Instream Flow Enhancement and Groundwater Recharge
Planning

A Workshop at the 34" Annual Salmonid Restoration Conference held in
Fortuna, CA from April 6-9, 2016.



Workshop Overview

m Workshop Coordinators:

m Lisa Hulette, The Nature
Conservancy

m Tasha McKee, Sanctuary
Forest

Coho salmon in California are on the brink of extinction, and if current
trends continue, Chinook salmon and steelhead trout are close behind.
Dependent largely on the small forested tributaries of the Coast Ranges
for spawning and the first year of their lives, salmon populations have
been significantly reduced by the devastating effects of logging,
agriculture, and urbanization. Populations of coho salmon in the state
have fallen from more than 500,000 fish to fewer than 5,000 in less than a
century.

Water scarcity issues now pose the single biggest threat to salmonid
recovery. Drought, land use impacts and human water use are all
contributing factors. With climate change and prediction of future
droughts we are urgently called upon to restore ground and surface water
hydrology and develop conservation programs to reduce human use
impacts.

This workshop will address streamflow and groundwater recharge
science, including project implementation, resource management
challenges and new policy directions designed to provide salmon and
steelhead the best chance for survival across their freshwater life-cycle.
Presenters will discuss strategies for increasing instream flow from state
wide action plans to water conservation and transaction programs to
restoration of ground and surface water hydrology. Several different
approaches to groundwater recharge will be presented in different
settings such that participants will walk away with a broad understanding
of techniques and their application. An interactive groundwater planning
exercise will take participants through the steps of preliminary
assessment and planning of groundwater recharge projects. Two
contrasting project types will be used for the exercise and participant
teams will be assisted in the preparation and sharing of a groundwater
recharge project. Permitting for groundwater recharge projects will also
be addressed including the new Water Quality Certification for Small
Habitat Restoration Projects.




Presentations

Instream Flow Enhancement and Groundwater Recharge Planning: Part 1

(Slide 5) California Water Action Plan; Enhance Water Flows in Stream Systems Statewide
Daniel Worth, State Water Resources Control Board

(Slide 36) Providing Flows for Salmonids in Drought Years and Beyond
Daniel Schultz, State Water Resources Control Board, Division of Water Rights, Public
Trust Unit

(Slide 87) South Fork Eel River Water Conservation Program —A Variable Diversion Rate
Strategy for Coastal Watershed Management
Dr. William Trush, Humboldt State University River Institute

(Slide 123) Effect of Water Transactions on Water Quality and Adult Fall-Run Chinook
Salmon in the Shasta River
Ann Willis, University of California Davis Center for Watershed Sciences




Presentations

Instream Flow Enhancement and Groundwater Recharge Planning: Part 2

(Slide 153) Aquatic Habitat Is More than Skin Deep - Linkages Between Human Activities,
Reduced Groundwater Abundance, and Aquatic Ecosystem Health
Brad Job, Civil Engineer, Pacific Watershed Associates

(Slide 195) Reconnecting Hillslope Hydrology- Road Run-Off and Infiltration
Joel Monschke, Civil Engineer and Geomorphologist, Stillwater Sciences

Meadow and Floodplain Restoration and Active and Passive Groundwater Recharge
Eric M. Ginney, Environmental Science Associates (ESA)
*presentation not included

(Slide 210) Quantifying Groundwater Recharge and Storage Increases from Meadow
Restoration in the Sierra Nevada
David Shaw, P.G., Balance Hydrologics, Inc.

(Slide 254) Restoring an Incised Coastal Stream- Groundwater Recharge Outcomes
Tasha McKee, Sanctuary Forest, and Brad Job, Pacific Watershed Associates



34th Annual Salmonid Restoration Conference

California Water Action Plan: Enhance

Water Flows in
Stream Systems Statewide

Daniel Worth
April 7, 2016
Fortuna, CA




g

Parts of Presentation

1. Provide a short summary of what the Water Boards do
>. Discuss efforts to enhance stream flows statewide

5. Provide an example of flow related issues and the
benetits of improving flow conditions
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« State Water Board

- Water allocation and water quality authority
- Develops State-wide water policy
- Issues permits for cross regional projects

- Regional Water Boards
- Develops basin plans to protect water quality
- Issues permits for regional projects
- 9 Regional Boards
- North Coast Regional Water Quality Control Board






California Water Action Plan (WAP)

January 22, 2014

* Developed at direction of Governor Brown by:
e California Department of Food and Agriculture
e California Environmental Protection Agency
e California Natural Resources Agency
* Plan will guide state efforts to:
e Enhance water supply reliability
e Restore damaged and destroyed ecosystems
e Improve resilience of California’s infrastructure

* Qutlines California’s near- and long-term water priorities,
including drought



Action 4 - Protect and Restore Important Ecosystems

e Sub-action: Enhance Water Flows in Stream Systems
Statewide (Page 12 of WAP)

“The State Water Resources Control Board and the Department of
Fish and Wildlife will implement a suite of individual and coordinated
administrative efforts to enhance flows statewide in at least five
stream systems that support critical habitat for anadromous fish.
These actions include developing defensible, cost-effective, and time-
sensitive approaches to establish instream flows using sound science
and a transparent public process. When developing and
implementing this action, the State Water Resources Control Board
and the Department of Fish and Wildlife will consider their public
trust responsibility and existing statutory authorities such as
maintaining fish in good condition.”
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Potential
State Water Board Work

* The enhancement and establishment of instream
flows could include:
e Science
* Enforcement
e Water rights actions
e Policy development
e Cooperative agreements
* CEQA
e Grant funding
e QOutreach
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Where are we in the flow
enhancement process?

