What do we mean by “natural
functional flow” in a regulated and
modified system?

Chris Enright
Delta Science Program
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natural functional inflows to the Delta”

“What is a natural hydrograph in
regulated rivers—the science of

Right off the bat, it’s a contradiction
Pre 1849, it would simply be redundant

Central Valley watershed is highly modified
and regulated

Natural flow paradigm well accepted
Does the natural flow paradigm apply here?
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Today’s seminar

Co-equal goals: reliable water supply and
conservation of native species.

 “reliable” —read not variable water supply

 “native species” —read variable hydrology,
geomorphology, and ecosystem pattern
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Today’s seminar

Co-equal goals: reliable water supply and
conservation of native species.

» What measure of hydrogeomorphological
restoration confers resilience on native species to
present and future stressors?
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Today’s seminar

Co-equal goals: reliable water supply and
conservation of native species.

» What measure of hydrogeomorphological
restoration confers resilience on native species to
present and future stressors?

— We are working at the margins of multiple demands
on water. What is enough?
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Today’s seminar

Co-equal goals: reliable water supply and
conservation of native species.

» What measure of hydrogeomorphological
restoration confers resilience on native speues to
present and future stressors? ' )

— Hydrograph and morphology are

— What is the natural “hydrogeomorphograph?”




Today’s seminar

Co-equal goals: reliable water supply and
conservation of native species.

» What measure of hydrogeomorphological
restoration confers resilience on native species to
present and future stressors?

— native species are adapted to physical disturbance

regimes — population stability depends on physical
diversity N
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Today’s seminar

Co-equal goals: reliable water supply and
conservation of native species.

» What measure of hydrogeomorphological
restoration confers resilience on native species to
present and future stressors?

— Growing demand for water supply and clean energy
— Climate change effectively reduces water supply

— Flood risk A
— Delta stressors /\d\,\___h
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The role of science

e How do native species adapt to physical
processes and disturbance regimes?

* How do Changes N frequency, duration, magnitude, timing, rate-of-
change, predictability affect disturbance adapted

organisms? (A “hydrogeomorphograph”)
e Support decision and policy making

A




This talk

IH

Theme: Disentangle “natural” and “functional”
1. Functions of natural flow regimes

This watershed: Highly modified and regulated

2
3. Unimpaired flow: used and abused
4

. Hydrographs for Sacramento, Feather, and
Yuba Rivers
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1. Functions of natural flow regimes

Hydrograph components

=] Magnitude
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1. Functions of natural flow regimes

Floodplain
sediment
deposition

Discharge

Physical Processes

Channel morphology

F

Floodplain inundation &

First freshet
+~ sediment
transport

Floodplain retention
& groundwater
interaction

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec



1. Functions of natural flow regimes

Discharge

Chemical Processes

floodplain OM &
nutrient export

4N J A _Floodplain inundatior First freshet
+~ sediment

Base flow temperature transport

spring water nutrients

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec



1. Functions of natural flow regimes

Biological adaptation modes: (ytie and pofr 2004)

* Life history—synchronize life-cycle growth and
reproduction to timing and predictability of
hydrograph events.

Snow melt recession is predictable:

* Yellow-legged frogs (varnell et al. 2010)

e Cottonwood seed release
» Mortality can be high if not

Discharge

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec



1. Functions of natural flow regimes

Biological adaptation modes: (ytie and pofr 2004)

* Behavior—respond to event magnitude and
environmental cues when timing is not predictable

Timing is not predictable so:
e Delta smelt respond to Q & turbidity
e Aquatic insects respond to rain

Discharge

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec



1. Functions of natural flow regimes

Biological adaptation modes: (e and poff 2004

* Morphology—response to frequency and magnitude
of floods and droughts

Energy allocation:
\ l\ —  floodplain plants shed above ground
biomass during floods
e Cottonwoods shed limbs during droughts

Discharge

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec



1. Functions of natural flow regimes

Managed flow regimes and conservation

» Impose a percentage of the natural hydrograph:

. Timing and predictability adaptors may do fine
. Magnitude adaptors are disadvantaged

— Natural hydrograph

50% of natural hydrograph

Discharge

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

adapted from Postel and Richter 2003



1. Functions of natural flow regimes

Managed flow regimes and conservation

» Impose “functional flows”
retain flood magnitude

vary moderate flows
maintain base flows
retain fall freshet

el S

/ Natural hydrograph

\ | 'nctlonalhydrograph?

