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What is the EFT? Gy EFT

€ The Nature Consenvancy

A decision support system that
demonstrates how changes in flow
management (and other actions)
results in changes to the physical
habitats for species within the
Sacramento River and the Delta. s
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% Ecological Flows Tool

€ The Nature Consenvancy

Why develop the EFT?

» Evaluate ecological trade-offs
of water projects and their
operations.

» Develop a broad set of
functional ecological flow b
guidelines.
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Links the Sacramento River rE
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SackEFT

Sacramento River Ecological Flows Tool
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e DeltaEFT

Delta Ecological Flows Tool

© Tha Nasurs Conaanvansy

EFT

‘\ Ecological Flows Tool

© The Mature Conserancy

I’rzt'{ﬁl";')cf’a'mil
{
il

Legend
~"~~— Sacramento River
SacEFT Study Area
Bl DeltaEFT Study Area
Regions

G Delta Region

Cl Sacramento Region

Miles
0 10 20 3o~%,,!75,_q, 60 70 80




Development process

Management advice

Establishing confidence, critical review,

incorporating new knowledge

Testing /Refinement

External modelling, data management &

EFT simulations

External model
runs & data
export

__>

EFT model
runs & analysis

Study questions (e.g., BDCP EIS/R)

Ecological algorithms & cross-
disciplinary integration

Scenario selection

EFT database and code

Calibration

Hazard threshold calibration

EFT

Ecological Flows Tool

Prioritization

Selection of focal species &
A indicators

Physical model selection

Literature reviews,

v

v

Expert cross -disciplinary workshop (s)

Conceptual models

Candidate focal species , models & backgrounder report




EFT focal species selection

2

1

Species or habitat historically existed
within the Bay-Delta estuary ...0r...

No—— Species is invasive with clear evidence it

suppressing threatened or endangered

native species
DROP Yes or

Non-native species that has achieved high

economic or public interest value

is

Species (and by extension its primary

3
habitat) is listed or proposed for listing Cépecies or habitat meets several of the
under Endangered Species regulations following criteria:

Has high economic or public interest value
Has narrow habitat requirements
Is a weak disperser
Wider population over geographic range is
threatened or declining
»| * Has distinctive habitat needs relative to
No other species in its trophic caste (don't
include species from a guild that is already well
represented)
e Is believed to be a strong interactor or
Yes keystone species dictating local food web

Yes

dynamics
5

Habitat quantity or quality or at least one

actions

A

Ilf(_a-hlstory stage strongly governed by le—Yes—L_No
in-Delta, flow-related management

DROP |« No }

Yes
v

6 )Available information on habitat or species is sufficient to allow

at least qualitative assessment of how flow-related actions that

would tend to generate improvement or deterioration (all else
equal)

* Evaluate technical clarity behind DRERIP “fat green arrows”

e

Yes

v
@ Final ranking and selection of candidates based on technical
feasibility details:

e Can define (index) locations of importance

e Local data, rather than literature values from elsewhere are available

e Acquisition & manipulation of physical data needed to compute
performance indicator(s) does not use up a disproportionate amount of
project budget

T
..reasonable

Focal habitat or
species indicator

Another

project or
phase

EFT

Ecological Flows Tool



SacEFT

Sacramento River Ecological Flows Tool

€ The Matune Condenancy



SacEFT focal species g >actrT

Sacramento River Ecological Flows Tool

The Nasure Canservancy

Bank swallow Western pond turtle Fremont cottonwood



SacEFT performance measures = SactFT

Sacramento River Ecological Flows Tool

© The Nosure Canservancy

Sacramento River

Focal Species
& Habitats

Performance Measures

Fremont cottonwood  FC1 Successful cottonwood initiation

FC2 Cottonwood seedling scour

Bank swallow (BASW) BASW1 Habitat potential/suitability

BASW2 Risk of nest inundation and bank sloughing
during nesting

Western pond turtle  LWD1 Index of old vegetation recruited to the
Sacramento River mainstem

Green sturgeon (GS)  GS1 Egg-to-larvae survival

Chinook salmon, CS1 Area of suitable spawning habitat (ft2)
Steelhead trout (CS)

CS3 Egg-to-fry survival (proportion)
CS5 Redd scour
CSé6 Redd dewatering (proportion)

