonid Moni-
toring biweekly reports provided by USFWS
(Poytress et al. 2014).

Delta conditions during outmigration— Among
the possible covariates relating to conditions
in the Sacramento-5an Joaquin River delta dur-
ing the peak outmigration period (March to
May), the net delta outflow index (NDOIL http://
www.water.ca.gov) provides the best approxi-
mation of the amount of water and potential
habitat available to juvenile salmon. However,
mean NDOI during this period was positively
correlated with Tebruary flow (W, described
above) (Pearson’s r = (.62) in the Sacramento
River. All other potential variables were less
descriptive of delta habitat, and those that were
marginally descriptive were correlated to Febru-
ary flow at r>0.60. In order to control for
collinearity, we only included February flow in
our model.

Early marine residence: ocean productivity (O) and
marine predation (P).—The North Pacific Gyre
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Oscillation (NPGO) is derived from analyses of
Northeast Pacific sea-surface temperature and
sea-surface height and is an indicator of upwel-
Iing strength, nutrient fluxes, and current
strength in the California Current Large Marine
Ecosystem (CCLME) (Di Lorenzo et al. 2008).
Upwelling and nutrient availability influence the
production and retention of krill and forage fish
on which outmigrating juvenile salmon depend
(Dorman et al. 2011, 2015, Wells et al. 2012), and
the annual NPGO variability has been shown to
influence synchrony of juvenile Chinook salmon
survival along the CCLME (Kilduff et al. 2015).
We tested the inclusion of NPGO as a covariate
of juvenile salmon survival during early marine
residence. Monthly NPGO indices were down-
loaded from a public repository (www.03d.org/
npgo) and summarized as annual means (O)
(Kilduff et al. 2015). We also tested seasonal
averages describing fall, winter, spring, and sum-
mer conditions, but found no significant differ-
ences in model performance over the less
restrictive annual estimates used by Kilduff et al.
(2015).

To test whether inter-annual variation in preda-
tion risk was significant in the larger population
dynamics of CVFC, we incduded an annual index
of marine predation on juvenile cutmigrants
equal to the annual estimated abundance of com-
mon muuare (Urig anlge) at Southeast Farallon
Island muiltiplied by the annual proportion of
murre diet consisting of salmon (Ainley et al.
1990, Roth et al. 2007, Wells et al. 2017). Common
murre were chosen as a proxy for marine preda-
tion (P) during early marine residence based on
the findings of Wells et al. (2017). Both population
estimates and diet composition data were avail-
able for all years in the present study. Many other
known and potential predators are showing
increasing population trends, and may be having
similar or greater impacts on juvenile salmon sur-
vival, but annual data on population and diet
were not available to include in our model.

Transformations, model fitting, and mode!
selection

We converted time series for the survival
covariates (W, O, P) to standard scores and esti-
mated coefficients for each covariate (Bw Bo, Be),
capacity (K}, and background survival (54, Sy,
544) through model optimization. We used the R
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package optimx (Nash and Varadhan 2011) to
implement a box-constrained non-linear mini-
mization routine (niminb), iterating over possible
beta-parameter values in concert to find a
solution that minimized the sum of squared
error (S5E) between log-transformed values of
observed versus predicted escapement. Within
the model, we multiplied standard scores of the
survival covariates (W, O, P) by the correspond-
ing coefficient, then transformed these time series
using an inverse-logit function (R package boot)
to scale the variables as survival probabilities
from 0 to 1 (function # in Eq. 5, Appendix SL:
Eq. 51). We constructed profiles of the log-likeli-
hood surfaces for each estimated parameter to
obtain 95% confidence intervals.

We used Akaike’s Information Criterion (AIC;
Sakamoto et al. 1986) to select the most parsimo-
nious model among 32 candidates. All models
included the base model and its associated
parameters (Spn, Sermy Spyr Eq 1). The set of mod-
els tested included the base model with no addi-
tional parameters (Eq. 1) and all possible
combinations of the base model with additional
terms and associated parameters (K, 55 Bw Bo
Bp; e.g., all possible terms, Appendix 51: Eq. 51).
Pairwise correlation coefficents (Pearsons |r])
among covariates ranged from 0.001 to 0467,
below established threshold values for collinear-
ity (Dormann et al. 2013).

Al models within a AIC difference (A) < 4 are
reported (Burnham and Anderson 2002, Deriso
et al. 2008). Additional descriptive statistics
reported include sum of squared error (SSE)
between log-transformed values of observed ver-
sus predicted escapement, the proportion of vari-
ance predicted by the model (R%), and goodness
of fit (logL; log-likelihood ratio statistic). We used
bootstrap resampling to estimate error in the
model predictions.

Scenario testing

We used the parameterized FCa to evaluate
the effect of two simple scenarios reflecting
changes in freshwater temperatures during incu-
bation and freshwater flow during outmigration.
In the temperature scenario, the daily mean tem-
perature matrix used to estimate egg-fry survival
was varied from —3 to +3°C. These values corre-
spond to those derived by Isaak et al. (2018) for
projected increases in river temperatures in the
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northwestern United States. In the flow scenario,
observed annual February flow values were
varied from 3 to +3 standard deviations
from the mean of the original time series
(1 SD = 11,762 cts).

REsuLTs

Model performance

The model with the most support included
temperature-dependent egg mortality, freshwa-
ter flow, and the marine predation index (Model
1; Table 3, Eq. 5). This model explained 68.3% of
the variation in spawner returns observed from
1988 to 2016 (Fig. 3). The second best model
(Model 2; R? = 0.715; Table 3) was distinguished
by an AIC difference of only 0.176 from the top
model and included the spawner capacity sub-
maodel. However, confidence intervals for K were
extremely wide, and post hoc model testing
revealed a relationship between model estimates
of K and background survival for natural-origin
smolis (Suy), with higher values of K estimated

FRIEDMAN ET AL.

as Sy were minimized. Lacking further data to
constrain K, and because these two models are
statistically equivalent, we conclude there is a
lack of strong evidence for spawner capacity in
these models and focus our results on the more
parsimonious Model 1 (see Discussion for further
detail). All additional models had AAIC val-
ues > 2 from the top model; those with AAIC
values <4 are included in Table 3. The null model
(Eq. 1) explained only 1% of the variation in
spawner returns. Analysis of variable importance
indicated that freshwater flow (W) and predation
during the period of early ocean entry (P} were
the most influential terms in our model (Fig. 4).
Error in model predictions, estimated via boot-
strap resampling, was minimal except in the case
of a few years (Appendix 51: Fig. 55).

Final model covariates

The median daily temperature recorded from
October to December each fall ranged from
10.0°C in 1963 to 14.4°C in 2014, with a positive
trend over the 34-yr study period (Fig. 5A.1; see

Table 3. Best performing models found after model selection (AAIC < 4).

=

Model Terms R 55E —logLik AlIC AAIC EP
1 Teiv B Bp (.683 6110 22.582 —33.164 0.006 6
2 Terie K, By Be (.715 5737 23494 --32.988 0.176 7
3 Tesr Bw Bo, Be 0.680 6.114 22.573 —31.147 2.017 7
4 Bw Be 0.607 7.511 19.588 29175 3.98% 5
Notes: Al models include the three estimated parameters (EP) from the base model (Syn, Ser Spy)- Model 1 is discussed in
text.
:é\ . 202}
o - P
6e+05 é B V.
2+05 -
= 3w
5} g oo
5 4e+05 w E
% Z 0
Q o v s
7] =
W 26405 - 8
T 3 .
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Fig. 3. Final model. Black bars indicate observed escapement; blue bars represent model-predicted escapement
by FCa. 1988, 2002 peaks are captured, as are valleys in 1992 and 2008. The 2013 peak is not captured, and
returns for 2001 are overestimated.

ECOSPHERE % www.esajournals.or 10 July 2019 < Vohume 10(7) % Article e02743
} 4 ) (

Draft_0000035



FRIEDMAN ET AL.
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Fig. 4. Variable importance. Shown are all terms that occur in the best model (Model 1), the performance of

the base model plus each term individually (gray), and the performance of the best model with that term

excluded {(dark blue), against the performance of the best model with all terms included (Model 1; blue).

Beer and Anderson 2013, Isaak et al. 2018, for
more detailed analyses of temperature trends in
this region).

The temperature-dependent mortality model
estimated an annual survival based on esti-
mated spawning date, temperature-dependent
incubation period, and temperatures experi-
enced during incubation. Therefore, while the
median temperature from October to December
describes some of the pattern of estimated mor-
tality, it is not a complete depiction of experi-
enced temperatures. Estimated suwrvival based
on temperature (Fig. 5A2, A.3) ranged from
<0.01 in 1991, 1996, and 2014 to 0.88 in 2011.
The estimate for T was 11.56°C (95% 1 10.80,
12.99).

Freshwater flow significantly affected model
performance. With flow excluded, the model
explained only 42.3% of the variation in CVFC
escapement (Fig. 4). The estimate for the flow
coefficient {By) was 1.448 (95% (I 0.787, 2.098).
Significantly, above-average annual flows were
uncommon during the period of our analysis,
but corresponded to high survival estimates for
the years when they occurred (1983, 1986, 1996
2000) (Fig. 5B.1, B.2).

The marine predation index contributed
significantly to model performance. Without the
inclusion of marine predation, the model
explained only 16.7% of the variation in CVEC
escapement (Fig. 4). The estimate for the marine
predation coefficient (fip) was —1.185 (95% CI

/0
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—1.664, —0.797). Marine predation was especially
high in the early 2000s and was above average for
11 yr between 2002 and 2016 (Fig. 5C.1, C.2).

Scenarios

We used FCa to evaluate the effect of two sim-
ple scenarios reflecting plausible changes in
freshwater temperatures during incubation and
freshwater flow during outmigration. Results
should be interpreted as annual one-year-ahead
predictions rather than multi-year patterns.

In years when observed escapement was mid
to high (1996-2006), decreases in temperature
during the incubation period predicted apprecia-
bly higher values of escapement than what was
observed. However, in years when observed
escapement was low, changes to temperature
during the incubation period showed marginal
effects. Overall, even a +1°C or —1°C degree shift
in incubation temperatures showed substantial
effects across years (Fig. 6A).

Increases in flow showed broad effects
across years, with higher escapement predicted
by increases in flow during the outmigration
period in all years except for 2007-2008, when
escapement has been shown to have been lar-
gely modulated by variability in ocean pro-
cesses and related predation events (Lindley
et al. 2009, Wells et al. 2017). Across all years,
the —2 8D and 3 SD flow scenarios were
associated with substantially lower escapement.
(Fig. 6B).
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Fig. 6. Annual point estimates of escapement in response to scenarios of increased or decreased freshwater
temperatures during incubation (A}, and flow during outmigration (B). 1 SD pertains to a fixed variation of
11762 cfs applied to the observed flow each year. Results should be interpreted as annual point estimates rather

than multi-year or cumulative patterns.

DisCuUssiON

Our results show that population dynamics of
CVFC result from composite effects of processes
in the freshwater and marine environment. For
example, during the limited years of high flow
observed in this time series our model predicted
high survival when other processes were more
typical (1998-2000; Fig. 5). In 2006, above-aver-
age flows corresponded to a higher survival esti-
mate for juvenile outmigrants, but marine
predation during the early marine residence per-
iod was particularly high. Notably, 2006 was the
year of outmigration for much of the adult cohort
that contributed to the low returns observed in
2008. In a different phase of the system, the fall
of 1995 was estimated to have extremely low

ECOSPHERE % www.esajournals.org

egg-fry survival corresponding to high incuba-
tion temperatures. However, flow in the spring
of 1996 was particularly high, which may have
compensated for the temperature effect and
contributed to relatively high returns in 1999
(Figs 3, 5).

We observed a positive trend in fall incubation
temperatures  throughout the study period
(Fig. 5A.1), and the temperature-dependent mor-
tality model was included in three of the four top
models. Temperature-dependent mortality has
also been shown to affect Central Valley winter-
run Chinook salmon (Martin et al. 2017). Given
the increasing trend toward warmer tempera-
tures and known egg-fry mortality, it is likely this
covariate will become increasingly important as
we focus on the current period and near future.
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This may be especially so for CVFC as they
spawn in lowerfoothill reaches of the Sacra-
mento and San Joaquin rivers (Fisher 1994,
Yoshiyama et al. 1998), likely making them more
susceptible to intra-annual temperature fluctua-
tions as well as increasing temperature trends.
This situation may be exacerbated by the effects
of reservoirs, which typically elevate water tem-
peratures in the fall and winter in downstream
river reaches (Caissie 2006, Olden and Naiman
2010).

Flow has direct and indirect effects on juvenile
salmon outmigration dynamics. Freshwater flow,
moderated by snowmelt, rain, and water opera-
tions, affects outmigration timing, size, and sur-
vival of juvenile Chinook salmon. Timing of
juvenile salmon outmigration coincides with
peak flows (Kjelson et al. 1982, Healey 1991, Wil-
liams 2006). Michel et al. {2015) and Wells et al.
{2017y demonstrated higher survival for juvenile
Central Valley Chinook salmon outmigrating
during higher flows. Sturrock et al. (2015) found
significant differences in the phenoclogy of outmi-
grating CVFC between a wet and dry year, with
fry contributing to a higher proportion of return-
ing spawners from the same broodyear, and evi-
dence suggesting higher in-river mortality in the
drier year. High flows in the Sacramento and San
Joaquin rivers are positively correlated with tur-
bidity, which has been associated with higher
survival, likely due to increased ability to avoid
predation (Glegmy and Levings 1998). Higher
flows likely create improved rearing and migra-
tion habitat (e.g., increased woody debris, pri-
mary productivity, and access to flooded sloughs
and wetlands; Quinn 2005). From the standpoint
of management, high flows are related to pump-
ing operations and routing probabilities in the
Sacramento-San Joaquin Delta, and higher sur-
vival among outmigrants in this region has been
observed during higher flows (Brandes and
McLain 2001). Water management and habitat
modifications (e.g., dams, diversions) have
altered freshwater flow and temperatures experi-
enced by outmigrating CVFC (Yoshiyama et al.
2001). These changes coupled with reduced
genetic and phenotypic diversity in the popula-
tion {(see Satterthwaite and Carlson 2015, Her-
bold et al. 2018) mean the population is likely
more susceptible to inter-annual variations in
temperature and flow resulting from natural
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processes, climate change, and management
practices (Lindley et al. 2009, Herbold et al
2018). Thus, the effects of freshwater flow and
temperature described here may be increased
over what we expect with a more diverse popu-
lation.

The inclusion of the marine predation index
had the most significant effect on model perfor-
mance. Common murre, among several predator
populations, have been recovering in the Gulf of
the Farallones region and have shown a sharply
increasing abundance since 2001 (Wells et al.
2017). Predation was exceptionally high during
2005-2006 when there were very low abun-
dances of krill and juvenile rockfish (Schroeder
et al. 2014). Predation pressure remained higher
than the median for the majority of years follow-
ing Common murre increases in the early 2000s
{Fig. 5). In the absence of preferred prey {juvenile
rockfish), common murre shift to a diet domi-
nated by northern anchovy, which overlap spa-
tially and temporally with outmigrating juvenile
salmon, resulting in significant incidental
impacts on salmon (Wells et al. 2017, Warzybok
et al. 2018). It is likely that under similar circum-
stances additional predators switch to forage
inshore on anchovy, further increasing predation
risk on juvenile salmon (e.g., rhinoceros auklet
{Cerorhinca monocerata), Warzybok et al. 2018).
For example, Fleming et al. {2016} reported a
similar phenomenon for humpback whales in the
central California Current ecosystem whose iso-
topic ratios indicated a switch to diets consistent
with sardine and anchovy during years of low
krill abundance. With increasing environmental
variability in the CCLME (Sydeman et al. 2013),
and increasing predator populations (e.g., Cali-
fornia sea lions {(Zalophus californianus), Laake
et al. 2018; harbor seals (Phoca vituling), Carretta
et al. 2016, common murre, Wells et al. 2017;
Brandt’s cormorants (Phalacrocorax penicillatus),
Capitolo et al. 2014), it is likely there will be
increasingly higher and more variable predation
risk for outmigrating juvenile salmon, especially
in years in which primary forage are less abun-
dant. This is likely to cause greater variability in

adult population dynamics and increased
likelihood of reductions in the fishery and
escapement.

Recruitment to the fishery and ultimately
escapement variability may be more dependent
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on ocean conditions for CVEC than other Central
Valley Chinook runs. For example, the ocean
condition during winter, when late-fali and win-
ter-run salmon outmigrate (Fisher 1994), is less
variable temporally and spatially than the spring
when CVFC outmigrate (Checkley and Barth
2009). In winter, upwelling intensity is lower
{Checkley and Barth 2009), the associated mesos-
cale features (e.g., fronts, upwelling shadows,
eddies) are less common (Graham and Largier
1997, Wing et al. 1998), and the salmon prey-
scape is less rich (Ainley et al. 1996). However,
when upwelling begins in late winter, it pro-
motes a more abundant forage base in the spring
{Schroeder et al. 2013, Fiechter et al. 2015, Fried-
man et al. 2018). Optimal upwelling in spring
and sumuner creates heterogeneous retentive
areas in which forage is available to outmigrating
salmon (Graham and Largier 1997, Wing et al.
1998); however, if upwelling is too intense forage
can be advected offshore {Cury and Roy 1989).
Such physical and biological dynamics are lar-
gely responsible for variability in forage and,
ultimately, survival of CVFC salmon during their
first spring and summer at sea (Fiechter et al.
2015, Wells et al. 2016, Henderson et al. 2019).
Reduced prey availability leads to reduced
growth (Fiechter et al. ”Ojo, Henderson et al.
2019) and increased predation on smaller fish
(Woodson et al. 2013}, including from pigdators
secking alternative prey (Wells et al. 2017). This
process, emergent from a series of regx(mal con-
ditions, is hkeiv the reason basin-scale covariates
such as annual NPGO were uninformative when
predation was included in the model (note, post
hoc analyses using seasonal averages of NPGO
also did not improve model performance); that
is, while NPGO describes some of the underlying
processes mediating forage availability and pre-
dation pressure, predation pressure is the more
proximate covariate of outmigration survival.
Importantly, our results indicate that a life cyde
model parameterized with demonstrated pro-
cesses will improve fit above the inclusion of
coarse ecosystem indicators alone.

Our analysis was inconclusive on whether
female spawner densities (K} affect egg-to-fry
survival in CVFC. A comparison of Model 1 and
Model 2 (which included K) showed the main
effect of including K was to substantially
decrease the starting number of natural-origin
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fry the model, while increasing the estimate of
background survival (S,y) for those natural fry
remaining. The low capacity (K) estimated in
Model 2 effectively decoupled the relationship
between the number of spawners and the num-
ber of emergent fry, leading to similar estimates
of natural-origin fry abundance regardless of
spawner densities. Unfortunately, we cannot dif-
ferentiate between these two models without
additional data on the number of natural-origin
fry in the system, or their proportion relative to
hatchery-origin fry. Importantly, all other final
parameters (Tuie Sem, Sep Bws Bp) were similar
between the two models, with marine predation,
flow, and temperature showing the strongest
relationship to variability in annual escapement.
Improved estimates of spawning habitat avail-
ability over time would be particularly useful for
future models.

Our model examines the effects of environ-
mental factors on the productivity of CVFC.
However, as discussed by Lindley et al. (2009),
there has likely been a reduction in the underly-
ing productivity of this stock related to physio-
logical changes in individuals (e.g., reduced egg
size, age at maturation, reduced genetic diver-
sity; Heath et al. 2003, Satterthwaite and Carlson
2015) brought on by large-scale habitat modifi-
cation (Yoshiyama et al. 2001) and hatchery
introgression (Willmes et al. 2018). Due to a lack
of physiological time series and knowledge of
confounding effects with environmental covari-
ates (Heath et al. 1994), we were unable to
include these physiological effects in the model
presented here. However, we separately tested
the inclusion of a survival term that decreased
over time {corresponding to the hypothesis of
decreased productivity) and found that it
increased model performance in terms of AIC,
log-likelihood, and variance explained. The top
model including this term was otherwise identi-
cal to our final model. As these physiological
time series become available, it will be prudent
to include such terms in future models.

Finally, we used the parameterized FCu model
to estimate the effect of changes in temperature
during incubation, as well as flow during outmi-
gration, on model-predicted escapement. As flow
was the stronger covariate in the model, it is no
surprise that variations in flow showed a greater
effect, with increases in  flow during
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outmigration relating positively to increased
adult escapement. Interestingly, for the recent
years characterized by low freshwater flow and
high incubation temperatures, the models repre-
senting increased temperature and decreased
flow beyond what was observed provided a
more accurate prediction than our final parame-
terized model (Fig. 6). This indicates compound-
ing effects beyond what is presently captured in
our model. Freshwater conditions have carryover
effects on the survival of salmon at sea as they
relate to the size, condition, fiming, and abun-
dance of outmigrants. Each of these dynamics
can affect survival at sea through size-selective
mortality (Woodson et al. 2013), match—mis-
match of salmon with their preferred prey (Sat-
terthwaite et al. 2014), and competition (Miller
et al. 2013). This points to a need to consider the
interactions between freshwater and marine
dynamics when considering the tradeoffs associ-
ated with different managerial scenarios. As
well, this makes clear the need to consider a full
life-cycle model to accommodate the implica-
tions of environmental variability and manage-
rial action at any given life stage on the fisheries
and spawning populations.

Life-cycle models such as the one presented
here provide a tool that enables integration of
data series and mechanistic models across life
stages and habitats to describe the composite
effects of processes contributing to population
dynamics and can be used for strategic ecosys-
tem-based management of migratory species such
as anadromous fish. Our results support the
hypothesis that escapement variability in CVEC is
largely described by composite effects of freshwa-
ter and marine processes during the smolt to juve-
nile period. These results align with and reconcile
previous research demonstrating the importance
of these phases for recruitment to the population
(Beamish and Mahnken 2001, Kilduff et al. 2014,
Woodson and Litvin 2015, Wells et al. 201s,
Michel 2018). Our results also point to key man-
agement levers related to the most influential pro-
cesses found to affect the CVFC population
{freshwater temperature, flow, and marine preda-
tion). In particular for CVEC, freshwater tempera-
tures may be managed, as is presently done for
Central Valley winter-run Chinook, through mod-
ification of dam operations to optimize the tem-
perature of spawning areas. Similarly, pulse flow
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releases during juvenile outmigration will likely
increase survival rates through the freshwater sys-
tern. However, this operation will be most effcc—
tive if considered relative to the potential for
survival at sea, which relates both to predation
risk (Wells et al. 2017) and the development of
suitable forage (Friedman et al. 2018) upon which
outmigrating juvenile Chinook rely. With increas-
ingly variable marine conditions (Sydeman et al.
2013), in addition to increasing and dynamic
predator populations {Chasco et al. 2017, Wells
et al. 2017), the impact of prey-switching in years
of low productivity will likely increase. Contin-
ued study of marine ecosystem dynamics can be
pursued simultaneously with, and complement
efforts to increase survival in the freshwater
phase. Overall, management actions that promote
diversity in the natural population will increase
resilience in the population through strengthened
portfolio effects (Mantua and Francis 2004, Carl-
son and Satterthwaite 2011, Satterthwaite and
Carlson 2015, Herbold et al. 2018). The results of
our work can be used to develop long-term strate-
gies to sustain populatioms such as CVFC and
thereby reduce variability in harvest and escape-
ment. Finally, the methodology developed in this
study can be used to improve conservation and
management of other anadromous fishes and
migratory speces.
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<a>Abstract

Low survival rates of Chinook salmon smolts in California’s Central Valley have been attributed
to multiple biological and physical factors, but it is not clear which factors have the largest
impact. We used five-years of acoustic telemetry data for 1709 late-fall Chinook salmon smolts
to evaluate the effect of habitat and predation related covariates on outmigration survival through
the Sacramento River. Using a Cormack-Jolly-Seber mark-recapture model, we estimated
survival rates both as a function of covariates (covariate model) and as a function of river
location and release year (spatial-temporal model). Gur covariate model was overwhelmingly
supported as the preferred model based on model selection criteria, suggesting the covariates
adequately replicated spatial and temporal patterns in smolt survival. The covariates in the
selected model included individual fish covariates, habitat specific covariates, and temporally
variable physical conditions. The most important covariate affecting salmon survival was flow.
We describe the importance of these parameters in the context of juvenile salmon predation risk
and suggest that additional research on predator distribution and density could improve model

estimates.
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33 Introduction

34 Salmon smoltification and outmigration from freshwater rearing habitats is a time of

35 increased mortality as fish undergo physiological changes and encounter new stressors (Connor
36 etal 2003; Welch et al. 2008; Nislow and Armstrong 2012). Much of the research on

37  outmigration mortality has examined the effect of dam passage on survival (Skalski et al. 2001;
38  Williams et al. 2001; Welch et al. 2008; Elder et al. 2016), with relatively few studies focusing
39  on how other environmental conditions affect survival. Environmental conditions that have been
40  linked to outmigration mortality include flow (Connor et al. 2003; Smith et al. 2003; Michel et
41  al. 2015; Courter et al. 2016), temperature (Connor et al. 2003; Smith et al. 2003), turbidity

42  (Gregory and Levings, 1998; Smith et al. 2003), and predation (Beamesderfer et al. 1996;

43  Friesen and Ward 1999; Schreck et al. 2006). Some of these factors, such as water temperature
44  and flow, are expected to increasingly affect juvenile salmon survival and population production
45  as the climate changes (Jonsson and Jonsson 2009; Mantua et al. 2010; Katz et al. 2013; Russell
46  etal 2012). Many of the published correlations between outmigration survival and

47  environmental characteristics have examined survival over relatively large temporal and spatial
48  scales, whereas individual fish experience mortality at a particular time and place. To better

49  understand how habitat and predation related covariates influence salmon smolt mortality it is
50 necessary to look at the conditions experienced by fish as they are migrating through a habitat.
51 Most Chinook salmon spawned in the Sacramento River have long outmigrations (~500

52  kilometers) through multiple habitats, and it is believed that the precipitous decline of multiple
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53  salmon populations in this system is partially due to anthropogenic habitat modifications and
54 poor out-migration survival (Yoshiyama et al. 1998; Katz et al. 2013; Michel in press).

55  Currently, survival of Chinook salmon smolts from the Sacramento River to the ocean is
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markedly lower than smolt out-migration survival from the Columbia and Fraser rivers in the
Pacific Northwest region of the United States and Canada (Welch et al. 2008; Michel et al. 2015;
Buchanan et al. 2018), but it is unclear what factors cause this increased mortality. Previous
research has found that interannual variability in smolt survival is much greater in the
Sacramento River than in the Sacramento-San Joaquin delta or the San Francisco Bay,
suggesting that the river has a large influence on outmigration success (Michel et al. 2015).
Within the river, outmigration survival rates vary both spatially and interannually (Singer et al.
2013; Michel et al. 2013). This spatial and temporal variability is likely driven by changes in the
underlying environmental and habitat features comprising the river landscape.

Identifying the main factors that affect smolt mortality is important to establish
restoration priorities and give managers quantitative data on how to optimize survival of
threatened salmonids. This is especially important given recent findings that suggest
outmigration survival has a larger effect on smolt-to-adult ratios than marine survival (Michel in
press). To identify which factors had the largest influence on outmigration survival, we
developed a series of mark-recapture models using five years of acoustic telemetry data for late-
fall Chinook Salmon. We then used model selection to identify which covariates had the largest
influence on survival. Our analysis builds upon the research conducted by Singer et al. (2013)
and Michel et al. (2015), whose primary objective was to identify temporal and spatial
differences in the mortality of outmigrating juveniles. In contrast, our objective was to model
survival solely as a function of covariates that were hypothesized to affect salmon survival

through habitat modification and increased predation risk.

Methods
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79  Study Area.—The northernmost extent of our study was the release location for late-fall run

80  smolts at the Coleman National Fish Hatchery (Figure 1). We included all detections of

81  acoustically tagged fish from the release location to the ocean, but we only included covariates
82  for reaches between the release location and the 1-80 Bridge in Sacramento. This was for two

83  reasons: 1) hydrodynamic model estimates for temperature and flow below the city of

84  Sacramento were not as reliable as the upstream estimates, and 2) survival variability was much
85  larger in the reaches upstream of Sacramento than in the Sacramento-San Joaquin delta or San
86  Francisco Bay (Michel et al. 2015). Riverine habitat varied spatially across the ~300 kilometers
87  of Sacramento River that defined our study area. There was a general upriver to downriver

88  gradient in habitat features associated with human influence. For example, diversion density,

89  amount of armored bank, and agriculture/developed land use increased from the upper to lower
90 reaches.

91

92  Acoustic tagging.— Late-fall run Chinook salmon were obtained from the United States Fish and
93  Wildlife Service (USFWS) Coleman National Fish Hatchery, implanted with acoustic tags, and
94  released annually during the winter months (December and January) from 2007 through 2011.
95  Details regarding the surgical procedures and initial acoustic tag study design are documented in
96  Michel et al. 2013 and Ammann et al. 2013. Briefly, small acoustic tags (Vemco 69 kHz, 7 mm
97 dia. X 20.5 mm long, weighing 1.8 g in air and 1.0 g in water) were surgically implanted into the

98  peritoneal cavity of anesthetized fish through a 12 mm incision. The incision was then closed
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99  with two simple interrupted stitches with nonabsorbable nylon cable-type suture. All fish were
100  allowed to recover for a minimum of 24 hours before release. During the first year of this study

101 (2007), smolts were tagged and released directly into Battle Creek, a tributary of the Sacramento
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River where the Coleman Hatchery is located (Figure 1). From 2008-2010 tagged smolts were
released concurrently from three locations along the mainstem Sacramento River: Jelly’s Ferry,
Irvine Finch and Butte City to increase sample size of fish detected throughout the river and to
estimate differences in survival between newly released fish and those released upstream (Figure
1). In 2011, all fish were released at Jelly’s Ferry due to a slightly reduced sample size. In
addition to the acoustic tag data (n=1350) utilized in Michel et al. (2013) and Michel et al.
(2015), we used acoustic tag data provided by the USFWS (n=359). These fish were tagged in
accordance with the procedures described above, but released directly into Battle Creek in 2010
and 2011, simultaneous to the release of the remaining hatchery stock (batch released). The mean
hatchery release during these dates was approximately 600,000 fish (range: 155k — 889k).

Acoustic receivers were located from the fish release sites in the upper Sacramento River
to the Golden Gate Bridge at the entrance to the Pacific Ocean. We divided the Sacramento
mainstem study region into 19 reaches demarcated by 20 acoustic receiver locations along the
mainstem Sacramento River (Figure 1). These reach locations were selected based on inter-
annual consistency in receiver location throughout the 5-year study period; however, detections
from inconsistently deployed receivers were retained to improve precision of survival and

detection probabilities (see ‘mark-recapture analysis’ section).

Acoustic telemetry data processing. —We used a series of algorithms to ensure our acoustic
telemetry data did not include any false detections. The acoustic receivers automatically
processed detection data by dropping incomplete codes from the detection file. To ensure that we
removed any false detections due to acoustic pulse train collisions, we performed several

additional quality control procedures. First, we removed all detections that occurred prior to the
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release date and time. We then removed all detections from fish that had only a single detection
throughout the study. We required three or more detections within 10 days at a single recetver
location to verify those detections were not the result of pulse train collisions. We also examined
the encounter history of each individual fish and removed any detections that indicated upstream
movements. Furthermore, we calculated the transit time between receivers (number of river
kilometers between receivers divided by the difference in seconds between the last upstream
detection and first downstream detection) and removed any detections resulting from a fish
traveling at speeds greater than 10 km hour! (2.78 m s™'). We also assumed that any tag
consistently detected at a single receiver location for more than 4 weeks, and not subsequently
detected downstream, was a mortality. We selected the 4 weeks cutoff after a preliminary
examination of the data indicated fish detected at a single location for more than 4 weeks were
never detected at another receiver. These fish (n=58) were considered known mortalities (i.e.,
treated the same way as a harvested fish in a standard mark-recapture model} and did not have
any impact on the estimated survival or detection probabilities downstream from where the

presumed mortality occurred.