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Discharge

adapted from Postel and Richter 2003



2. The watershed: Highly =
modified and regulated e
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2. The watershed: Highly |

modified and regulated

Historical connected
waterways of the
Central Valley

S G2
L ia B
< A Salmon historically
i present
Historically
connected

e
N Iaree
) R
L \ \
. \
N " Buena Vista’ | {
A _ Lake \ Kern
"~ Lake
25 50 &
e e
Miles

(TBI 1998)




2. The watershed: Highly

modified and regulated

Major “rim dams”
and disconnected
habitats

2

/| A Rimdam

/ 7\ Lost salmon habitat
"~ | A/ Disconnected reach

'~ |7V Connected reach

> 1000 other

small dams

(TBI 1998)




2. The watershed: Highly |

modified and regulated

Overall: Mean Inflow
Storage
Sacramento 80%
Valley
San Joaquin 135%
Valley
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2. The watershed: Highly °
modified and regulated = |

atic Ecosystem Regions

[ | Upland

[ [Lowland

| |Delta

|l san Francisco Bay

Nearshore Ocean
Sub-basin Boundary

e Water supply
° Hydropower Sacramento
* Flood control Feather

Yuba
° E-ﬂOWS American

“East-side tributaries”

San Joaquin tributaries

San Joaquin

(TBI 1998)



2. The watershed: Highly
modified and regulated

Water development
schematic

State Water Project
facilities
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2. The watershed: Highly
modified and regulated

Water development
schematic

Federal Water Project
facilities
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2. The watershed: Highly
modified and regulated

Water development
schematic

Flood control and
water supply
“rim dams”
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2. The watershed: Highly
modified and regulated

Water development
schematic

Hydropower
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(TBI 1998)

2. The watershed

Highly |

modified and regulated

Valley flood
control levees




2. The watershed: Highly
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Historical
Sacramento
Valley flood

basin storage
capacity

Contemporary

Wlllaws.

Miles

TBI 1998
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2. The watershed: Highly |

modified and regulated

Regulations,
Opinions, and
Agreements

Trinity Lake Storage
Trinity EIS preferred alternative
600,000 AF as able

Trinity River Flow
Trinity EIS preferred alternative
369,000-815,000 AF/yr

Clear Creek

Downstream water rights

1963 Reclamation proposal to USFWS and
National Park Service, and USFWS discretionary
Use of CVPIA 3406(b)(2)

2009 NMFS Biological Opinion

Feather River at Mouth
Maintain CDFG/DWR flow target of 2,800 cfs for APR-SEP
Dependent on Oroville inflow and FRSA allocation

Sacramento River at Wilkins Slough
3,500-5,000 cfs based on CVP
Shasta storage condition

American River at H St
SWRCB D-893

2

75

Shasta Lake
1993 Winter-run Biological Opinion
(1,900,000 AF) 2009 NMFS Biological Opinion

Sacramento River Below Keswick

1960 DFG/USBR MOA

Flows for SWRCB WR 90-5 and 91-1

USFWS discretionary use of CVPIA 3406 (b)(2)

Feather River below Thermalito Diversion Dar
1983 DWR-CDFG Agreement (600 cfs)
FERC (800 and 700 cfs)

Feather River below Thermalito Afterbay out
1983 DWR-CDFG Agreement (750-1,700 cfs)

Yuba River below Daguerre Point Dam
Yuba River Accord flows
(SWRCB corrected Order WR 2008-0014

American River below Nimbus
SWRCB D-893

USFWS use of CVPIA 3406 (b)(2)
2009 NMFS Biological Opinion
Water Forum agreement

et

Thanks to Walter Bourez




2. The watershed: Highly
modified and regulated

The Sierra Nevada has changed since 1850

U.S. Geological Survey, Gilbert, G.K., Photo
No. 3205. 1917
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Stakeholders are mobilizingi AHEAD

through a one-dimensional, natural flow regime.

Despite these cautions, some interest groups have assigned greater weight to the flow criteria than they deserve. With
the State Board set to begin the process of developing actual flow objectives for the Delta, it is critical to understand
the limitations of the flow criteria and the broader consequences of trying to resolve the Delta’s ecosystem problems

* Hydropower impa

e Greenhouse gases

* Reduced water supply
reliability

e Loss of cold water
habitat protection

* Recreation impacts

Flows and the Delta:

The Consequences of Using a One-Dimensional
Approach to Address a Complex Problem

In August 2010, the State Water Resources Control Board issued a repart on new flow criteria for the Delta ecosystem
that calls fer increased flows inte and through the Delta, In its executive summary, the State Board cautioned readers
about the limitations of any flow criteria and made it clear the report had “no regulatory or adjudicatory effect.*The
State Board emphasized that because the criteria were developed in an accelerated process required by law, the Board
focused only on aquatic resources in the Delta and did not consider other public trust resources, The State Board
stated clearly that a more comprehensive review and consideration of a broad range of public trust resources would
be required before setting flow abjectives with requlatory effect