CS2 Area of suitable rearing habitat (ft2)

CS4 Juvenile stranding (index)




SacEFT physical inputs G SacEFT

Tha Nasure Gansenvancy

Physical datasets and submodels

Focal Species

Flow Discharge = Temperature  Transport Migration
Fremont cottonwood (FC) ) °
Bank swallow (BASW) ° °
Green sturgeon (GS) °
Chinook, steelhead (CS) ° ° ol
Large Woody Debris (LWD) o .
recruitment

' Certain indicators only. The linkage between channel bed conditions and Chinook and steelhead is restricted to weighted
useable area for spawning. According to source data from Mark Gard (USFWS), rearing habitat is unaffected by substrate
conditions. We relate substrate suitability curves taken from River-2D with substrate|conditions predicted by the TUGS

sediment transport model.
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DeltaEFT focal species and habitats gy DeltakFT

© I s Cavmrors

Splittail Tidal wetlands Invasive species deterrence




DeltaEFT performance measures

Focal Species

Delta Ecoregion

Performance Measures

& Habitats
Chinook & Ccs7 Smolt weight gain in alt. migration corridors
frzslnzzelis CS9 Smolt mortality index as a funtion of passage
time (negatively correlated with CS7)
cs10 Smolt temperature preference index
(departures from optimum v. weight gain)
Delta smelt (DS) DS1 Spawning success index
DS2 Index of habitat suitability
DS4 Entrainment risk (index)
Splittail (SS) SS1 Proportion of maximum potential
spawning habitat (index)
Fresh/brackish TW1 Brackish wetland area
T E TW2 Freshwater wetland area
Invasive species ID1 Brazilian waterweed suppression
deterrence (D) ID2 (Corbula) Invasive clam larvae and recruit
suppression
ID3 (Corbicula) Invasive clam larvae and recruit

suppression

L DeltaEFT

© I s Cavmrors

Delta Ecological Flows Tool



DeltaEFT physical inputs

iy DeltaEFT

Delta Ecological Flows Tool

Focal Species and
Performance Measures

Physical Datasets

Flow Stage Temperature  Salinity

T:D H:T:iD ' H T D H:T D H

Invasive species deterrence

ID1 Brazilian waterweed suppression
ID2 | Overbite clam suppression

ID3 | Asiatic clam suppression

Chinook & Steelhead

CS7
CS8
CS10

Smolt Development & Growth
Smolt predation risk

Smolt Thermal Stress

Delta smelt

DS1 | Index of spawning success
DS2
DS4

Index of habitat suitability
Index of risk of entrainment

Splittail

SS1 | Spawning habitat extent

Tidal wetlands

TWA1
TW2

Tidal wetland area brackish
Tidal Wetland Area Freshwater

el

Y

T Hourly data (instantaneous top of hour values) are tidally fitered at stations where tidal effects exist (< ~3m elevation of

mean sea level); otherwise non-filtered.
2 Top of hour values are used.