* Held meetings with regional and headquarters staff in
all five of the priority watersheds

* Developing contracts for:
e Hydrology and groundwater modeling
e Water rights evaluation tools

¢ Identifying gauging needs

* Compiling and evaluating existing information
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Why Does California Need
Instream Flow Requirements?



National Marine Fisheries Service

Central California Coast Coho Salmon Recovery Plan Executive Summary September 2012
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What does instream flow have to do with
fish?

¢ Instream flows affect nearly all of the other habitat
attributes that fish experience, including:

e Depth

e Velocity

e Temperature

e Water Quality

e Sediment

e Habitat Structure and Complexity
e Food Availability
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Figure 1: Typical Stanislaus River Annual Hydrograph of Daily Average
Unimpaired and Observed Flows during a Wet Water Year (2005) Illustrating
Important Hydrograph Components
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Merced River average daily temperature under Baseline conditions from 1960 to 2010.
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Merced River average daily temperature under Baseline conditions from 1960 to 2010 at two different locations.
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Merced River average daily temperature under Baseline conditions from 1960 to 2010 at three different locations.
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Merced River average daily temperature under Baseline conditions from 1960 to 2010 at three different locations, which illustrates that
both fall and spring temperature windows have been altered compared to natural conditions. There is an approximately one month
delay from when fall-run Chinook salmon should be able to access optimal spawning temperatures (less than 55.4 °F) to when they can
under current conditions.
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Temperature (°F) vs. Flow (cfs) on Merced River at RM 27
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Merced River | Confluence (RMO0) 1/4 River (RM13) 1/2 River (RM27) 3/4River (RM37.8)
Month / Percent Unimpaired Flow Percent Unimpaired Flow Percent Unimpaired Flow Percent Unimpaired Flow
Life U,SEP,A Base Base Base Base
Stage| Criteria 20% 30% 40% 50% 60% 20% 30% 40% 50% 60% 20% 30% 40% 50% 60% 20% 30% 40% 50% 60%
(F)
R |Feb(55.4)] 74% | -2% -1% 3% | 2% -1% 4% | 81% | -3% 2% 1% 2% 2% | 74%|-2% 2% 0% 3% 5%
R |Mar(55.4)| 24% | -1% -1% 25% | -1% 0% 7% | 29% | -1% 0% 3% 7% 13%| 28% | -1% 0% 4% 7% 14%
CR |Mar(60.8)] 70% | 0% 2% 712% | 0% 1% 17% | 85% | 0% 3% 7% 10% 11%| 87% | -1% 1% 6% 8% 9%
CR | Apr(60.8)| 22% | -1% 5% 25% | -1% 7% 43% | 39% | 2% 17% 26% 38% 45%| 43% | 3% 21% 32% 40% 45%
CR |May(60.8)| 8% | 0% 6% 12% | 2% 10% 17% 30% 37% | 18% | 6% 21% 26% 37% 43%| 24% | 12% 25% 32% 40% 45%
S |Apr(57.2)] 7% |-1% 0% 9% | -1% 2% 14% | 12% | 0% 5% 6% 14% 19%| 16% | 0% 6% 8% 17% 22%
S |May(57.2)| 2% | 0% 0% 5% | 0% 0% 8% | 7% | 0% 1% 1% 9% 15%| 10% | 0% 6% 9% 16% 24%
S |Jun(57.2)] 0% | 0% 0% 2% | 0% 0% 1% | 8% |-2% 2% 2% 3% -3%| 11% | 0% -2% -1% -3% @ -2%
SR |Jun(64.4)] 16% | 2% 0% 21% | 3% 3% 15% | 26% | 3% 8% 10% 16% 21%| 28% | 6% 13% 18% 26% 31%
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Water Temperature

Myrick and Cech (2001 p. iii) suggest that “water temperature
is perhaps the physical factor with the greatest influence on
Central Valley salmonids, short of a complete absence of

water”

| add that restoring habitat will be useless to native
fish if water temperatures are not adequate



Average monthly flow from 1922 to 2003

Tuolumne River _
April
Flow (cfs) Floodplain Acreage

Base |20% 30% 40% 50% 60%
75 0 100%1 0% 0% 0% 0% 0%
150 0 100%]1 0% 0% 0% 0% 0%
300 0 94% | 2% 5% 6% 6% 6%
500 0 70% 112% 22% 28% 30% 30%
1000 0 52% | 0% 13% 27% 40% 45%
1100 Initiates 44% |1-2% 15% 33% 44% 54%
1250 56 41% |-1% 11% 29% 39% 50%
1500 152 37% |-1% 4% 20% 38% 45%
2000 305 33% |-1% -1% 2% 18% 37%
3000 520 21% | 0% 0% -2% -4% 5%
4000 673 11% | 0% -1% 0% -1% -2%
5000 791 5% | 0% 0% -1% -1% -1%
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Floodplain