Despite these cautions, some interest groups have assigned greater weight to the flow criteria than they deserve. With
the State Board set to begin the process of developing actual flow objectives for the Delta, it is critical to understand
the limitations of the flow criteria and the broader consequences of trying to resolve the Delta's ecosystem problems

through a one-dimensional, natural flow regime,

Ta help bring these issues into focus, a coalition of public water and power agencies has completed an analysis of the
potential impacts the proposed flow criteria would have an water, energy, the énviranment and recreation if they were
to be adopted as flow objectives. The analysis illustratas the severe consequences under a low-centric approach, and
underscores why a mare comprehensive planning effort Is needed,

Current Coalition:

Impacts of a One-Dimensional, Flows-Only Approach = Association of Caffornia Water Agenies
*  Reservoir levels eritically reduced. * California Mundcipal Utllities Assaciation
*  Loss of available water supplies for cities, farms, businesses and species. * ity of Redding; Department of Public Works

* Martherm Califoenia Water Association

o o ! ) » Novthern California Power Agency

*  Significant reduction in hydropower generation and the patential for * Placer County Water Agenicy
increased carbon emissions fram replacement energy sources

*  Harm to fish / habitat due to warmer, slower-moving water,

* Redding Electric Usility
To achieve the coequal goals of improved ecosystem health and water supply * Sacraments Mumicipal Usility District
reliability, California must address all aspects of the challenge, nat just flows. The * San Luis and Delta-Mendeta Water Authority
coalition believes that due consideration of all the public interests will lead to © State Water Comtracters
sound future policy decisions. * Westlands Water District

* Yaba (ounty Water Agency




2. Highly modified and regulated

* Not much “natural” about it.
* Not likely to change significantly

e What are the marginal opportunities for natives?
— Better connect floodplain bypasses—multiple purposes
— Ramping releases from reservoirs
— Dam removal
— Fish bypasses around dams
— Riparian and tidal marsh restoration




3. Unimpaired flow: used and abused

e Unimpaired flow removes the effect of
upstream reservoirs, imports, and exports.

e does not remove effects of

— Levees
— Channelization

— floodplain and wetland storage/evaporation

— Forest practices
— Hardened surfaces
— groundwater interaction

A

W,




3. Unimpaired flow

Two kinds of
unimpaired flow

1. Rim dam unimpaired flow

2. Central Valley unimpaired flow [

» These are distinctly different
beasts!




3. Unimpaired flow

1. Rim dam o
I l - A"Rim dams”
unimpaired flow

e Below rim dams

e daily average
e Site specific calculation

* Depends on many data
sources

 |Inflows estimated from
reservoir elevation

* No upstream

groundwater interaction A
A NN o

(TBI 1998)



3. Unimpaired flow

1. Rim dam
unimpaired flow

Evaporation (E) Inflow (Q;,)

Change in Res.
Storage (AS)

Diversion/Export (Qg;,)

Import (Q;,,)

Gage
Gauged outflow (Q_,)

UF = C)~out_ C)~imp+ C)~div+ AS +E

_~~ " |A“Rim dams”

sk
Y
9
L

|
(G
1ty

(TBI i998)
Thanks to Francis Chung



3. Unimpaired flow

Uses of rim dam unimpaired flow

e Water Year Classification (“C, D, BN, AN, W”)
— 40-30-30 index for Sacramento Valley

0.4 * current Apr-Jul Runoff + 0.3 * current Oct-Mar Runoff + 0.3 * Previous yr Index

— 60-20-20 index determines SJ valley

e SWRCB San Joaquin River flow objectives

A

W,
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3. Unimpaired flow

2. Central Valley
unimpaired flow

Monthly average
1921 —present

24 sub-basins calculated
separately

Assumes landscape
changes are insignificant
— groundwater interaction
— surface retention

— channel reconfigurations

~ = i I'.
.:1, !
e I Call
B -
.-/

Centr;




3. Unimpaired flow

2. Central Valley
unimpaired flow
DWR Bulletin 1 (1951):

e Short record stage-discharge

 Un-gaged basins estimated
based on

— volume proportion correlation
with nearby basins

— Precipitation-flow correlations

Cali
Centr;i




3. Unimpaired flow g ‘ .

2. Central Valley |1 e A

. . E 4 Cali
unimpaired flow [ ./ ° centn

Example:

Sac Valley (UF1) Basin 6,400 mi?