T = Tidally Filtered Daily Average

D = Daily Average H = Hourly



DeltaEFT physical inputs by location &gy SeltaEFT

Delta Ecological Flows Tool

SCENARIO:
LocationID Name RM RKI DSM2 CDEC
F T|F|F T|T E|E|F|F|[S|E S|S|E|E|E
39 KNIGHTS LANDING ( using SACRAMENTO R A BUTTE CITY CA) ) 168 KNL o o
414 SACRAMENTO R A VERONA CA ) VON o
84 SACRAMENTO R A SACRAMENTO CA * 59.5 178 RSAC178 IST .
86 SACRAMENTO R A FREEPORT CA 155 RSAC155 FPT o
389 SACRAMENTO RIVER AT HOOD 142 RSAC142 SRH o
308 SACRAMENTO R AB DELTA CROSS CHANNEL CA 128 RSAC128 SDC . o |
307 SACRAMENTO R BL GEORGIANA SLOUGH CA 123 RSAC123 GSS o oo
300 SACRAMENTO R A RIO VISTA CA 101 RSAC101 RVB,RIV e o (o]0 o 0o o L2 I
461 CACHE SLOUGH A RYER ISLAND CACHE_RYE
357 EMMATON (USBR) 92 RSAC092 EMM L2 L2 I
325 COLLINSVILLE ON SACRAMENTO RIVER 81 RSAC081 CSE . o|o e
335 SUTTER BYPASS AT RD 1500 PUMP SUT_US_MI SBP
473 Steamboat Slough STMBT_S
426 SAN FRANCISCO BAY A PITTSBURG CA 77 RSAC077 PTS e oo L2 I
324 SUISUN BAY A MALLARD IS CA 75 RSAC075 MAL . o|eo oo L]
463 Delta Cross Channel DCC
311 GEORGIANA SLOUGH NR SACRAMENTO R 50 GEORG_SL GGS ||
85 FREMONT WEIR SPILL TO YOLO BYPASS NR VERONA CA 244 RSAC244 FRE o o
316 SACRAMENTO WEIR SPILL TO YOLO 182 RSAC182 L L ® |
424 N MOKELUMNE NR WALNUT GROVE CA 19 RMKLO19
390 LITTLE POTATO SLOUGH NR TERMINOUS CA 8 RSMKL008 STI oo o
381 PORT CHICAGO 64 RSAC064 PCT e oo L]
302 SAN JOAQUIN R A JERSEY POINT CA 18 RSANO18 JER o o
338 SAN JOAQUIN R A ANTIOCH CA 7 RSAN0OO7 ANH o o oo e
374 MIDDLE RIVER AT TRACY BLVD 63 RSAN063 MTB
385 ROUGH AND READY ISLAND 58 RSANO58 RRI
371 CARQUINEZ STRAIT A MARTINEZ CA 54 RSAC054 MRZ e oo .
326 SAN JOAQUIN R A VENICE ISLAND - TIDE GAGE CA 43 RSAN043 VNI
386 SAN ANDREAS LANDING 32 RSAN032 SAL e oo o o|o e
305 OLD R A BACON ISLAND CA 24 ROLD024 OBI o
459 MIDDLE R AT BORDEN HWY NR TRACY CA 23 RMID023 VIC o o
301 SAN JOAQUIN R BL GARWOOD BRIDGE A STOCKTON CA 27 RMID027 SIG
309 MIDDLE R AT MIDDLE RIVER CA 15 RMIDO15 MDM o
365 HOLLAND CUT NR BETHEL ISLAND CA 14 ROLDO14 HLL o o
330 BELDON LANDING 11 SLMZUO011 BDL . o oo L]
437 DWR-CD 1479, 11km up Steamboat Slough, below Sutter Slough 11 SLSBTO11
358 FARRAR PARK 9 SLDUT009 FRP e o L2 I
345 BARKER SLOUGH PUMPING PLANT (KG0O00000) 2 SLBAR002 BKS o
344 BETHEL ISLAND 3 SLPPR0O03 BET L2 I
319 GOODYEAR SLOUGH 3 SLGYR003 GYS L]
327 SUNRISE CLUB 2 SLCBN002 SNC L]
331 NATIONAL STEEL 25 SLMZU025 NSL L]
333 VOLANTI 12 SLSUS012 VOL L]

Flow (F), Temperature (T), Electroconductivity (E), Stage (S)



Modeling performance measures: ‘

bank swallows

Life Stage

Survival and morality
mechanlsms

Physscal habitat
(Quantly and qualkty)

Habitat forming
processes

Managemaent
aclions

~

€ The Natuee Conservancy

Y i e N

Mest BUCCesS

¢, 2¢, 3

Masting hubitat (Bocaton,
slopa, height, engeh, soil
type, Bge of eroded banks)

Chanmnil Cross-sechon
{stage, depth, valocily)

[ o [ I
1D
Meandar migration (bank
erosion, chanmel movemenl
ripwarking of floodplain
38 4a . 28
da
Ta
Laves Bank probection {kcation Flonw management {duration,
siback ey magniiude, timing, frequency,
{location ) fip rapping) and ramping rales)