Jeffres et al. 2008

*Tolerate higher temperatures with full food rations
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There are many benefits to a more
natural flow regime

* Quantifying benefits from flow enhancement can be
challenging

e We can't ask for flow just to have more flow

* Breaking things down into time and space is
something that people can understand



Summary

* State Water Board and CDFW are just beginning an effort
to enhance stream flows statewide

* Why are we trying to improve flow conditions?

o Habitat attributes that are extremely important to native fish
can be improved by providing a more natural flow regime

* Communicating the problems and also the solutions is
extremely important

e Communicate the benefits of your projects
« What is it your trying to accomplish?
» How does your project fit into the big picture?

33
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For More Information

» California Water Action Plan - Enhance Water Flows
in Stream Systems Statewide

e http://www.waterboards.ca.gov/waterrights/water_issues/
programs/instream_flows/cwap_enhancing/#heading

* Email Subscription List

e http://www.waterboards.ca.gov/resources/email_subscript
ions/swrcb_subscribe.shtml

* daniel.worth@waterboards.ca.gov

34






CA State Water-Board
Emergency Actions to Protect

Fish in Key Tributaries to the

Daniel Schultz

Public Trust Unit Chief
Division of Water Rights
April, 2016
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Presentation Outline

* Russian River Tributaries (Dutch Bill, Green Valley,
Mark West, and Mill Creeks)

e Problem

e Actions taken
e Results

e Future actions

* Sacramento River Tributaries (Mill, Deer, and
Antelope Creeks)

e Problem

e Actions taken
e Results

e Future actions
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Context:

April 22, 2014

US Drought Monitor

Abnormally Dry

Mederate Drought

Severe Drought
Il Extreme Drought
Il Exceptional Drought

Emergency Regulation
Watersheds

0 50 100 /
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Drought

April 21, 2015
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Context:
Drought

Imagery from NASA Earth Observato ry
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Russian River Priority Watersheds

all it
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Problem

* Pressures on surface water

e Surface and hydrologically connected groundwater
diversions

e Unconsolidated rural domestic water use
e Agricultural (vineyard) use

* Problem

e Drought and high water demand cause significant
stretches of tributaries to become ponded or dry
during summer rearing period for juvenile
salmonids
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I Green Valley Creek Flow (2010-2015)
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' Green Valley Creek Wet;Bry Hap

2013-2015



' Dutch Bill Creek Wet;Ery |!|ap

2013-2015



' Mill Creek Wet/Dry Map

2013-2015



' Mark West Creek Wet;Dry Map

2013-2015



Actions to Address Problem

* June 17, 2015 — The Water Board adopted an emergency
regulation went into effect July 6, 2015 following Office of
Administrative Law approval):

1. Reduce Rate of stream flow recession

« Enhanced water conservation measures (on top of state-wide
regulations) in critical areas of watersheds

» Limitations on non-agricultural outdoor water use
» Expired on March 30, 2016
2. Collect information for ongoing drought conditions and
potential future actions
o Information Order (re-adopted and went in effect March 31, 2016)
- Water source and use information
3.  Non-Regulatory CDFW Voluntary Drought Initiative (VDI)
Agreements
- Conservation VDIs
- Flow enhancement VDIs

49
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Enhanced Water Conservation
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Just a
trickle...

Photo from CDFW ’

(Green Valley Creek)



Photographer Unknown; Found on NOAA Fisheries Image Gallery on 3/21/16
52



' Voluntary Drought Initiative (VDI)

Agreements

2015 CDFW VDiIs:

e 35 Residential Conservation VDIs
e 7 Winery/ Vineyard Conservation VDIs

e 3 Flow Enhancement VDIs for Green Valley Creek
e 2 Flow Enhancement VDIs for Dutch Bill

53



' Flow Enhancemeng:

Green Valley Creek at Bones Road
Before After



!Iow Above and Below %ones !oad

Water Release Point

Flow Release
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Bones Road Release Before and After

Courtesy of CDFW
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Flow Enhanc :
Dutch Bill Creek at Camp Meeker
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' Dutch Bill Creek Fiow M =

Camp Meeker
Flow Release

\4

\

August 2015
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Information Order Preliminary Results: Water Diversions

Based on response data as of 1/11/2016.
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Dutch Bill Creek Watershed
Total Reporting Parcels = 1,197 (of 1,395)

Groundwater
12.7%

Surface

1.1%
Contract

1.4%

Green Valley Creek Watershed
Total Reporting Parcels= 5,134 (of 5,676)

No Water
8.0%

Served by Water
Supplier
24.0%

Multiple Sources

7.0%
Multiple Sources
4.0% Contract
Wells: 154
Surface Diversions: 28 Wells: 3,174
Springs: 9 1.1% Surface Diversions: 169
’ Springs: 69
Mark West Creek Watershed Mill Creek Watershed
Total Reporting Parcels = 4,303 (of 4,909) Total Reporting Parcels = 304 (of 345)
Served by
Water Supplier
5.3%

Surface
1.1%

Contract
Wells: 1,283 0.9%
Surface Diversions: 98
Springs: 34 Multiple

Sources 5.6%

Wells: 139
Contract Surface Diversions: 82
0.3% Springs: 36
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How Could Actions Be More
Effective In the Future?