Based on DWR Bulletin 1 (1951):




3. Unimpaired flow

2. Central Valley
unimpaired flow

Example:
Sac Valley (UF1) Basin 6,400 mi?
Based on DWR Bulletin 1 (1951):

Estimated monthly mean runoff in 4 pl
% 3 short term gages
% 1 precipitation/runoff correlation

Cali
Centr;i




3. Unimpaired flow

2. Central Valley
unimpaired flow

Example:
Sac Valley (UF1) Basin 6,400 mi?
Based on DWR Bulletin 1 (1951):

Estimated monthly mean runoff in 4 pl
% 3 short term gages
% 1 precipitation/runoff correlation

Estimated unimpaired flow for
Y Bear River Basin (UF10-292 sq.mi.)

Ratio of annual average (%/5%) = 2.18

Cali
Centr;i




3. Unimpaired flow

Central Valley unimpaired flow:

Used and abused

Estimates of historical
monthly Delta Outflow

DWR Unimpaired outflow

Other “natural outflow”
estimates

1990 plan outflow

Cali
Centri

Millions of acre feet/month

FIGURE 3.5.3-1

Average Monthly Delta Outflow

1990 Level (DWR 30)
- Unimpaired (DWR 26)

——— Natural (Case A)
: Natural (Case B)

|

—— Unimpaired ‘
[SHRCB 3) |
L]

]

i

—Dawdy
/ (pawoy 7)

g
/il
| -
0 . —+ I f f I f f +- f
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
{From SWC 353)
DWR SWRCE SWE DAWDY OWR
Unimpaired Unimpaired Natural Matural 1980 L.0.0.
ANNUAL — T - '
FLOM 28 28 15-22 25 14
[MAF/YR)

SWRCB Water Quality Control Plan for Salinity 1988



3. Unimpaired flow

Central Valley unimpaired flow:

3 improvements:

1. Groundwater
interactions

2. \Vegetation
consumptive use

2. Error analysis

Used and abused

Cali
Centri

Millions of acre feet/month

5 [ —

0

FIGURE 3.5.3-1

Average Monthly Delta Outflow

1990 Level (DWR 30)
- Unimpaired (DWR 26)

———— Natural (Cose A)
\ Natural (Case B)

—— Unimpaired
e (SHRER 3

—Dawdy
/ (pawoy 7)

|
|
N
|

I~

1 I | I - ]
I "l' I I 3 ! 3 I I
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
{From SWC 353)
DWR SWRCE W DAWDY OWR
Unimpa ired Unimpaired Matural Matural 1990 L.0.D.
ANKUAL '
FLOW 28 28 15-22 25 14
[MAF/YR)

SWRCB Water Quality Control Plan for Salinity 1988



4. Hydrographs

Rim dam unimpaired flow vs. measured flow
—Sacramento River at Bend Bridge
— Feather River at Oroville
—Yuba River at Smartsville

A
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, Sacramento River—2007/-2012

Flow (CFS
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rowicrsy DaCcramento River—2007-2012
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, Sacramento River—2007/-2012
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Rim Dam

Unimpaired Flow
Measured Flow
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e Cold water habitat
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Flow (CFS) Yuba River—2001-2006
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Flow (CFS) Yuba River—2001-2006
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Flow (CFS)

Yuba River—2001-2006
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Flow (CFS) Yuba River—2007-2012 Rl
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Feather River 2001-2006
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Flow (CFS)

Feather River 2007-2012
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Conclusions

e Untilit’s “natural,” it’s necessarily “functional”

moreA
Degree of
landscape
alteration Restored
hydrogeomorphology
|ess e ~ Natural system dynamics Tlme

More natural

. flow regime
Functional

flows
required

more\,/
More More

Functional Natural




Conclusions

Until it’s “natural,” it’s necessarily “functional”
Natural flow has a geomorphic context

Native species are adapted to different components
of the natural “hydrogeomorphograph”

The watershed is highly modified and regulated—
functional flow prescriptions are at the margin.

Restoration of diverse and accessible aquatic-
terrestrial habitats are needed.




Conclusions--

Let’s establish consistent terms and methods for
hydrograph characterizations

Unimpaired flow calculation needs a geomorphic and
vegetation context

Central Valley unimpaired flow should not be
compared to anything—it’s an “index” at best

Characterize error in both “rim dam” and “CV”
unimpaired flow




Thank you

“Flows more aligned with the historical natural flow regime are
more likely to favor native fishes, though given the altered
conditions of the Delta landform and ecology, they might need
to depart in some respects from... historical patterns to
accommodate the needs of native fish.” (Fleenor et al. 2010)

Peter Goodwin
Martina Koller
Steve Culberson
Walter Bourez
Francis Chung
Ray McDowell
Steve Grinnell
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