Mark-recapture analysis.—To estimate survival of out-migrating late-fall run Chinook salmon,
we fit a Cormack-Jolly-Seber (CJS) survival model (Cormack 1964; Jolly 1965; Seber 1965)
using the marked (Laake et al. 2013) and RMark package (Laake and Rexstad 2008, Collier and
Laake 2013) within the R programming language (version 3.3.1, R Core Team 2017). We used
the marked package for the initial model selection due to its computational efficiency and RMark
for parameter estimation due to better analytical functionality (see appendix). The CJS model

was originally conceived to calculate survival of tagged animals over time by recapturing
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individuals and estimating survival and recapture probabilities using maximum likelihood. A
spatial form of the CJS model can be used for species that migrate unidirectionally, and are
recaptured, throughout a migratory corridor (Burnham 1987). Using this space for time
substitution, we used individual fish encounter histories to estimate the likelihood that a fish
would survive and be detected at each receiver (Lebreton et al. 1992). In the standard
formulation of the CJS model, detection probabilities are estimated for a single resampling
occasion (i) in time or space. However, our encounter histories included detections both from
receivers at the reach boundaries as well as receivers within the reach. Thus, our estimated

detection parameter represents the probability of detection from receiver (1) to receiver (i+1).

Spatial-temporal model.— Prior to fitting a covariate model, we fit a model that estimated a
different survival for every reach in every year. This spatial-temporal model provided a means to
evaluate how well our covariate model replicated outmigration survival. We assumed that
differences between the spatial-temporal model and the covariate model were the result of
unaccounted variance due to missing covariates. Due to the inherent complexity of the
Sacramento River ecosystem, it was not feasible to measure or estimate all potential covariates
that influence salmon survival. For example, there is no hydrodynamic model currently capable
of estimating turbidity levels throughout the river.

The spatial-temporal smolt survival estimates were converted to survival per 10km values
to allow for comparisons between reaches via:

Oy = 1\/6 R

where @y, is the survival estimate per 10km, @y, is survival per reach, and 1 is reach length

divided by ten.
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171

172 Covariate model—We included multiple individual, release group, reach specific, and time-

173 varying covariates in our analysis to identify the factors contributing to the mortality of out-

174  migrating smolts. Each of the covariates included in the analysis had an a priori hypothesized
175  relationship with smolt survival (Table 1).

176 The individual covariates we included were length, condition, and transit speed. Fish size

177  has been known to influence juvenile salmon survival (Zabel and Achord 2004), thus we
w . e .
178  included both length and condition factor (Fulton’s k = 5 x 100) as individual covariates.

179  Length was hypothesized to affect survival through predator gape limitation whereas condition
180  factor is an indicator of fish health and stamina. We also included individual fish transit speed
181  within each reach, which we estimated with a mixed effects model (see details below), because
182  faster moving fish would have less exposure to predators.

183 Release group effects included release group size, a release reach effect, and the mean
184  annual flow at Bend Bridge (see Figure 1 for location) in the release year. We included a binary
185  group covariate for release group size to distinguish fish released in synchrony with thousands of
186  other hatchery fish from those released in small (e.g. 50-100 fish) batches based on the

187  hypothesis that large releases would result in increased survival due to predator swamping (Fritts
188  and Pearsons 2008; Furey et al. 2016). To test the hypothesis that the potential survival

189  advantage of large releases would diminish as fish diffused downstream, we also included an

190 interaction between release group size and distance from release site. We included a release
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191  reach effect to test if survival in the first reach after release differed from fish released upstream
192  of'the release site. We hypothesized survival rate in the release reach would be lower because

193  newly released hatchery fish are naive and more susceptible to predation (Alvarez and Nicieza
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2003; Huntingford 2004; Jackson and Brown 2011). The final release group specific covariate
was the mean annual flow measured at the Bend Bridge gauge during the months of smolt
outmigration (December-March). This covariate was included to test if survival decreased in low
flow (e.g., drought) conditions. Bend Bridge was selected to represent mean annual flow because
it was upstream of the major tributaries and diversions and was collinear with the flow
measurements throughout the river.

The reach specific covariates included in the model were sinuosity, diversion density,
adjacent cover density, and off-channel habitat density. We selected these features because we
hypothesized they would influence survival by affecting predation risk. More natural habitats
with increased sinuosity, adjacent cover density, and off-channel habitat density are
hypothesized to provide more predator refuge (reviewed by Roni et al. 2014). Furthermore,
agricultural and municipal water diversions along the Sacramento River pose a risk to out-
migrating salmon through direct entrainment (Hanson 2001; Kimmerer 2008; Mussen et al.
2014), as well as indirectly by providing structure for salmonid predators (Sabal et al. 2016). We
hypothesize that the latter has more of an effect on Chinook smolt survival since the diversions
are typically not in operation during the months of outmigration. These reach specific data were
derived from GIS layers available from multiple sources (Table 1) and plotted in a Geographic
Information System (using ESRI ArcGIS 10.3). Because we were using static GIS layers, we
were unable to determine if the available off-channel habitats were connected to the mainstem
under different flow regimes. We were also unable to measure inter-annual differences in
adjacent cover density.

The time-varying covariates we included i the model were flow and temperature, which

we obtained from the River Assessment for Forecasting Temperature (RAFT) model. The RAFT
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217  model is a 1-dimensional physical model that estimates temperature and flow every 15-minutes
218  ata 2 km spatial resolution (Pike et al. 2013). We included temperature as a covariate because
219  predator metabolisms, and predation rates, increase at higher temperatures (Petersen and Kitchell
220  2001). We included multiple aspects of flow (see below) derived from the RAFT model because
221 flow is important to smolt survival (Kjelson and Brandes 1989; Cavallo et al. 2013; Zeug et al.
222 2014; Michel et al. 2015; Courter et al. 2016). We associated values for each of these variables
223 with each tagged fish in space and time at the 2-km spatial resolution, and then calculated the
224 reach-level means for each fish for each variable. We assumed that RAFT model predictions

225  were accurate (i.e. we did not propagate RAFT model uncertainty into the mark-recapture

226  model) based on results from model validations (Pike et al. 2013; Daniels et al. 2018).

227 Due to the importance of flow to outmigrating salmon survival, we fit a variety of models
228  with different flow standardizations to test which aspects of flow had the largest influence on
229  survival. We scaled (subtracted the mean and divided by the standard deviation) the time-varying
230  estimates of flow in two ways: 1) by reach, and 2) by year and reach. We scaled by reach to

231 detect within reach patterns of survival relative to infer-annual flow conditions. In other words, is
232 reach-specific survival dependent on whether flows are above or below average compared to

233 other years? Since this parameter could distinguish between annual differences in flow (i.e., low
234 flow versus high flow year), we did not include the annual flow at Bend Bridge in any models
235  that included flow scaled only by reach. Thus, we could test if the spatially explicit estimates of

236  flow added any additional information beyond a single measure of mean annual flow. The year
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237  and reach scaling tested whether intra-annual changes in flow within a reach were important to
238  salmon survival. In other words, we wanted to determine if periods of higher flows within a

239  reach, such as those after large precipitation events, would increase survival relative to periods of
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lower flows within the same year. This hypothesis was based on previous studies that have
observed large increases in survival due to controlled changes in flow rate (Cavallo et al. 2013;
Courter et al. 2016). Scaling by both year and reach removes the effect of annual differences in
flow such that it is impossible to distinguish high flow years from low flow years with this
parameter. Thus, models in which flow was scaled by year and reach could also include the mean
annual flow at Bend Bridge. We also fit models that included an interaction between the mean
annual flow and the time-varying flow standardized by year and reach to test the hypothesis that
precipitation events would have a larger impact on survival in years with lower flows. We tested
this hypothesis based on work by Courter et al. (2016) that suggested flow has a large impact on
survival in reaches with relatively low flow but has a negligible impact in reaches with high
flow.

To estimate the effect of a covariate {e.g. flow) on fish survival throughout a reach, it is
necessary to have a covariate value for every fish in every reach. When we did not detect an
mdividual fish at a receiver there was uncertainty as to when that fish might be within that reach
and, thus, what covariate value should be used. To impute covariate data in locations where fish
were not detected, we it a mixed-effects model where the response was transit speed of
individual fish detected at both upstream and downstream acoustic receivers of a single reach.
Our mdependent covariates were release year, release week, reach, and fish condition. We also
included a random intercept for each individual fish to account for individual behavioral
variability. We fit the model using the ‘Ime4’ package (Bates et al. 2015) and selected the model
with the lowest Akaike’s Information criterion {AIC; Burnham and Anderson 2002). To verify
that the mixed-effects model did not unduly violate any assumptions, we examined model

diagnostics (QQplot and residuals) using the DHARMa package (Hartig 2018). We then used the
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263  results from the mixed-effects model based on detected fish to estimate the dates and times

264 undetected fish were present within each reach.

265 Prior to fitting the CJS models, all continuous covariates were standardized by

266  subtracting the mean and dividing by the standard deviation. Standardized coefficients could
267  then be interpreted as the estimated change in survival predicted from one standard deviation
268 increase in the covariate value. We also conducted pairwise comparisons of all continuous

269  individual, habitat, and physical covariates to determine if any covariates were collinear

270 (Supplemental figure S1). From pairs that had correlation coefficients greater than 0.7 (Dormann
271  etal. 2012), we selected a single covariate that we hypothesized would have the largest influence
272 on survival based on results from previous studies.

273

274  Model selection.—We fit a series of CJS models to determine which covariates (individual,

275  release group, reach specific, or time varying) had the greatest impact on out-migrating smolt
276  survival. With the exceptions of collinear variables and the restrictions noted above, we fit

277  models with all possible combinations of covariates and selected the most appropriate models
278  with adequate support using Quasi-Akaike’s information criterion (QAICc) (Burnham and

279  Anderson 2002). QAIC adjusts the AIC value based on an overdispersion parameter (&), which
280  we estimated using the median ¢ method for the spatial temporal model within program MARK
281  (White and Burnham 1999). If the observed data has no overdispersion, ¢ will be approximately
282  equal to 1. Values of ¢ greater than 4 indicates the model structure is inadequate and does not

283  account for a sufficient amount of variation in the data (Burnham and Anderson 2002). Our
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284  median ¢ was 1.45, indicating the model was satisfactory but slightly overdispersed. We selected

285  the most appropriate model by examining the difference in QAIC values between each model
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and the model with the lowest QAIC (AQAIC). We assumed models with AQAIC < 2 had equal
support (Burnham and Anderson 2002); thus, if multiple models had a AQAIC <2, we selected

the one with the fewest parameters.

Covariate plots.—To determine which covariates had the largest influence on survival, we
plotted the AQAIC between the selected covariate model and the same model without a single
covariate. In the case of covariates that were included as main effects and in an interaction, we
also removed the interaction. We will refer to these models as our covariate importance analysis.
We used marginal model plots to evaluate the effect of individual covariates on
outmigrating smolt survival. To produce these plots, the f parameter coefficients from the
selected covariate model were used to simulate what survival would be for the 95% observed
range of a single covariate. With the exception of reach length, covariates not included in the
individual response plots were set to zero for binomial covariates or to their mean for continuous
covariates. Reach length was set to 10 km for all plots except the one that explicitly focused on

the effect of reach length.

<a> Results

<B> Spatial-temporal model

Based on the model that included a reach by year interaction, we observed that survival
was not consistent spatially or temporally. We saw a general trend of lower per-reach survival in
the upper and middle reaches, compared to the more downstream reaches, but the location and

severity of mortality varied inter-annually (Figure 2). The high flows in 2011 negatively
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308 impacted our detection efficiencies, rendering 12 receivers without reliable detection data;

309 however, the detection efficiencies in the lower river and the estuary remained high and provided
310 sufficient data to estimate out-migration survival through the river. The receiver locations with
311  low detection efficiencies often resulted in survival estimates of 1 due to numerical boundary
312 issues.

313

314  <B> Covariate model

315 The selected covariate model had 15 survival parameters and fit the data nearly as well as
316  the spatial-temporal model that had 110 survival parameters. As a result, the covariate model had
317  amuch lower QAICc value (AQAICc = 55.90), implying it was more parsimonious. Although
318  the covariate model showed some deviation from the spatial-temporal model, especially in the
319  most upstream reaches, these tended to be relatively small and not significantly different from
320  zero (Figure 3).

321 The top covariate model included a combination of an individual covariate (transit

322 speed), group covariates (batch release, interaction between batch release and distance from

323  release site, release reach, and the mean annual flow recorded at Bend Bridge), reach specific
324  covariates (reach length, sinuosity, and diversion density), and time-varying covariates that were
325  estimated for when a fish passed through a specific reach (reach flow, interaction between reach
326 flow and annual flow, and water temperature). Based on the standardized beta coefficients for the
327  covariates (Table 2) and the results from the covariate importance analysis (Figure 4), annual

328  flow and reach length had the largest influence on survival. Flow was the most important
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329  covariate in predicting outmigration success, with increased levels of annual flow correlating to

330 increased smolt survival (Figure 5a). Above average reach flows within a year (e.g., large
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precipitation events) helped improve survival much more in low flow years than in high flow
years. As would be expected, longer reaches had lower survival rates (Figure 5b). Based on the
covariate importance analysis, the next most important variables affecting survival were
diversion density, release reach, and the interaction between release group size and distance from
release location. Survival increased relative to diversion density (Figure Sc), was lower in the
first reach after release (Figure 5d), and increased for approximately the first 200 km from the
release site when fish were released concurrently with thousands of hatchery fish (Figure Se).
Finally, the covariates that had the least effect on survival were sinuosity (increase), transit speed

(increase), and water temperature (decrease) (Figure 5 f-h).

<a>DISCUSSION

Conservation of salmonid populations depends on understanding what physical and
biological factors have the largest impact on mortality during different life history stages. Recent
research has shown that the outmigration period may have the largest influence on smolt to adult
survival rates and cohort strength (Michel in press). Therefore, identifying the primary factors
that affect survival of outmigrating smolts can help prioritize management actions that will be
most beneficial to the conservation of imperiled populations. While we could not include all
possible sources of mortality in our analysis, we conclude that flow remains the single most
influential factor for determining survival of late-fall Chinook salmon smolts outmigrating from

California’s Central Valley.

<B>Spatial and temporal survival heterogeneity
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The spatial-temporal model indicated that survival through different reaches varied
interannually, which is likely a result of the dynamic nature of the Sacramento River system.
Overall, we can conclude from our reach-specific survival estimates that increased mortality
rates occurred most frequently in the upper and middle regions of the Sacramento River, and
decreased rates occurred through the lower reaches. We compared the observed values for the
covariates included in the selected model to determine if fish had different behaviors in the upper
reaches and if any aspects of the physical habitat differed. The most striking difference between
the upper reaches and the lower reaches was the diversion density. This implies that increased
diversion desity, and the coincident anthropogenic habitat modifications of the lower river,
reduced mortality of outmigrating smolts. Much of the previous work that has examined the
effects of habitat modification and restoration on salmonid populations has focused on egg
incubation, freshwater/estuarine rearing, and available spawning habitat (reviewed in Roni et al.
2014) or the effects of fish passage on outmigration mortality (Skalski et al. 2001; Williams et al.
2001; Welch et al. 2008; Elder et al. 2016). We do not know of any studies that have explicitly
looked at the effect of channel alteration on salmon outmigration survival. A valuable future
study would be to examine if channelized habitats have lower predator densities or if the deeper
waters make it easier for salmon to avoid predators.

In addition to the higher mortality rates in the upper reaches, the biggest discrepancies
between the spatial-temporal model and the covariate model also occurred in the upper reaches.
This suggests our covariate model would benefit from including additional covariates that
contributed to smolt mortality in the upper reaches. Based on previous research, we believe that
including covariates such as turbidity and predator density would likely improve our explanatory

power. Turbidity likely improves salmon survival by decreasing predation risk (Gregory and
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Levings 1998). Likewise, high predator densities in the upper and middle reaches may partially
explain the increased mortality rates in these locations. Naive, hatchery raised fish, are more
susceptible to predation after release (Alvarez and Nicieza 2003; Huntingford 2004; Jackson and
Brown 2011). This was reflected in our covariate model where newly released fish had a lower
survival rate than fish released upstream. Including turbidity and predator density in a mark
recapture model could improve model fit and provide important information necessary to

develop a purely mechanistic model to estimate outmigration mortality.

<B>Time-varying covariates

Model selection for the covariate model provided insight into which time-varying
physical covariates had the largest influence on survival of out-migrating late-fall Chinook
Salmon. Flow exerted the greatest overall effect on outmigration success, with increased annual
flow positively related to increased smolt survival. Studies have repeatedly demonstrated that
flow 1s the most important factor affecting survival of Chinook salmon (Conner et al. 2003,
Smith et al. 2003; Zeug et al. 2014; Michel et al. 2015). In addition to the effect of annual flow,
we also found that variability in flow within a reach affected survival rates, particularly in low
flow years. If flow within a reach was well above the annual average, as it would be after a
precipitation event, there was relatively little (1.6% per 10 km) difference between survival in a
low and high flow years. In contrast, below average flows within a reach resulted in large (5%
per 10 km) differences in survival between low and high flow years. This provides a potential
explanation for results observed by Courter et al. (2016), where survival was highly dependent
on flow within a low flow (< 125 cms) reach, but had no effect in a reach with higher flows

(100-300 cms).
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399 Our study also builds on previous work by including measurements of both spatially

400  explicit flow and transit speed as covariates in our model. This allowed us to separate the effect
401  of flow from transit speed, suggesting that there are features inherent to flow itself, not just its
402  effect on travel time, which affects survival. Flow has been significantly reduced and

403  homogenized in the Sacramento River system from historic levels (Buer et al. 1989), in

404  particular during the winter months when runoff from storm events is captured behind dams.
405  Flow magnitude affects the amount of off-channel and floodplain habitat available for juvenile
406  salmon rearing (Nislow and Armstrong, 2012; Merenlender and Matella 2013). Fish residing in
407  these habitats have accelerated growth rates that may aid individuals in predator avoidance and
408  survival (Sommer et al. 2001; Limm and Marchetti 2009). Furthermore, the highest sediment
409  loads for the Sacramento River were observed with the highest peak flows (Stern et al. 2016),
410  which can increase turbidity rates and decrease predation rates (Gregory and Levings 1998).

411  Whatever the specific mechanism, flow was clearly the most important factor influencing the
412  outmigration success of late-fall run Chinook smolts in 2007-2011. Perhaps more importantly,
413  the effect of flow propagates throughout a cohort’s life history and can be used to estimate smolt-
414  to-adult ratios (Michel in press). Threshold flow values could be determined through combined
415  controlled-release and tagged-release studies in the Central Valley.

416 We also found survival was higher at lower water temperatures. We hypothesize that this
417  effect was the result of increased predator metabolism, and thus consumption, at increased

418  temperatures (Petersen and Kitchell 2001). This effect was relatively minor (1.3% per 10 km)
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419  over the small range of temperatures we observed during the fall-run winter outmigration

420 months. However, we expect this effect will be more pronounced for fall and winter run fish that
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are outmigrating during warmer months and may exhibit adverse responses to warmer

temperatures (Baker et al. 1995; Lehman et al 2017).

<B> Release group covariates

Acoustically tagged fish had higher survival rates when they were released concurrently
with thousands of hatchery fish. Based on the interaction between release size and distance from
release location, this effect persisted for approximately 200 km from the release location. One
explanation for this improved overall survival is the theory of “predator swamping;” whereby
predators, inundated by prey, pose less of a threat to individual smolts. This effect has been
demonstrated for Chinook salmon in the Yakima River (Fritts and Pearsons 2008) and juvenile
sockeye salmon in British Columbia (Furey et al. 2016). We examined the difference in arrival
times at the acoustic receiver locations for each of the release groups, and found that fish from
the same release group arrived at the same location within approximately 24 hours for the first
100 km (Supplemental fig S2). After the first 100 km the river has more channel alterations and
fish arrival times were more dispersed. However, fish survival rates in these lower sections of the
river were generally higher than in the upstream reaches, most likely due to decreased predation

rates in the channelized portions of the river.

<B> Individual covariates

Predicted transit speeds were also an important factor, with increasing transit speeds
corresponding to increased survival. For out-migrating yearling smolts, it is likely that transit
speed in the context of our study is a proxy for duration of exposure to mortality factors.

Previous studies have found that survival rates decline over longer migration distances (Bickford
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444  and Skalski 2000; Muir et al 2001; Smith et al. 2002). However, these studies have primarily
445  found that survival was related to distance traveled but not to travel time. Anderson et al. (2005)
446  explained this apparent discrepancy by suggesting that survival was a function of both migration
447  distance and predation risk. This provides further motivation to study the factors that influence
448  the spatial distribution, and density, of salmon predators throughout the Sacramento River.

449

450  <B>Reach specific characteristics

451 Model selection results provided evidence that reach length, diversion density, and

452  sinuosity were associated with outmigrating smolt survival. After accounting for all other

453  covariates, survival was higher with increasing sinuosity, suggesting that more natural river

454  conditions were better for smolt survival than the deeper and more armored portions of the river.
455  This result is in contrast to our other finding that the highest survival rates were in the lower,
456  more channelized sections of the river. We suspect that the larger covariate effect of diversion
457  density accounts for the variation associated with increased survival in the lower reaches.

458  Because the diversions are typically not operational during the period when late-fall Chinook are
459  outmigrating, we suspect this effect is more a function of the habitat conditions in locations

460  where diversions are more abundant. Diversions were highly correlated to other habitat variables
461  typical of agricultural zones; namely depth, armored banks and agricultural and developed land
462  use (Supplemental figure S1). Because we did not wish to obfuscate the results of our analysis,
463  we withdrew these collinear factors from our modeling efforts, but the role of “diversions” on

464  survival could be equally viewed as the role of depth, agriculture and developed land, and
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465  armored banks. These modified habitats may result in reduced predator densities and predation

466  mortality.
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<B> Conclusions

Flow, diversion density, and release strategy had the strongest influence on survival of
out-migrating, hatchery origin, late-fall run Chinook salmon during the 2007-2011 water years.
For years with high flow, gains in in-river survival can lead to a three-fold increase in total
outmigration survival, while survival in the delta and estuary remain the same (Michel et al.
2015). There is limited natural habitat remaining for Chinook salmon in the Central Valley as a
result of human activities, and increasingly managers are turning to habitat restoration efforts to
restore salmon populations. When we compare physical covariates, metrics for habitat features
and individual covariates, flow remains the most important factor affecting out-migration
survival of late-fall run hatchery raised smolts. Although our study used hatchery fish, which
have limitations as wild fish surrogates, these results suggest that maintaining flow during
periods of salmon outmigration is an important step towards conserving Chinook salmon in the

Central Valley.
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Figure Captions

Figure 1: Map of the mainstem Sacramento River. Our study area extended from above
Red Bluff in the north to the city of Sacramento in the south. Late-fall run Chinook
salmon yearling smolts were released at Battle Creek, Jelly’s Ferry, Irvine Finch or Butte
City during the winter (Dec-Jan) of each of our study years. The locations of the 20
acoustic receivers that delineated our 19 river reaches are shown as red stars.

Figure 2: Map depicting reach-specific survival estimates (per 10km) for 2008-2010.
Colors represent per reach survival risk and standard error is represented as the grey
buffer surrounding each reach. The values adjacent to each reach represent the survival
estimate for a given reach (per 10 km) from our full survival model.

Figure 3. Difference between survival estimates in the spatial-temporal model and the
covariate model for each reach (labeled as the distance (River km) between the upstream
boundary and the Golden Gate Bridge). Negative values represent occasions when the
covariate model had a larger estimate of survival and was presumably missing covariates
that increased smolt mortality. Error bars represent the 95% confidence interval estimated
with the delta method.

Figure 4: A barplot depicting the results of covariate removal analysis to determine the
importance of each variable to the final model. Delta QAIC values represent the change
in QAIC when specific variables are removed from the full model.

Figure 5: Covariate response plots showing the effect of the individual covariates on the
apparent survival rate through a 10 km reach. The grey shaded region represent the 95%

confidence interval.
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Fig 1: Map of the mainstem Sacramento River. Our study area extended from above Red Bluff in the north
to the city of Sacramento in the south. Late-fall run Chinook salmon yearling smolts were released at Battle
Creek, Jelly’s Ferry, Irvine Finch or Butte City during the winter (Dec-Jan) of each of our study years. The
locations of the 20 acoustic receivers that delineated our 19 river reaches are shown as black triangles.
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Figure 2: Map depicting reach-specific survival estimates (per 10km) for 2007-2011. Colors represent

survival per 10 km for each reach and standard error is represented as the grey buffer surrounding each

reach. The values adjacent to each reach are the survival estimates and detection probabilities.

279x215mm (300 x 300 DPI)

Draft_0000081



Marine Mammal Lab Lib on 12/04/18

g . Sc . _ press.com bg National gli ] ) )
For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.

from www.nrcresearch

sh. Aquat. Sci. Downloaded

Can. J. F1

0,26¢
125

G008

Survival Estimate Differance

Page 36 of 40

e CORRO0 s, ORRO,

Figure 3. Difference between survival estimates in the spatial-temporal model and the covariate model for
each reach (labeled as the distance (River km) between the upstream boundary and the Golden Gate
Bridge). Negative values represent occasions when the covariate model had a larger estimate of survival and
was presumably missing covariates that increased smolt mortality. Error bars represent the 95% confidence

interval estimated with the delta method.
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Figure 5: Covariate response plots showing the effect of the individual covariates on the apparent survival
rate through a 10 km reach. The grey shaded region represent the 95% confidence interval.

1058x846mm (72 x 72 DPI)

Draft_0000084



P

TIPON ¢

ge 39 of 40

Table 1: A description of the covariates included in the mark recapture model.

Category Covariate Range Definition Hypothesized relationship with survival
Individual Fish Length! 135 - 204 mm Fork length Larger fish may exceed gape width of predators
Fish Condition' 0.59 -1.32 Fulton’s K Increased condition improves predator escape
capability
Transit speed? 0.02 - 8.25 km h! Reach specific transit speed Faster moving fish have less exposure to predators
Release Batch release? Binary Tagged fish released concurrently with large  Predator swamping
group hatchery releases.
Release reach! Binary Difference in survival between newly Newly released hatchery fish are naive and
released fish and those released upstream. susceptible to predation
Annual flow? 179 - 499 cms Mean flow measured at Bend Bridge Increased flows produce more habitat and predator
throughout outmigration (December-March).  refugia throughout the river
Reach Sinuosity* 1.04-2.74 River distance divided by Euclidean More natural habitats have more predator refugia
specific distance.
Diversion density> 0 - 1.05 num km! Number of diversions per reach length. Increased predator densities near diversions
Adjacent cover 02-0.76% Percent of non-armored river bank with Increased cover produces more predator refugia
density® adjacent natural woody vegetation.
Off-channel 0-1.62% Off-channel habitat within 50 m of river Increased off-channel habitat produces more
habitat density® expressed as percentage of river area predator refugia
Time Temperature’ 6.2-129°C Mean water temperature per reach Increased temperatures results in increased
varying predation due to higher metabolic demands of
predators
Inter-annual 215-447 cms Mean water flow per reach Higher flows within a reach will produce more

Reach flow’

Intra-annual
Reach flow’

129 - 902 cms

Mean water flow per reach and year

habitat and predator refugia within that reach

Higher intra-annual flows (e.g., precipitation or
dam releases) decreases predation due to increased
turbidity and increased predator refugia.
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Table 2. Beta estimates (standard errors) of covariates included in mark recapture models with a
delta QAICc < 2. The Battle Creek, Sacramento-San Joaquin Delta (Sac-SJ Delta), and San
Francisco Bay (SF Bay) covariate are beta estimates for the three reaches where habitat and
predation related covariates were not included in the model. See Table 1 for definitions of the
other covariates. The selected model is in bold.

Model Model Model Model Model Model Model

Covariate ' 5 3 7 ] p )
Intercept 2918 2.900 2.899 2.917 2.943 2.942 2.936

(0.050)  (0.049) (0.049) (0.050) (0.049) (0.049) (0.049)
Battle Creek -2.000 -1.986 -1.957 -1.969 -2.023 -1.992 -2.013

(0.141)  (0.140) (0.141) (0.142) (0.141) (0.142) (0.141)

2673  -2.656 -2.659 2678  -2.695 -2.698  -2.691
(0.096) (0.095) (0.095) (0.096) (0.096) (0.096) (0.096)

-2.888  -2.868 -2.899 -3042 -2926 -2959 -2913

Sac-SJ Delta

SF Bay (0.260)  (0.259) (0.261) (0.240) (0.259) (0.261)  (0.259)

Reach lenoth 0463  -0.446 0444  -0461  -0445 -0.442  -0.457
© (0.047)  (0.046) (0.045) (0.047) (0.049) (0.049) (0.049)

Sinuosity 0168  0.147 0.145 0167 0.I81  0.181  0.188

(0.050) (0.049) (0.049) (0.050) (0.051) (0.051) (0.051)

0073 0076  0.089
(0.053)  (0.053) (0.052)

0421 0382 0379 0418 0423 0421 0419
(0.057) (0.052) (0.052) (0.057) (0.056) (0.056) (0.056)

Adjacent cover

Diversion density

: 0.118 0.120 0143  0.147  0.147
Off-channel habitat : : : : :
chatnel habta (0.062) 0.062) (0.065) (0.065) (0.065)
: . 0.050  0.054 0.054
Fish condit : : :
151 condition (0.030)  (0.030) (0.030)

0404 0406 0405 0402 0387 0387 039
(0.039)  (0.039) (0.039) (0.039) (0.038) (0.038) (0.038)
0320 0320 0315 0314 0309 0304 0327
(0.047)  (0.047) (0.047) (0.047) (0.047) (0.047) (0.046)
0.112  -0.113  -0.107 -0.106 -0.115 -0.109 -0.106
(0.046)  (0.046) (0.046) (0.046) (0.046) (0.046) (0.046)

0.079 -0.080 -0.078  -0.077

(0.041)  (0.041) (0.041) (0.041)

0079  0.078  0.081  0.083 0069  0.073
(0.034)  (0.034) (0.034) (0.035) (0.035) (0.035)

0821 -0.857 -0.865 -0829 -0.781 -0.787  -0.781
(0.131)  (0.130) (0.130) (0.131) (0.135) (0.135) (0.135)
0694 0701 0689 0679 0637  0.625 0651
(0.147)  (0.146) (0.147) (0.147) (0.143) (0.143) (0.143)
0.003  -0.003 -0.003 -0.003 -0.003 -0.003 -0.003
(0.000)  (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Annual flow

Reach flow (year)
Annual flow: Reach flow
Temperature

Transit speed

Release reach

Batch release

Batch release: Distance

Survival covariates 16 15 16 17 16 17 15
Delta QAICc 0 0.29 0.71 1.20 1.27 1.38 1.63
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Abstract

Historically, marine survival estimates for salmon have been confounded with freshwater
seaward migration (“outmigration”) survival. Telemetry studies have revealed low and variable
survival during outmigration, suggesting marine mortality may not be the primary source of
variability in cohort size as previously believed. Using a novel combination of tagging
technologies, survival during these two life stages was decoupled over five years for Sacramento
River Chinook salmon. Outmigration survival ranged from 2.6% to 17%, marine survival ranged
from 4.2% to 22.8%. Influential environmental drivers in both life stages were also compared to
smolt-to-adult ratios (SAR) for three Chinook salmon populations over 20 years. Streamflow
during outmigration had higher correlation with SAR (r-squared >0.34) than two marine
productivity indices (r-squared <0.08). The few SAR estimates that were poorly predicted by
flow occurred during years with the lowest marine productivity, suggesting most inter-annual
SAR fluctuations are explained by outmigration survival, but abnormally poor marine conditions
also reduce SAR. The outsized influence of flow on SAR provides managers with a powerful
mitigation tool in a watershed where flow is tightly regulated.

Keywords

-Chinook salmon

-Survival

-California

-River regulation

-Marine productivity

-Smolt-te-adult

-Acoustic telemetry
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24 Introduction

25 Convention is that variability in salmon cohort success is set during the early marine

26  residence period. To date, direct evidence of how outmigration (freshwater plus estuarine)

27  survival might be affecting overall cohort success has been scarce throughout the range of

28  salmon populations. Historically, it has been difficult to parse out outmigration survival from

29  marine survival, further obfuscating the causes and magnitude of outmigration mortality. Recent
30 telemetry studies have estimated very low survival during the outmigration life stage of certain
31  salmon stocks (Buchanan et al. 2013; Michel et al. 2015; Clark et al. 2016), suggesting that

32 marine survival is likely higher than what the literature indicates. Many models attempting to

33 explain marine survival using marine environmental indicators suffer from large amounts of

34  unexplained variation in some years (Koslow et al. 2002; Logerwell et al. 2003; Sharma et al.