* Initiate actions earlier (May instead of July)

* Seek out additional voluntary agreements for flow
enhancement

* Increase the number of flow gauges to improve real-
time monitoring and assess effectiveness of actions

e Continued landowner education and outreach



Future Actions to Address Instream Flow Issues:
Russian River Tributaries

* (California Water Action Plan (Mark West Creek is 1 of 5
priority streams for flow enhancement)
e Enhance water supply reliability
e Restore damaged and destroyed ecosystems
e Improve the resilience of California’s infrastructure -

* Sustainable Groundwater Management Act (SGMA)

e Formation of groundwater sustainability agencies

e Development of groundwater sustainability plans for 127 high and
medium priority groundwater basins — Aquifer under Mark West Creek
watershed included

* Qutreach/Education
* Improve water application efficiencies
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Mill, Deer, and Atelpe Watersheds

Mill, Deer, Antelope
Watersheds

A USGS Stream Gauge
A CDEC Stream Gauge
O Points of Diversion = 100 AFA

—— Streams

|:| Watersheds

N
& 2 # A
o Miles Waler Boards
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' Site Introduction:

Mill, Deer, and Antelope Creeks

* Protected fish:

o Central Valley spring-run Chinook [
salmon (State and Federal - I
Threatened)

 Central Valley steelhead (Federal -
Threatened)

* Relatively unaltered watersheds
e No major impoundments

e Cool, perennial headwaters
accessible to anadromous
salmonids

31
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Photo: Mill Creek Conservancy

From http://www.millcreekconservancv.com/photo-g

Problem

¢ Pressures on surface water

e Large water diversions reduce flows in the lower
watersheds

e Problem

e Due to drought and water withdrawals, there is
insufficient flow and cool temperatures for adult
and juvenile migrations through the lower reaches

Deer Creek riffle Mill Creek

32
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xceptional Dive
Mill Creek —January 27, 2014

Slide Provided Courtesy of CDFW
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Post vs Pre Diversion Mill Creek

Flows —January 2014

Slide Provided Courtesy of Dept. of Fish and Wildlife



Actions Taken

* Required flow regime

e Base and pulse flows schedule
» Targeted adult and juvenile migrations

e Achieved through combination of emergency
regulations and voluntary agreements

- Water Board adopted Emergency Regulation curtailing
diversions (was in effect June 2, 2014-Feb. 28, 2015)

» Water Board updated and re-adopted Emergency Regulation
(was in effect March 30, 2015-Dec. 29, 2015)

- CDFW and NMFS voluntary agreements with water diverters
- Mill and Antelope Creeks in 2014
» Mill Creek in 2015

35
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2014/15 Flow Requirement Timing

2014

2015

Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

July

Adult Base Flow 50cfs

Juvenile Base Flow 20cfs

Adult Pulse Flow 100cfs

Mill Creek and Deer Creek

Juvenile Pulse Flow 100cfs

Adult Base Flow 35cfs

Juvenile Base Flow 20cfs

Adult Pulse Flow 70cfs

Antelope Creek

Juvenile Pulse Flow 70cfs
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2015/16 Flow Requirement Timing

2015

2016

Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

July

Adult Base Flow 50cfs

Juvenile Base Flow 20cfs

Adult Pulse Flow 100cfs

Mill Creek and Deer Creek

Juvenile Pulse Flow 100cfs

Adult Base Flow 35cfs

Juvenile Base Flow 15cfs

Adult Pulse Flow 70cfs

Antelope Creek

Juvenile Pulse Flow 70cfs
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Results

Photo: Michael Humling, US Fish & wildlife %ervice
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Mill Creek Spring-Run

Inook
Population Estimates
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Graph courtesy of CDFW
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Mill Creek 2014 Spring-Run
Chinook Passage and Flows
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Slide Provided Courtesy of Dept. of Fish and Wildlife
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' Mill Creek 2015 Sprmg-!un

Chinook Passage and Flows

Slide Provided Courtesy of Dept. of Fish and Wildlife



' Deer Creek Spring-Run g!mook

Population Estimates

Graph courtesy of CDFW
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' Deer Creek 2015 Sprmg-!un

Chinook Passage and Flows

Slide Provided Courtesy of Dept. of Fish and Wildlife



Antelope Creek Spring-Run
Chinook Population Estimates
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Graph courtesy of CDFW
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' Antelope Creek 2015 Sprmg-!un

Chinook Passage and Flows

Slide Provided Courtesy of Dept. of Fish and Wildlife
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DAILY SPRING RUN

DAILY SPRING RUN
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' 2014-2015 Adult Fa”-En!ry

Steelhead Population Estimates

Slide Provided Courtesy of Dept. of Fish and Wildlife
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Future Actions to Address Instream Flow Issues:
Mill, Deer, and Antelope