EFT

Ecological Flows Toal



Modeling performance measures: EFT

D e I ta. S m e I t Ecological Flows Tool

€99
Life stage incubation/ larval stages juvenile
emergence

Entrainment

Survwal_and mortality Spawning success [DS4]
mechanisms [DS1]
Larval, juvenile and L
adult habitat extent S
X2 [DS2] k
ndexed by x2)| 2 X
Physical habitat | Spawning habitat extent Y | Food
(quantity and availability
qu ality) Water temperature A A
T Salinity
Sandbar
formation T
! i
Tides
A 3C
A
Habitat forming Channel . | Sediment transport &
processes connectivity o deposition L
* A
, I A A
T Changing Flow management (duration,
Management estoration Delta magnitude, timing, frequency, Water export
actions geometry and ramping rates)

Functional linkage
represented in DeltaEFT

Important relationships
discussed at workshop

Important relationships not

— _— - discussed at workshop ———» Out of scope relationships —4



Modeling performance measures:

Chinook salmon

EFT

Ecological Flows Toal

SacEFT DeltaEFT
Life stage L L
CSlr—Z[ Zf(l r,Q;)w, jw, Z(CS].”)W
Survival and mortality =1

CS2, =12

Physical habitat
(quantity and quality)

Habitat forming
processes
4 |
1 L D
Management CS 4 r — Z Z (CI , D+l

actions |

D4 dl}smj iz[csfl

|D)_ ZCSZI'Irmt E

High Flow

L

L}:cszujm

|

nd

=2
-

Water temperatur

s1
CS3,, .

Tidal
Action

A

gement

Important relationships | Important relationships not
discussed at workshop discussed at workshop

—— > Out of scope relationships
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EFT relational database Ly EFT
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EFT hydrologic foundation YEEL-

CALSIM-II
= Monthly flows
°“" Sacramento
| SRWQM River
* Daily flow
USRDOM disagregation The Unified
« Daily flow disagregation temgeratures — Gravel-Sand
+ Northern boundary = » Same boundaries as (TUGS) sediment
Keswick USRDOM transport model

+ Southern boundary =
Knights Landing

L - Meander Migration
(MM) model

“Plug-ln” """""""
Delta )
DSM2 (HYDRO-QUAL-PTM / e EFT
( Q ) :' Data base v Ecological Flows Tool
« Flow, stage, salinity, water temperature, particle | Hydro-
fate, turbidity (if avail.) H .
e Tides, hydrodynamics ' ecological
= Boundary conditions = stage at Martinez, monthly
water diversions into Delta response
« (Own node-link representation a |gorith ms




EFT: multiple analysis products

EFT

Ecological Flows Toal

Question

Analysis

1.

What water operation alternative has
preferable environmental
performance?

1.

Multi-year roll-up of indicator
performance (% change in
number of simulation years
having a favorable rating).

2. What explains why a particular 2. Graphs and daily output data by
ecosystem function is/isn’t being index location
achieved?

3. What is the spatial pattern of 3. Spatial visualizations with data
performance for a particular features.
ecosystem function?

4. \What water operation 4. Use “good year” flow & water

criteria/guidelines would improve
conditions for a given species?

temperature traces to inform
target ranges and specific flow
rules.




Indicator ratings

Habitat centered performance measure

“Hazard
7 threshold
y, - boundaries”

|1," V4 </
N / Cut-off:*  -to-bad”
i 7

/
4 >

Driving variable(s) (flow, water temp, channel
migration rate, etc.)

EFT

Ecological Flows Toal



SacEFT

Sacrarmenie River Ecological Flows Toal

e s iy

Analysis of the North-of-the-Delta
Offstream Storage Investigation

Prepared by
mheNature (%)
-
Profecting natune. Presersing life”
500 Mam St.
Chico, CA 93028

and

&

600 - 2695 Gramville 5t.
Vancouver, BC
Canada VAH 314

Angust 5, 2011



Output example (Q1): O EFT

multi-year summary

Fremont Cottonwood - Initiation Success (FC1) - Annual E\@

Indicator Name | Indicator Description

£002
Fo02

TEGT

’,& NODOS - Alternative A, NoRipRapRemoval

*  FC1-initiation Fremont Cottonwood - relative inifiation success

NODOS - Alternative B, NoRipRapRemoval

=P

FC1- initiation |FremontCoﬂ0nwood - relative inifiation success|

NODOS - Alternative C, NoRipRapRemoval

&

:.\| FC1 - initistion |FremontCoﬁcnwood - relative inifiation success

:}\ NODOS - Existing, NoRipRapRemoval

:}‘ NODOS - No Action, NoRipRapRemoval

’,}‘ VERSION 2 CALIBRATION RUN (HISTORICAL

[ For-mston [FomontCotorood-ave isiarscees] | 1 1111 1 M T TSR | O D | W




gEFT

Ecological Flowsﬁol

Output example: multi-year summary

Sacramento Ecological Flows Tool: WINTER Chinook - Spawning
WUA (ST1); % of simulation years with favorable conditions