35  2013); and there is potential that variation due to outmigration survival has been incorrectly

36 attributed to marine survival in these models. Through the accurate partitioning of outmigration
37  and marine survival, it may be possible to identify new survival bottlenecks which will require
38 new and different management solutions.

39 Marine conditions are often blamed for poor cohort success of California’s Central

40  Valley Chinook salmon (Oncorhynchus tshawytscha) populations, but there is a building body of
41  evidence to suggest that outmigration survival may be playing a large role (Buchanan et al. 2013;
42 Michel et al. 2015). Gross et al. (1988) posited that anadromous life history strategies evolve in
43 fishes when migration to the ocean provides gains to individual fitness that outweigh the costs of

44 the migration itself. It is believed that salmon have evolved this life history strategy because the
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45  ocean provides a more favorable tradeoff between abundant food and predation risk. However,

46  the Central Valley may be an example of a system where the costs of outmigration are high
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enough that the anadromous life history strategy is no longer sustainable, and is only persisting
through the assistance of humans (such as through hatcheries, or transporting outmigrants past
regions of poor survival). Three of the four distinct salmonid Evolutionarily Significant Units
(ESUs) that are found there are listed under the U.S. Endangered Species Act (ESA), and the
fourth is a “species of concern”. Many inland stressors have been identified that have led to the
decline of these populations, including the loss of 47% of spawning and rearing habitat due to
dams without fish passage (Yoshiyama et al. 2001) and 97% of the productive floodplain rearing
habitat to diking (Whipple et al. 2012). These dams and levees are one-time historical
perturbations, but have ongoing impacts and will likely never be completely reversed. While it is
almost certain that populations will not return to pre-dam and pre-diking levels without reversing
these habitat changes, studies must also concentrate on the contemporary stressors that are
governing annual outmigration survival dynamics, such as warm stream and estuary
temperatures during outmigration, slow water velocities, low turbidity, and abundant predators
(Baker et al. 1995: Newman and Rice 2002; Grossman 2016). However, these are just the
symptoms of a larger problem: the fundamental alteration of the Central Valley hydrological
regime. The dams and diversions of the Central Valley have resulted in the reduction and
homogenization of river flows (Buer et al. 1989), which in turn can alter water temperatures,
slow water velocities associated with large flow events, lower turbidity and provide more
suitable habitat for warm-water predator species. These same dams and diversions give resource
managers tight control over streamflow and associated covariates. In contrast, managers have no
control over the environmental variables that are thought to govern marine survival. Therefore, if
outmigration survival is found to have a large influence on the magnitude and variability in

cohort success, this suggests that managers can likely do more to help these populations.
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70 A novel method of pairing outmigration survival estimates derived from an acoustic

71 tagging study with smolt-to-adult ratio (SAR) estimates derived from coded-wire tag (CWT)

72 recoveries from the same cohorts was used to investigate the relative importance of (1)

73 freshwater and estuarine outmigration (hereafter simply termed “outmigration”) survival versus
74  (2) marine survival rates for Central Valley Chinook salmon over the S-year time series of the

75  acoustic tagging study. Expanding beyond this time series, many additional years of SAR

76  estimates were regressed against environmental drivers that are believed to be influential on

77  survival in each region to investigate the importance of these environmental drivers on smolt-to-
78  adult dynamics and ultimately gain insights on where the majority of mortality might be

79  occurring every year.

80  Methods

81  Study system

82 California’s Central Valley includes the two largest rivers in the state. In the northem

83  portion of the valley, the Sacramento River flows north to south and in the southern portion of
84  the valley, the San Joaquin River flows south to north (Fig. 1). These two rivers meet to create
85  the freshwater portion of their shared estuary: the Sacramento-San Joaquin River Delta (hereafter
86  “Delta”), an expansive and complex network of tidal freshwater river channels and sloughs. It is
87  connected to the west by a series of increasingly saline bays, most notably the San Francisco

88  Bay, which comprise the brackish portion of the estuary (“Bays” in Fig. 1). The estuary connects

89  to the Pacific Ocean at the narrow passage at the Golden Gate, beyond which salmon have access
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90 to the productive waters of the Gulf of the Farallones.

91  Qutmigration survival estimates
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In an attempt to decouple outmigration and marine survival of Central Valley Chinook
salmon, cohorts that were tagged using both acoustic tags (for estimation of outmigration
survival) and coded-wire tags (“CWT?”; for estimation of overall cohort success) were identified.
Outmigration survival estimates were used from two acoustic tagging studies conducted on
hatchery-origin late-fall-run Chinook salmon from 2007 to 2011 (Michel et al. 2015; Iglesias et
al. 2017). These studies released their acoustic tagged fish as part of larger hatchery releases that
were also coded-wire tagged. CWTs are tiny, injectable, magnetized wire segments that are
embossed with a release group serial code, with release groups of thousands of fish often sharing
the same serial code. Recovery of tagged adults allows the estimation of smolt-to-adult ratio
(SAR) of these larger release groups. SAR represents the proportion of fish of a harvestable size
recovered from the total number of juveniles released into the wild and was therefore used as an
index of cohort success.

To assess the contribution of outmigration survival to overall SAR, and to factor out
estimates of marine survival, outmigration survival from acoustic tagged release groups were
associated to the SAR estimates from the most appropriate CWT release groups. However, some
of the acoustic tagged release groups were not released in exact synchrony with a respective
CWT release group. For these, if one or more CWT release groups were released within 7 days
of the acoustic tag group’s release date, that acoustic tag group’s outmigration survival was
associated to the respective CWT release group(s). For the purposes of these studies,
outmigration survival was estimated as total survival from release to the Golden Gate Bridge,
thereby including river and estuarine survival. For more information on the acoustic tagging,
tracking, and estimation of survival for the acoustic tagging studies, refer to Michel et al. (2015).

Smolt-to-Adult estimates
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115 SAR is a survival metric often used for hatchery fish because of the fairly accurate

116  estimates of how many smolts are released. Hatchery Chinook salmon are often raised up to the
117  smolting stage before release, which is the beginning of the SAR period. The end of the SAR
118  period is when a fish either returns to the spawning grounds or hatchery, or is captured by

119  commercial or recreational fisheries. These various recapture scenarios (“strata”), and their

120  associated CWT recoveries, occur after Chinook salmon have spent at least one year in the ocean
121 (2+ year old), and can commonly occur for salmon that have spent as many as 3 years in the

122 ocean (4+ year old; Fig. 2). SAR therefore represents the survival of a cohort from smolting to
123 the point at which they reach harvestable and minimum reproductive (i.e. “adult”) size. Thus,
124  survival during the SAR period for a CWT group will be the product of 1) “outmigration

125  survival” (Sp) and 2) “marine survival” (8y), survival during the first year at sea plus an

126  amalgamation of year 2, 3, and 4 survival depending on recapture time of individuals within the
127  CWT group. Due to this complexity, SAR should be treated as an index of survival that primarily
128  represents survival from hatchery release to age 2, with some additional mortality from latter

129  periods (but that are thought to be relatively small contributions compared to critical survival

130  bottlenecks of outmigration and the first year at sea [Magnusson and Hilborn 2003; Quinn 2005
131  and references therein]).

132 The SAR in the Central Valley is most often calculated using CWT recoveries (CWTy).
133 Approximately 25% of all hatchery-origin fall-run Chinook salmon (since 2007) and 100% of all
134  hatchery-origin late-fall-run and winter-run Chinook salmon (since 1992) in the Central Valley

135  have CWTs inserted into their snouts as juveniles. Once the salmon attain harvestable size
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136  (hereafter “adults”), the CWTs are recovered from the fisheries through creel surveys, from the

137  spawning grounds through carcass surveys, and through the hatcheries (for additional details on
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recovery sources, refer to Table 1). All CWT data were downloaded from the Pacific States
Marine Fisheries Commission’s Regional Mark Processing Center’s Regional Mark Information

System database (hitp://www rmpe.org/).

The first brood year (i.e., the year the eggs were spawned; “BY” hereafter) for which
SAR could be accurately estimated was 1999 for both winter and fall-run Chinook salmon, and
1993 for late-fall-run Chinook salmon (despite the absence of spawning ground and recreational
river fishery recoveries until the late 1990s). Since an estimated 61 to 97% (mean 80%) of late-
fall-run Chinook salmon escapement are counted at hatcheries (using CWT data from recovery
years 2000-2016 when spawning ground and recreational river fishery recoveries occured), using
only hatchery returns in years prior to the late 1990s could bias SAR estimates low for those
years, but would likely still capture the major population trends.

For creel and carcass surveys, full coverage of all fishing areas and spawning grounds is
not possible; sampling fractions () are therefore estimated per stratum (i.e., unique recovery
type, area and year combinations). Sampling fractions are the fraction of estimated total number
of salmon caught (if a fishery) or that returned (if a hatchery or spawning area) that were
examined for presence of a CWT per stratum, with some additional nuances outlined in Palmer-
Zwahlen and Kormos (2015). Details on how total number of salmon per stratum were estimated
can be found in O’Farrell et al. (2012). Expansion factors, the reciprocal of sampling fractions,
are applied to the total CWTs observed per CWT release group that are recovered from that
respective stratum to produce expanded CWT recoveries (eCWTy). Finally, since Chinook
salmon spawning age is variable (minimum age 2 years), SAR for the full cohort cannot be

estimated until the CWTs from the fifth year after release are processed. Thus, SAR estimates
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160  beyond BY 2012 are not reported. Total expanded recoveries for each release group (N,) is

161  therefore estimated as:

162 N,= Z;: 1[eCWTROcean Fishery + eCWTgRiver Fishery + eCWTgSpawning Grounds + CWTgzHatchery)
163 LD
164  where Y is total number of return years for which CWTs are observed for that CWT release

165  group. Note that hatchery CWT recoveries are not expanded because all CWTs are presumed to
166  berecovered from hatchery returns.

167 SAR is expressed as the proportion of expanded recoveries (N,) out of all smolts released

168  from the hatchery for that CWT release group (N,):

N,
169 SAR= @)
170 The standard error (SE) of the SAR for a CWT release group is a function of N, N,, and

171 the total number of observed CWTs (before expansion, N ;) (Skalski and Townsend 2005):

i)

172 SE(SAR)= "% 7\~ (3)
N, N,?

173 For proper variance calculation, sampling fractions are needed per stratum. However,

174  protocols for estimating sampling fractions differed substantially by year and recapture type.

175  Overall, the sampling fraction for all CWTs recovered (across the strata) per brood year and per
176  population in this analysis was never below 0.21, and the mean was 0.35 for winter-run, 0.49 for
177  fall-run, and 0.63 for late-fall-run. Therefore, a global sampling fraction (r) was applied to

178  equation 3 using a conservative estimate of 0.2:
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When calculating SAR and standard error for more CWT release groups that were
released on the same day, N, N,, and N; were totaled among those CWT release groups.
However, because there can be large heterogeneity in SAR estimates for different CWT release
groups released in the same year, annual SAR and standard errors are calculated differently

(Skalski and Townsend 2005). Annual SAR is a weighted average across CWT release groups:

©)

Where K is the number of CWT release groups in a year. Standard error of the annual

SAR is estimated as:

2
Y _ N (SAR, — SAR)

SE(SAR) = (6)

(K—1)Z;_ Ny

For the late-fall-run and winter-run populations, the only hatcheries that release smolts in
the Central Valley are the United States Fish and Wildlife Service’s (USWFS) Coleman National
Fish Hatchery (CNFH) and Livingston Stone National Fish Hatchery (LSH), respectively. Both
of these hatcheries release the majority of their fish into the uppermost portions of the
Sacramento River that is available to anadromy, more than 500 river km from the Pacific Ocean.
Because multiple hatcheries in the Central Valley release fall-run smolts, to compare fall-run
release groups over the same outmigration corridor as the late-fall-run and winter-run, only fall-
run CWT recoveries from CNFH release groups were used. All CWT release groups that were
trucked and released downstream, a management strategy intended to artificially increase SARs
(by reducing outmigration mortality) of hatchery smolts, were also excluded. This is because one
of the main objectives of this study was to explicitly measure the magnitude and variability in

natural outmigration survival.
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201 SAR estimates are the combination of survival over a finite outmigration period and non-
202 discrete marine period (due to various CWT recapture times). To ascertain the magnitude of the
203  bias introduced by the latter periods of the non-discrete marine period on overall SAR, SAR

204  estimates were compared to survival rates from hatchery release to the end of age 2 for winter-
205  run Chinook salmon for the same brood years, as estimated from a Sacramento River winter-run
206  Chinook salmon cohort reconstruction model ([O'Farrell et al. 2012]; data provided by M.

207  O’Farrell, NOAA-NMFS). This was done using a linear regression model fitted between the two
208  variables, after logit-transformation (due to the range of both variables being bound by 0 and 1).
209  Currently, a salmon cohort reconstruction model does not exist for Central Valley fall or late-
210  fall-run Chinook salmon.

211 Outmigration vs. Marine Survival comparison

212 The outmigration survival component of SAR, as estimated from acoustic telemetry, was

213 factored out to get an estimate of marine survival for those brood years:

SAR
214 SM = Sa (7)

215 To incorporate error in estimates of both SAR and Sy, parametric bootstrapping was

216  employed. SAR was assumed to have a normal distribution on the real scale and Sy was assumed
217  to have a normal distribution on the logit scale. Given these distributions, SAR and S, were

218  generated 1000 times each and transformed back to the real scale, such that (SAR{, SARZ, ...,

219 SAR{o00) and (Sp;, S0y s -0 So1000) Yielded Sy, Syy » - Sm1g00- Mean Sy and standard error of

220  the mean were estimated from these values on the logit scale and back transformed to the real
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221 scale. The 95% confidence intervals were also generated given:

222 logit Y[ logit(Sy) + 1.96 x SE[logit(S)]] (8)
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This was done for late-fall-run Chinook salmon only, and not for fall-run or winter-run
Chinook salmon due to the lack of acoustic tag data old enough to estimate respective SAR
values.

Freshwater outmigration survival vs. SAR

Michel et al. (2015) demonstrated that much of the annual variability in outmigration
survival may be occurring during the freshwater portions of the outmigration. To evaluate the
effect of annual freshwater outmigration survival (Sgy) dynamics on SAR, a linear model was
fitted to survival rates estimated from acoustic tags and the CWT-based SAR. The acoustic tag-
estimated survival rates encompassed the river and Delta regions combined (i.e., from release to
Chipps Island; data from Michel et al. [2015]).

In order to incorporate error, parametric bootstrapping was employed for both SAR and
Srw. SAR data was generated 1000 times on the real scale, then transformed to the logit scale
due to SAR being bounded by 0 and 1, such that [logit(SAR{), logit(SARZ), ..., logit(SAR{v00
)] datasets were created. Sgpyy was generated 1000 times on the logit scale, again because Sgyy 1s
bounded by 0 and 1, such that [logit(Spwy ), logit(SFwy ), - LOGIE(SEw1g00)] datasets were
created. The SAR datasets were fitted to their respective Sgy, datasets per iteration of 1000
different linear models, such that 1000 estimates of r-squared values were generated. The
median, 5% and 95% percentile values (i.e., 95% confidence intervals) of the r-squared estimates
were then calculated.

Environmental covariates vs. SAR

The relationship between SAR and variables that characterize the river and ocean

environments were evaluated for each of the three Chinook salmon populations. Linear

regression models were fitted between logit-transformed SAR estimates and environmental
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246  indices. Because extreme outliers can mask strong and persistent trends, Cook’s distances were
247  estimated for all points in all models (Cook 1977) to determine if any annual SAR values exert
248  excessive leverage on the linear regressions. The linear regression model was fitted with and
249  without any annual SAR value with a Cook’s distance > 1.

250 Environmental covariates thought to influence survival during the outmigration and

251  marine survival life stages were selected in an attempt to determine the relative contribution of
252  these factors on cohort success. For the river environment, the literature suggests that flow may
253  have the greatest influence on outmigration survival (Newman and Rice 2002; Smith et al. 2003;
254  Michel et al. 2015). Flow values (cubic feet per second) were used from the United States

255  Geological Survey’s Bend Bridge gauging station on the Sacramento River (USGS station

256  number 11377100). This gauge is located approximately 20 and 60 river kilometers downstream
257  from the release locations used by the CNFH and LSFH, respectively. Distribution of flow

258  values were right-skewed, and thus log-transformed for normality.

259 A single variable (upwelling) and a multivariate index of productivity were chosen for
260  the marine environment. Upwelling is a key variable in determining the quality of marine

261  conditions for salmon (Kope and Botsford 1990; Scheuerell and Williams 2005; Wells et al.

262  2016). Mean monthly coastal upwelling index as computed by the National Oceanic and

263  Atmospheric Administration’s National Marine Fisheries Service for the 39° N 125° W station,
264  the closest station to the Gulf of the Farallones

265  (https://www.pfeg.noaa.gov/products/PFEL/modeled/indices/upwelling/upwelling.html) was

266  used as the single covariate. The upwelling index represents wind-driven cross-shore transports
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267  computed from surface pressure analyses (in cubic meters per second along each 100 meters of

268  coastline). The Multivariate Ocean Climate Indicator (MOCT) as described in Garcia-Reyes and
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Sydeman (2017) was used as the multivariate index of productivity. This unitless environmental
indicator, specific to California’s continental shelf, synthesizes numerous ocean and atmospheric
variables to give an index of the state of the ecosystem productivity

(http://www faralloninstitute.org/moci). The MOCI is estimated for both the Northern California
region (38 to 42°N latitude) and the Central California region (34.5 to 38°N latitude). Since
juvenile salmon from the Central Valley are known to occupy both these regions (MacFarlane
2010), the mean seasonal MOCI between these regions was used. Low MOCI values represent
high marine productivity, and high MOCI values represent low marine productivity.

Daily mean flow at Bend Bridge was averaged over a 14-day window, starting the day of
release, for each CWT release group, to represent the mean river travel time from release to
Delta entry (as estimated for acoustic tagged hatchery-origin late-fall-run Chinook salmon smolts
[Michel et al. 2012]). These release group-specific 14-day mean flows were then averaged per
year and weighted to the size of each CWT release group. For the marine environment, the first
few months at sea is the most critical survival period of the marine phase of a salmon’s life
history (Kilduff et al, 2014), specifically during the first spring at sea for Central Valley salmon
stocks and mediated through environmental drivers such as upwelling (Wells et al. 2012;
Woodson et al. 2013). Therefore, the mean monthly upwelling index across the months of
March, April, and May for the year of outmigration were used, as well as the mean of the
Northern and Central California spring MOCI.

The residuals of the flow linear models were graphically compared to upwelling and
MOCI to evaluate if any variability in SAR that was unexplained by flow could be explained by
the marine environmental covariates. Two contour plots were generated by interpolating the

known SAR values (all three salmon populations combined, to increase resolution) across a grid
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292  of flow and either upwelling or MOCI values (using Akima interpolation [Akima 1970]),

293  bounded by the limits of the current dataset. Because SAR values could be influenced by

294  population-specific life history strategies, annual logit-scale SAR values were standardized

295  within populations (i.e., z-score: subtracted the mean and divided by the standard deviation for
296  each SAR value), and then combined. All analyses were performed using program R (version
297  3.5.1, R Core Team 2016) along with the “akima” package (Akima and Gebhardt 2016).

298  Results

299  Smolt-to-Adult estimates

300 Annual SAR values were estimated for 20 consecutive years for late-fall-run, and 14
301 consecutive years for winter-run and fall-run Chinook. The number of CWTs released per run
302 and per year ranged from 30,451 to 3,128,686. Annual SAR ranged from 0.02% to 3.29%

303  overall, and mean annual SAR for these years were 1.00% (0.1 SE) for late-fall-run Chinook
304  salmon, 0.64% (0.18 SE) for winter-run Chinook salmon, and 0.81% (0.26 SE) for fall-run

305  Chinook salmon (Table 2).

306 There was a strong positive relationship between the winter-run Chinook salmon SAR
307  values and hatchery release to end of age-2 survival, as estimated by cohort reconstruction (r-
308  squared 0.95; Fig. 3). Because the two variables are approximately equal under the same

309  conditions (95% confidence intervals of the linear model between these two variables overlap the
310  1:1 line), SAR was used to represent the combined outmigration and marine survival during the

311 first year at sea.
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312 Qutmigration vs. Marine Survival comparison
313 Overall, outmigration survival ranged from 2.6% to 17%, and marine survival ranged

314  from 4.2% to 19% for eight late-fall-run Chinook salmon CWT release groups (or cluster of
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release groups) from brood years 2007 through 2010 (Fig. 4). For the eight CWT release groups,
five were estimated to have higher marine survival than the respective outmigration survival
estimate, two groups had the opposite pattern, and one group had approximately equal survival in
both periods. SAR estimates were distributed above and below the BY 1993-2012 long-term
median SAR (0.81%; represented by the black dashed line in Fig. 4), suggesting that these
release groups experienced overall survival that was roughly representative of the larger pool of
CWT release group SAR estimates.
Freshwater outmigration survival vs. SAR

Freshwater survival had a strong positive relationship with overall SAR for these same
eight CWT release group clusters (r-squared 0.62; Fig. 5), indicating freshwater outmigration
survival was an important factor in overall SAR for those cohorts.
Environmental covariates vs. SAR

Flow during outmigration was a strong predictor of SAR in all three of the Chinook
salmon runs (r-squared 0.45 for late-fall-run, 0.57 for winter-run, and 0.35 for fall-run Chinook
salmon, after removing the extreme outliers identified by Cook’s distance), while both upwelling
and MOCI during the first spring at sea had little influence over SAR (Fig. 6). All points in all
linear models had Cook’s distances <1 with the exception of 20.0 and 1.9 for outmigration year
(i.e., brood year +1; “OY” hereafter) 2006 in both the fall-run and winter-run Chinook salmon
linear models between SAR and flow (red labeled points in Fig. 6. d and g). The r-squared of the
linear regressions with the outlier included was 0.08 for fall-run and 0.16 for winter-run (linear
regressions shown in Fig. 6. d and g do not include the OY 2006 year). In both cases, these
outliers had lower SAR than what would be predicted by flow during outmigration given the

remainder of the datasets.
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338 The residuals from the three flow regressions were plotted against spring upwelling

339  index, and spring MOCI. For fall-run and winter-run Chinook salmon OY 2006, the residual was
340  predicted based on the linear regression that was fitted to the dataset that did not include OY

341 2006 (due to having a Cook’s distance > 1). Model performance was poorest in predicting annual
342  SAR in years with some of the lowest upwelling and MOCT indices (Fig. 7). Specifically, for
343  late-fall-run Chinook salmon, model performance was poor in OY's 1998 and 200S5; years with
344  the lowest spring upwelling indices and the highest MOCI indices (i.e., low productivity) from
345  the 20-year time series. For winter-run Chinook salmon, the flow model performed poorly in

346  explaining the low SAR that occurred for salmon outmigrating during OY 2005 and 2006; these
347  same years also had the first and third lowest spring upwelling index values and the highest

348  MOCI index values for the 14-year time series. For fall-run Chinook salmon, the model poorly
349  explained the low SAR for outmigrating salmon in OY 2006; the year with the third lowest

350  spring upwelling index and the second highest MOCI index for the 14-year time series.

351 For all three runs, flow was the primary driver of year-to-year variation in SAR for the
352  variables tested (Fig. 6), with marine productivity only playing a major role in annual dynamics
353  when productivity was at low levels (Fig. 7). High SAR values tended to only occur when flow
354  was higher than average and productivity was not near abnormally low levels (Fig. 8). The OY
355  2014-2017 cohorts (for which SAR values are not yet available) are predicted to have poor SAR
356  based on the trends seen in the existing data with the exception of the OY 2015 late-fall Chinook

357  salmon and all three runs in OY 2017 as predicted by the upwelling contour plot (Fig. 8). The
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358  MOOCI contour plot has all three runs in OY 2017 falling outside the bounds of the contour plot.

359  Discussion
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This study indicates that outmigration survival, and the conditions that affect it, are the
primary drivers of SAR dynamics, and marine survival likely only plays a critical role in years
with abnormally unfavorable marine conditions for salmon. Lindley et al. (2009) also suggested
that ocean conditions can have infrequent and yet drastic effects on salmon cohorts, while the
long-term, steady degradation of the freshwater environment likely plays a larger role in
population health of Central Valley Chinook salmon populations. In a sense, these populations
are extremely stressed due to the degraded freshwater environment, and cumulative to this, poor
marine conditions can then result in extremely low survival rates.

This study used a novel combination of short-term acoustic tagging data paired with
long-term coded-wire tag recovery data to estimate marine survival rates for California Chinook
salmon populations. The results indicated that marine survival for California Chmook salmon
populations is similar in scale to outmigration survival. Given that these marine survival
estimates are confounded with return river survival, net marine survival is likely higher than
outmigration survival in most years. Two studies have found exceptionally low outmigration
survival rates for California Central Valley Chinook salmon stocks compared to other large West
Coast rivers (Buchanan et al. 2013; Michel et al. 2015). Given these low outmigration survival
rates, it would be mathematically impossible for these fished populations to be sustainable if
marine survival was much lower than outmigration survival and hatchery propagation did not
exist (Michel et al. 2015). Indeed, the average annual SAR estimates in this study were below
1% for all three populations; for Upper Columbia and Snake River Chinook salmon populations,
the Columbia River Basin Fish and Wildlife Program suggests that a minimum of 2% SAR is
required for population survival and 4% for population recovery (NPCC 2009). This study is an

additional line of evidence suggesting that for California Central Valley Chinook salmon
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383  populations, the risks of outmigration may now be too high and these populations are likely no
384  longer sustainable.

385 That the contribution of marine survival to cohort success has been overestimated over
386  the past decades of salmon research is an emerging concept, and one that is not unique to

387  California or Chinook salmon. It has been suggested for Atlantic salmon (Sa/mo salar) in the
388  Bay of Fundy, Canada (Lacroix 2008), for steelhead (Oncorhynchus mykiss) in the Cheakamus
389  River, British Columbia (Melnychuk et al. 2014), and for sockeye salmon (Oncorhynchus nerka)
390 in the Fraser River, British Columbia (Clark et al. 2016). The emergence of this concept is

391 fundamentally linked to the advent of acoustic tags small enough for tagging juvenile salmon;
392  because accurate estimates of outmigration survival before acoustic tags was difficult if not

393  impossible. Without an estimate of outmigration survival, outmigration survival and marine

394  survival cannot be parsed, which may lead researchers to believe that marine survival was

395  driving population declines. Potential factors leading to this misconception include the fact that
396  less is known about marine survival dynamics, marine residency is substantially longer in

397  duration than the outmigration period, and recruitment is set during early marine residence for
398  many strictly marine fishes and this concept was transferred to salmon. Managers and biologists
399  should ensure that salmon life-cycle and forecast models incorporate some mdex of outmigration
400  survival.

401 Streamflow during outmigration was found to have a large influence on SAR dynamics.

402 Over 35% of all variability in annual SAR dynamics can be explained by flow during
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403  outmigration for three different Chinook salmon populations (after removal of an extreme
404  outlier). Flow has been found by numerous studies to have strong influences on outmigration

405  survival of salmon populations worldwide, including Central Valley Chinook salmon
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populations (Kjelson and Brandes 1989; Zeug et al. 2014). Increases in flow usually cause or are
coincident with changes in many other river conditions that are beneficial to the survival of
outmigrating salmon, such as increased water velocities (Hogasen 1998), decreased water
temperatures (Smith et al. 2003), increased turbidity (Gregory and Levings 1998), and increases
in habitat area that reduce exposure to predators and increase growth opportunities (Sommer et
al. 2001). Among existing studies, this is one of only a few studies have demonstrated that flow
can ultimately have a strong influence on overall cohort success in the Central Valley (Sturrock
et al. 2015; Wells et al. 2017).

These results demonstrate that marine survival is also a major contributor to overall
cohort strength. While the indices used for marine productivity in this analysis did not show
strong relationships with SAR, this is not evidence of a lack of influence of marine survival on
SAR variability, as they cannot capture all the relevant factors (e.g., abundance of predators,
alternative prey, etc.). Moreover, the magnitude of marine survival was found to be as large a
contributor to SAR as outmigration survival, Furthermore, three of the study years showed
evidence of poor marine productivity leading to low SAR, all of which were corroborated with
existing literature. The first of these three years, 1998, was a record El Nino-Southern Oscillation
(ENSO) event with drastic effects on the California marine ecosystem (Lynn et al. 1998), which
likely had a strong negative impact on marine survival of salmon (Pearcy and Schoener 1987;
Johnson 1988). In 2005, during the well-documented delayed spring upwelling and resulting
poor productivity of the northern California Current (Schwing et al. 2006; Barth et al. 2007),
there was evidence of strong size and growth-rate selective early-marine mortality of Central
Valley Chinook salmon (Woodson et al. 2013). In 2006, spring upwelling was similarly delayed

as in 2005, especially off the coast of Central California where juvenile Central Valley Chinook
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429  salmon first recruit to after leaving the San Francisco Bay, leading to a similar situation of poor
430  productivity (Lindley et al. [2009] and references therein). It is widely accepted that the poor
431  early-marine survival of Central Valley fall-run Chinook salmon in the springs of 2005 and 2006
432 were the proximate causes of the collapse of that stock and the temporary closure of the fishery
433 (Lindley et al. 2009), and in this analysis, the otherwise strong positive relationship between

434 flow and SAR for fall-run and winter-run Chinook salmon was likely overshadowed by

435  abnormally poor early-marine survival in OY 2006, as demonstrated by the high Cook’s

436  distances of those points.

437 These results also provide insights into how river and marine conditions might have

438  varied influences on different salmon populations. High flows during outmigration benefited all
439  three populations, despite the juveniles leaving at different sizes and at different times of the

440  year. However, marine productivity seems to have affected the different runs differently in some
441  years. For example, the late-fall-run Chinook salmon did not experience the OY 2006 crash,

442  while the winter-run and fall-run did, despite all three benefitting from relatively high flows

443 during outmigration. This could be due to the late-fall-run’s predisposition to a larger size at

444  ocean entry, especially if size-selective mortality is at play (which is often seen during poor

445  ocean conditions [Holtby et al. 1990; Saloniemt et al. 2004; Woodson et al. 2013]). Lindley et al.
446  (2009) reported on this discrepancy between the fall-run and late-fall-run Chinook salmon in

447  those years: “Curiously, Sacramento River late-fall-run Chinook salmon escapement has

448  declined only modestly since 2002, while the [Sacramento River fall-run] in the same river basin
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449  fell to record low levels.” This is strong support for the concept of allowing Central Valley

450  salmon to exhibit many life-history strategies and thereby diversifying the Central Valley
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salmon’s portfolio and increasing population stability (Schindler et al. 2010; Carlson and
Satterthwaite 2011).

As with many large-scale correlative survival studies, there are noteworthy caveats.
Firstly, the survival estimates used in this analysis are for hatchery-origin fish only. While the
trends discovered in this analysis likely effect wild populations similarly, empirical estimates of
SAR for wild Central Valley Chinook salmon do not currently exist. Secondly, the effects of
acoustic tagging on juvenile salmon can bias survival estimates low, through mortality related to
the tag or surgery, mortality due to behavioral changes, or tag shedding. A subset of the fish used
to generate the acoustic tag survival estimates used here from Michel et al. (2015) were also
submitted to a laboratory tag effects study. In that study, no fish shed their tags over 160 days
(exceeding the maximum outmigration time) and tagged fish growth and survival was not
significantly different than untagged fish (Ammann et al. 2013). However, no tests were
conducted to address mortality related to behavioral changes, and therefore it is conceivable that
outmigration survival estimates used in this study were biased low. Thirdly, the strong
relationship between flow during outmigration and SAR may be mediated in some part through
marine survival. Climatic dynamics that led to increases or decreases in precipitation over the
inland portions of the salmon’s range may have also influenced marine conditions in a manner
not captured by the marine productivity indices, but had an influence on SAR nonetheless. A
similar scenario was demonstrated by Lawson et al. (2004) with coho salmon populations in the
Pacific Northwest. One potential avenue for a post-hoc investigation of this concept would be to
look for correlation between flow during outmigration and the marine productivity indices.
Using the combined datasets, the r-squared for a linear model between flow during outmigration

and spring upwelling was 0.07, and 0.19 between flow and spring MOCI, showing some
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474  evidence of relationships between these freshwater and marine indices. These relationships are
475  likely driven by the trend that years with extremely high flows typically have low spring

476  productivity (see conspicuous lack of points in upper-right quadrant of figure 8a and lower-right
477  quadrant of figure 8b). This phenomenon may be in part explained by the effects of ENSO,

478  which often manifests itself in California with heavy precipitation and low productivity of

479  coastal waters (Schonher and Nicholson 1989; Jacox et al. 2015). In the one year that

480  contradicted this trend in this dataset, OY 2005, when flow during outmigration and ocean

481  productivity were both extremely low, SAR values were at their lowest levels (1% lowest for late-
482  fall-run, 224 lowest for winter-run, and 3¢ lowest for fall-run). For salmon, it is perhaps a

483  fortunate climatic concurrence that low marine productivity seems to be frequently associated
484  with high outmigration flows in California.