* Phase 4 of Bay-Delta Effort

e Develop Flow Objectives for tributaries to the
Sacramento and San Joaquin Rivers

e California Water Action Plan

e Mill Creek is 1 of 5 priority streams for flow
enhancement

49
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Webpages

* Russian River Tributaries Emergency Regulation:
http://www.waterboards.ca.gov/waterrights/water_issues/
programs/drought/water_action_russianriver.shtml

e Mill, Deer, Antelope Emergency Regulation:
http://www.waterboards.ca.gov/waterrights/water_issues/
programs/drought/mill_deer_antelope_creeks.shtml

* California Water Action Plan:
http://resources.ca.gov/california_water_action_plan/

* Sustainable Groundwater Management Act:
http://groundwater.ca.gov/

50
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A Variable Diversion Rate Strategy
for Northern California Coastal Streams
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Streamflow (Q, cfs)
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Elder Creek Recession Hydrographs WY1968 to WY2014

o) f\\

N\

0.27 cfs September 14, 1981
0 2

Nl o & \;°’®Q %f’eQ
N AX Y A R




September 4, 2007
Qx =0.43 cfs

jscheingross -at- caltech.edu



Remember in discovering on the flow of water
to adduce first experience and then reason.

Leonardo da Vinci



September 4, 2007
Qx =0.43 cfs

448.8 gallons per minute (gpm) @ 1 cfs

jscheingross -at- caltech.edu HOW Many Gallons Per M|nUtE?
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Streamflow (Q, cfs)

EXCEEDENCE PROBABILITY
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Streamflow (Q, cfs)

% Streamflow Exceedence Baseline




A variable diversion rate strategy from spring through
early-autumn can maintain a stream ecosystem's
capacity for self-renewal, or health. Under a variable

diversion rate strategy, if properly executed, juvenile
salmonids will be stressed ... but to no

than they would experiencing the
unimpaired recession hydrograph May through October.
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Variable Diversion Rate Rule

The VDR Rule requires the maximum allowable diversion
rate applied on each date of a Point-of-Diversion’s
Streamflow Exceedence Baseline decrease stream stage by
no greater than 5%. Therefore, the VDR protocol defines a
maximum allowable diversion rate for each date of the
Recession hydrograph. These maximum allowable diversion
rates varied from 8% to 12% of the unimpaired streamflow
based on the tributaries investigated.
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Streamflow (Q, cfs)

Variable Diversion Rate Rule Applied

Expressed as a Percentage of the Ambient Streamflow

i

s

- 3.60cfs WY2005 0.088/3.60 * 100 = 2.44%
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Streamflow (Q, cfs)
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I Water surface profile e

/ Stage of zero flow

Hydraulic

control

Fig. 4-27. Longitudina! profiles of stream thalweg and water
surface, illustrating how a vertical constriction (riffie) behaves
as a hydraulic control. The lowest elevation across the riffle (i.e.,
the thalweg evaluation) is the stage of zero flow.

“Fixity of purpose requires flexibility of method.”
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“Be aware that you are
not limited to the
“default” variables.
With a little
imagination PHABSIM
can usually be
tweaked to include
microhabitat attributes
known to be important
to the target species.”

H.G. Wolff
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A cumulative variable diversion rate strategy from spring
through early-autumn can maintain a stream
ecosystem's capacity for self-renewal, or health. Under a
variable diversion rate strategy, if properly executed,

juvenile salmonids will be stressed ... but to no
significantly greater extent than they would experiencing
the unimpaired recession hydrograph May through
October.
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Rectangular Weir
Q=cyLh32

Q = c, tan(6/2) h>/2

u
Triangular Weir
hod




THIS IS NOT A PERCENTAGE OF FLOW
DIVERSION STRATEGY

Because: (1)
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Diana Liebe
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Elder Creek Annual Hydrographs WY1968 to WY2014
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By knowing stage height at Q = 0 cfs (zero streamflow), a USGS Stage-Q
Rating Curve can be calibrated as a RCT-Q Rating Curve

Stage Height =3.04 ft Q=2.1cfs \ 4

RCT = 0.44 ft (= 3.04 ft — 2.60 ft)
Q=2.1cfs

Stage Height =2.60 ft Q =0 cfs RCT=0.0f Q=0 cfs

Gage Plate Downstream Riffle Crest
in Pool
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Instream flows: new tools to
guantify water quality conditions for
returning adult Chinook salmon



Presentation Outline

e Brief background and history of the Shasta
River Fall Flow Program

* Monitoring Program Overview
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Shasta River Water Transaction Program-
Community wide Fall Flow Program

When?: ~last two weeks of September

Where?: lower 7 miles of the Shasta River

How much?: >70 cfs but as much as we can get.

Quality?: All water is created equal

Who?: Entire Shasta Valley ag community.




Shasta Valley Community-wide
Fall Flow Program — Critical Thresholds

Health: documented 50 dead fish over
a 3 day period

Temperature and Dissolved Oxygen:
- max temp. 20 degrees C.

- DO levels < than 8 ppm.

Abundance: > 2000 adults in the system prior to
the end of the irrigation season (October 1),

Volume: Ideally flows by Sept. 15t be > 70 cfs.