% of simulation years




Output example (Q2): O EET
detailed daily results for a selected year/location " # wse o

Scenario:|VERSION 2 (HISTORICAL)

Water year:|1995
Location of interest:] TURNER CUT NR HOLT CA |
Units Percentage

DeltaEFT - Delta Smelt Entrainment Report

100 7
90
80 o
~ 70 +
]
>
o
o 60 A
c
9]
£ 50 o
£
S 404
=]
c
wm 30 4
= |_ocation 20 4
Weight
10 4
=== Particle
Tracking Model 0 —
logistic fit 3 = ] 2 g 3 3 R S 8 8
% Delta Smelt c c o o ° ° ° ° © © -
Entrainment Export:Import Ratio
Old and Middle River (OMR) Flows
15000 1 0.014
0.012
10000 4
JAAAW 001
-
¢ 5000 1 s 0.008 g
5} 3
2 0.006 =
5 ° %
T [a]
0.004
-5000 9
0.002
Daily weights
OMR Fow 0000 .
— . [ - [ - > > > > > € £ ¢ S 35 35
N EEEEEEEEEEEEE R E RN
eighted flow 3284888998335 3§g53dRSS
Zero flow Period of Interest




Output example: O EET
alte rnatives summ ary < Y EcologcalFlows oo

Alternatives (below)
vs. Existing Conditions NAA vs.
- NODOS | NoDOS | Nopos | Historic
Increased / decreased Focal Performance NAA | -AltA | —-AItE | —Altc | Conditions
p erc entag e Of species mfea.sure {#1} {#2} {#4} {#6} {#8)
. . Fremont Initiation success o o L o
Simu |atI0n yearS Cottonwood | (FC1) ni (+-0) s ni (+10)
havi ng a favorable Post-nitiation scour
. . - risk (FC2)
rating vs. existing Bank Habitat
conditions. Swallows potentialsuitability
(BASW1)™
Peak flow during
nesting period
(BASW2)
Western Large Woody Debris
Pond Turtles | Recruitment (LWD)™
Green Egg temperature
Sturgeon preferences (GS1)
Steelhead Spawning WUA
(ST1)
Thermal egg
mortality (ST3)
Redd Dewatering
(ST6)
Redd Scour (STH)




Output example (Q3):
spatial data visualizations

~

The Natues Canservancy

EFT

Ecological Flows Toal

-

@ Ecological Flows Tool - Spatial Reports - [AnnualSpatial-Run{62)-Scenario(118)-D54 - entrainment risk({68)-1999]

=] B e |

o e

() Window - 9 X
&) fm]
O]l e
Select Pan | ZoomIn Zoom Qut
Fairfield FORCE BASE
"Suisun City Rio Vista Rd RYER E
e ISLAND
el g 0 Hiigs RioVista
g S Mbuni
‘i{airport
5 i
GRIZZLY A" 4
ISLAND e ista
% el
A o AN STATEN
‘ " P SLAND
i
Q a W N
Nrpgzu A
: 12
HAMMOND I BOULDIN
SIMMONS ISLAND ISLAND
ISLAND
H'I_'ill r LER
ISLAND VENICE
ISt AND
SHERMAN KING
ISLAND O ISLAND
BETHEL ISLAND
ISLAND
el Teland
\ S JDakley :
4 ‘i:|-,l| wan Fll . S-‘:'L%'\'r @
C o I AND
Concord, ¥ ab
: el *)33‘;'- @
antHill)/ %
r-J
ra
L WOODWARD
' e ISLAND
. /
Walnut Creek




Ecological Flows Toal

EFT

4
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| flow recommendat
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The Natues Conservancy
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Q4: Ecological flow recommendations

EFT

Ecological Flows Toal

Shcramento River

Fremont Cottonwood

Indicator

FC1 Relative initiation success

Objective & Rationale

Periodically provide recession flows that support areas for riparian initiation {as indexed by Fremont cottonwoods) in
thetarget zone forinitiation (i.e., riparian channel bank areas above 8,500 cfs elevation + 3ft). (SacEFT Design

Document Section 4.3.4, pp. 96-100).