485 The management implications of this study are important: while we do not have the

486  luxury of mitigation actions when it comes to marine conditions, we have some control over
487  conditions in the freshwater environment, and therefore potentially control over 35% of the

488  annual variability in salmon population abundances, and thus can somewhat buffer these

489  populations from the negative effects of poor marine conditions. Managers should explore

490  approaches to increase river flow and other associated beneficial river conditions during the

491  outmigration season of Central Valley Chinook salmon populations.

Can. J. Fish. Aquat. Sci. Downloaded from www.nrcresearchpress.com bg National Marine Mammal Lab Lib on 10/19/18 )
For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.

23

Draft_0000109



Can. J. Fish. Aquat. Sci. Downloaded from www.nrcresearchpress.com bg National Marine Mammal Lab Lib on 10/19/18 )
For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.

492

493

494

495

496

497

498

499

500

501

502

503

Page 24 of 43

Acknowledgements

I would like to thank A. Osterback and S. Hayes for thoughtful discussions that led to the genesis
of this study. I would also like to thank B. Wells and N. Mantua for further discussions that led
to a refinement of the manuscript. I am indebted to A. Ammann who was instrumental in
developing the different acoustic tag studies that have allowed this analysis. The Red Bluff
USFWS office, in particular K. Offill, R. Null and K. Niemela, provided additional data where
the RMIS database was lacking. Finally, I would like to thank E. Danner, S. Lindley, M.
O’Farrell, W. Satterthwaite, and the anonymous reviewers for insightful reviews of the
manuscript. Support for this project was provided by the National Marine Fisheries Service —
Southwest Fisheries Science Center. Funding for the project that generated acoustic tag survival
estimates (as part of Michel et al. [2015]) was provided by a CALFED Bay Delta program grant,

project U-05-SC-047.

24

Draft_0000110



Page 25 of 43

Can. J. Fish. Aquat. Sci. Downloaded from www.nrcresearchpress.com bg National Marine Mammal Lab Lib on 10/19/18 )
For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.

Akima, H. 1970. A New Method of Interpolation and Smooth Curve Fitting Based on Local
Procedures. Journal of the Association for Computing Machinery 17:589-602.

Akima, H., and Gebhardt, A. 2016. akima: Interpolation of Irregularly and Regularly Spaced

Ammann, A.J., Michel, C.J., and MacFarlane, R.B. 2013. The effects of surgically implanted
acoustic transmitters on laboratory growth, survival and tag retention in hatchery yearling
Chinook salmon. Environmental Biology of Fishes 96:135-143.

Baker, P.F., Speed, T.P., and Ligon, F.K. 1995. Estimating the influence of temperature on the
survival of chinook salmon smolts(Oncorhynchus tshawytscha) migrating through the
Sacramento- San Joaquin River Delta of California. Canadian Journal of Fisheries and
Aquatic Sciences 52:855-863.

Barth, J.A., Menge, B.A., Lubchenco, J., Chan, F , Bane, J M., Kirincich, A R., McManus, M A,
Nielsen, K.J., Pierce, S.D., and Washburn, L. 2007. Delayed upwelling alters nearshore
coastal ocean ecosystems in the northern California current. Proceedings of the National
Academy of Sciences 104:3719-3724.

Buchanan, R.A ., Skalski, J.R., Brandes, P.L., and Fuller, A. 2013. Route Use and Survival of
Juvenile Chinook Salmon through the San Joaquin River Delta. North American Journal
of Fisheries Management 33:216-229.

Buer, K., Forwalter, D, Kissel, M., and Stohler, B. 1989. The Middle Sacramento River: Human
impacts on physical and ecological processes along a meandering river. USDA Forest
Service General Technical Report.

Carlson, S M., and Satterthwaite, W.H. 2011. Weakened portfolio effect in a collapsed salmon
population complex. Canadian Journal of Fisheries and Aquatic Sciences 68:1579-1589.

Clark, T.D., Furey, N.B., Rechisky, E.L., Gale, M.K_, Jeffries, K.M_, Porter, A.D., Casselman,
M.T., Lotto, A.G_, Patterson, D.A_, Cooke, S.J., Farrell, A.P., Welch, D.W_, and Hinch,
S.G. 2016. Tracking wild sockeye salmon smolts to the ocean reveals distinct regions of
nocturnal movement and high mortality. Ecological Applications 26:959-978.

Cook, R.D. 1977. Detection of Influential Observation in Linear Regression. Technometrics
19:15-18.

Garcia-Reyes, M., and Sydeman, W.J. 2017. California Multivariate Ocean Climate Indicator
(MOCI) and marine ecosystem dynamics. Ecological Indicators 72:521-529.

Gregory, R.S., and Levings, C.D. 1998. Turbidity reduces predation on migrating juvenile
Pacific salmon. Transactions of the American Fisheries Society 127:275-285.

25

Draft_0000111



Can. J. Fish. Aquat. Sci. Downloaded from www.nrcresearchpress.com bg National Marine Mammal Lab Lib on 10/19/18 )
For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.

Gross, M.R., Coleman, R M., and McDowall, R. M. 1988. Aquatic Productivity and the
Evolution of Diadromous Fish Migration. Science 239:1291-1293.

Grossman, G.D. 2016. Predation on Fishes in the Sacramento—San Joaquin Delta: Current
Knowledge and Future Directions. San Francisco Estuary and Watershed Science 14.

Hogasen, H.R. 1998. Physiological changes associated with the diadromous migration of
salmonids. Canadian Special Publication of Fisheries and Aquatic Sciences 127:i-viii, 1-
128.

Holtby, L.B., Andersen, B.C., and Kadowaki, R.K. 1990. Importance of Smolt Size and Early
Ocean Growth to Interannual Variability in Marine Survival of Coho Salmon
(Oncorhynchus kisutch). Canadian Journal of Fisheries and Aquatic Sciences 47:2181-
2194,

Iglesias, 1.S., Henderson, M.A., Michel, C.J., Ammann, A J., and Huff, D.D. 2017. Chinook
salmon smolt mortality zones and the influence of environmental factors on out-
migration success in the Sacramento River Basin. NOAA-National Marine Fisheries
Service Report prepared for United States Fish and Wildlife Service.

Jacox, M.G., Fiechter, J., Moore, A.M., and Edwards, C. A. 2015 ENSO and the California
Current coastal upwelling response. Journal of Geophysical Research: Oceans 120:1691-
1702.

Johnson, S.L. 1988. The effects of the 1983 El Nifio on Oregon's Coho (Oncorhynchus kisutch)
and Chmook (O. tshawytscha} Salmon. Fisheries Research 6:105-123.

Kilduft, D.P., Botsford, L.W., and Teo, S.LL.H. 2014. Spatial and temporal covariability in early
ocean survival of Chinook salmon (Oncorhynchus tshawytscha) along the west coast of
North America. ICES Journal of Marine Science: Journal du Conseil.

Kjelson, M.A ., and Brandes, P.L. 1989. The use of smolt survival estimates to quantify the
effects of habitat changes on salmonid stocks in the Sacramento-San Joaquin River,
California. Pages 100-115 in C. D. Levings, L. B. Holtby, and M. A. Henderson, editors.
Proceedings of the National Workshop on the effects of habitat alteration on salmonid
stocks. Canadian Special Publication of Fisheries and Aquatic Sciences.

Kope, R.G., and Botsford, L.W. 1990. Determination of Factors Affecting Recruitment of
Chinook Salmon Oncorhynchus-Tshawytscha in Central California. Fishery Bulletin
88:257-269.

Koslow, J.A., Hobday, A.J., and Boehlert, G.W. 2002. Climate variability and marine survival of
coho salmon (Oncorhynchus kisutch) in the Oregon production area. Fisheries
Oceanography 11:65-77.

26

Page 26 of 43

Draft_0000112



Page 27 of 43

Can. J. Fish. Aquat. Sci. Downloaded from www.nrcresearchpress.com bg National Marine Mammal Lab Lib on 10/19/18 )
For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.

Lacroix, G.L. 2008. Influence of origin on migration and survival of Atlantic salmon (Salmo
salar) in the Bay of Fundy, Canada. Canadian Journal of Fisheries and Aquatic Sciences
65:2063-2079.

Lawson, P.W., Logerwell, E.A., Mantua, N.J., Francis, R.C., and Agostini, V.N. 2004.
Environmental factors influencing freshwater survival and smolt production in Pacific
Northwest coho salmon (Oncorhynchus kisutch). Canadian Journal of Fisheries and
Aquatic Sciences 61:360-373.

Lindley, S.T., Grimes, C.B., Mohr, M.S., Peterson, W, Stein, J., Anderson, J.T., Botsford, L. W,
Bottom, D.L., Busack, C.A., Collier, T.K., Ferguson, J., Garza, J.C., Grover, A M.,
Hankin, D.G., Kope, R.G., Lawson, P.W_, Low, A., MacFarlane, R.B., Moore, K.,
Palmer-Zwahlen, M., Schwing, F.B., Smith, J., Tracy, C., Webb, R., Wells, BK_, and
Williams, T.H. 2009. What caused the Sacramento River fall Chinook stock collapse?
NOAA Tech. Memo. NOAA-TM-NMFS-SWFSC-447.

Logerwell, E.A., Mantua, N, Lawson, P.W_, Francis, R.C., and Agostini, V.N. 2003. Tracking
environmental processes in the coastal zone for understanding and predicting Oregon
coho (Oncorhynchus kisutch) marine survival. Fisheries Oceanography 12:554-568.

Lynn, R.J., Baumgartner, T., Garcia, J., Collins, C.A_, Hayward, T L., Hyrenback, K.D,
Mantyla, A.W., Murphree, T., Shankle, A., Schwing, F B., Sakuma, K.M., and Tegner,
M.J. 1998. The State of the California Current, 1997-1998: Transition to El Nino
Conditions. California Cooperative Oceanic Fisheries Investigations Report 39.

MacFarlane, R.B. 2010. Energy dynamics and growth of Chinook salmon (Oncorhynchus
tshawytscha) from the Central Valley of California during the estuarine phase and first
ocean year. Canadian Journal of Fisheries and Aquatic Sciences 67:1549-1565.

Magnusson, A., and Hilborn, R. 2003. Estuarine influence on survival rates of Coho
(Oncorhynchus kisutch) and Chinook salmon (Oncorhynchus tshawytscha) released from
hatcheries on the US Pacific Coast. Estuaries 26:1094-1103.

Melnychuk, M.C., Korman, J., Hausch, S., Welch, D.W., McCubbing, D.J.F., and Walters, C.J.
2014. Marine survival difference between wild and hatchery-reared steelhead trout
determined during early downstream migration. Canadian Journal of Fisheries and
Aquatic Sciences 71:831-846.

Michel, C.J., Ammann, A.J., Chapman, E.D., Sandstrom, P.T., Fish, H.E., Thomas, M.J., Singer,
G.P.,, Lindley, S.T., Klimley, A.P., and Macfarlane, R.B. 2012. The effects of
environmental factors on the migratory movement patterns of Sacramento River yearling

late-fall run Chinook salmon (Oncorhynchus tshawytscha). Environmental Biology of
Fishes 96:257-271.

27

Draft_0000113



Can. J. Fish. Aquat. Sci. Downloaded from www.nrcresearchpress.com bg National Marine Mammal Lab Lib on 10/19/18 )
For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.

Michel, C.J., Ammann, A .J., Lindley, S.T., Sandstrom, P.T., Chapman, E.D., Thomas, M.J,
Singer, G.P., Klimley, A P., and MacFarlane, R.B. 2015. Chinook salmon outmigration
survival in wet and dry years in California’s Sacramento River. Canadian Journal of
Fisheries and Aquatic Sciences 72:1749-1759.

Newman, K.B., and Rice, J. 2002. Modeling the Survival of Chinook Salmon Smolts
Outmigrating through the Lower Sacramento River System. Journal of the American
Statistical Association 97:983-993.

NPCC (Northwest Power and Conservation Council). 2009. Columbia River Basin Fish and
Wildlife Program. Council Document 2009-Appendix E: Subbasin Measures. Available
at: https://www.nwcouncil.org/fw/program/program-2009-amendments

O'Farrell, M.R., Mohr, M.S., Grover, A M., and Satterthwaite, W.H. 2012. Sacramento River
winter Chinook cohort reconstruction: analysis of ocean fishery impacts. NOAA
Technical Memorandum NOAA-TM-NMES-SWFSC-491:74 pp.

Palmer-Zwahlen, M., and Kormos, B. 2015. Recovery of Coded-Wire Tags from Chinook
Salmon in California’s Central Valley Escapement, Inland Harvest, and Ocean Harvest in
2012. California Dept. of Fish and Wildlife - Fisheries Administrative Report 2015-04.

Pearcy, W.G., and Schoener, A. 1987. Changes in the marine biota coincident with the 1982—
1983 El Nifio in the northeastern Subarctic Pacific Ocean. Journal of Geophysical
Research: Oceans 92:14417-14428.

Quinn, T.P. 2005. The Behavior and Ecology of Pacific Salmon and Trout. 1st edition.
University of Washington press, Seattle.

Saloniemi, 1., Jokikokko, E., Kallio-Nyberg, 1., Jutila, E., and Pasanen, P. 2004. Survival of
reared and wild Atlantic salmon smolts: size matters more in bad years. Ices Journal of
Marine Science 61:782-787.

Scheuerell, M.D., and Williams, J G. 2005. Forecasting climate-induced changes in the survival
of Snake River spring/summer Chinook salmon (Oncorhynchus tshawytscha). Fisheries
Oceanography 14:448-457.

Schindler, D.E., Hilborn, R., Chasco, B., Boatright, C.P., Quinn, T.P., Rogers, L.A., and
Webster, M.S. 2010. Population diversity and the portfolio effect in an exploited species.
Nature 465:609-612.

Schonher, T., and Nicholson, S.E. 1989. The Relationship between California Rainfall and
ENSO Events. Journal of Climate 2:1258-1269.

Schwing, F.B., Bond, N.A_, Bograd, S.J., Mitchell, T., Alexander, M.A., and Mantua, N. 2006.
Delayed coastal upwelling along the U.S. West Coast in 2005: A historical perspective.
Geophysical Research Letters 33.

28

Page 28 of 43

Draft_0000114



Page 29 of 43

Can. J. Fish. Aquat. Sci. Downloaded from www.nrcresearchpress.com bg National Marine Mammal Lab Lib on 10/19/18 )
For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.

Sharma, R., Velez-Espino, L.A., Wertheimer, A.C., Mantua, N, and Francis, R.C. 2013.
Relating spatial and temporal scales of climate and ocean variability to survival of Pacific
Northwest Chinook salmon (Oncorhynchus tshawytscha). Fisheries Oceanography 22:14-
31.

Skalski, J.R., and Townsend, R.L. 2005. Pacific Northwest Hatcheries Smolt-to-Adult Ratio
(SAR) Estimation using Coded Wire Tags (CWT) Data. Technical Report to Bonneville
Power Administration, Project No. 1991-051-00, Contract No. 00013690.

Smith, S.G., Muir, W.D_, Hockersmith, E.E., Zabel, R W, Graves, R.J., Ross, C.V., Connor,
W.P., and Arnsberg, B.D. 2003. Influence of river conditions on survival and travel time
of Snake River subyearling fall chinook salmon. North American Journal of Fisheries
Management 23:939-961.

Sommer, T.R., Nobriga, M.L., Harrell, W.C., Batham. W, and Kimmerer, W.J. 2001. Floodplain
rearing of juvenile chinook salmon: evidence of enhanced growth and survival. Canadian
Journal of Fisheries and Aquatic Sciences 58:325-333

Sturrock, A.M., Wikert, J.D., Heyne, T , Mesick, C., Hubbard, A.E., Hinkelman, T .M., Weber,
P K., Whitman, G.E., Glessner, 1.J., and Johnson, R.C. 2015. Reconstructing the
Migratory Behavior and Long-Term Survivorship of Juvenile Chinook Salmon under
Contrasting Hydrologic Regimes. PLoS One 10:e0122380.

Wells, B.K., Santora, ] A, Field, J.C ., MacFarlane, R.B., Marinovic, B.B., and Sydeman, W.J.
2012. Population dynamics of Chinook salmon Oncorhynchus tshawytscha relative to
prey availability in the central California coastal region. Marine Ecology Progress Series
457:125-137.

Wells, B.K., Santora, J.A., Schroeder, [.D., Mantua, N., Sydeman, W.J., Huft, D.D_, and Field,
J.C. 2016. Marine ecosystem perspectives on Chinook salmon recruitment: a synthesis of
empirical and modeling studies from a California upwelling system. Marine Ecology
Progress Series 552:271-284.

Wells, B.K., Santora, J.A ., Henderson, M.J., Warzybok, P., Jahncke, J., Bradley, R.W., Huff,
D.D., Schroeder, I.D_, Nelson, P., Field, J.C., and Ainley, D.G. 2017. Environmental
conditions and prey-switching by a seabird predator impact juvenile salmon survival.
Journal of Marine Systems 174:54-63.

Whipple, A.A., Grossinger, R.M., Rankin, D., Stanford, B., and Askevold, R.A. 2012.
Sacramento-San Joaquin Delta Historical Ecology Investigation: Exploring Pattern and
Process. San Francisco Estuary Institute - Aquatic Science Center, Richmond, CA.

Woodson, L.E., Wells, B.K., Weber, P.X., MacFarlane, R.B., Whitman, G.E., and Johnson, R.C.
2013. Size, growth, and origin-dependent mortality of juvenile Chinook salmon

29

Draft_0000115



Can. J. Fish. Aquat. Sci. Downloaded from www.nrcresearchpress.com bg National Marine Mammal Lab Lib on 10/19/18 )
For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.

Page 30 of 43

Oncorhynchus tshawytscha during early ocean residence. Marine Ecology Progress
Series 487:163-175.

Yoshiyama, R.M., Gerstung, E.R., Fisher, F.W., and Moyle, P.B. 2001. Historical and present
distribution of chinook salmon in the Central Valley drainage of California. Pages 71-176
in R. L. Brown, editor. Contributions to the Biology of Central Valley Salmonids.
California Department of Fish and Game, Sacramento, California.

Zeug, S.C., Sellheim, K., Watry, C., Wikert, J.D., and Merz, J. 2014. Response of juvenile
Chinook salmon to managed flow: lessons learned from a population at the southern
extent of their range in North America. Fisheries Management and Ecology 21:155-168.

30

Draft_0000116



Page 31 of 43

Can. J. Fish. Aquat. Sci. Downloaded from www.nrcresearchpress.com bg National Marine Mammal Lab Lib on 10/19/18 )
For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.

Table 1. The different sources of CWT recoveries and the agency, method, and first collection

year for each. In the last column, years highlighted in black represent the first brood year for

which SAR was estimated.

Chinook Recovery Collection Brood Year when
Recovery type
salmon run Agency* methods first available
Winter Ocean recreational fishery? CDFW Creel surveys 1991°
Winter Ocean commercial fishery? CDEW Creel surveys 1991°
Winter River recreational fishery CDFW Creel suryeys No fishery
Winter Spawning ground USEWS Carcass surveys 1999
Winter Hatchery USFWS Hatchery returns 1991
Late-fall Ocean recreational fishery? CDFW Creel surveys 1993b
Late-fall Ocean commercial fishery? CDEW Creel surveys 1993
Late-fall River recreational fishery CDFW Creel surveys 1998
Late-fall Spawning ground CDFW Carcass surveys 1999
Late-fall Hatchery USFWS Hatchery returns 1993b
Fall Ocean recreational fishery? CDFW Creel surveys 1979%
Fall Ocean commercial fishery? CDFW Creel surveys 1979%
Fall River recreational fishery CDFW Creel surveys 1998
Fall Spawning ground CDFW Carcass surveys 1999
Fall Hatchery USFWS Hatchery returns 1979°

2 Some ocean fishery recoveries are received from out-of-state sources
b First year of consistent Coded-wire tagging
¢CDFW refers to the California Department of Fish and Wildlife, and
USFWS refers to the United States Fish and Wildlife Service.
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Table 2. The estimated annual SAR (%), standard errors (SE), and total number of release days

for each run and each brood year. Standard errors were calculated using equation 6.

Late-fall run Winter run Fall run
Brood SAR Total SAR Total SAR Total
Year (%) SE Release (%) SE Release (%) SE Release
Days Days Days

1993 0.50 0.07 3

1994 1.80 0.42 5

1995 1.02 0.13 5

1996 1.64 0.23 5

1997 0.69 0.10 6

1998 0.85 0.08 3

1999 1.03 0.14 5 2.23 0.21 1 3.29 0.14 3
2000 0.77 0.11 4 0.34 0.03 1 0.78 0.05 4
2001 1.10 0.19 4 0.24 0.02 1 0.70 0.06 5
2002 1.44 0.25 4 1.88 0.09 1 0.94 0.12 2
2003 1.44 0.16 4 1.38 0.07 1 0.30 0.04 1
2004 0.26 0.07 4 0.08 0.01 1 0.10 0.03 2
2005 1.72 0.24 3 0.11 0.01 1 0.02 0.01 2
2006 0.87 0.16 3 0.29 0.04 1 0.04 0.01 4
2007 0.79 0.16 3 0.28 0.05 1 0.13 0.01 4
2008 0.56 0.05 4 0.05 0.01 1 0.59 0.04 3
2009 0.58 010 3 0.59 0.04 2 2.39 0.09 3
2010 1.21 0.14 3 0.43 0.06 1 1.46 0.08 4
2011 0.91 0.09 5 0.42 0.03 1 0.45 0.04 3
2012 0.88 0.10 4 0.62 0.07 1 0.15 0.02 3

32

Draft_0000118



Page 33 of 43

Can. J. Fish. Aquat. Sci. Downloaded from www.nrcresearchpress.com bg National Marine Mammal Lab Lib on 10/19/18 )
For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.

Figure Captions
Figure 1. Map of the Central Valley, including portions of major rivers accessible to Chinook
salmon populations delineated by major regions, major cities and points of interest, and salmon

hatcheries relevant to this study.

Figure 2. A schematic representing the various recapture points for CWTs along the salmon life
cycle that contribute to the estimation of a SAR for a given CWT group. The colored arrows
represent life stage transitions, each with inherent levels of natural mortality. The circle shape
represents hatchery release and rectangles represent CWT recoveries. Green-filled shapes
represent events that occur in freshwater, and blue-tilled shapes represent events that occur in the
ocean. While recoveries of 5+ year old salmon are possible, they are extremely rare and therefore

not represented in this schematic.

Figure 3. The relationship between winter-run Chinook salmon SAR values (%) and survival
from hatchery release to the end of age-2 (%). The solid black line represents the 1:1 line. The
black dotted line represents the linear model between these two variables, and the grey shaded
area the 95% confidence interval around the linear model. The intercept, slope, r-squared and

significance of the linear model is provided in the top left corner of the plot frame.

Figure 4. The range of possible relationships between outmigration survival and marine survival
given known CWT release group SAR values for late-fall-run Chinook salmon. Each grey line
represents the SAR value for a specific CWT release group, and the point along each line that
represents the actual outmigration and marine survival for each release group is unknown, with
the exception of the years for which acoustic tagging data outmigration survival estimates

existed (black points, respective marine survival estimates with bootstrapped 95% confidence
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intervals represented alongside). The black dashed line represents the median SAR for all CWT
release groups. The black dotted line represents the location where outmigration and marine
survival are equal (i.e., 1:1 line): if a point falls above this line, marine survival was higher than

outmigration survival.

Figure 5. The relationship between freshwater outmigration survival (i.e., release to Chipps
Island) for acoustic-tagged late-fall-run Chinook salmon release groups and their associated %
SAR. The red lines represents 1000 linear models between 1000 parametric bootstrapped
samples of these two variables, with the mean r-squared (and bootstrapped 95% confidence

intervals) of these models represented in the top left corner of the plot frame.

Figure 6. The relationship between annual SAR and (1) flow during outmigration (a, d, g), (2)
upwelling during the first spring at sea (b, ¢, h), and (3) MOCI during the first spring at sea (c, f,
1), for late-fall-run Chinook salmon (a, b, ¢) winter-run Chinook salmon (d, e, f) and fall-run
Chinook salmon (g, h, 1). The solid lines in all panels represent the linear model for that
relationship, as well as the r-squared value. Note that the r-squared values in plots d and g did not

include the OY 2006 because it was determined to be an outlier (datapoint represented in red).

Figure 7. The relationship between the residuals from the flow versus SAR linear model and
spring upwelling during the first spring at sea (a, ¢, €), and between the residuals from the flow
versus SAR linear model and spring MOCI during the first spring at sea (b, d, f). The dotted lines
in all panels represent the zero line for residuals. The points with the largest negative residual
values have been labeled with their year of ocean entry. The closer points fall to the zero line, the
better they were predicted by the flow model. The three different runs of Chinook salmon are

represented: late-fall-run (a, b); winter-run (c, d) and fall-run (e, f).
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Figure 8. The influence of (1) flow during outmigration and spring upwelling during the first
year at sea on SAR (a), and (2) flow during outmigration and spring MOCI during the first year
at sea on SAR (b). Logit-scale SAR values have been standardized; yellow colors represent low
SAR values, and blue colors represent high SAR values. Empty symbols represent the location of
actual data that were interpolated across; size of these symbols increase proportionally with
standardized SAR values. Solid black symbols represent conditions experienced by cohorts for
which SAR values are not yet available, spanning OY 2014-2017. Square symbols represent late-
fall-run Chinook salmon, circle symbols are for fall-run Chinook salmon, and triangle symbols
are for winter-run Chinook salmon (no point exists for OY 2015 fall-run because no CNFH

salmon were released in the river that year).
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From: Chris Fitzer [CFitzer@esassoc.com]

Sent: 10/10/2019 7:41:51 AM
To: Rob Thomson [rthomson@sitesproject.org]
CC: Alicia Forsythe [aforsythe@sitesproject.org]; Tull, Robert/SAC [Robert. Tull@jacobs.com]; Leaf, Rob/SAC

[Rob.Leaf@jacobs.com]; Thad Bettner (thettner@gcid.net) [tbettner@gcid.net]; Jim Lecky (jim.Lecky@icf.com)
[jim.Lecky@icf.com]; John Spranza (john.spranza@hdrinc.com) [john.spranza@hdrinc.com]
Subject: RE: Sites - CDFW 60-Process -- Next Steps

Thanks, Rob.

The intent of my earlier email was to try to identify the basis/rationale for the WaterFix criteria {from a review of the
CDFW ITP and NMFS BO), to better understand CDFW's stance and also inform potential refinements to criteria that
could be negotiated as part of Sites,

| generally agree with all your other points. | would add that | do think we should understand how Sites would work
with a future WaterFb/Delta Conveyance project, as it could be the basis for 3 future regulatory condition in the Delta
{i.e., senior to Sites diversions).

Thanks,

Chris Fitzer

Fisherla

From: Rob Thomson <rthomson@sitesproject.org>

Sent: Thursday, October 10, 2019 4:43 AM

To: Chris Fitzer <CFitzer@esassoc.com>

Cc: Alicia Forsythe <aforsythe@sitesproject.org>; Tull, Robert/SAC <Robert.Tull@jacobs.com>; Leaf, Rob/SAC
<Rob.Leaf@jacobs.com>; Thad Bettner {tbettner@gcid.net) <tbettner@gcid.net>; Jim Lecky (jim.Lecky@icf.com)
<jim.Lecky@icf.com>; John Spranza (john.spranza@hdrinc.com) <john.spranza@hdrinc.com>

Subject: Re: Sites - CDFW 60-Process -- Next Steps

Thanks Chris. Just a few points

The WaterFix criteria are a basis for the negotiation with CDFW. In my opinion, which may be corrected by counsel, they
are NOT an appropriate regulatory baseline for this project

The WaterFix criteria are permit conditions for that project and not overall regulations to be applied to all other
operations (such as EBMUD diversions at Freeport), water rights, and all other issues associated with the Sacramento
River and the Delta

The WaterFix criteria are also not ‘reasonably foreseeable’ by normally applied NEPA/CEQA criteria. Those criteria may
be the basis for a future, unfunded, un-approved project call Delta Conveyance but that project does not have a
published NOP/NOI, Draft EIR/EIS, or any other environmental analysis. Delta Conveyance is still developing the project
description

Failing to acknowledge and negotiation from the published science behind the WaterFix criteria would also be an error.
Likewise, failing to negotiate from the anticipated upstream benefits would also be an error on our part

Blindly accepting the statistically based, broad-scale model results (like OBAN) has not been immediately accepted by
CDFW, but seemed to be more readily accepted by NMFS. Likewise, completely accepting the regression (correlation,
ANOVA) based model results (as any of the tagged fish studies) should not be fully accepted as ‘the truth’ by the Sites
Project (or the VA parties). It's all part of the negotiation of a project permit - not the regulatory baseline
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Now that we are not driven to an expedited schedule, | suggest we use the time available to

1) consider the results and uncertainty behind the available science with the regulatory agencies
2} in concert with Reclamation and DWR, develop the affordable and operable project description
3) discuss 1 and 2 with the NGOs

4) prepare permit applications consistent with the first 3 items

BTW - items 1-4 are consistent with the process we attempted to implement (on the expedited schedule, but not very
successfully for various reasons) in late 2016

Hope to work with you later in October

Rob Thomson
805-689-5854

On Oct 4, 2019, at 1:37 AM, Chris Fitzer <{Fitzerélesassoc.com> wrote:

Hi All, all,

Attached is 3 brief document summarizing rationale for CA WaterFix criteria for Sac River at Freeport and NDOL
Talk to you tomorrow,

Chris

Chris Fitzer

.....

From: Alicia Forsythe <zforsythe@sitesproiect. org>

Sent: Wednesday, October 2, 2019 7:35 AM

To: Tull, Robert/SAC <Robert. Tull@iacobs.com>; Leaf, Rob/SAC <Rob.Leal@iacohs corn>; Thad Bettner
(thettner® ecid net) <thetiner@ecid.net>; Jim Lecky (lim. Lecky@icl.com) <iim.Lecky®icf.com>; Chris Fitzer
<CFitzer @esassan, com>; John Spranza ((ohnspranza@hdrine com) <john.spranza@hdring.com>; Rob Thomson
<rthomson@sitesprolectorg>

Subject: Sites - CDFW 60-Process -- Next Steps

Hi all — Sorry for the delay in getting this out. Below are the action items that | recorded at our Monday afternocon
call. Please let me know if | missed anything.

I'd like to have a follow up call on Friday to check in on progress. Would 9 to 10 AM Friday morning works for folks?

Action Items:

1. Ali to call Kristal on Environmental Criteria

2. Thad to talk with Chuck on WaterFix Freeport and NDOI Criteria

3. Jim and Chris to look at WaterFix Freeport and NDOI Criteria to refresh memories on logic behind it so we can
continue to think about if / how might modify

4, Jacobs to complete CALSIM and DSM2 modeling (if possible) on scenarios below from CDFW meeting — with
WoaterFix scaled Freeport and NDOI

a. 8,000 CFS Wilkins Slough Bypass (including Freeport and NDOI)

b. Percentage Based Diversion, 8K Wilkin Apr/May (incl. FP, NDOI)

5. Ali to schedule a follow up call for Friday
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6. Group to think about other options / opportunities for Friday’s discussions
Thanks all!