Air temperature: close monitoring of long-range forecast
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Results of Fall Flow Program
2009-2015

: Dry/Extremely Dry
Dry Water Year

Water Year 35%
39%
59%
45%
40% |

Added flow



Journal of Water Resources, Planning and Management
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Monitoring program

e Objectives

— Quantify the effect of instream flow contributions for
Fall Chinook, evaluate potential benefit

— Inform future efforts and strategies
— Relatively modest on-going monitoring resources
— Ability to replicate approach in other areas
* Program elements
— Discharge, physical geometry, water quality, and fish
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Monitoring program

Discharge

— Automated gage at Shasta River near Yreka (SRY), available in
real-time via CDEC

— On-going
Physical geometry
— Pool volume surveys

— Extensive monitoring during first year; after year 1, limited to no
monitoring without channel-changing flows

Water quality

— Water temperature, dissolved oxygen data logger

— Monitored during transaction period (typically late August
through early October)

Fish
— Data provided by California Department of Fish and Wildlife
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Aquatic habitat surveys

Elevation Benchmarks

I / Level Tape Line I

LBP

v._| WaterSurface | | | |

River Channel Bed

RBP



Aqguatic habitat rating curves
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Water quality assessment tool

e Excel spreadsheet

e Relates
— Stream flow
— Pool volume
— Water temperature
— Dissolved oxygen
— Oxygen demand by fish

e Quantifies effect of flow contribution to
potential habitat capacity and water quality
conditions
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Concept




Concept

[DO,]

Water quality
assessment tool
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Equations

Where DO, = dissolved oxygen remaining (mg/L)
DO, = dissolved oxygen initial supply (mg)
DO, = dissolved oxygen consumed (mg)

V, = pool volume (m?)

Where DO = measured DO in Weir Pool (mg/L)
Q =discharge m3/s
6 =residence time (min)

Where = the oxygen consumption rate by an adult Chinook salmon (mg/min/kg)
m = mass of an adult Chinook salmon (kg)
6 = duration of oxygen supply (equivalent to discharge residence time, min)
F = number of fish

Where = rate of oxygen consumption at water temperature n (mg/min/kg)
= rate of oxygen consumption at temperature i (mg/min/kg)
Q,, = rate of change of oxygen consumption rate over a 10°C temperature
interval, species-specific coefficient
T, = water temperature at timestep i (°C)

T, = water temperature at timestep n (°C)

Where A, = surface area of the pool (m?)
d =average depth (m)
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Equations

Where DO, = dissolved oxygen remaining (mg/L)
DO, = dissolved oxygen initial supply (mg)
DO, = dissolved oxygen consumed (mg)

V, = pool volume (m?)

Where DO = measured DO in Weir Pool (mg/L)
Q =discharge m3/s
6 =residence time (min)

Where = the oxygen consumption rate by an adult Chinook salmon (mg/min/kg)
m = mass of an adult Chinook salmon (kg)
6 = duration of oxygen supply (equivalent to discharge residence time, min)
F = number of fish

Where = rate of oxygen consumption at water temperature n (mg/min/kg)
= rate of oxygen consumption at temperature i (mg/min/kg)
Q,, = rate of change of oxygen consumption rate over a 10°C temperature
interval, species-specific coefficient
T, = water temperature at timestep i (°C)
T, = water temperature at timestep n (°C)

Where A, = surface area of the pool (m?)
d =average depth (m)



146

OO0
OO

Equations

Where DO, = dissolved oxygen remaining (mg/L)
DO, = dissolved oxygen initial supply (mg)
DO, = dissolved oxygen consumed (mg)

V, = pool volume (m?)

Where DO = measured DO in Weir Pool (mg/L)
Q =discharge m3/s
6 =residence time (min)

Where = the oxygen consumption rate by an adult Chinook salmon (mg/min/kg)
m = mass of an adult Chinook salmon (kg)
6 = duration of oxygen supply (equivalent to discharge residence time, min)
F = number of fish

Where = rate of oxygen consumption at water temperature n (mg/min/kg)
= rate of oxygen consumption at temperature i (mg/min/kg)
Q,, = rate of change of oxygen consumption rate over a 10°C temperature
interval, species-specific coefficient
T, = water temperature at timestep i (°C)

T, = water temperature at timestep n (°C)

Where A, = surface area of the pool (m?)
d =average depth (m)



Assumptions

Dissolved oxygen evenly distributed through
the pool at all times

Other oxygen supplies (e.g., reaeration) and
demands (e.g., decay) are negligible

Fish always at maximum pool capacity
No crowding, no disease

All fish have same respiratory demand
Single layer of fish



Transaction assessment™

m Without transaction With transaction (+10 cfs)

Discharge 13.2 ft3/s 23.2 ft3/s

(average)

Residence time 12 minutes 7 minutes

(average)

Fish capacity 408 fish 457 fish

(average)

Dissolved oxygen 7.3 mg/L (5.6 mg/L) 7.7 mg/L (6.5 mg/L)
(average /min) 86% (69%) 92% (80%)

Water temperature 20.6 °C (23.5 °C) 20.6 °C (23.5 °C)
(average/max)

*Results presented for Sept 10 — Sept 16, 2013
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Conclusions: Monitoring program

e Key components include
— discharge
— physical geometry surveys
— water quality conditions, and
— number of fish present in the system