Timing

Ol N | D J FI M| A

M| J Al S

Location

Hamilton City (RM199, SACRAMENTO RNRHAMILTON CITY CA, 11383800)

Variable & Condition

76 out of 108 days of flows (70%) at Hamilton City (RM199) between Apr-15(105) and July-31 (212) equal or exceed

flows predicted by the following equation:

Min. target @ (cfs) = 0.5971x* - 243.962x + 34399 (where x = Julian day)

20000

17500

Fremont Cottonwoodinitiation—min. flows Hamilton City
index point (RM 199, 5acramento MR Hamilton City, 11383800)

Discharge(cfs) 13000 \

12500 =
\N‘“‘-«
10000 h“-"""n-_.___

y= 0.5971x% - 243.962x + 34399
~~—— R*=0.9988

T500

Jullan Day

Recurrence

Atleastonce every 8years.

References

Mahoneyand Rood 1998; Roberts etal. 2002; Roberts 2003; HEC-RAS supplemented stage-discharge relations;

Alexander 2004




Q4: Ecological flow recommendations

EFT

Splittail

Indicator

551 Spawning habitat extent (Yolo)

Objective & Rationale

Maintaining flow regimes that result in periodic inundation of riparian and floodplain habitat during winter and
spring is important for splittail viability. When flooded, the majority of splittail spawning habitat is located in Yolo
bypass, consequently inundation of the floodplain plays a large role in determining the extent of available
spawning habitat. (DeltaEFT Design Document Section 2.2.3, pp. 100-105).

Timing

| N | D J F M| A M| J J A S

(Feb21)

Location

Fremont Weir (FREMOMNT WEIR SPILL TO YOLO BYPASS NR VEROMNA CA, RSACL55, 11351021)

Variable 8 Condition

100 < Qavz< 2000 cfs for at least 75% of the period shown (approx. four weeks within this period)

Recurrence

4 out of 10 years

Potential conflicts & trade-offs

MNotching Fremont Weir should provide habitat

References Moyle et al. (2004); Sommer ef al. (2002), Feyrer ef al. (2006)
Delta Smelt
Indicator D54 Entrainment index

Objective & Rationale

The indicator simulates entrainment risk from the CVP and SWP export operations. The indicator applies only to
the larval and juvenile life stages. Low flow years historically have higher incidences of entrainment than high
flow years because fish are distributed closer to the points of diversion. The indicator is based on the results of a
Particle Tracking Model (PTM) experiment (Kimmerer and Nobriga 2008). (Design Document Section 2.2.2, pp. 89-
100).

Timing

| N | D J F M| A M| J J A S

Locations

Combined Old + Middle River
(OLD R A BACON ISLAND CA, ROLD024, 11313405) +(MIDDLE R AT MIDDLE RIVER CA, RMIDO15, 11312676)

Variable & Condition

< Normal WYT: Qgyz> —2,000cfs
IDNUrmal WYT: Qgyz = Ocfs

Other Triggers

Juvenile smelt detected through trawls

Recurrence

Annually

Potential conflicts & trade-offs

May conflict with export objectives

References

Kimmerer and Nobriga (2008); Moyle (1992); Sommer ef al. (1997); Nobriga et al. (2001).

Ecological Flows Toal




EFT

Ecological Flows Tool

What it does

e Links Sacramento & Delta ecoregions

e Multiple focal species & habitats

 Rapid alternatives comparison
 Evaluates multiple actions (gravel,
channel migration, floodplain

activation, conveyance, operations)

o Links with existing models

 Develops new ecological flow guidelines

What it doesn’t do
* Not a population model

 Does not consider effects on
other beneficial uses (e.g.,
power) but designed to be
paired with models that assess
these objectives



Ryan Luster
rluster@tnc.org

(530) 897-6370, ext. 213
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