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesprolect.org | www SitesProlect.org

CONFIDENTIALITY NOTICE: This communication with its conterts may contain confidential and/or legally privileged information. It is
solely for the use of the intended reciplent(s), Unauthorized interception, review, use or disclosure is prohibited and may

violate applicable laws Including the Electronic Communications Privacy Act, If you are not the intended recipient, please contact the
sender and destroy all coples of the communication.

<Freeport and NDOI rationale.docx>
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Sent: 10/14/2019 7:44:44 AM

To: Obegi, Doug [dobegi@nrdc.org]; jon@baykeeper.org; Barry Nelson (barry@westernwaterstrategies.com)
[barry@westernwaterstrategies.com]; greg@bayecotarium.org; Chris Shutes [blancapaloma@msn.com]; Kim
Delfino [KDelfino@defenders.org]; Zwillinger, Rachel (Mail Contact) [rzwillinger@defenders.org]

cC: Monique Briard (Monique.Briard@icf.com) [Monique.Briard@icf.com]; Jim Watson [jwatson@sitesproject.org]; Jim
Lecky (jim.Lecky@icf.com) [jim.Lecky@icf.com]; Tull, Robert/SAC [Robert.Tull@jacobs.com]; Kevin Spesert
[kspesert@sitesproject.org]; John Spranza (john.spranza@hdrinc.com) [john.spranza@hdrinc.com]; Grimaldo, Lenny
[Lenny.Grimaldo@icf.com]

Subject: RE: Sites Meeting with NRDC, et al. - Follow-up

Attachments: 20190813 Sites NRDC Mtg_Final.pdf

Thank you Doug and Chris for the refinements to the Action Items. Below is an updated list. I've also attached a PDF of
the presentation. (Note that the PDF file changes templates and page numbers part way thru. We actually used 2
presentations that day and | combined them both into one PDF file. The actual PPT files are too large to send via email.)

And thanks Doug for the four papers!

Action ltems:

1. Schedule a terrestrial focused meeting to focus on (among other topics): (1) terrestrial species and habitat
impacts; (2) impacts to refuge and refuge easements; (3) impacts to giant garter snake; and (4) mitigation strategy for
terrestrial species.

2. Look at possibility of releasing the Daily Model. (Note, | talked with the team on this late last week. We are
scheduling an internal Sites discussion on the possibility of releasing the model along with the timing and what
documentation should accompany a release. | should have more info on this in about 2 weeks.)

3. Can Sites add the Yolo Bypass to the floodplain modeling effort? (Note, we are already planning on adding the
Sutter Bypass to the floodplain modeling effort, but had not planned on including Yolo. So this action item is focused on
Yolo as we had not originally planned on including the Yolo Bypass in the floodplain modeling effort. Sutter will be
included.)

4. Continue discussion on effects to salmonid survival throughout the Sacramento River and Delta. Check
Freedman (spelling?) 2019 paper and a recent paper from the Stanislaus River — Doug sent over papers on 10/9.
5. Email copy of PPT presentation from meeting. — Completed with this email.

6.

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe @sitesproject.org | www.SitesProject.org

CONFIDENTIALITY NOTICE: This communication with its contents may contain confidential and/or legally privileged information. it is solely for
the use of the intendad racipient{s}. Unauthorized interception, raview, use or disclosurs is prohibited and may visiate applicabis laws
including the Electronic Communications Privacy Act. If you are not the intended recipient, please contact the sender and destroy all copies of
the communication.

From: Obegi, Doug <dobegi@nrdc.org>

Sent: Wednesday, October 9, 2019 5:25 PM

To: Alicia Forsythe <aforsythe @sitesproject.org>; jon@baykeeper.org; Barry Nelson
(barry@westernwaterstrategies.com) <barry@westernwaterstrategies.com>; greg@bayecotarium.org; Chris Shutes
<blancapaloma@msn.com>; Kim Delfino <KDelfino@defenders.org>; Zwillinger, Rachel (Mail Contact)
<rzwillinger@defenders.org>

Cc: Monique Briard (Monique.Briard@icf.com) <Monique.Briard@icf.com>; Jim Watson <jwatson@sitesproject.org>;
Jim Lecky (jim.Lecky@icf.com) <jim.Lecky@icf.com>; Tull, Robert/SAC <Robert. Tull@jacobs.com>; Kevin Spesert
<kspesert@sitesproject.org>; John Spranza (john.spranza@hdrinc.com) <john.spranza@hdrinc.com>; Grimaldo, Lenny

Draft_0000133



<Lenny.Grimaldo@icf.com>
Subject: RE: Sites Meeting with NRDC, et al. - Follow-up

Hi Alj,

Thank you for following up on our prior meeting, and | agree that it makes sense to hold off on scheduling another
meeting at this point.

Attached are 3 papers from 2018 and 2019 regarding Sacramento River flows and salmon survival, including the
Friedman et al 2019 paper | mentioned in the meeting, as well as the Zeug et al 2014 paper showing a very strong
correlation between Stanislaus River flows and juvenile salmon survival.

In terms of the action items from the meeting, | thought that item #4 was not limited to impacts downstream of
Freeport {see Perry et al 2018), but instead was regarding impacts in the Sacramento River below the intakes as well as
further downstream. | believe item #3 was broader floodplain inundation modeling, not limited to Yolo Bypass (?). In
addition, would you please email us a copy of the PPT presentation that was shared at the meeting with us? That was
on my list of action items from the meeting.

Thanks,
-d

From: Alicia Forsythe <zforsvthe@sitesproiect. org>

Sent: Wednesday, October 9, 2019 4:16 PM

To: jon@bavkesper.org; Barry Nelson (barnry@westernwaterstrategies.com) <barry@westernwatersirategies.com,
greg@bavecotarium.org; Obegi, Doug <dobsgif@nrde.org>; Chris Shutes <blancapaioma®@msn.com>; Kim Delfino
<Kbelfino@defenders.org>; Zwillinger, Rachel (Mail Contact) <rrwillinger@defenders.org>

Cc: Monique Briard (Monigue, Briard@ichcom) <Monigue Brizrd@icf.com>; Jim Watson <dwatzon@sitesprojsct.org,
Jim Lecky (. Lecky@ict.com) <im.lecky®@ict.com>; Tull, Robert/SAC <Robert. Tulliliscobs.com>; Kevin Spesert
<kspesert@sitesproleci.org>; John Spranza (ichn.spranza@hdrinc.com) <jehnaspranza@hdrinc.coms>; Grimaldo, Lenny
<Lenny.Grimaldo@icf.com>

Subject: Sites Meeting with NRDC, et al. - Follow-up

All -

I sincerely apologize for the long delay in circling back to you all after our meeting. | know how important it is to follow
up on our commitments and time just got away from me on this. My apologies.

I wanted to say thank you very much for taking the time to chat with us. Below are the action items that |
recorded. Please let me know if | missed any or have mischaracterized any.

| also wanted to share that we continue with our discussions with CDFW on operating criteria (diversion criteria). We
have also had an initial re-engagement meeting with NMFS and plan to meet with them and CDFW together in the
coming weeks. NMFS is agreeable to us entering into a contract with them to run their winter-run life-cycle model for
the Project. We are starting to work on the contracting effort and are hopeful that this wraps up about the time we
have revised operational criteria for NMFS to run — likely late this calendar year.

We have also continued to work on refinements to the Project to right-size it for the current participants. We continue
to consider a number of right-sizing actions, such as reducing the size of the reservoir along with no Delevan

intake. Once the Authority identifies a preferred project, we will assess the changes and how best to move forward with
the CEQA / NEPA compliance effort.
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There is a lot in flux right now, so I'd like to hold off on meeting again. As we narrow down on a preferred project and
new operations criteria, | would like to circle back and get your input on these. | am always happy to chat if you have
questions or suggestions in the meantime.

Action ltems:

1. Schedule a terrestrial focused meeting to focus on (among other topics): (1) terrestrial species and habitat
impacts; (2) impacts to refuge and refuge easements; (3) impacts to giant garter snake; and (4) mitigation strategy for
terrestrial species.

2. Look at possibility of releasing the Daily Model. (Note, | talked with the team on this late last week. We are
scheduling an internal Sites discussion on the possibility of releasing the model along with the timing and what
documentation should accompany a release. | should have more info on this in about 2 weeks.)

3. Can Sites add the Yolo Bypass to the floodplain modeling effort?

4. Continue discussion on effects to salmonid survival downstream of Freeport. Check Freedman (spelling?) 2019
paper and a recent paper from the Stanislaus River (Doug, | didn’t catch the title of this one. Can you send it over or
send the title?)

We will follow up on these action items in the coming weeks.
Please don’t hesitate to contact me if you have any questions, thoughts or concerns on the Sites Project.

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesproject.org | www.SitesProject.org

CONFIDENTIALITY NOTICE: This communication with its contents may contain confidential and/or legally privileged information. it is saiely for
the use of the intended recipient{s). Unauthorized intercention, review, use or disclosure is prohibited and may violate applicabie laws
including the Electronic Communications Privacy Act. f you are not the intended recipient, pleass contact the sendar and desiroy all copies of
the communication,
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Purpose: U

B ®

pdate on Sites Project Activities, M

and Analysis

W

B

~ o

infroductions
Initial Remarks
General Sites Overview and Project Progression Post Draft EIR/S,
WSIP, and Reclamation Feasibility Report
New Modeling Analysis and Tools
a. Sacramento River
b. Delta
Modeling Analysis and Tools Currently Under Development
a. Water Quality/Temperature
b. Others
Mitigation Brainstorming

. Action ltems and Next Steps

Draft, For Discussion Purposss Only, Subject to Change
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|

New reservoir, regulating forebays, pipeline and Sacramento

River diversion

« 1.82 MAF storage

«  Two 300+ earthen dams, 9 saddle dams

«  Two forebay regulatling reservoirs connecting o existing irrigation canals
* 14 miles of twin, 10’ diameter pipelines and two pump/generation

«  New 2,000 cfs diversion/pumping facility

Sustainable Surface Water Infrastructure Improvement
« Benefits endangered species and refuges
* Increases water supply in drier years
* Reduces regional flooding
* Increases recreation
*  Provides resiliency with future climate change

throughout CA, Reclamation, State.

Draft, For Discussion Purposss Only, Subject to Change
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=

Cost and Financing
Regulating reservoir: Replace Holthouse with Fleicher

Advance pumped-storage hydropower & grid interconnection
Improve estimates of potential mitigation

Construction sequencing to allow initial operations sooner
Secured USDA Rural Development conditional construction loan

gagement

a. Landowners & community
b. State and federal agencies
c. Water industry

d. Elected officials

a.
b.
C.
d.
e.

Draft, For Discussion Purposss Only, Subject to Change
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Ongoing work with Reclamation
a. Feasibility report is still a work in progress

b. Role as investor (a federal asset) or just a participant (cooperative
operations)

* Adding capacity
a. 9 "service area providers” & senior-level advisors
b. New environmental manager: Ali Forsythe

= Developing tools to aid in response fo comments
a. Daily model for upper Sacramento River
b. Analyze effects to off-channel habitat areas
c. 2-D reservoir temperature model

Draft, For Discussion Purposss Only, Subject to Change
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Table A.1-2: Annual Production Results from SALMOD for the Four Sacramento River Chinook
Salmon Species

Winter 1912017 63594 (3.3%) 1996967 68269 (3.4%) 1818783 109752 (6.0%)
Spring 429539 8767 (2.0%) 437648 4147 (0.9%) 357458 17520 (4.9%)
Fall 17977800 172775 (1.0%) 17896789 226190 (1.3%) 15507733 623264 (4.0%)
Late-Fall 2877697 32864 (1.1%) 2892264 20442 (0.7%) 2744016 95108 (3.5%)
All Runs 23197052 277999 (1.2%) 23223668 319047 (1.4%) 20427989 845644 (4.1%)

Table A.1-3: Incremental Changes in Dry and Critical Years’ Average Annual Production Results
from SALMOD with the Sites Reservoir (Water year types are based on D-1641 40-30-30
Sacramento River Index)

Winter 2.3% 2.6%

Spring 1.3% 0.3% 6.3% 20.2% 6.0% 64.8%
Fall 1.6% 0.6% 7.0% 3.9% 3.1% 11.3%
Late-Fall 2.3% 1.2% 1.6% 4.4% 1.6% 21.2%

Draft, For Discussion Purposss Only, Subject to Change

Draft_0000146



= Temperature/flow Stabilization Benefit

® In River Survival
*  Wilkins Slough Criterion
» Refine OBAN analysis
«  Pulse flow protections for all pulses
e Proportional river flow criteria

= Floodplain Benefits

* Inclusion of Freemont notch and bypass protections
¢ Maintain spill frequency and duration

® Integration of Voluntary Agreement measures
* Development of real time operations measures
= Development of minimization and mitigation measures

Draft, For Discussion Purposss Only, Subject to Change
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. 2009)

(Kimmerer et a

2. Direct and Indirect
- ent Effects
imaldo et al. 2009)

Rewdarnal

Entrainn
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1. Winter-spring outflow-Fall Abundance Relationship
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Z

¥
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Kimmerer et al, 2009
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Underlying conceptuyl model

Spring

Potential mechanisms underdving survival
-fmproved survival and growth

-Reduced entrainment

-frmproved habitat and rearing conditions (&g,
reduced predation, improved retemtion, etc)
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1. Winter-spring outflow-Fall Abundance Relationship Effects to be Considered

«  Exarmnine changes in X, during winter-spring
period {fan-lun) per Kimmerer et al, 2009

«  Examined differences in stock-recruit
relationships using Nobriga-Rosenfield
approach

Nobriga and Rosenfield (2016}

Draft, For Discussion Purposss Only, Subject to Change
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2. Direct and indirect entrainment effects

Fotential approaches to examine Longfin Smelt entrainment
tHects

Direct entrainment (% difference in OMR and Qwest)
-Larvae {PTM, lan-Mar}

-fuveniles {Existing salvage relationships, Mar-May]
-Aelulits {{Existing salvage relationships, Dec-Feb)

indirect entrainment (% difference in X}
-Larvae {Jan-Feb}

~uveniles {(Mar-May]

-Adults {Dec-Feb)

Draft, For Discussion Purposss Only, Subject to Change
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Grimaldo etal 2037 7

«  Fish are hatching and rearing in tidal marshes
and shallow habitats

and tributaries
*  Realtime work groups and OMR protections

Grimaldo & al, In preg

Draft, For Discussion Purposss Only, Subject to Change

»  Fish are hatching and rearing in 5F Bay habitats
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Delta Smelt
Effects Considered

1. North Delta lowertrophic food enhancements
2. Fallx,
3. Direct and indirect entrainment effects {Grimaldo etal. 2009

Draft, For Discussion Purposas Only, Subject to Change
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North Delta lower trophic food enhancements

Evidence of Downstream Response at Rio Vista

Soures: California Natural Besources Ageney {30

Draft, For Discussion Purposas Only, Suiﬁjaa{' i;éﬁ Chéﬁge
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Fall X,

Potential approaches to examine Delta Smelt entrainment fall
habitat effects

Changes in X% difference)
~Exarmine differences in X, during W and AB falls {Sept-Nov)

S Aotioe B

aPaened dotior (VR DUR 2008 Witk Bodeeth

g
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Direct and indirectentrainment effects [Grimaldo et al. 2008

Potential approaches to examine Delta Smelt entrainment effects

Direct entrainment % difference in OMR]
-juveniles {Existing salvage relationships, Apr-May}
~Adults [{Existing salvage relationships, Jan-Mar)

Shmnidy Piow B39

Draft, For Discussion Purposas Only, Subject to Change
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’lain and Off-channel

= Sacramento River Flood |
Habitat Analyses

« ldentify current floodplain habitat availability along 3 reaches
of the Sacramento River

« Determine floodplain habitat characteristics that may be
preferential for salmonid rearing and holding

» Provide qualitative assessments of potential for habitat
improvement opportunities associated with Sites

Draft, For Discussion Purposss Only, Subject to Change
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A set of daily modeling tools has been developed to evaluate flow available for
potential diversion to the proposed Sites Reservoir under a range of hydrologic
conditions and operations criteria

These tools can be used to:

* Support further understanding of the interactions of Sites Project with flow conditions in
the Sacramento River and Delta

e Evaluate the affect of various flow regulations, facility constraints, and operation criteria on
flow availability for the Sites Project

Draft, For Discussion Purposes Only, Subject to Change
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Upper Sacramento River Daily
Operations Model

Simulates daily flow conditions
in the Upper Sacramento River
based on operations specified
by CalSim Il

Can be used to evaluate Sites
Reservoir benefits

Original hydrology dataset
included 82-year period from
WY 1922 to WY 2003 using
available historical gage
records and operations data

Draft, For Discussion Purposes Only,
Subject to Change

LEGEND
wee Sgigcted Creshs ¢
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1.

2.

Characterize daily flows subject to hydrology and regulatory requirements for October
15, 2008 — May 31%t, 2018

Period consistent with implementation of NMFS’s RPA from the 2009 BiOp

Characterization uses historical records and accounting for current flow requirements
Delta balance conditions from COA reports
Term 91 conditions
Delta outflow requirements
Export/Inflow ratio constraint
San Joaquin River exports
Health and safety requirements
Fall X2
Spring X2
Jersey Point, Emmaton, Rio Vista water quality standards

Draft, For Discussion Purposes Only, Subject to Change
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1. USGS Daily Flow
* American River at Fair Oaks
e Sacramento tributary flows

2. CDEC Daily Data
* San Luis storage from WY 2007 through May 2018
* Feather River flow

3. Reclamation Data
* CVO COA Reports from WY 2008 through November 2017
e Dayflow from WY 2008 through WY 2017

Draft, For Discussion Purposes Only, Subject to Change
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Delta Operations for Salmonids and Sturgeon (DOSS) meeting summaries from
January 2009 through June 15t 2018

Smelt Working Group (SWG) meeting summaries from January 2009 through
June 15t 2018

Delta Assessment Team (DAT) Summaries from January 2009 through June 15t
2018

Water Operations Management Team (WOMT) from January 2009 through June
15t 2018

SWRCB Term 91 indicator data from January 2007 through May 2018

Draft, For Discussion Purposes Only, Subject to Change
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Example 1 {2016 hydrology with
low initial Sites storage)
Year: 2016 ‘
initial Sites Storage {TAF): 40
Hydrology, oo
. Vs RS ER
Diversion Criteria: availabil ity, 3
. RIT AT
divertibility, and ™
Sites Storage Capacity (TAF} 1,810 storabil |ty at vl
Intake Conveyance Capacities Red BI Uff intake: §
TCC AVG AR e e R e B s
GCC 1,800 }
Delevan 2,000 ! . Aue e M
Bypass Requirements (cfs}]
Sac R Below Red Bluff 3,250
Sac R Below Hamilton City 4,000 WY 2016 - Initial Sites Storage = 400 TAF
Sac R Below Delevan intake 5,000
Wilkins Slough 5000 e Divertible ot Bed Bluff
Freeport {July-Nov) 11,000 3500
Freeport {Dec, Feb-jun) 13,000
Freeport {Jan) 15,000 . SAEED o g gl oy
’ Zoomed in on o
Diversion Season Divertible and Tl e &
. &
Starting Month {CY 7-12} 11 St . -
orable Flow: Ly
Ending Month (CY 1-6) A 3 e
B G
Min Pumpinglevels{cfs}]
Red Bluff 125 ST o
< o . Sep 3 3¢t Arig 3 ¥
Hamilton Cit 100
amution Lty Draft, For Discussion Purposes Only, Subject to Change ke
Delevan 500 s
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A macro is built into the spreadsheet tool to iterate through multiple
combinations of varying inputs and constraints

The inputs and outputs from each scenario can be fed into Power Bl to sift
through the data and analyze relationships between the inputs (i.e., minimum
pumping levels or bypass flow requirements) and outputs (i.e., Divertible and
Storable flows)

* Power Bl is a business analytics service developed by Microsoft. It provides a platform for
interactive visualizations of data

Draft, For Discussion Purposes Only, Subject to Change
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WY 2017 - Initial Sites Storage = O TAF

Date

Draft, For Discussion Purposes Only, Subject to Change
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1. The US Army Corps of Engineers CE-QUAL-W2 computer model is being applied
to Sites Reservoir to evaluate water quality in reservoir releases for a range of
operational scenarios.

2. The CE-QUAL-W2 model simulates lake water quality in two dimensions,
assuming the lake is well mixed laterally.

3. Model inputs include bathymetric data, inflows and outflows, meteorological
data, water quality in inflows, and initial water quality conditions in the lake.

ot e}

Draft, For Discussion Purposes Only, Subject to Change
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High resolution topographic data (2 ft contours) collected by DWR

Developed model grid for CE-QUAL-W2 model with 128 2’ layers and 36 lateral
segments.

Obtained hourly meteorological data from California Irrigation Management
Information System (CIMIS) for Durham, California (temperature, wind, solar
radiation) and from Yuba City Airport (cloud cover).

Developed hourly meteorological input for representative 12 year period 2007-
2018.

Obtained water quality data for Sacramento River stations near water intakes.

Utilize data from other nearby reservoirs.

Draft, For Discussion Purposes Only, Subject to Change
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Analysis will focus on temperature and dissolved oxygen, but will also include
evaluation of other parameters (to the extent possible) including pH,
sedimentation, nitrogen and phosphorus concentration, and algal biomass.

Will be used in conjunction with the daily river operations model to evaluate
water quality operations over a range of hydrologic and operating conditions.

Evaluate withdrawal capability of reservoir outlet structure to make releases to
meet river temperatures.

Draft, For Discussion Purposes Only, Subject to Change
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Restoration Project C

Add resiliency 1o the species
Contribute to recovery

River Pariners

Voluntary Agreements

Offsite Compensatory Mitig
Land Acquisition and Restoration

L.and Acquisition and Protection of Existing Habitat (Conservation
Easements)

Restoration/Enhancement of Protected Lands
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Sent: 10/14/2019 7:47:21 AM

To: Obegi, Doug [dobegi@nrdc.org]; jon@baykeeper.org; Barry Nelson (barry@westernwaterstrategies.com)
[barry@westernwaterstrategies.com]; greg@bayecotarium.org; Chris Shutes [blancapaloma@msn.com]; Kim
Delfino [KDelfino@defenders.org]; Zwillinger, Rachel (Mail Contact) [rzwillinger@defenders.org]

cC: Monique Briard (Monique.Briard@icf.com) [Monique.Briard@icf.com]; Jim Watson [jwatson@sitesproject.org]; Jim
Lecky (jim.Lecky@icf.com) [jim.Lecky@icf.com]; Tull, Robert/SAC [Robert.Tull@jacobs.com]; Kevin Spesert
[kspesert@sitesproject.org]; John Spranza (john.spranza@hdrinc.com) [john.spranza@hdrinc.com]; Grimaldo, Lenny
[Lenny.Grimaldo@icf.com]

Subject: RE: Sites Meeting with NRDC, et al. - Follow-up

Attachments: 20190813 Sites NRDC Mtg_Final.pdf

Thank you Doug and Chris for the refinements to the Action Items. Below is an updated list. I've also attached a PDF of
the presentation. (Note that the PDF file changes templates and page numbers part way thru. We actually used 2
presentations that day and | combined them both into one PDF file. The actual PPT files are too large to send via email.)

And thanks Doug for the four papers!

Revised Action Items:

1. Schedule a terrestrial focused meeting to focus on (among other topics): (1) terrestrial species and habitat
impacts; (2) impacts to refuge and refuge easements; (3) impacts to giant garter snake; and (4) mitigation strategy for
terrestrial species.

2. Look at possibility of releasing the Daily Model. (Note, | talked with the team on this late last week. We are
scheduling an internal Sites discussion on the possibility of releasing the model along with the timing and what
documentation should accompany a release. | should have more info on this in about 2 weeks.)

3. Can Sites add the Yolo Bypass to the floodplain modeling effort? (Note, we are already planning on adding the
Sutter Bypass to the floodplain modeling effort, but had not planned on including Yolo. So this action item is focused on
Yolo as we had not originally planned on including the Yolo Bypass in the floodplain modeling effort. Sutter will be
included.)

4. Continue discussion on effects to salmonid survival throughout the Sacramento River and Delta. — Doug sent
over papers on 10/9.

5. Email copy of PPT presentation from meeting. — Completed with this email.

6.

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe @sitesproject.org | www.SitesProject.org

CONFIDENTIALITY NOTICE: This communication with its contents may contain confidential and/or lagally privilegad information. it is solely for
the use of the intendad recipient(s). Unauthorized interception, review, use or disclosure is prohibited and may viclate applicabis laws
including the Electronic Communications Privacy Act. If you are not the intended recipient, pigase cortact the sender and destroy zll copies of
the communication.

From: Obegi, Doug <dobegi@nrdc.org>

Sent: Wednesday, October 9, 2019 5:25 PM

To: Alicia Forsythe <aforsythe @sitesproject.org>; jon@baykeeper.org; Barry Nelson
(barry@westernwaterstrategies.com) <barry@westernwaterstrategies.com>; greg@bayecotarium.org; Chris Shutes
<blancapaloma@msn.com>; Kim Delfino <KDelfino@defenders.org>; Zwillinger, Rachel (Mail Contact)
<rzwillinger@defenders.org>

Cc: Monique Briard (Monique.Briard@icf.com) <Monique.Briard@icf.com>; Jim Watson <jwatson@sitesproject.org>;
Jim Lecky (jim.Lecky@icf.com) <jim.Lecky@icf.com>; Tull, Robert/SAC <Robert. Tull@jacobs.com>; Kevin Spesert
<kspesert@sitesproject.org>; John Spranza (john.spranza@hdrinc.com) <john.spranza@hdrinc.com>; Grimaldo, Lenny
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<Lenny.Grimaldo@icf.com>
Subject: RE: Sites Meeting with NRDC, et al. - Follow-up

Hi Alj,

Thank you for following up on our prior meeting, and | agree that it makes sense to hold off on scheduling another
meeting at this point.

Attached are 3 papers from 2018 and 2019 regarding Sacramento River flows and salmon survival, including the
Friedman et al 2019 paper | mentioned in the meeting, as well as the Zeug et al 2014 paper showing a very strong
correlation between Stanislaus River flows and juvenile salmon survival.

In terms of the action items from the meeting, | thought that item #4 was not limited to impacts downstream of
Freeport {see Perry et al 2018), but instead was regarding impacts in the Sacramento River below the intakes as well as
further downstream. | believe item #3 was broader floodplain inundation modeling, not limited to Yolo Bypass (?). In
addition, would you please email us a copy of the PPT presentation that was shared at the meeting with us? That was
on my list of action items from the meeting.

Thanks,
-d

From: Alicia Forsythe <zforsvthe@sitesproiect. org>

Sent: Wednesday, October 9, 2019 4:16 PM

To: jon@bavkesper.org; Barry Nelson (barnry@westernwaterstrategies.com) <barry@westernwatersirategies.com,
greg@bavecotarium.org; Obegi, Doug <dobsgif@nrde.org>; Chris Shutes <blancapaioma®@msn.com>; Kim Delfino
<Kbelfino@defenders.org>; Zwillinger, Rachel (Mail Contact) <rzwillinger@defenders.org>

Cc: Monique Briard (Monigue, Briard@ichcom) <Monigue Brizrd@icf.com>; Jim Watson <dwatzon@sitesprojsct.org,
Jim Lecky (. Lecky@ict.com) <im.lecky®@ict.com>; Tull, Robert/SAC <Robert. Tulliliscobs.com>; Kevin Spesert
<kspesert@sitesproleci.org>; John Spranza (ichn.spranza@hdrinc.com) <jehnaspranza@hdrinc.coms>; Grimaldo, Lenny
<Lenny.Grimaldo@icf.com>

Subject: Sites Meeting with NRDC, et al. - Follow-up

All -

I sincerely apologize for the long delay in circling back to you all after our meeting. | know how important it is to follow
up on our commitments and time just got away from me on this. My apologies.

I wanted to say thank you very much for taking the time to chat with us. Below are the action items that |
recorded. Please let me know if | missed any or have mischaracterized any.

| also wanted to share that we continue with our discussions with CDFW on operating criteria (diversion criteria). We
have also had an initial re-engagement meeting with NMFS and plan to meet with them and CDFW together in the
coming weeks. NMFS is agreeable to us entering into a contract with them to run their winter-run life-cycle model for
the Project. We are starting to work on the contracting effort and are hopeful that this wraps up about the time we
have revised operational criteria for NMFS to run — likely late this calendar year.

We have also continued to work on refinements to the Project to right-size it for the current participants. We continue
to consider a number of right-sizing actions, such as reducing the size of the reservoir along with no Delevan

intake. Once the Authority identifies a preferred project, we will assess the changes and how best to move forward with
the CEQA / NEPA compliance effort.
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There is a lot in flux right now, so I'd like to hold off on meeting again. As we narrow down on a preferred project and
new operations criteria, | would like to circle back and get your input on these. | am always happy to chat if you have
questions or suggestions in the meantime.

Action ltems:

1. Schedule a terrestrial focused meeting to focus on (among other topics): (1) terrestrial species and habitat
impacts; (2) impacts to refuge and refuge easements; (3) impacts to giant garter snake; and (4) mitigation strategy for
terrestrial species.

2. Look at possibility of releasing the Daily Model. (Note, | talked with the team on this late last week. We are
scheduling an internal Sites discussion on the possibility of releasing the model along with the timing and what
documentation should accompany a release. | should have more info on this in about 2 weeks.)

3. Can Sites add the Yolo Bypass to the floodplain modeling effort?

4. Continue discussion on effects to salmonid survival downstream of Freeport. Check Freedman (spelling?) 2019
paper and a recent paper from the Stanislaus River (Doug, | didn’t catch the title of this one. Can you send it over or
send the title?)

We will follow up on these action items in the coming weeks.
Please don’t hesitate to contact me if you have any questions, thoughts or concerns on the Sites Project.

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesproject.org | www.SitesProject.org

CONFIDENTIALITY NOTICE: This communication with its contents may contain confidential and/or legally privileged information. it is saiely for
the use of the intended recipient{s). Unauthorized intercention, review, use or disclosure is prohibited and may violate applicabie laws
including the Electronic Communications Privacy Act. f you are not the intended recipient, pleass contact the sendar and desiroy all copies of
the communication,
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Purpose: U

B ®

pdate on Sites Project Activities, M

and Analysis

W

B

~ o

infroductions
Initial Remarks
General Sites Overview and Project Progression Post Draft EIR/S,
WSIP, and Reclamation Feasibility Report
New Modeling Analysis and Tools
a. Sacramento River
b. Delta
Modeling Analysis and Tools Currently Under Development
a. Water Quality/Temperature
b. Others
Mitigation Brainstorming

. Action ltems and Next Steps

Draft, For Discussion Purposss Only, Subject to Change
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New reservoir, regulating forebays, pipeline and Sacramento

River diversion

« 1.82 MAF storage

«  Two 300+ earthen dams, 9 saddle dams

«  Two forebay regulatling reservoirs connecting o existing irrigation canals
* 14 miles of twin, 10’ diameter pipelines and two pump/generation

«  New 2,000 cfs diversion/pumping facility

Sustainable Surface Water Infrastructure Improvement
« Benefits endangered species and refuges
* Increases water supply in drier years
* Reduces regional flooding
* Increases recreation
*  Provides resiliency with future climate change

throughout CA, Reclamation, State.

Draft, For Discussion Purposss Only, Subject to Change
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=

Cost and Financing
Regulating reservoir: Replace Holthouse with Fleicher

Advance pumped-storage hydropower & grid interconnection
Improve estimates of potential mitigation

Construction sequencing to allow initial operations sooner
Secured USDA Rural Development conditional construction loan

gagement

a. Landowners & community
b. State and federal agencies
c. Water industry

d. Elected officials

a.
b.
C.
d.
e.

Draft, For Discussion Purposss Only, Subject to Change
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Ongoing work with Reclamation
a. Feasibility report is still a work in progress

b. Role as investor (a federal asset) or just a participant (cooperative
operations)

* Adding capacity
a. 9 "service area providers” & senior-level advisors
b. New environmental manager: Ali Forsythe

= Developing tools to aid in response fo comments
a. Daily model for upper Sacramento River
b. Analyze effects to off-channel habitat areas
c. 2-D reservoir temperature model

Draft, For Discussion Purposss Only, Subject to Change
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Table A.1-2: Annual Production Results from SALMOD for the Four Sacramento River Chinook
Salmon Species

Winter 1912017 63594 (3.3%) 1996967 68269 (3.4%) 1818783 109752 (6.0%)
Spring 429539 8767 (2.0%) 437648 4147 (0.9%) 357458 17520 (4.9%)
Fall 17977800 172775 (1.0%) 17896789 226190 (1.3%) 15507733 623264 (4.0%)
Late-Fall 2877697 32864 (1.1%) 2892264 20442 (0.7%) 2744016 95108 (3.5%)
All Runs 23197052 277999 (1.2%) 23223668 319047 (1.4%) 20427989 845644 (4.1%)

Table A.1-3: Incremental Changes in Dry and Critical Years’ Average Annual Production Results
from SALMOD with the Sites Reservoir (Water year types are based on D-1641 40-30-30
Sacramento River Index)

Winter 2.3% 2.6%

Spring 1.3% 0.3% 6.3% 20.2% 6.0% 64.8%
Fall 1.6% 0.6% 7.0% 3.9% 3.1% 11.3%
Late-Fall 2.3% 1.2% 1.6% 4.4% 1.6% 21.2%

Draft, For Discussion Purposss Only, Subject to Change
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= Temperature/flow Stabilization Benefit

® In River Survival
*  Wilkins Slough Criterion
» Refine OBAN analysis
«  Pulse flow protections for all pulses
e Proportional river flow criteria

= Floodplain Benefits

* Inclusion of Freemont notch and bypass protections
¢ Maintain spill frequency and duration

® Integration of Voluntary Agreement measures
* Development of real time operations measures
= Development of minimization and mitigation measures

Draft, For Discussion Purposss Only, Subject to Change
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. 2009)

(Kimmerer et a

2. Direct and Indirect
- ent Effects
imaldo et al. 2009)

Rewdarnal

Entrainn
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1. Winter-spring outflow-Fall Abundance Relationship
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Z
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Kimmerer et al, 2009
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Underlying conceptuyl model

Spring

Potential mechanisms underdving survival
-fmproved survival and growth

-Reduced entrainment

-frmproved habitat and rearing conditions (&g,
reduced predation, improved retemtion, etc)
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1. Winter-spring outflow-Fall Abundance Relationship Effects to be Considered

«  Exarmnine changes in X, during winter-spring
period {fan-lun) per Kimmerer et al, 2009

«  Examined differences in stock-recruit
relationships using Nobriga-Rosenfield
approach

Nobriga and Rosenfield (2016}

Draft, For Discussion Purposss Only, Subject to Change
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2. Direct and indirect entrainment effects

Fotential approaches to examine Longfin Smelt entrainment
tHects

Direct entrainment (% difference in OMR and Qwest)
-Larvae {PTM, lan-Mar}

-fuveniles {Existing salvage relationships, Mar-May]
-Aelulits {{Existing salvage relationships, Dec-Feb)

indirect entrainment (% difference in X}
-Larvae {Jan-Feb}

~uveniles {(Mar-May]

-Adults {Dec-Feb)

Draft, For Discussion Purposss Only, Subject to Change
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Grimaldo etal 2037 7

«  Fish are hatching and rearing in tidal marshes
and shallow habitats

and tributaries
*  Realtime work groups and OMR protections

Grimaldo & al, In preg

Draft, For Discussion Purposss Only, Subject to Change

»  Fish are hatching and rearing in 5F Bay habitats
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Delta Smelt
Effects Considered

1. North Delta lowertrophic food enhancements
2. Fallx,
3. Direct and indirect entrainment effects {Grimaldo etal. 2009

Draft, For Discussion Purposas Only, Subject to Change
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North Delta lower trophic food enhancements

Evidence of Downstream Response at Rio Vista

Soures: California Natural Besources Ageney {30

Draft, For Discussion Purposas Only, Suiﬁjaa{' i;éﬁ Chéﬁge
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Fall X,

Potential approaches to examine Delta Smelt entrainment fall
habitat effects

Changes in X% difference)
~Exarmine differences in X, during W and AB falls {Sept-Nov)

S Aotioe B

aPaened dotior (VR DUR 2008 Witk Bodeeth

g

Lk

Draft, For Discussion Purposas Only, Subject to Change

Draft_0000217



Direct and indirectentrainment effects [Grimaldo et al. 2008

Potential approaches to examine Delta Smelt entrainment effects

Direct entrainment % difference in OMR]
-juveniles {Existing salvage relationships, Apr-May}
~Adults [{Existing salvage relationships, Jan-Mar)

Shmnidy Piow B39

Draft, For Discussion Purposas Only, Subject to Change
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’lain and Off-channel

= Sacramento River Flood |
Habitat Analyses

« ldentify current floodplain habitat availability along 3 reaches
of the Sacramento River

« Determine floodplain habitat characteristics that may be
preferential for salmonid rearing and holding

» Provide qualitative assessments of potential for habitat
improvement opportunities associated with Sites

Draft, For Discussion Purposss Only, Subject to Change
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A set of daily modeling tools has been developed to evaluate flow available for
potential diversion to the proposed Sites Reservoir under a range of hydrologic
conditions and operations criteria

These tools can be used to:

* Support further understanding of the interactions of Sites Project with flow conditions in
the Sacramento River and Delta

e Evaluate the affect of various flow regulations, facility constraints, and operation criteria on
flow availability for the Sites Project

Draft, For Discussion Purposes Only, Subject to Change
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Upper Sacramento River Daily
Operations Model

Simulates daily flow conditions
in the Upper Sacramento River
based on operations specified
by CalSim Il

Can be used to evaluate Sites
Reservoir benefits

Original hydrology dataset
included 82-year period from
WY 1922 to WY 2003 using
available historical gage
records and operations data

Draft, For Discussion Purposes Only,
Subject to Change
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USRDOM simulates daily
flows between Trinity,
Shasta and Knights

AR

f%!apped ,&réa

Figurs &1
ALL CONTRIBUTING AREAS

UPPER SADRAMENTO RIVER
DALY ORERATIONS MOO0EL

CHERRAMELL »

Draft_0000226



1.

2.

Characterize daily flows subject to hydrology and regulatory requirements for October
15, 2008 — May 31%t, 2018

Period consistent with implementation of NMFS’s RPA from the 2009 BiOp

Characterization uses historical records and accounting for current flow requirements
Delta balance conditions from COA reports
Term 91 conditions
Delta outflow requirements
Export/Inflow ratio constraint
San Joaquin River exports
Health and safety requirements
Fall X2
Spring X2
Jersey Point, Emmaton, Rio Vista water quality standards

Draft, For Discussion Purposes Only, Subject to Change
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1. USGS Daily Flow
* American River at Fair Oaks
e Sacramento tributary flows

2. CDEC Daily Data
* San Luis storage from WY 2007 through May 2018
* Feather River flow

3. Reclamation Data
* CVO COA Reports from WY 2008 through November 2017
e Dayflow from WY 2008 through WY 2017

Draft, For Discussion Purposes Only, Subject to Change
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Delta Operations for Salmonids and Sturgeon (DOSS) meeting summaries from
January 2009 through June 15t 2018

Smelt Working Group (SWG) meeting summaries from January 2009 through
June 15t 2018

Delta Assessment Team (DAT) Summaries from January 2009 through June 15t
2018

Water Operations Management Team (WOMT) from January 2009 through June
15t 2018

SWRCB Term 91 indicator data from January 2007 through May 2018

Draft, For Discussion Purposes Only, Subject to Change
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Example 1 {2016 hydrology with
low initial Sites storage)
Year: 2016 ‘
initial Sites Storage {TAF): 40
Hydrology, oo
. Vs RS ER
Diversion Criteria: availabil ity, 3
. RIT AT
divertibility, and ™
Sites Storage Capacity (TAF} 1,810 storabil |ty at vl
Intake Conveyance Capacities Red BI Uff intake: §
TCC AVG AR e e R e B s
GCC 1,800 }
Delevan 2,000 ! . Aue e M
Bypass Requirements (cfs}]
Sac R Below Red Bluff 3,250
Sac R Below Hamilton City 4,000 WY 2016 - Initial Sites Storage = 400 TAF
Sac R Below Delevan intake 5,000
Wilkins Slough 5000 e Divertible ot Bed Bluff
Freeport {July-Nov) 11,000 3500
Freeport {Dec, Feb-jun) 13,000
Freeport {Jan) 15,000 . SAEED o g gl oy
’ Zoomed in on o
Diversion Season Divertible and Tl e &
. &
Starting Month {CY 7-12} 11 St . -
orable Flow: Ly
Ending Month (CY 1-6) A 3 e
B G
Min Pumpinglevels{cfs}]
Red Bluff 125 ST o
< o . Sep 3 3¢t Arig 3 ¥
Hamilton Cit 100
amution Lty Draft, For Discussion Purposes Only, Subject to Change ke
Delevan 500 s
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A macro is built into the spreadsheet tool to iterate through multiple
combinations of varying inputs and constraints

The inputs and outputs from each scenario can be fed into Power Bl to sift
through the data and analyze relationships between the inputs (i.e., minimum
pumping levels or bypass flow requirements) and outputs (i.e., Divertible and
Storable flows)

* Power Bl is a business analytics service developed by Microsoft. It provides a platform for
interactive visualizations of data

Draft, For Discussion Purposes Only, Subject to Change
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WY 2017 - Initial Sites Storage = O TAF

Date

Draft, For Discussion Purposes Only, Subject to Change
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1. The US Army Corps of Engineers CE-QUAL-W2 computer model is being applied
to Sites Reservoir to evaluate water quality in reservoir releases for a range of
operational scenarios.

2. The CE-QUAL-W2 model simulates lake water quality in two dimensions,
assuming the lake is well mixed laterally.

3. Model inputs include bathymetric data, inflows and outflows, meteorological
data, water quality in inflows, and initial water quality conditions in the lake.

ot e}

Draft, For Discussion Purposes Only, Subject to Change
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High resolution topographic data (2 ft contours) collected by DWR

Developed model grid for CE-QUAL-W2 model with 128 2’ layers and 36 lateral
segments.

Obtained hourly meteorological data from California Irrigation Management
Information System (CIMIS) for Durham, California (temperature, wind, solar
radiation) and from Yuba City Airport (cloud cover).

Developed hourly meteorological input for representative 12 year period 2007-
2018.

Obtained water quality data for Sacramento River stations near water intakes.

Utilize data from other nearby reservoirs.

Draft, For Discussion Purposes Only, Subject to Change
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Analysis will focus on temperature and dissolved oxygen, but will also include
evaluation of other parameters (to the extent possible) including pH,
sedimentation, nitrogen and phosphorus concentration, and algal biomass.

Will be used in conjunction with the daily river operations model to evaluate
water quality operations over a range of hydrologic and operating conditions.

Evaluate withdrawal capability of reservoir outlet structure to make releases to
meet river temperatures.

Draft, For Discussion Purposes Only, Subject to Change
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Restoration Project C

Add resiliency 1o the species
Contribute to recovery

River Pariners

Voluntary Agreements

Offsite Compensatory Mitig
Land Acquisition and Restoration

L.and Acquisition and Protection of Existing Habitat (Conservation
Easements)

Restoration/Enhancement of Protected Lands
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From: Whittington, Chad/SAC [Chad.Whittington@jacobs.com]

Sent: 10/4/2019 12:03:24 PM

To: Leaf, Rob/SAC [Rob.Leaf@jacobs.com]

CC: Tull, Robert/SAC [Robert.Tull@jacobs.com]; Thayer, Reed/SAC [Reed.Thayer@jacobs.com]

Subject: RE: Pulse and Post-Pulse Logic Used in CalSim (from Appendix 5.A of the 2016 CWF BA Effects Analysis)
Flag: Follow up

The table below showcases the similarities and differences between the CWF ITP and CalSim in the determination of

pulse and post-pulse rules.

Pulse and Post-Pulse Assumptions

CWFITP

CalSim Il

All pulses of CHNWR and CHNSR shall be protected
from October 1 —June 30.

® One or two pulses shall be protected from October 1 —
June 30 (depending on whether a pulse ends before December
1).

Beginning October 1st, whenever the initial Sacramento
River pulse begins, low level pumping takes effect.

® Beginning October 1st, whenever the initial
Sacramento River pulse begins, low level pumping takes effect.

® Sacramento River pulse is determined based on real-
time monitoring of juvenile fish movement (see Condition of
Approval 9.9.5.1). A fish pulse is defined as a Knights Landing
Catch Index (KLCI) 2 5 where KLCI = (# of CHNWR + # of
CHNSR)/(Total Hours Fished/24).

® Pulse protection operations shall be implemented
within 24 hours of detection of a fish pulse.

® The initiation of the pulse is defined by the following
criteria: (1) Wilkins Slough flow changing by more than 45%
within a five day period and (2) Wilkins Slough flow becomes
greater than 12,000 cfs.

® Pulse protection ends after five consecutive days of
daily KLCI < 5.

® The pulse protection and the low level pumping
continues until (1) Wilkins Slough returns to pre-pulse flows
(flow on first day of the within-5 day increase), (2) Wilkins
Slough flows decrease for five consecutive days, or (3} Wilkins
Slough flows are greater than 20,000 cfs for 10 consecutive
days.

® Number of allowable pulses is not specified; ASSUME
ALL ELIGIBLE PULSES (KLCI = 5) ARE PROTECTED.

® If the initial pulse begins and ends before December
1st, a second pulse period will be afforded the same protective
operation.

® Once the pulse protection ends, post-pulse bypass
flow operations may remain at Level 1 diversion depending on
fish presence, abundance, and movement in the north Delta;
however, the exact levels will be determined through initial
operating studies evaluating the level of protection provided at
various levels of diversions.

® After a pulse has ended, the allowable diversion will
go to post-pulse operations through June that can transition
through three levels of protection.

® The criteria for transitioning between and among
pulse-protection, Level 1, Level 2, and/or Level 3 operations
described in this permit will be based on real-time fish
monitoring and hydrologic/ behavioral cues upstream of and in
the Delta that will be studied as part of the Project’s Adaptive
Management Program. Based on the outcome of the studies
pursued under that program, additional information about
appropriate triggers, off-ramps, and other RTO management of
NDD intake operations may be integrated into the Test Period
Operations Plan and the Full Project Operations Plan.

® After the initial pulse(s), Level | post-pulse bypass
rules are applied until 15 days of bypass flows above 20,000 cfs
have accrued since the pulse ended. Then Level Il post-pulse
bypass rules are applied until 30 days of bypass flows above
20,000 cfs have accrued since the pulse ended. Then Level Ili
post-pulse bypass rules are applied.
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® The NDDTT shall develop criteria for transitioning
between and among pulse protection, Levels 1, 2 and 3 based
on best available science. The NDDTT shall recommend
transitional criteria to the TOT and ICG for consideration
through the Adaptive Management Program, to ensure that the
Project will achieve the objectives of Biological Criteria 1 and 2.

® Under the post-pulse operations allowable diversion
will be greater of the low-level pumping or the diversion
allowed by the following post-pulse bypass flow rules.

Chad

From: Whittington, Chad/SAC

Sent: Tuesday, October 01, 2019 3:11 PM

To: Leaf, Rob/SAC <Rob.Leaf@jacobs.com>; Tull, Robert/SAC <Robert.Tull@jacobs.com>; Thayer, Reed/SAC
<Reed.Thayer@jacobs.com>

Subject: Pulse and Post-Pulse Logic Used in CalSim {from Appendix 5.A of the 2016 CWF BA Effects Analysis)

Appendix 5.A of the 2016 CWF BAis at this lirk.

Here is the relevant excerpt (from the bottom of Page 30).

i“

5.A.5.2.4.9 North Delta Diversion Bypass Flows

Bypass flows requirements in the Sacramento River are specified downstream of the north Delta diversion intakes,
which govern the flow required to remain in the river before any diversion can occur. The bypass rules include low level
pumping at each intake during Sacramento River Pulse flow(s) period. After a pulse has ended, the allowable diversion
will go to post-pulse operations through June that can transition through three levels of protection (Level | to Level Il and
subsequently to Level Ill) subject to hydrologic and fishery conditions. Minimum bypass flow requirements are specified
for July through November, as noted in Table 5.A-13.

Beginning October 1st, whenever the initial Sacramento River pulse begins low level pumping allows diversions of up to
6% of Sacramento River flow flow upstream of the north Delta intakes. The low level pumping is less than or equal to
300 cfs at any one intake, with a combined limit of 900 cfs for the three intakes in the PA. The low level pumping is
constrained such that the river flow never falls below 5,000 cfs.

During the initial pulse protection period low level pumping is maintained until the pulse period has ended. For
modeling purposes, the initiation of the pulse is defined by the following criteria: (1) Wilkins Slough flow changing by
more than 45% within a five day period and (2) Wilkins Slough flow becomes greater than 12,000 cfs. The pulse
protection and the low level pumping continues until (1) Wilkins Slough returns to pre-pulse flows {flow on first day of
the within-5 day increase), (2) Wilkins Slough flows decrease for five consecutive days, or (3) Wilkins Slough flows are
greater than 20,000 cfs for 10 consecutive days. If the initial pulse begins and ends before December 1, the May Level 1
post-pulse criteria will go into effect after the pulse until December 1. On December 1, the post-pulse rules defined
below for December through April, starting with Level 1 apply. If the initial pulse begins and ends before December 1st,
a second pulse period will be afforded the same protective operation.

After the pulse period has ended, the bypass flows noted in the Table 5.A-13 are maintained. After the initial pulse(s),
Level | post-pulse bypass rules are applied until 15 days of bypass flows above 20,000 cfs have accrued since the pulse
ended. Then Level Il post-pulse bypass rules are applied until 30 days of bypass flows above 20,000 cfs have accrued
since the pulse ended. Then Level Il post-pulse bypass rules are applied. The bypass rules were applied on the mean
daily river flows in the CalSim Il model. Under the post-pulse operations allowable diversion will be greater of the low-
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level pumping or the diversion allowed by the following post-pulse bypass flow rules. In actual operations these criteria
as well as fishery conditions are expected to guide allowable north Delta intake diversions as described in Section 3.3.3.1
of the BA.

In addition to the bypass flow criteria described above, a linear constraint was applied in the CalSim Il PA simulation on
the potential diversion at the north Delta intakes, to account for the fish screen sweeping velocity criteria of 0.4 fps
based on diversion limitations from DSM2 modeling.

o

Chad Whittington

Jacobs

YWater Resources Enginger | BIAF
918 286.038

Chad Whittington@iacobs com

2485 Nalomas Park Dr., Sulte 800
Sacrameanto, CA 85833

USA

wWww.iacobs.com
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From: Leaf, Rob/SAC [Rob.Leaf@jacobs.com]

Sent: 10/21/2019 10:55:45 AM

To: Spranza, John [John.Spranza@hdrinc.com]; Rob Thomson [rthomson@sitesproject.org]; Alicia Forsythe
[aforsythe @sitesproject.org]; Lecky, Jim [Jim.Lecky@icf.com]; Chris Fitzer [CFitzer@esassoc.com]; Tull, Robert/SAC
[Robert.Tull@jacobs.com]; Thad Bettner (tbettner@gcid.net) [thettner@gcid.net]; Jim Watson
[jwatson@sitesproject.org]

cC: Thayer, Reed/SAC [Reed.Thayer@jacobs.com]

Subject: RE: Sites - CDFW 60-Process -- Next Steps -- Small Group Discussion

Attachments: Sac_Valley WY_D-1641.pdf

A simple approach is to regulate operations assuming that the previous forecasted (50% exceedance) water year type is
used until sometime in February or March of the new year at which time forecasts for the new year become reliable
(spread across the range of 50% - 90% exceedance forecasts begins to narrow). That’s the current approach used for Fall
X2 determination.

The most critical component of a good forecast model is measuring the development of the snowpack. Snowpack
coming into the new year is a strong indicator of what water year class we will be in for the new year. The more
snowpack factors into the forecast the narrower the spread across the range of 50% - 90% exceedance forecasts.
October through January runoff conditions are highly variable are typically not related to snowpack/snowmelt
conditions. The runoff conditions in the October through January period do not reliably indicate what runoff we will see
in the Spring.

Rob

From: Spranza, John <John.Spranza@hdrinc.com>

Sent: Monday, October 21, 2019 7:09 AM

To: Rob Thomson <rthomson@sitesproject.org>; Alicia Forsythe <aforsythe @sitesproject.org>; Lecky, Jim
<Jim.Lecky@icf.com>; Chris Fitzer <CFitzer@esassoc.com>; Tull, Robert/SAC <Robert. Tull@jacobs.com>; Leaf, Rob/SAC
<Rob.Leaf@jacobs.com>; Thad Bettner (tbettner@gcid.net) <tbettner@gcid.net>; Jim Watson
<jwatson@sitesproject.org>

Subject: [EXTERNAL] RE: Sites - CDFW 60-Process -- Next Steps -- Small Group Discussion

| think we should discuss. | have attached how the Sac Valley water yvear type is calculated in D-1641. Pm not sure if this
was updated for the Water Fix TP,

£ 016.670.8058 M B18.540.2487

Cortents and attachments are part of the deliberative process, which is deemed fo be exempt from Public Records Act
requests and is subject 1o the confidentiality agreement bebween reciplent and the Sites Project Authority, Further
distribution to other organizations is not permissible

From: Rob Thomson [mailta:rthomson@sitesnrolect. orgl

Sent: Sunday, October 20, 2019 11:52 AM

To: Alicia Forsythe <aforsythe@sitesprolect.org>; Lecky, Jim <lim.becky@icf.com>; Chris Fitzer <CFitzer@esassoc.com>;
Spranza, John <john Spranza@hdrine.com>; Tull, Robert/SAC <Robert. Tull@iascobs.com>; Leaf, Rob/SAC
<Rob.leaf@iacobs.com>; Thad Bettner (thetiner @gcid.net) <tbstiner@sgcid.net>; Jim Watson
<fwatson@sitesprolect.org>

Subject: RE: Sites - CDFW 60-Process -- Next Steps -- Small Group Discussion
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Should we discuss this internally and suggest some method to CDFW?

From: Alicia Forsythe <zforsythe@sitesproiect org>

Sent: Sunday, October 20, 2019 9:48 AM

To: Lecky, Jim <lim Lecky@icl.com>; Rob Thomson <rthomson@sitesproject.org>; Chris Fitzer <CFitzerfiesassoc.oom>;
Spranza, John <ighn. Spranzai@hdrine.com>; Tull, Robert/SAC <Robert. Tull@iacobs.com>; Leaf, Rob/SAC
<Rob.leaf@iacobs.com>; Thad Bettner (thetiner@ecid.net) <tbetiner@®gcid.net>; Jim Watson
<iwaztson@sitesproiect.ors>

Subject: Re: Sites - CDFW 60-Process -- Next Steps -- Small Group Discussion

Let’s be sure to talk with CDFW on this on Tuesday.

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsyihe@sitesnrolschors | www SitesProlect.org

From: Lecky, Jim <lim.Lecky@ict.com>

Sent: Friday, October 18, 2019 12:28:23 PM

To: Rob Thomson <ithomsonisitesproiect.org>; Chris Fitzer <CFitzer@easassoc.com>; Spranza, John
<iohn.Spranza®@hdrine.com>; Alicia Forsythe <aforsythe@sitesoroiect.org>; Tull, Robert/SAC

<Robert Tull@iacobs.com>; Leaf, Rob/SAC <Rob.leaf@iacobs.com>; Thad Bettner (thatiner@scid.net)
<thettner@pcid net>; Jim Watson <pwatson@@sitesprolect org>

Subject: RE: Sites - CDFW 60-Process -- Next Steps -- Small Group Discussion

| can only think of two options. 1. Assume continuation of prior water-year type until proven otherwise or 2. Assume a
dry year until proven otherwise. NOAA is improving its multi-year forecasting so there may be an option for that in the
future.

From: Rob Thomson <rithomson@sitesprolect.org>

Sent: Friday, October 18, 2019 9:19 AM

To: Chris Fitzer <CFitzsriBesassoc.com>; Spranza, John <john. Spranza@hdring.com>; Alicia Forsythe
<aforsythe@sitesproiect.arg>; Tull, Robert/SAC <Robert. Tull@iacobs.com>; Leaf, Rob/SAC <Rob.leal@iacohs.com>;
Thad Bettner (thettneri@zcid.net) <tbettner@gcid.net>; Lecky, Jim <Jim.Lecky@icf.com>; Jim Watson
<iwatson@sitesproject.org>

Subject: RE: Sites - CDFW 60-Process -- Next Steps -- Small Group Discussion

Doubling back on this discussion — how does CDFW (or we) intend to determine the water year type in October-January?
How would we determine which column to select to determine the applicable diversion criteria? January and February
are clear. By March, we should have a reasonable idea of the year type.

From: Chris Fitzer <{Filzer@esassoc.com>

Sent: Tuesday, October 15, 2019 8:34 AM

To: Spranza, John <john.Spranze®@hdrinc.com>; Alicia Forsythe <aforsythe@sitesproject.org>; Tull, Robert/SAC

<Robert Tulli@iacobs.com>; Leaf, Rob/SAC <Rob.Leaf@iacebs.com>; Thad Bettner (thetiner@scid net)
<tbstiner@gcid.net>; Jim Lecky (lim.leckyv®icicom) <iim.lecky®ict.com>; Rob Thomson <rthomson@sitesproigct.org>;
Jim Watson <jwatson@sitesproiect org>

Subject: RE: Sites - CDFW 60-Process -- Next Steps -- Small Group Discussion

Attached are suggested edits to the talking point document and a couple small ones on the summary comparison table.
in regards to the table pasted below, perhaps we hold on to these water-yvear-based NDOI criteria for future
negotiations, similar to the Sept 2018 scenario.

Thanks,
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Chris Fitzer

f)

From: Spranza, John <lghn. Spranza@hdrinc.com>

Sent: Tuesday, October 15, 2019 6:55 AM

To: Alicia Forsythe <aforsythe @sitesproject.org>; Tull, Robert/SAC <Robert. Tull@izcobs com>; Leaf, Rob/SAC
<Roh.leaf@iacobs.com>; Thad Bettner (thettner@grid net) <thettner@acid.net>; Jim Lecky (jim.Lecky@icf.com)
<firmuleckv@®@ict com>; Chris Fitzer <CFitzer@esassoc.corn>; Rob Thomson <tthomson@sitesproiect.org>; Jim Watson
<jwatson@sitesproject org>

Subject: RE: Sites - CDFW 60-Process -- Next Steps -- Small Group Discussion

Just 3 few revisions in each. With respect to stacking Freeport and NDOI, | think the way it is now is fine, but see my note
about monthly or daily average.

Also, with NDO!, we do not put any water year criteria on the 44.5k. Based on the below graphic that CDFW provided us
in their DEIR comments, do we want to rethink that?

sy

0 916.670.8858 M B16.640.2487

Contents and attachments are part of the deliberstive process, which is deemed fo be exempt from Public Records Act
requests and is subject to the confidentiality agreement belwesn reciplent and the Sites Project Authority, Further
distribution to other organizations is not permissible

From: Alicia Forsythe [mailic:aforsvihe®@sitespraject org)

Sent: Monday, October 14, 2019 4:30 PM

To: Tull, Robert/SAC <Robert. Tulliiacobs.com>; Leaf, Rob/SAC <Rob.Leaf@iacobs,com>; Thad Bettner
(thetiner@acid net) <thetiner@scid.ner>; Jim Lecky (Jim. Lecky@icl.com) <iim.Lecky®@icf .com>; Chris Fitzer
<CFitzer@esassoc.com>; Spranza, John <lohnSpranza@hdrinc.com>; Rob Thomson <rthomson@sitesproiect.org>; Jim
Watson <iwalson@siesprolect.org>

Subject: RE: Sites - CDFW 60-Process -- Next Steps -- Small Group Discussion
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Hi all — Attached is a revised table along with revised talking points.

1. In the table, | highlighted all changes in green (sorry | realized part way thru that | forgot to turn on tracking). |
have a few questions for the team using the notes function that | could use help on. Once we have completed all
changes to the table, I'll try to get it to fit on one page.

2. Revised talking points are provided in track changes and clean version. Please make new changes on the clean
version. | tried to focus these more on the technical topics.

Your quick review is appreciated! Please have all comments to me by noon tomorrow.

Thanks all!

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesproject.org | www.SitesProject.org

CONFIDENTIALITY NOTICE: This communication with its contents may contain confidential and/or iagally priv ad information. it is soiely for
the use of the intended recipient{s). Unautharized interception, review, use or disclasure is prohibited and may viciate applicable laws
including the Elactronic Communications Privacy Act. If you are not the intended recipient, please contact the sender and destroy all copies of
the communication.

From: Alicia Forsythe

Sent: Monday, October 14, 2019 1:37 PM

To: Tull, Robert/SAC <Robert. Tull@iacobs.com>; Leaf, Rob/SAC <Rob.Leal@iacobs.corm>; Thad Bettner
(thettner® pcid net) <thetiner@®@gcid.net>; Jim Lecky (fim. Lecky@icl.com) <iim.Lecky®@ict.com>; Chris Fitzer
<CFitzer@esassac.com; John Spranza (ohnspranza@hdrine com) <john.spranza@hdring.com>; Rob Thomson
<rthomson@sitesprolect.org>; Jim Watson <jwatson@sitesproiect.org>

Subject: Sites - CDFW 60-Process -- Next Steps -- Small Group Discussion

Hi all - Sorry about not getting these out earlier. Attached are 2 very draft items for our discussion at 2 PM today.

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesproject.org | www.SitesProject.org

CONFIDENTIALITY NOTICE: This communication with its contents may contain confidential and/or legally privileged information. Ht is saiely for
the use of the intended recipient{s). Unauthorized intercention, review, use or disclosure is prohibited and may violate applicabie laws
including the Electronic Communications Privacy Act. if you are not the intended recipient, pleass contact the sender and desiroy all copies of
tha communication,
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From:
To:

Cc:
Subject:
Date:

Whittington, Chad/SAC
Leaf, Rob/SAC
Tull, Robert/SAC; Thayer, Reed/SAC

RE: Pulse and Post-Pulse Logic Used in CalSim (from Appendix 5.A of the 2016 CWF BA Effects Analysis)

Friday, October 4, 2019 12:03:24 PM

The table below showcases the similarities and differences between the CWF ITP and CalSim in the
determination of pulse and post-pulse rules.

Pulse and Post-Pulse Assumptions

CWFITP

CalSim i

All pulses of CHNWR and CHNSR shall be
protected from October 1 - June 30.

° One or two pulses shall be protected
from October 1 —June 30 (depending on whether
a pulse ends before December 1) .

Beginning October 1st, whenever the
initial Sacramento River pulse begins, low level
pumping takes effect.

® Beginning October 1st, whenever the
initial Sacramento River pulse begins, low level
pumping takes effect.

® Sacramento River pulse is determined
based on real-time monitoring of juvenile fish
movement {see Condition of Approval 9.9.5.1}). A
fish pulse is defined as a Knights Landing Catch
Index (KLCl) = 5 where KLCI = (# of CHNWR + # of
CHNSR)/(Total Hours Fished/24).

° Pulse protection operations shall be
implemented within 24 hours of detection of a fish
pulse.

° The initiation of the pulse is defined by
the following criteria: (1) Wilkins Slough flow
changing by more than 45% within a five day
period and (2) Wilkins Slough flow becomes
greater than 12,000 cfs.

® Pulse protection ends after five
consecutive days of daily KLCI < 5.

° The pulse protection and the low level
pumping continues until {1) Wilkins Slough
returns to pre-pulse flows {flow on first day of the
within-5 day increase), (2) Wilkins Slough flows
decrease for five consecutive days, or (3) Wilkins
Slough flows are greater than 20,000 cfs for 10
consecutive days.

® Number of allowable pulses is not
specified; ASSUME ALL ELIGIBLE PULSES (KLCI = 5)
ARE PROTECTED.

° If the initial pulse begins and ends before
December 1st, a second pulse period will be
afforded the same protective operation.

e Once the pulse protection ends, post-
pulse bypass flow operations may remain at Level
1 diversion depending on fish presence,
abundance, and movement in the north Delta;
however, the exact levels will be determined
through initial operating studies evaluating the
level of protection provided at various levels of
diversions.

° After a pulse has ended, the allowable
diversion will go to post-pulse operations through
June that can transition through three levels of
protection.

® The criteria for transitioning between and
among pulse-protection, Level 1, Level 2, and/or
Level 3 operations described in this permit will be
based on real-time fish monitoring and hydrologic/
behavioral cues upstream of and in the Delta that
will be studied as part of the Project’s Adaptive
Management Program. Based on the outcome of
the studies pursued under that program,
additional information about appropriate triggers,
off-ramps, and other RTO management of NDD
intake operations may be integrated into the Test
Period Operations Plan and the Full Project
Operations Plan.

° After the initial pulse(s), Level | post-
pulse bypass rules are applied until 15 days of
bypass flows above 20,000 cfs have accrued since
the pulse ended. Then Level Il post-pulse bypass
rules are applied until 30 days of bypass flows
above 20,000 cfs have accrued since the pulse
ended. Then Level Ill post-pulse bypass rules are
applied.

Draft_0000258



® The NDDTT shall develop criteria for
transitioning between and among pulse
protection, Levels 1, 2 and 3 based on best
available science. The NDDTT shall recommend
transitional criteria to the TOT and IICG for
consideration through the Adaptive Management
Program, to ensure that the Project will achieve
the objectives of Biological Criteria 1 and 2.

° Under the post-pulse operations
allowable diversion will be greater of the low-level
pumping or the diversion allowed by the following
post-pulse bypass flow rules.

Chad

From: Whittington, Chad/SAC

Sent: Tuesday, October 01, 2019 3:11 PM

To: Leaf, Rob/SAC <Rob.Leaf@jacobs.com>; Tull, Robert/SAC <Robert.Tull@jacobs.com>; Thayer,
Reed/SAC <Reed.Thayer@jacobs.com>

Subject: Pulse and Post-Pulse Logic Used in CalSim (from Appendix 5.A of the 2016 CWF BA Effects
Analysis)

Appendix 5.A of the 2016 CWF BA is at ¢,

Here is the relevant excerpt (from the bottom of Page 30).

“°

5.A.5.2.4.9 North Delta Diversion Bypass Flows

Bypass flows requirements in the Sacramento River are specified downstream of the north Delta
diversion intakes, which govern the flow required to remain in the river before any diversion can
occur. The bypass rules include low level pumping at each intake during Sacramento River Pulse
flow(s) period. After a pulse has ended, the allowable diversion will go to post-pulse operations
through June that can transition through three levels of protection {Level | to Level Il and
subsequently to Level lll) subject to hydrologic and fishery conditions. Minimum bypass flow
requirements are specified for July through November, as noted in Table 5.A-13.

Beginning October 1st, whenever the initial Sacramento River pulse begins low level pumping allows
diversions of up to 6% of Sacramento River flow flow upstream of the north Delta intakes. The low
level pumping is less than or equal to 300 cfs at any one intake, with a combined limit of 900 cfs for
the three intakes in the PA. The low level pumping is constrained such that the river flow never falls
below 5,000 cfs.

During the initial pulse protection period low level pumping is maintained until the pulse period has
ended. For modeling purposes, the initiation of the pulse is defined by the following criteria: (1)
Wilkins Slough flow changing by more than 45% within a five day period and (2} Wilkins Slough flow
becomes greater than 12,000 cfs. The pulse protection and the low level pumping continues until {1)
Wilkins Slough returns to pre-pulse flows (flow on first day of the within-5 day increase), (2} Wilkins
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Slough flows decrease for five consecutive days, or (3} Wilkins Slough flows are greater than 20,000
cfs for 10 consecutive days. If the initial pulse begins and ends before December 1, the May Level 1
post-pulse criteria will go into effect after the pulse until December 1. On December 1, the post-
pulse rules defined below for December through April, starting with Level 1 apply. If the initial pulse
begins and ends before December 1st, a second pulse period will be afforded the same protective
operation.

After the pulse period has ended, the bypass flows noted in the Table 5.A-13 are maintained. After
the initial pulse(s), Level | post-pulse bypass rules are applied until 15 days of bypass flows above
20,000 cfs have accrued since the pulse ended. Then Level Il post-pulse bypass rules are applied until
30 days of bypass flows above 20,000 cfs have accrued since the pulse ended. Then Level lll post-
pulse bypass rules are applied. The bypass rules were applied on the mean daily river flows in the
CalSim Il model. Under the post-pulse operations allowable diversion will be greater of the low-level
pumping or the diversion allowed by the following post-pulse bypass flow rules. In actual operations
these criteria as well as fishery conditions are expected to guide allowable north Delta intake
diversions as described in Section 3.3.3.1 of the BA.

In addition to the bypass flow criteria described above, a linear constraint was applied in the CalSim
Il PA simulation on the potential diversion at the north Delta intakes, to account for the fish screen
sweeping velocity criteria of 0.4 fps based on diversion limitations from DSM2 modeling.

"

Chad Whittington

Jacobs

Walsr Resources Bnginesr | BIAF
816.,288.0354

Chad Whitinglon@iacohs.com

2485 Natomas Park Dy, Suits 800
Bacrameanin, TA 85833

USA

wWww. lacobs.com
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9/27/19

NMFS CCVO questions related to Sites Reservoir modeling and analysis:

Questions related to Sites Reservoir modeling and analysis generally fall into two broad categories of “methods”
and “other.” It is likely that these questions and suggestions cannot be covered in a single meeting with Sites JP,
but they provide an overview of expectations regarding the type of analysis needed in an initiation package.

Methods

Other

Could Sites JP provide a table/listing of analytical tools/models expected to be used (e.g., HEC-5Q, Delta
Passage Model), what outputs will be evaluated (e.g., temperature, Delta survival), and what
effect/consequence of the project they are intended to be used to evaluate (impacts to incubation/rearing
habitat conditions, impacts on juvenile outmigration)? It may be most useful to set up a meeting to go
through what Sites JP is using so as to be sure NMFS is on board and that we don't have a better
alternative (but don't need to get into super detail of any one; that could be reserved for a follow-up
meeting).

o As an example, for both CWF and ROCON, NMFS produced a "model matrix” that identifies

models and analyses that may be relevant or used in the BA/BO analysis (below).

Could Sites JP provide a review of the “Daily Model” to provide understanding of this new tool?

Could Sites JP provide primer on the operations that have been agreed to/developed with DFW, including
pulse protections, and ramping rates (changes in habitat inundation and stranding)?

How is Sites JP dealing with the uncertainty related to the Proposed Action? A large number of modeling
scenarios might be needed to account for current level of uncertainty regarding reservoir size (~1.0-1.8
MAF) and operations (Pump Storage component, Holthouse Reservoir footprint, Delevan Pipeline). How
does IP plan to select the scenarios to be modelled?

How is chimate change considered in the modeling and analysis? Is the modeling based on a projection of
conditions at some point in {future? If so, what, and where is documentation of the development of that
scenario?

How is eutrophication considered in the proposed reservoir? Downstream of an outfall location?

How does Sites JP propose to deal with uncertainty? Is there information on an adaptive management
approach?

Could Sites JP provide a better layout of expected consultation (ESA section 7) timeline/time constraints
due to WISP, potential administration changes, NEPA, WIN, etc.?

Model/Analysis table:

Model/Analysis | Location Type/ Life-stage | Species Description (and NMFS
Criteria comment)
CalSim-11 CVP/SWP- | Hydrologic | NA NA A hydrological planning
wide scenario tool that provides

monthly average flows for the
entire SWP and CVP system
based on an 82-year record.
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DSM2-HYDRO | Delta and Hydrologic | NA NA One-dimensional hydraulic
Suisun model used to predict flow
Marsh rate, stage, and water velocity.
DSM2-PTM Delta and Hydrologic | NA NA Simulates fate and transport of
Suisun (Particle neutrally buoyant particles
Marsh tracking) through space and time.
DSM2-ePTM Delta and Hydrologic | model model Simulates fate and transport of
(DWR) Suisun (Particle calibration | calibration "behaving" particles through
Marsh tracking) based on based on space and time. Seven
smolt data; | Chinook smolt behavioral parameters;
uncertain data; uncertain calibration method is based on
how how applicable | particle swarm optimization
applicable | to steelhead.
to rearing
fry
ePTM Delta Hydrologic | model model Simulates fate and transport of
(SWFSC) (Particle calibration | calibration "behaving" particles through
tracking) based on based on space and time. Seven
smolt data; | Chinook smolt | behavioral parameters (same
uncertain data; uncertain seven as in DWR model,
how how applicable | though exact interpretation a
applicable | to steelhead. bit different because of
to rearing different model structures);
fry undergoing continued
refinement by the SWFSC
HEC-5Q Sacramento | Water NA NA Water quality simulation tool
and Quality used to provide water
American temperatures.
Rivers
DSM2-QUAL Delta and Water NA NA Used to predict water
Suisun Quality temperature, dissolved
Marsh oxygen, and salinity.
DSM2-QUAL Delta and Water Adults Chinook, Models "source" of water at
Fingerprinting Suisun Quality steelhead any location to indicate
Marsh (Olfactory proportion coming from
Cues) different upstream locations,
and therefore incidates how
homing capabilities of fish can
be affected by changes in
operations.
Reclamation Trinity, Biological | Egg ? Uses CalSimlI flow and
Egg Mort. Feather, climatic model output to
Model American, predict monthly water
and temperature in River basins
Stanislaus and upstream reservoirs.
Rivers
SALMOD Sacramento | Biological | Returning | All Chinook Predicts effects of flows on
River Adult, habitat suitability and quantity
Egg, for all races of Chinook
Alevin salmon.
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OBAN

Sacramento
River

Biological

All Chinook

Statistical modeling approach
to evaluating scenarios effects.

DPM

Delta to
Chipps
Island

Biological

Juvenile
(migration)

All Chinook

Simulates migration and
mortality of Chinook salmon
smolts entering the Delta from
the Sacramento, Mokelumne,
and San Joaquin rivers
through a simplified Delta
channel network, and provides
quantitative estimates of
relative Chinook salmon smolt
survival.

I0S

Sacramento
River

Biological

All

Winter-run
Chinook

A stochastic life cycle model
for winter-run Chinook
salmon.

Salvage-density
Analysis

South Delta
facilities

Biological
(Flow
relation)

Juvenile

All Chinook

A model of entrainment into
the south Delta facilities as a
function of flow based on
historical salvage data.

USGS Flow-
survival Model

North Delta
(Sacramento
R)

Biological
(Flow
relation)

Juvenile
(migration)

Fall-tun
Chinook (?)

A model that combines
equations from statistical
models estimating the
relationship of Sacramento
River inflows on reach-
specific travel time, survival,
and routing of salmonids to
allow assessment of travel
time and survival for different
operational scenarios.

USGS
Entrainment
Model

North Delta
(Sacramento
R)

Hydrologic
?)

Juvenile
(migration)

Fall-run
Chinook (?)

A statistical model of
probability of entrainment into
the central Delta as a function
of hydrodynamic variables in
the Sacramento River.

SWESC Temp.
Dependent Egg
Mort Model

Sacramento
River

Biological

Egg

All Chinook

A temperature-dependent
mortality model for Chinook
salmon embryos that accounts
for the effect of flow and
dissolved oxygen on the
thermal tolerance of
developing eggs.

SWESC
WRLCM

Sacramento
River

Biological

All

Winter-run
Chinook

A state-space and spatially
explicit life cycle model of
eggs, fry, smolts, juveniles in
the ocean, and mature adults
that includes density-
dependent movement among
habitats.
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ICF loss South Delta | Salvage Juvenile Chinook,

analysis facilities and loss steelhead
(mostly
certain),sturgeon
™)

SWESC Sacramento Juvenile Chinook Models water temperatures at

RAFT/CVTemp | River various locations and
estimates egg survival based
on Reclamation's operations

Habitat NA Habitat All Chinook This would likely only be

Suitability needed if some type of habitat

Index (HSI) restoration were included in

Modeling the PA. And would need to be
specific. HSI components are
worked into other methods,
like SALMOD.

Yolo Bypass Delta Biological | Juvenile Chinook The Yolo Bypass Fry Rearing

Fry Rearing Model links growth to

Model survival at ocean entry using
the few existing relevant
studies. May want to look into
how updated this model is
(don't recall it being used for
CWF so may be due for
refresh or replaced by
something else).

Newman 2008 | Delta Biological | Juvenile Chinook Through-Delta survival
method. Used in CWF but not
relied upon extensively. Also
used as a component of the
WRLCM during ROC.

Delta Salmonid | Delta Biological | Juvenile Chinook

Travel Time

(Perry and Pope

2018)

DSM2 Delta Physical Juvenile Chinook, Daily flow metrics, 15-minute

steelhead velocity frequency: percentage

positive flow, frequency of
velocities above sustained
swimming speeds; used in
CWEF but very data intensive.

6-year study Delta Biological | Juvenile Chinook, Perry under contract with

work steelhead NMES to work on results
from this data, but unsure if
that analysis would meet
current (?) timeline.

SRKW Ocean Biological | All SRKW See CWF. Is largely based on

Analysis effects to non-listed

salmonids, in addition to those

Draft_0000264




on listed salmonids (which are
not as large a part of the diet).
CCC Steelhead Biological | All CCC Steelhead
Analysis
Eulachon Biological | All Eulachon
Analysis
Mean end-of- Sacramento, | Physical Spawner, (River
May and end- Feather, Egg, Juv dpendant) WR,
of-Sep reservoir | American SR, and
storage changes FR/LFR
from baseline Chinook, CV
steelhead and
GS
Mean flow Sacramento, | Physical Spawner, (River
changes from Feather, Egg, Juv dpendant)
baseline (daily American SONCC, WR,
data) and Trinity SR, and
Rivers (?), FR/LFR
and Clear Chinook, CV
Creek (?) steelhead and
GS
Flow threshold | Sacramento, | Physical Spawner, (River
exceedance Feather, Egg, Juv dpendant)
(daily data) American SONCC, WR,
and Trinity SR, and
Rivers (7), FR/LFR
and Clear Chinook, CV
creek (7) steelhead and
GS
Water Sacramento, | Water Spawner, (River
temperature Feather, Quality Egg, Juv dpendant)
changes from American SONCC, WR,
baseline (daily | and Trinity SR, and
data) Rivers (7), FR/LFR
and Clear Chinook, CV
creek (7) steelhead and
GS
Water Sacramento, | Water Spawner, (River
temperature Feather, Quality Egg, Juv dpendant)
threshold American SONCC, WR,
exceedance and Trinity SR, and
(daily data) Rivers (?), FR/LFR
and Clear Chinook, CV
creek (7) steelhead and
GS
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Spawning Sacramento, | Habitat Spawner, (River
WUA Feather, dpendant)
American SONCC, WR,
and Trinity SR, and
Rivers (7), FR/LFR
and Clear Chinook, CV
creek (7) steelhead and
GS
Rearing WUA | Sacramento, | Habitat Juvenile (River
Feather, dpendant)
American SONCC, WR,
and Trinity SR, and
Rivers (?), FR/LFR
and Clear Chinook, CV
creek () steelhead and
GS
Redd Sacramento, | Habitat Egg (River Identified for all
dewatering Feather, dpendant) dams/tributaries contributing
(qualitative or American SONCC, WR, to the Sacramento River. Are
greatest and Trinity SR, and impacts to reservoir releases
monthly flow Rivers (?7), FR/LFR expected/considered at all
reduction) and Clear Chinook, CV locations?
creek (?) steelhead and
GS
Hatchery Sacramento, | Hatchery Spawner, SR, FR Chinook | Are impacts to Hatchery
assessment (lit | Feather, Juvenile and CV production expected?
review and American, Steelhead
CFM analysis) | Stanislaus,
San Joaquin
and Trinity
Rivers, and

Clear creek
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Sites Project

Technical Assistance Meeting

Date:  October 30, 2019

Time: 1:00 pm - 4:00 pm

Location:

Sites Reservoir Project

ICF Office: 980 9th St., Suite 1200

12th floor Appalachian Conference Room

Purpose: Continue discussions regarding Interagency Consultation of the Sites Reservoir Project

Invitees:

Jelica Arsenijevic, HDR [
Monique Briard, ICF [

Dan Cordova, Reclamation [
Kristal Davis-Fadtke, CDFW O
Mike Dietl, Reclamation [
Chris Fitzer, ESA Associates [J
Ali Forsythe, Sites Authority [

Marin Greenwgod, ICF [
Lenny Grimalde O

Jason Hasrick, ICE [
Ken.Kundargi, COFW £
Rob L eaf: Jacobs O
JimLecky ICF L]

Cathy Marcinkevage; NMFS

Evan:Sawyer, NMFS O
John'Spranza, HDR [

Lauren Stillivan, FWS O

Rob Thomsot, Sites Authority [
Rob Tull, Jacobs [

Discussion Topic Topic Leader Est Time
1 Introductions Ali Forsythe 5 min
2 Overview of effects analysis - Marin Greenwood / 60 min

o Construction effects Jason Hassrick
o Operations effects
= " Sacramento River :near field
= Sacramento River - far field
= Feather River
= American River
= Delta
= |ife cycle models
o Cross-walk NMFS-provided model matrix and methods
used to date
3 Overview of daily model and examples of its use Rob Tull 60 min
o Whatitis?
o How it has been used?
o What's its role in environmental review?
4 CDFW 60-day process outcomes Ali Forsythe and 20 min

Kristal Davis-Fadtke

[ PAGE \* MERGEFORMAT ]
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5 Additional Modeling Group 30 min
o Calsimll
o NMFS life cycle model
o Others?

5 Next Steps Group 10 min

Meeting Minutes:

[ PAGE \* MERGEFORMAT ]
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Value Planning Analysis g
Technical Memorandum . Sltes

g g e Ko v ey oy % s s ®
Progran Managemnernt Team

To: Mike Azevedo, Lewis Bair, Thad Bettner, Gary Evans, Rob Kunde, Shelly Murphy, Randall
Neudeck, Dan Ruiz, Jeff Sutton, Jamie Traynham, Bill Vanderwaal

CC: Rob Tull

Date: ar 14, 2018

From: Joe Barnes, Jeff Herrin, Pete Rude (Jacobs), Jeff Smith (Jacobs)

1.0 Value Planning Effort

Representatives from the Reservoir Committee and Authority Board met on October 2, 2019 to discuss
approaches that could potentially lower the cost of the project. Several facility modifications were identified,
and appraisal level costs are provided in this analysis to allow a comparison of alternatives.

At this level of evaluation, the analysis is useful for identifying alternatives that merit further evaluation. The
analysis is not sufficiently refined to distinguish between two alternatives of similar cost (e.g., + 10 to 15%).

Construction cost estimates for many of the facilities were derived from appraisal-level estimates fora 1.3
million acre feet (MAF} reservoir (Alternative A in the Environmental Impact Report/Environmental Impact
Statement [EIR/S] and feasibility report) and for a 1.8 MAF reservoir (Alternative D in the EIR/S and feasibility
report). Several new facilities were estimated, where possible using the unit rates from similar facilities in the
existing estimates. Estimated prices were developed in October 2015 dollars and have been escalated in this
estimate.

The actual project construction cost ultimately would depend on the final design details of the preferred project
alternative and the labor and material costs, market conditions, and other variable factors existing at the time of
bid. Accordingly, the final project cost is expected to vary from the preliminary estimates presented in this
section.

2.0 General Limitations

AECOM represents that our services were conducted in a manner consistent with the standard of care
ordinarily applied as the state of practice in the profession within the limits prescribed by our client. No other
warranties, either expressed or implied, are included or intended in this brief appraisal-level cost estimate.

We have used background information, conceptual designs, and data by others to prepare this appraisal-level
cost estimate. We have relied on this information, as furnished, and is neither responsible for nor has
confirmed the accuracy of this information.

The appraisal-level cost estimate presented herein is for the current study only and should not be extended or
used for any other purposes.

[ DATE \@ "M/dlyyyy" | TECH MEMO | Value Planning TM-20191014 [ PAGE \* Arabic \* MERGEFORMAT ] of [
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3.0 Value Planning Facility Options and Alternatives

The meeting on October 2, 2019 identified both modifications to previously evaluated facilities and alternative
facilities to reduce cost. A comprehensive table showing approximately 59 facility options that were considered
in this analysis, along with their respective costs, is provided in Attachment 2.

There are numerous ways of combining the individual facility options into alternatives. To speed the analysis,
we have looked at nine complete alternatives. There are many other ways of combining the facilities that can
be further evaluated at the direction of the Value Planning working group.

The initial alternatives are shown in Table 1.

Table 1. Initial Alternatives for consideration.

Initial Alternatives

Features 1 2 3 4a 4b 5a 5b 6a 6b
1.5 MAF Reservoir . . . . . . . .
1.3 MAF Reservoir .
Funks/Sites PGP . . . . . .
TCRR and Upgraded TRR PGP . . .
Delevan Canal/Pipeline Release . . . . .
Dunnigan Canal to CBD Release . .
Dunnigan to River Release . .
Multi-Span Bridge o . . . . . . .
South Road to Lodoga .
South Road to Residents ° . . . . . . .
Rockfill Embankment Dam . . . . .
Earthfill Dam . . .
Hardfill Dam .

MAF = million acre feet

PGP = Pumping/Generating Plant

TCRR = Tehama-Colusa Regulating Reservoir
TRR = Terminal Regulating Reservoir

For purposes of comparison, we have included Alternative D, the alternative presented in the WSIP application
in the comparison of alternatives. The new alternatives include the following:

e Alternative 1 — Refer to Figure 1. This alternative reduces the size of the reservoir to 1.5 MAF and
uses a multi-span bridge to reduce costs. The other features are generally consistent with
Alternative D.

e Alternative 2 — Refer to Figure 2. This alternative is very similar to Alternative 1 but uses the
southern road with the more direct route to Lodoga in place of the bridge.

e Alternative 3 — Refer to Figure 3. This alternative eliminates the Sites Pumping/Generating Plant
and replaces it with the Tehama-Colusa Regulating Reservoir (TCRR) and Pumping Plant near
Road 69 in combination with an upgraded Terminal Regulating Reservoir (TRR) to fill Sites
Reservoir. Water would be released to the Sacramento River through a canal/pipeline to the
Delevan release structure. The canal portion would begin at the TRR and continue east to the
Colusa Basin Drain (CBD). It would be necessary to siphon under the CBD and pump the water to
the river. The two-span bridge is used in this alternative.

[ DATE \@ "M/dlyyyy" | TECH MEMO | Value Planning TM-20191014.Docx [ PAGE \* Arabic \* MERGEFORMAT | of [
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« Alternatives 4a and 4b — Refer to Figures 4a and 4b. These alternatives include the single Sites
Pumping/Generating Plant (PGP) with releases through the Delevan Canal/Pipeline. Alternative 4a
uses an earthfill dam and Alternative 4b uses a hardfill dam in place of the zoned rockfill dam.

e Alternatives 5a and 5b — Refer to Figures 5a and 5b. These alternatives replace the Delevan
Canal/Pipeline with a southern release near the southern terminous of the Tehama-Colusa (T-C)
Canal. Alternative 5a releases water to the CBD. Water released to the CBD would be conveyed
through the lower portion of the CBD to the Sacramento River. Alternative 5b conveys water by
canal to the CBD, then uses a siphon and pumping plant to convey water on to the river.

e Alternatives 6a and 6b — Refer to Figures 6a and 6b. These alternatives combine the TCRR and
upgraded TRR with the southern release structure and an earthfill dam. Alternative 6a appears to
have the lowest construction cost.

A summary of alternative costs, including a cost comparison with Alternative D, is included in Table 2.

Table 2. Summary of Estimated Costs

. Estimated Costs ($2018) Cost Reduction from Alternative
Alternative . . .
{financing cost not included) D
Alternative D $5,235 million 0%
Alternative 1 $3,970 million 24%
Alternative 2 $3,988 million 24%
Aliernative 3 $3,868 million 26%
Alternative 4a $3,828 million 27%
Alternative 4b $3,861 million 26%
Alternative 5a $3,548 million 32%
Alternative 5b $3,876 million 26%
Alternative 6a $3,417 million 35%
Alternative 6b $3,584 million 32%
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Figure 1. Alternative 1
e Estimated cost - $3,970 million
®
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Figure 2. Alternative 2

¢ Estimated cost - $3,988 million

e Cost reduction from Alternative D — 24%
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Figure 3. Alternative 3

¢ Estimated cost - $3,868 million

e Cost reduction from Alternative D — 26%
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Figure 4a. Alternative 4a

Estimated cost - $3,828 million
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Figure 4b. Alternative 4b

¢ Estimated cost - $3,861 million

e Cost reduction from Alternative D — 26%
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Figure 5a. Alternative 5a
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Figure 5b. Alternative 5b

e Estimated cost - $3,876 million

e Cost reduction from Alternative D — 26%
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Figure 6a. Alternative 6a

e Estimated cost - $3,417 million

e Cost reduction from Alternative D — 35%
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Figure 6b. Alternative 6b

e Estimated cost - $3,584 million

e Cost reduction from Alternative D — 32%
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4.0 Environmental Mitigation

HDR reviewed the existing mitigation cost estimates currently being used and found that when applied to the
Value Planning Alternatives, the estimated mitigation costs do not result in any significant changes in
estimated mitigation costs (>$50M). Their October 11, 2012 memorandum concluded that until additional
analysis can be performed on a specific project description, the existing $500M estimate should be retained.

5.0 Emergency Reservoir Drawdown

It is proposed to distribute the emergency reservoir release flow required by the State of California Department
of Water Resources, Division of Safety of Dams (DSOD) to different locations around Sites Reservoir. For the
alternative project evaluation, it is assumed that these release points would include Hunters Creek, Stone
Corral Creek, Funks Creek, the Glenn-Colusa Irrigation District (GCID) and T-C Canals, and an open channel
that would connect the TRR with the CBD. For the channel, it is assumed that emergency release water would
be conveyed to TRR through the TRR Pipeline.

The emergency release flow required is a function of the size of Sites Reservoir. DSOD requires that 10-
percent of the height of the reservoir must be reduced over a period of seven days. Table 3 provides an
estimate of the average 7-day emergency release flow required for various reservoir sizes to meet the criteria.
Also shown in the table is AECOM's assumed distribution of the required release to the creeks and canals
listed above. Additional evaluation of the downstream watersheds and the downstream impacts will be needed
to refine the distribution of releases between the candidate release points.

Regarding the canal to the CBD, AECOM assumes that the capacity would be between 750 and 1,000 cubic
feet per second (cfs), which would be the equivalent release for one of the two 12-foot-diameter Delevan
Pipes. A flow of 1,000 cfs is used in the table. In distributing the remaining flows as shown in the table, the
following assumption were made:

1. The flows allocated o Stone Corral Creek and Funks Creek are approximately equivalent to 50-
year flows estimated from published regression curves for Coastal Range areas. These flows are
estimated at the Sites and Golden Gate Dams.

2. The flows allocated to the GCID and TC Canals represent minimum spare capacity that could be
available to convey emergency releases. Capacity could be higher during certain time of the year.

3. After accounting for the releases described above, the balance of the required release was
assigned to Hunters Creek at the north end of the valley. This release could be distributed to two or
three of the larger saddle dams at the north end of Sites Reservoir, which are adjacent to Hunters
Creek, or are on tributaries. At each release point, an outlet works pipeline would be provided at the
base of the dam with energy dissipation valve(s) at the downstream end.

4. The release to Hunters Creek is sizeable. One feasible approach to reduce impacts would be to
provide a dry dam on the creek with sized outlet works that would use storage routing to reduce the
flow released to the creek downstream. There is at least one suitable site for such a dam on the
creek where it passes out of the eastern ridge into the valley. This is not included with this cost
estimate.

Also shown on the Table 3 is the estimated size of the twin outlet works tunnels required to pass the water

being released to Funks Creek, the GCID and T-C canals, and the canal to the CBD. Tunnel size is based on
the assumed distribution of the required emergency release to the various discharge points.
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Table 3. Emergency Release — Assumed Distribution of Flows

Reservoir Size 1.8 MAF 1.5 MAF 1.3 MAF 1.0 MAF 0.8 MAF
Emergency Release Required (cfs) 21,700 17,950 15,450 12,000 9,650
Stream Releases (cfs)
Hunters Creek Release Structure 11,250 7,500 5,000 4,500 3,000
Stone Corral Creek 3,500 3,500 3,500 3,500 3,500
Total =| 14,750 11,000 8,500 8,000 6,500
Remaining Release Required = 6,950 6,950 6,950 4,000 3,150
/O Tower and Tunnel Releases
Funks Creek 4,500 4,500 4,500 2,550 3,150
GCID Main Canal 700 700 700 700 0
T-C Canal 750 750 750 750 0
Canal Conveyance o Colusa Basin Drain 1,000 1,000 1,000 0 0
Total = 6,950 6,950 6,950 4,000 3,150
/0 Tunnel Required Release (cfs) = 6,950 6,950 6,950 4,000 3,150
Estimated Twin /O Tunnel Sizes (feet) for
20 feet per second (fps) maximum 15 15 15 1 10
velocity (ft) =

6.0 Stony Creek Diversion
Stony Creek was evaluated as a potential diversion location for supplemental water supply.

One option is to explore periodically use of the seasonal dam approach that has been used in the past to
provide supplemental flows in years when there is good storage in Black Butte Reservoir. Constructing a
seasonal diversion would be an O&M activity. Water would be diverted into a gated structure that we
temporarily install that directs the water into the T-C Canal Constant Head Orifice (CHO). This approach would
add minimal capital cost.

Constructing an inflatable dam in a moving streambed is problematic. CALFED studied constructing a pipeline
from Black Butte Reservoir to the T-C Canal (CALFED, 2002, OUWUA and TCCA Regional Water Use
Efficiency Project) at a cost of $92.6 million. The escalated cost including non-contract costs is approximately
$190 million. As an alternative, the Authority could consider an approach to drop pumps into Stony Creek to
divert water into the T-C Canal when water is available. The cost estimate for providing pumps and a fish
screen with electrical hook-up is approximately $38 million to allow a diversion of up to 300 cfs. It is unknown
at this time if water rights can be obtained for a 300 cfs diversion.

An email from Jeff Sutton describing the limitations of the existing system is included as Attachment 4. The

email also touches on the water rights and permitting issues that would need to be addressed for a diversion
from Stony Creek.
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7.0 Attachments

[ DATE \@ "M/dlyyyy" | TECH MEMO | Value Planning TM-20191014.Docx [ PAGE \* Arabic \* MERGEFORMAT | of [
NUMPAGES \* Arabic \* MERGEFORMAT ]

Draft_0000284



Cotnponent Dost Eiteenative D Ehternative 1 abrernative 2 Edtamative 3 Aferaative 42 Abternative 45 aleretiee T2 Blternative 55 afternative S Ahreratiee 5%
Tota (52e18] wie fnancing cost $E5,.3%8 580,820 H33E0 2R UG $E,988, 2T %2508, 350 WEG E3 828438808 SEEED gD SEAYEIES BET 2088 58 820
% vast reduchion T 248% e ZF% % s 2
Tt {S2n15) 4 245 BART0E $3 575 849 000 53 582 BSRECE 1848 800 SE 584 840008 5.«,55“34“
REZERWORE sND DalD
Dizveinp Shes Reservalr Anea F2E5,008, 800 F2EE 000 HID SEREDNELED 255 0G50 EXER 0T B0 255000088 F2TS LEE 0%
Zingie Dpar Brnge 215,000,000
et Tpan Brigges 3125008 B SIESEO0IED § 428,500 DR SIS OGL AN EI2E, 000 808 py g ek 3
S AR 000 B0
SR OO0 DM S5 B0R 000 SRR I35,0R0E00 338,10 200
g RERE RN R
5355 000, 500 #TE0 D0 DO
SERLLE0T. B0
SADR 00T BA
A0, 000 00 SIE0, L0000
g eRRRres FITRL0C BIY
g 3103 000 D00 F IR 000 B0 303000000 STELENL0E ONLGEE P83 DU GED FABR000 000 S DEE 008
Ressirent Forha FE0.000. DY
Ty Regerv 32000 158 pag s ERE JET BT IR2 500500 I 0RO
Cpasingd TRR Regerys PXEERERR S e Rat iR R T GO GO0 SRR FEROGE.00E FEe DHEEND B OO0 00T
Mo T-0 Reguatiing Fessnasy SO0 00 B0
Hanbes Crael Reesse Birovhens (3l 3 Taddie Darmg) 54000 HID S QOO 54 D00 L0 %84 BURLCT 584 DU LR 84 S EN0 FELERE I
PLUMPING AND DENERATING FLANTY
o 3 *""‘!‘.ie&.s"e a2 Singfe 3T Marestar Tunnsl 218,000 000 S8
Consirued 1600 Srdwe ang Twin 157 Tiamsder Tunnss ?Sz.&ﬁ REAREE SR 000 W0 FI0 003,000 FIRER00.000 ipE s R il FEAE, 00D, 000 GON0 E0ED0E F23D,000.880 FE8T, 00T f08
Ties Pumping-SEnas - i Datavan GO0, I00 FEOD0T BIY
Ties Pamgg-GEREEing Fiant (4,008 25 Wi Delan B34, 305,550 GERA, 0C, B0 3., 000, DI 4634, 000,000 463,000,000 SEI4, 00,000 $63, 000 D00
g R - 20 | | 5455,000, 500 $455,00G 200 5165, D60,5C0
Hi50.002.000 5 HET 000, 200 S EED, D00, TN S180.0500,000 S16G000 000 S EE, DO D) SLE0, R0
155, 100, DI S1E5 008000 SAR5, 200,000
RS SRR Foad DOD D00 S, 000,000 $d, GO GEE
R250 00 I00
58000 000 %S00, 000 5B 300,100 F2000.500 FE.000, 0%
5% 000 LI
53,545,000 53,599,590 53,548,000 £3,849,500 33,598,000 33,549,000 43,549,500 £3,848 200 53,899,000 $3, 833,000
sior: [TEN ofah %33, RO, D00 34 DU
Swnss ang Toosun
H39,000 600 px R eageid iR R TR OO0 000 EITTRE0S ERERE R B34000,000 AR R 34 000 000 SO0
FORD NG IE0 FESE D000
BESLBGE 000 Pyt ies
SEHRLCE BAN ST HRBEE IR FRICEBORLGT
P40, MG000 FL10,500.008 FHIT, 008,008
SZ5R 002 BAY
RIAULLE DI F2RE D000 SIET.REL0D
K % SEHLECE M R R SRR €l g ek ke EOE 00 P240, 00 o0
T-0 Carnst Extensinn i OBD 72005050 73,000,050 PERERE k] SREEH 373000
Sighen, Tures, and Bipsine om GBI TR AN0IN0 S OGN 2RO 0D

[ DATE \@ "M/d/yyyy" |

TECH MEMO | Value Planning TM-20191014[ PAGE \* Arabic \* MERGEFORMAT ] of [ NUMPAGES \* Arabic \* MERGEFORMAT ]

Draft_0000285



[ DATE \@ "M/d/yyyy" |

ReEavs ZTETure - TER ofs for Seuth Catta

]

5% SRLGED

8. 5E0080

SESSENE

vy Tresk Diversion I TR

Traneinainn Lo, Loy ans g Siiatang

5 PEE el Colise Subsialinne Belvhyards, Transm

PS030

YIRS

e

Zites PR Suibatalion, Deltulyasd, Tranemission

88,200 500

320005600

SROORR0T

38,000,008

EB.00E0EE

TRE and T-0 oo Cogen Substatios

FEXRR

SHEE T IG

]

Reorealion and ORM Faglily

S0ECE BN

EERCRRNE

SEO00.5EE

SLEBRICT

EiERCeE e

R ENE DY

5 DD S

Sy SIE0K speranan

Coasirueton vopanks

353,000 808

250088 300

7

150,005 000

EQIORE00

TECH MEMO | Value Planning TM-20191014.Docx{ PAGE \* Arabic \* MERGEFORMAT ] of [ NUMPAGES \* Arabic \* MERGEFORMAT ]

Draft_0000286



Attachment 2. Res Storage vs Embank Vol Plot.pdf and Alt Dam ROM Costs
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Attachment 4. 10/4 email from Jeff Sutton re: Stony Creek Diversion Operation
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From: Jeff Sutton <jsutton@tccanal.com>

Sent: Friday, October 04, 2019 5:19 PM

To: 'William Vanderwaal' <wvanderwaal@rd108.org>

Cc: Herrin, Jeff <jeff.herrin@aecom.com>; 'Rob Kunde' <rkunde@wrmwsd.com>
Subject: RE: Action Items from Value Planning Session - Kunde Comments

Basically, we create a berm in the creek, and direct a portion of the creek into a gated structure
that we temporarily mstall that directs the water into the CHO (Constant Head Ortfice) into the
canal. It was mstalled originally for putting water from the canal into Stony Creek as a
restoration measure by USBR.

When utilized, we run it backwards, both literally in regard to the CHO system, and figuratively,
we take water from the creek instead of putting in. Historically this was developed to provide
additional water when we weren’t allowed to lower the RBDD gates. Thus it is only permutted to
be utilized from April 1 to May 15%, and September 15 to October 31°. These were times we
were likely to still have irrigation demand, but when our diversion from the Sac River was
unavailable because the diversion dam gates had to be up. Currently, those permit conditions
still exist, and T have to get streambed alteration permit whenever we utilize this, which I am
unsure if they would still allow under the old procedures. BTW, it also includes several other
environmental details like flushing flows before it occurs, a bypass flow down the creek, a
biologist to check 1t all out before it all operates, ete. We typically ran about 300 cfs into the
canal. Tt has been run as high as about 500 cfs, but then you start to have concrete vibrating from
what I have heard (it was before my time), which I would not be OK with.

I am guessing if we were to do something permanent in nature here, a fish screen would be
required for those diversion {not a real sophisticated one,  don’t believe juveniles would be an
issue, but there would certainly be some new requirements 1f this was going to be used regularly
as part of this project. This procedure has not been used since 2010, Now, since we have the
RBPP and fish screen, we can divert from the river whenever we have an allocation. The only
utility the diversion on Stony Creek currently has for the TC is to augment supply if we get a
reduced allocation. Problem s, when that happens, there 1s usually no water i Black Butte forus
{we are the last water right behind Black Butte, and in most dry years we typically don’t have
any water with our name on it up there,

For Sites, it could provide some significant winter and spring water supphies in wet years, but
there could potentially be some water right issues, permits terms would be interesting, and would

Hope that is helpful. Glad to discuss further if needed.

Jeffrey P. Sutton

General Manager
Tehama-Colusa Canal Authority
P.O. Box 1025

Willows, CA 95988

Phone: (530) 934.2125

Cell: (530 301-1030

[ DATE \@ "M/dlyyyy" | TECH MEMO | Value Planning TM-20191014.Docx [ PAGE \* Arabic \* MERGEFORMAT | of [
NUMPAGES \* Arabic \* MERGEFORMAT ]

Draft_0000291



[ DATE \@ "M/dlyyyy" | TECH MEMO | Value Planning TM-20191014.Docx [ PAGE \* Arabic \* MERGEFORMAT | of [
NUMPAGES \* Arabic \* MERGEFORMAT ]

Draft_0000292



From: William Vanderwaal [ mailto:wvanderwaal@rd108.org]

Sent: Friday, October 04, 2019 4:58 PM

To: Rob Kunde; Herrin, Jeff

Cc: Jeff Sutton

Subject: RE: Action Items from Value Planning Session - Kunde Comments

Rob and Jeff Herrin,

So, the Black Butte water can be diverted from Stony Creek into the TC Canal and gravity How similar to
water from the TC Pumping Plant. Water wouldn’t be released mto Stony Creek.

However, yes, the water could be released into the TC Canal and down to Bird Creek vs a pipeline at
Delevan.

Jeff Sutton, can you describe in more detail how you'd divert into the TC from Stony Creek?

Thanks
Billv

William R Vanderwaal
REI08/DWD
530.812.627¢6

From: Rob Kunde [mailto:rkunde@wrmwsd.com]

Sent: Friday, October 04, 2019 3:51 PM

To: Herrin, Jeff <jeff.herrin@aecom.com>; William Vanderwaal <wvanderwaal@rd108.org>
Subject: Re: Action Items from Value Planning Session - Kunde Comments

Thanks Jeff. My understanding from the meeting was some combination of Black Butte, Shasta
Reservoir Storage Exchange, and TC Canal terminus release facilities might eliminate the need for the
Delevan pipeline.

Robert J. Kunde, P.E.

Retired Annuitant

Wheeler Ridge-Maricopa Water Storage District
12109 Highway 166, Bakersfield, CA 93313
direct: 661-527-6070

cell: 661-345-3719

rkunde@wrmwsd.com
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From: Dietl, Michael [mdietli@usbr.gov]

Sent: 10/29/2019 3:04:28 PM

To: Michael Mosley [mmosley@usbr.gov]; David Van rijn [dvanrijn@usbr.gov]; Francia Morales [fmorales@usbr.gov];
Donald Bader [dbader@usbr.gov]; Kristin White [knwhite@usbr.gov]; Kabir, Jobaid [jkabir@usbr.gov]; John
[john.spranza@hdrinc.com]; WELSH, RICHARD [rwelsh@usbr.gov]; NATALIE WOLDER [nwolder@usbr.govl];
Anastasia Leigh [aleigh@usbr.gov]; Rob Thomson [rthomson@sitesproject.org]; Laurie Warner Herson
[laurie.warner.herson@phenixenv.com]; Alicia Forsythe [aforsythe@sitesproject.org]; Jim Watson
[jwatson@sitesproject.org]; Donna Garcia [dcgarcia@usbr.gov]

Subject: NODOS Summary of Management Review Comments

Attachments: Summary of Management Review Comments on North of Delta Offstream Storage 10-29-19.docx

Attached is a brief summary of the comments received for discussion tomorrow. The comment themes are my
interpretation after reviewing the individual comments, we have your comments collated and will address them
all with you as we move forward.

Mike Dietl

Project Manager

Bureau of Reclamation

Interior Region 10 - California-Great Basin
2800 Cottage Way, Room W-2830
Sacramento, CA 95825

Office Phone: 916.978.5070

E-mail: mdietl@usbr.gov
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Summary of Management Review Comments on North of Delta
Offstream Storage/Sites Reservolr Investigation, Administrative Draft
Final Feasibility Report

Date: October 29, 2019

Background: Reclamation and Sites Authority decided on October 15, 2019, to undertake a management
review of the current version of the NODOS/Sites Reservoir Investigation Administrative Draft Final
Feasibility Report.

Comments received from: Kevin Tanaka, Natalie Wolder, Mark Moreburg, Nate Martin, Bob Colella,
Linda Colella, Sonya Nechanicky Mike Dietl, and Sites Authority.

Major Comments/Issues

1. The no action baseline is becoming out of date with the issuance of new biological opinions for
the Long -Term Operation of the Central Valley Project and State Water Project, a revised
Coordinated Operations Agreement for the Operation of the Central Valley Project and State
Water Project, potential voluntary settlement agreements, expansion of Los Vaqueros, and
expansion of Lake Shasta.

a. Should the no action baseline be changed, remodeling, contracting efforts, and
subsequent reviews would take 2 years to be in a condition to release to the
Commissioner. Sufficient funds may or may not be available and additional coordination
with modeling resources needs to be completed.

2. Right sizing/reformulation of project for a new locally preferred plan and how to include an
unidentified and unanalyzed project description.
3. Potential insufficient funding to reimburse/credit the State of California for Incremental Level 4

Refuge conveyance costs.

4. Numerous editorial changes to language on environmental status of the EIS, IL4 Refuge, Water
Rights, etc. Most suggested changes improve the document, however some discussion with
commenters is hecessary for resolution.

Next Steps:
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Value Planning Analysis g
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Progran Managemnernt Team

To: Mike Azevedo, Lewis Bair, Thad Bettner, Gary Evans, Rob Kunde, Shelly Murphy, Randall
Neudeck, Dan Ruiz, Jeff Sutton, Jamie Traynham, Bill Vanderwaal

CC: Rob Tull

Date: ar 14, 2018

From: Joe Barnes, Jeff Herrin, Pete Rude (Jacobs), Jeff Smith (Jacobs)

1.0 Value Planning Effort

Representatives from the Reservoir Committee and Authority Board met on October 2, 2019 to discuss
approaches that could potentially lower the cost of the project. Several facility modifications were identified,
and appraisal level costs are provided in this analysis to allow a comparison of alternatives.

At this level of evaluation, the analysis is useful for identifying alternatives that merit further evaluation. The
analysis is not sufficiently refined to distinguish between two alternatives of similar cost (e.g., + 10 to 15%).

Construction cost estimates for many of the facilities were derived from appraisal-level estimates fora 1.3
million acre feet (MAF} reservoir (Alternative A in the Environmental Impact Report/Environmental Impact
Statement [EIR/S] and feasibility report) and for a 1.8 MAF reservoir (Alternative D in the EIR/S and feasibility
report). Several new facilities were estimated, where possible using the unit rates from similar facilities in the
existing estimates. Estimated prices were developed in October 2015 dollars and have been escalated in this
estimate.

The actual project construction cost ultimately would depend on the final design details of the preferred project
alternative and the labor and material costs, market conditions, and other variable factors existing at the time of
bid. Accordingly, the final project cost is expected to vary from the preliminary estimates presented in this
section.

2.0 General Limitations

AECOM represents that our services were conducted in a manner consistent with the standard of care
ordinarily applied as the state of practice in the profession within the limits prescribed by our client. No other
warranties, either expressed or implied, are included or intended in this brief appraisal-level cost estimate.

We have used background information, conceptual designs, and data by others to prepare this appraisal-level
cost estimate. We have relied on this information, as furnished, and is neither responsible for nor has
confirmed the accuracy of this information.

The appraisal-level cost estimate presented herein is for the current study only and should not be extended or
used for any other purposes.
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3.0 Value Planning Facility Options and Alternatives

The meeting on October 2, 2019 identified both modifications to previously evaluated facilities and alternative
facilities to reduce cost. A comprehensive table showing approximately 59 facility options that were considered
in this analysis, along with their respective costs, is provided in Attachment 2.

There are numerous ways of combining the individual facility options into alternatives. To speed the analysis,
we have looked at nine complete alternatives. There are many other ways of combining the facilities that can
be further evaluated at the direction of the Value Planning working group.

The initial alternatives are shown in Table 1.

Table 1. Initial Alternatives for consideration.

Initial Alternatives

Features 1 2 3 4a 4b 5a 5b 6a 6b
1.5 MAF Reservoir . . . . . . . .
1.3 MAF Reservoir .
Funks/Sites PGP . . . . . .
TCRR and Upgraded TRR PGP . . .
Delevan Canal/Pipeline Release . . . . .
Dunnigan Canal to CBD Release . .
Dunnigan to River Release . .
Multi-Span Bridge o . . . . . . .
South Road to Lodoga .
South Road to Residents ° . . . . . . .
Rockfill Embankment Dam . . . . .
Earthfill Dam . . .
Hardfill Dam .

MAF = million acre feet

PGP = Pumping/Generating Plant

TCRR = Tehama-Colusa Regulating Reservoir
TRR = Terminal Regulating Reservoir

For purposes of comparison, we have included Alternative D, the alternative presented in the WSIP application
in the comparison of alternatives. The new alternatives include the following:

e Alternative 1 — Refer to Figure 1. This alternative reduces the size of the reservoir to 1.5 MAF and
uses a multi-span bridge to reduce costs. The other features are generally consistent with
Alternative D.

e Alternative 2 — Refer to Figure 2. This alternative is very similar to Alternative 1 but uses the
southern road with the more direct route to Lodoga in place of the bridge.

e Alternative 3 — Refer to Figure 3. This alternative eliminates the Sites Pumping/Generating Plant
and replaces it with the Tehama-Colusa Regulating Reservoir (TCRR) and Pumping Plant near
Road 69 in combination with an upgraded Terminal Regulating Reservoir (TRR) to fill Sites
Reservoir. Water would be released to the Sacramento River through a canal/pipeline to the
Delevan release structure. The canal portion would begin at the TRR and continue east to the
Colusa Basin Drain (CBD). It would be necessary to siphon under the CBD and pump the water to
the river. The two-span bridge is used in this alternative.
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« Alternatives 4a and 4b — Refer to Figures 4a and 4b. These alternatives include the single Sites
Pumping/Generating Plant (PGP) with releases through the Delevan Canal/Pipeline. Alternative 4a
uses an earthfill dam and Alternative 4b uses a hardfill dam in place of the zoned rockfill dam.

e Alternatives 5a and 5b — Refer to Figures 5a and 5b. These alternatives replace the Delevan
Canal/Pipeline with a southern release near the southern terminous of the Tehama-Colusa (T-C)
Canal. Alternative 5a releases water to the CBD. Water released to the CBD would be conveyed
through the lower portion of the CBD to the Sacramento River. Alternative 5b conveys water by
canal to the CBD, then uses a siphon and pumping plant to convey water on to the river.

e Alternatives 6a and 6b — Refer to Figures 6a and 6b. These alternatives combine the TCRR and
upgraded TRR with the southern release structure and an earthfill dam. Alternative 6a appears to
have the lowest construction cost.

A summary of alternative costs, including a cost comparison with Alternative D, is included in Table 2.

Table 2. Summary of Estimated Costs

. Estimated Costs ($2018) Cost Reduction from Alternative
Alternative . . .
{financing cost not included) D
Alternative D $5,235 million 0%
Alternative 1 $3,970 million 24%
Alternative 2 $3,988 million 24%
Aliernative 3 $3,868 million 26%
Alternative 4a $3,828 million 27%
Alternative 4b $3,861 million 26%
Alternative 5a $3,548 million 32%
Alternative 5b $3,876 million 26%
Alternative 6a $3,417 million 35%
Alternative 6b $3,584 million 32%
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Figure 1. Alternative 1

e Estimated cost - $3,970 million

e Cost reduction from Alternative D — 24%
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Figure 2. Alternative 2

¢ Estimated cost - $3,988 million

e Cost reduction from Alternative D — 24%
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Figure 3. Alternative 3

¢ Estimated cost - $3,868 million
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Figure 4a. Alternative 4a

¢ Estimated cost - $3,828 million

e Cost reduction from Alternative D — 27%
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Figure 4b. Alternative 4b

Alternative 4b

¢ Estimated cost - $3,861 million
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Figure 5a. Alternative 5a
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Figure 6a. Alternative 6a

Estimated cost - $3,417 million

Cost reduction from Alternative D — 35%
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Alternative &b

e Estimated cost - $3,584 million

e Cost reduction from Alternative D — 32%
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4.0 Environmental Mitigation

HDR reviewed the existing mitigation cost estimates currently being used and found that when applied to the
Value Planning Alternatives, the estimated mitigation costs do not result in any significant changes in
estimated mitigation costs (>$50M). Their October 11, 2012 memorandum concluded that until additional
analysis can be performed on a specific project description, the existing $500M estimate should be retained.

5.0 Emergency Reservoir Drawdown

It is proposed to distribute the emergency reservoir release flow required by the State of California Department
of Water Resources, Division of Safety of Dams (DSOD) to different locations around Sites Reservoir. For the
alternative project evaluation, it is assumed that these release points would include Hunters Creek, Stone
Corral Creek, Funks Creek, the Glenn-Colusa Irrigation District (GCID) and T-C Canals, and an open channel
that would connect the TRR with the CBD. For the channel, it is assumed that emergency release water would
be conveyed to TRR through the TRR Pipeline.

The emergency release flow required is a function of the size of Sites Reservoir. DSOD requires that 10-
percent of the height of the reservoir must be reduced over a period of seven days. Table 3 provides an
estimate of the average 7-day emergency release flow required for various reservoir sizes to meet the criteria.
Also shown in the table is AECOM's assumed distribution of the required release to the creeks and canals
listed above. Additional evaluation of the downstream watersheds and the downstream impacts will be needed
to refine the distribution of releases between the candidate release points.

Regarding the canal to the CBD, AECOM assumes that the capacity would be between 750 and 1,000 cubic
feet per second (cfs), which would be the equivalent release for one of the two 12-foot-diameter Delevan
Pipes. A flow of 1,000 cfs is used in the table. In distributing the remaining flows as shown in the table, the
following assumption were made:

1. The flows allocated o Stone Corral Creek and Funks Creek are approximately equivalent to 50-
year flows estimated from published regression curves for Coastal Range areas. These flows are
estimated at the Sites and Golden Gate Dams.

2. The flows allocated to the GCID and TC Canals represent minimum spare capacity that could be
available to convey emergency releases. Capacity could be higher during certain time of the year.

3. After accounting for the releases described above, the balance of the required release was
assigned to Hunters Creek at the north end of the valley. This release could be distributed to two or
three of the larger saddle dams at the north end of Sites Reservoir, which are adjacent to Hunters
Creek, or are on tributaries. At each release point, an outlet works pipeline would be provided at the
base of the dam with energy dissipation valve(s) at the downstream end.

4. The release to Hunters Creek is sizeable. One feasible approach to reduce impacts would be to
provide a dry dam on the creek with sized outlet works that would use storage routing to reduce the
flow released to the creek downstream. There is at least one suitable site for such a dam on the
creek where it passes out of the eastern ridge into the valley. This is not included with this cost
estimate.

Also shown on the Table 3 is the estimated size of the twin outlet works tunnels required to pass the water
being released to Funks Creek, the GCID and T-C canals, and the canal to the CBD. Tunnel size is based on
the assumed distribution of the required emergency release to the various discharge points.
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Table 3. Emergency Release — Assumed Distribution of Flows

Reservoir Size 1.8 MAF 1.5 MAF 1.3 MAF 1.0 MAF 0.8 MAF
Emergency Release Required (cfs) 21,700 17,950 15,450 12,000 9,650
Stream Releases (cfs)
Hunters Creek Release Structure 11,250 7,500 5,000 4,500 3,000
Stone Corral Creek 3,500 3,500 3,500 3,500 3,500
Total =| 14,750 11,000 8,500 8,000 6,500
Remaining Release Required = 6,950 6,950 6,950 4,000 3,150
/O Tower and Tunnel Releases
Funks Creek 4,500 4,500 4,500 2,550 3,150
GCID Main Canal 700 700 700 700 0
T-C Canal 750 750 750 750 0
Canal Conveyance o Colusa Basin Drain 1,000 1,000 1,000 0 0
Total = 6,950 6,950 6,950 4,000 3,150
/0 Tunnel Required Release (cfs) = 6,950 6,950 6,950 4,000 3,150
Estimated Twin /O Tunnel Sizes (feet) for
20 feet per second (fps) maximum 15 15 15 1 10
velocity (ft) =

6.0 Stony Creek Diversion
Stony Creek was evaluated as a potential diversion location for supplemental water supply.

One option is to explore periodically use of the seasonal dam approach that has been used in the past to
provide supplemental flows in years when there is good storage in Black Butte Reservoir. Constructing a
seasonal diversion would be an O&M activity. Water would be diverted into a gated structure that we
temporarily install that directs the water into the T-C Canal Constant Head Orifice (CHO). This approach would
add minimal capital cost.

Constructing an inflatable dam in a moving streambed is problematic. CALFED studied constructing a pipeline
from Black Butte Reservoir to the T-C Canal (CALFED, 2002, OUWUA and TCCA Regional Water Use
Efficiency Project) at a cost of $92.6 million. The escalated cost including non-contract costs is approximately
$190 million. As an alternative, the Authority could consider an approach to drop pumps into Stony Creek to
divert water into the T-C Canal when water is available. The cost estimate for providing pumps and a fish
screen with electrical hook-up is approximately $38 million to allow a diversion of up to 300 cfs. It is unknown
at this time if water rights can be obtained for a 300 cfs diversion.

An email from Jeff Sutton describing the limitations of the existing system is included as Attachment 4. The

email also touches on the water rights and permitting issues that would need to be addressed for a diversion
from Stony Creek.
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Figure 7. Stony Creek Diversion options
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7.0 Attachments
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Attachment 2. Res Storage vs Embank Vol Plot.pdf and Alt Dam ROM Costs
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Attachment 3. Alternative-section_dams
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Attachment 4. 10/4 email from Jeff Sutton re: Stony Creek Diversion Operation

From: Jeff Sutton <jsutton@tccanal.com>

Sent: Friday, October 04, 2019 5:19 PM

To: 'William Vanderwaal' <wvanderwaal@rd108.org>

Cc: Herrin, Jeff <jeff.herrin@aecom.com>; 'Rob Kunde' <rkunde@wrmwsd.com>
Subject: RE: Action Items from Value Planning Session - Kunde Comments

Basically, we create a berm in the creek, and divect a portion of the creek into a gated structure
that we temporarily install that directs the water into the CHO (Constant Head Orifice) into the
canal. It was mstalled originally for putting water from the canal into Stony Creek as a
restoration measure by USBR.

When utilized, we run it backwards, both Hterally in regard to the CHO system, and figuratively,
we take water from the creek instead of putting in. Historically this was developed to provide
additional water when we weren’t allowed to lower the RBDD gates. Thus it is only permutted to
be utilized from April 1 to May 15%, and September 15 to October 31°. These were times we
were likely to still have irrigation demand, but when our diversion from the Sac River was
unavailable because the diversion dam gates had to be up. Currently, those permit conditions
still exist, and I have to get streambed alteration permit whenever we utilize this, which I am
unsure if they would still allow under the old procedures. BTW, it also mcludes several other
environmental details like flushing flows before it occurs, a bypass flow down the creek, a
biologist to check it all out before it all operates, etc. We typically ran about 300 cfs mnto the
canal. It has been run as high as about 300 cfs, but then vou start to have concrete vibrating from
what I have heard (it was before my time), which I would not be OK with.

I am guessing if we were to do something permanent in nature here, a fish screen would be
required for those diversion {not a real sophisticated one, I don’t believe juveniles would be an
issue, but there would certainly be some new requirements 1f this was going to be used regularly
as part of this project. This procedure has not been used since 2010, Now, since we have the
RBPP and fish screen, we can divert from the river whenever we have an allocation. The only
utility the diversion on Stony Creek currently has for the TC s to augment supply if we get a
reduced allocation. Problem is, when that happens, there is usually no water in Black Butte for us
{we are the last water right behind Black Butte, and i most dry years we typically don’t have
any water with our name on it up there.

For Sites, it could provide some significant winter and spring water supplies in wet years, but
there could potentially be some water right issues, permits terms would be interesting, and would
require some screened diversion infrastructure from the creek in my opinion.

Hope that 1s helpful. Glad to discuss further if needed.

Jeffrey P. Sutton

General Manager
Tehama-Colusa Canal Authority
P.O. Box 1025

Willows, CA 95988

Phone: (530)934.2128

Cell: (530 301-1030
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From: William Vanderwaal [ mailto:wvanderwaal@rd108.org]

Sent: Friday, October 04, 2019 4:58 PM

To: Rob Kunde; Herrin, Jeff

Cc: Jeff Sutton

Subject: RE: Action Items from Value Planning Session - Kunde Comments

Rob and Jeff Herrin,

So, the Black Butte water can be diverted from Stony Creek into the TC Canal and gravity flow similar to
water from the TC Pumping Plant, Water wouldn’t be released into Stony Creek.

However, yes, the water could be released into the TC Canal and down to Bird Creck vs a pipeline at
Delevan.

Teff Sutton, can you deseribe in more detail how you'd divert into the TC from Stony Creek?
Thanks
BillV

Witliam R Vanderwaal
RE-I08/DWD
S30.812.6276

From: Rob Kunde [mailto:rkunde@wrmwsd.com]

Sent: Friday, October 04, 2019 3:51 PM

To: Herrin, Jeff <jeff.herrin@aecom.com>; William Vanderwaal <wvanderwaal@rd108.org>
Subject: Re: Action Items from Value Planning Session - Kunde Comments

Thanks Jeff. My understanding from the meeting was some combination of Black Butte, Shasta
Reservoir Storage Exchange, and TC Canal terminus release facilities might eliminate the need for the
Delevan pipeline.

Robert J. Kunde, P.E.

Retired Annuitant

Wheeler Ridge-Maricopa Water Storage District
12109 Highway 166, Bakersfield, CA 93313
direct: 661-527-6070

cell: 661-345-3719

rkunde@wrmwsd.com
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Summary of Operational Scenarios, Yield and Affordability
Sites Reservoir Project

Criteria

CDFW-Revised Operational

8,000 Wilkins with

Scaled Diversion with

Draft EIR/S & WSIP

Potential Revised Project -

Scenario Provided for WaterFix Criteria WaterFix Criteria Application Sept 2019
Discussion
Facility Components
Reservoir Size 1.5 MAF 1.5 MAF 1.5 MAF 1.8 MAF 1.5 MAF
Delevan Intake Not included; Not included; Not included; Included Not included;

Outlet only facility

Outlet only facility

Outlet only facility

Outlet only facility

Operational Scenario

Wilkins Slough Bypass
Flow

> 10,000 cfs; no diversions at
Red Bluff or Hamilton City Sept
thru December

8,000 cfs

8,000 cfs April/May;
all other times, 5,000 cfs;
Scaled diversion

5,000 cfs (3-day average)

8,000 cfs April/May;
all other times, 5,000 cfs;
Scaled diversion

Fremont Weir Notch

Prioritize the Fremont Weir
Notch preferred alternative

Prioritize the Fremont Weir
Notch preferred alternative

Prioritize the Fremont Weir
Notch preferred alternative

Not included

Prioritize the Fremont Weir
Notch preferred alternative

Flows into the Sutter
Bypass System!

Consider frequency and duration
of spills at Moulton, Colusa, and

Consider frequency and duration
of spills at Moulton, Colusa, and

Consider frequency and duration
of spills at Moulton, Colusa, and

Assumed no change

Consider frequency and duration
of spills at Moulton, Colusa, and

Tisdale Tisdale Tisdale Tisdale
Freeport Bypass Flow >35,000 cfs between January Modeled WaterFix Criteria? Modeled WaterFix Criteria? Maintain Delta Water Quality? Maintain Delta Water Quality® +
and May (applied on a daily basis) (applied on a daily basis) 15,000 cfs February and March

(applied as a monthly average)

(applied on a monthly average)

Net Delta Outflow Index >44,500 cfs between March and Modeled WaterFix Criteria? Modeled WaterFix Criteria? None None; Minor changes in X2;
(NDOI) Prior to Project May (using >44,500 cfs between (using >44,500 cfs between Mitigation proposed
Diversions March and May as a surrogate) March and May as a surrogate)
Yield (Holthouse Deliveries) and Costs*

Public Water Agency Yield 113 TAF (A) 136 TAF (A) 138 TAF (A) 237 TAF (A) 182 TAF (A)
(Average / Dry Year) 193 TAF (D) 234 TAF (D) 239 TAF (D) 459 TAF (D) 321 TAF (D)
State Yield (Average / Dry 32 TAF (A) 38 TAF (A) 43 TAF (A) 86 TAF (A) 62 TAF (A)
Year) 15 TAF (D) 18 TAF (D) 18 TAF (D) 56 TAF (D) 36 TAF (D)
Federal Yield (Average / 44 TAF (A) 47 TAF (A) 53 TAF (A) 132 TAF (A) 88 TAF (A)
Dry Year) 52 TAF (D) 50 TAF (D) 54 TAF (D) 187 TAF (D) 120 TAF (D)
Yield (Average / Dry Year) 190 TAF (A) 220 TAF (A) 234 TAF (A) 455 TAF (A) 332 TAF (A)

259 TAF (D) 302 TAF (D) 312 TAF (D) 702 TAF (D) 477 TAF (D)
Meets Total Yield Need?® No No No Yes No

$ Per AF Financed?®
(traditional / with WIFIA
loan)

$1,152/AF traditional
With WIFIA Loan not calculated,
but likely $40 to $60/AF cost
reduction

To be determined

To be determined

$772/AF traditional
$681/AF with WIFIA

$767/AF traditional **
$713/AF with WIFIA **

Notes on next page.
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Notes:
All scenarios assume the following:

e Pulse flow protection modeled as protecting the first pulse October thru May. Cease diversions for 7 days during pulses of 15,000 cfs to 25,000 cfs as measured at Bend Bridge.
e Reclamation included at 25% cost share for operational flexibility.

Modeled WaterFix Freeport criteria applied on a daily basis October through June. Modeled WaterFix NDOI criteria applied using 44,500 cfs between March and May as a surrogate.

Actual WaterFix

operations criteria (as described in CDFW ITP and NMFS BO) for both Freeport and NDOI cannot be modeled in CALSIM II because the criteria are biologically-based (i.e., based on fish presence at

1. Not currently represented in the modeling framework.
2
Knights Landing rotary screw trap).
3.
4.
5.
6. Total Yield Need:
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