 Monitoring resources are modest assuming no
channel changing flows

e Location selection is important
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PRISM Data Explorer

PPT at gridcell coordinates —-124.055,.40.106
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O Interception
B Transpiration

O Baseflow

B Stormflow
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Porosity and It's Variants
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Storativity — Porosity’s Practical
Cousin

V,, = volume of water released from storage (L3),
h = hydraulic head (L),
S, = specific storage,
S, = specific yield,
b = thickness of aquifer (L),
A = area (L?).
Canvary from O to ¢
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Reconnecting Hillslope Hydrology through

Management of Road Run-off

34'd Annual Salmonid

Restoration Conference
April 2016 - Fortuna, CA

Joel Monschke PE
Stillwater Sciences
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Presentation Overview

1. Groundwater recharge overview

2. Hillslope hydrologic processes

3. Current road/recharge projects

4. Specific road/recharge approaches

5. Cost/benefits/applicability of road/recharge approaches

6. Road/recharge conceptual design



Groundwater Recharge Potential in California

Much of California
NOT underlain by
“official” groundwater
basin

Highlights the need to
better understand
factors that drive
hillslope hydrology at
more localized “sub-
watershed” scale

Source:
Waterinthewest.stanford.edu



Hillslope Hydrologic Process Overview

Source: Tarboton 2003



Hillslope Hydrologic Process . . . .. with Roads

Source: Tarboton 2003

Infiltration reduced
due to replacement of
topsoil/organic litter
sponge with
compacted road
surface and cut/fill
slopes

Overland Flow paths
are intercepted and
concentrated in
inboard ditch —
generally routed
directly to major
tributaries

Interflow is
intercepted by road
cutslope and
converted into surface
runoff



Current Innovative Road/Recharge Projects

Urban bio-swales with multi-
benefit focus

Developing countries in arid
regions (Africa, Middle East, India)

Source:
Kubbinga 2012



General Management Actions that Improve Hillslope Hydrology

1. Reducing runoff concentration
from active roads
A. Ditch relief culverts

B. Waterbars
C. Rolling dips
D. Outsloping

2. Decommission roads not in use
A. Waterbars
B. Partial recontour
C. Full recontour



Specific Methods to Recharge Groundwater using Road Runoff

Off-channel Ponds

Important Note:

Applying these two methods in
tandem (as appropriate) can be
very beneficial

Source:
IFAD 2012

Check Dams



Specific Methods to Recharge Groundwater using Road Runoff

Seepage Cisterns

Dams in small tributaries
(on-channel ponds)

Source:
IFAD 2012

Other:

e Gravel Infiltration Basins
* Bioswales

* Terraces



Cost, Benefits, Risks, and Applicability of Road-Recharge

Cost per volume of
water recharged

Applicability
(feasibility and scale)

Increased erosion risk

Level of maintenance
required

Hydrologic/
Geomorphic disruption

Water rights issues

Co-benefit: Sediment
Capture

Co-benefit: water
storage for human use

Off-
channel
Ponds

Moderate

High

Moderate

Moderate

Moderate
Moderate
High

High

Check
DETN

High

Moderate

Low

Moderate

Low

Low

High

Moderate

On-channel

ponds

Low

Moderate

High

Moderate

High

High

High

Moderate

Seepage
Cisterns

High

Low

Low

Moderate

Low

Low

Moderate

Moderate

Terraces

High

Low

Moderate

High

Moderate

Low

High

Moderate

Bio-
Swales

High

Low

Low

High

Low

Low

High

Moderate

Gravel
Infiltration
Basins

High

Low

Low

High

Low

Low

Moderate

Moderate




Cost, Benefits, Risks, and Applicability of Road-Recharge

Cost per volume of
water recharged

Applicability
(feasibility and scale)

Increased erosion risk

Level of maintenance
required

Hydrologic/
Geomorphic disruption

Water rights issues

Co-benefit: Sediment
Capture

Co-benefit: water
storage for human use

Off-
channel
Ponds

Moderate

High

Moderate

Moderate

Moderate

Moderate

High

High

High

Moderate

Low

Moderate

Low

Low

High

Moderate

On-channel

ponds

Low

Moderate

High

Moderate

High

High

High

Moderate

Seepage
Cisterns

High

Low

Low

Moderate

Low

Low

Moderate

Moderate

Terraces

High

Low

Moderate

High

Moderate

Low

High

Moderate

High

Low

Low

High

Low

Low

High

Moderate

Gravel
Infiltration
Basins

High

Low

Low

High

Low

Low

Moderate

Moderate




General applicability in California

Research needed to
understanding hydrologic cycle
dynamics such as:

1. Existence of perched
groundwater tables due to
variations in soils/lithology

2. Better defined groundwater
flow paths and velocities

3. Effects of vegetation on
infiltration, groundwater,
and streamflow

4. Effects of human use on
infiltration, groundwater, Soprce: farboton
and streamflow



Conceptual Design: Multi-Benefit Off-channel Ponds

Benefits:

* Groundwater recharge

e Sediment catchment from
road network

 Water storage for irrigation

Requirements:
e Suitable soil
* Gentle/stable terrain

© SSS

Issues:

 Water rights: difficult to
distinguish between “road
runoff” and “Class Il
watercourses”

 How to measure recharge
benefits

* Potential for reduced slope
stabiiity



* Strong potential for groundwater recharge projects that use
road runoff

e Strategically placed ponds provide most potential benefit at
lowest cost and risk

* Need to consider siting and scale: develop projects large
enough to provide measureable benefit

* Need to design, implement, and monitor a few projects to
demonstrate proof-of-concept

* The example project used for the following Interactive
Exercise is exactly the type/scale of recharge project that
could also be designed to capture road runoff



Thank You!

jmonschke@stillwatersci.com






Overview

The Questions
The Approaches
Case Studies:

e Squaw Creek Inset Floodplain and Channel Widening
e Perazzo Meadows Plug and Pond




The Questions

To what degree can inset floodplain and wetland
creation increase groundwater recharge?

To what degree can meadow restoration increase
groundwater storage?




The Questions

Incised Channel

Inset Floodplain Floodplain reconnection




Recharge and Storage




Approaches

1. Pre-implementation: Estimate a potential change in
recharge rates based on basic groundwater flow
principles and local hydrologic data

Post-implementation: Estimate the change in
groundwater storage based on shallow groundwater
monitoring data for a completed project




Change In Recharge Rates

Squaw Creek Restoration Project, Placer County, California

“Olympic
Channel”

ey =

"

-

“Trapezoidal
Channel”




Squaw Creek Restoration Project, Placer County, California

Restoration design




Squaw Creek Restoration Project, Placer County, California

“Gaining” stream:
Groundwater discharging to the
stream

“Losing” stream:
Stream is recharging
groundwater




Darcy’s Law
| Q =KIA |

groundwater flow rate
hydraulic conductivity
hydraulic gradient

flow area




Darcy’s Law
[ Q =KIA ]

= ft3 /s (cfs)
= ft/ day
= ft/ft

A = ft?




Hydraulic Conductivity
K = ft/day

Field
Infiltration
tests




Hydraulic Conductivity
K = ft/day

Published values:

NRCS Soil Survey
http://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx




Hydraulic Conductivity
K = ft/day

Published
values:

Driscoll, 1976,
Groundwater and
Wells, Johnson
Filtration Systems




Squaw Creek Restoration Project, Placer County, California

Restoration design




Change In Recharge Rates

Squaw Creek Restoration Project, Placer County, California

Existing Stream Restored Stream

Stream type channel Pool and swale
Wetted area 1,670 20,716 (ft?)

0.28 0.28 (ft/day)




Darcy’s Law

| = ft/ft=1

Q = ft3/s (cfs)

K = ft/day
| — T/ 1t

A = ft°




Change In Recharge Rates

Squaw Creek Restoration Project, Placer County, California

Existing Stream Restored Stream

channel Pool and swale
1,670 20,716 (ft?)

0.28 0.28 (ft/day)

1 (ft/ft)




Change In Recharge Rates

Squaw Creek Restoration Project, Placer County, California

Existing Stream Restored Stream

Stream type channel Pool and swale
Wetted area 1,670 20,716 (ft?)

0.28 0.28 (ft/day)

Hydraulic Gradient 1 1 (ft/ft)

Calculated recharge rate
under 2015 hydrologic (ft3/day)
conditions




Change In Recharge Rates

Squaw Creek Restoration Project, Placer County, California

Existing Stream

Restored Stream

Stream type

Wetted area
Hydraulic conductivity
(K)

Hydraulic Gradient

Calculated recharge rate
under 2015 hydrologic

229

channel
1,670

0.28

1

Pool and swale
20,716

0.28

1

(ft?)
(ft/day)

(ft/ft)

(ft*/day)

(days)




Change In Recharge Rates

Squaw Creek Restoration Project, Placer County, California

Existing Stream Restored Stream

Stream type channel Pool and swale
Wetted area 1,670 20,716 (ft?)

0.28 0.28 (ft/day)

Hydraulic Gradient 1 1 (ft/ft)

Calculated recharge rate
under 2015 hydrologic (ft3/day)
conditions

Duration of losing

.. days
stream conditions (days)

Evaporation rate (ft*/day)

Evaporation rate (ft/day)

122,961 (ft?)
of losing stream

conditions | : | 2.82 (acre-feet)
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Change In Storage

Perazzo Meadows Restoration Project, Sierra County, California







Perazzo Meadows Restoration Project, Sierra County, California




Perazzo Meadows Restoration Project, Sierra County, California




Perazzo Meadows Restoration Project, Sierra County, California

June 2005




Perazzo Meadows Restoration Project, Sierra County, California

June 2011




Perazzo Meadows Restoration Project, Sierra County, California

August 2012




Groundwater Monitoring




Drive point piezometers




Perazzo Meadows Restoration Project, Sierra County, California

Plug and Pond restoration raises the water table, increases groundwater storage




Perazzo Meadows Restoration Project, Sierra County, California

Variable groundwater response: 1 to 4-foot increase in summer groundwater conditions




Perazzo Meadows Restoration Project, Sierra County, California

Delayed release of groundwater from some areas

Ground surface

|

— 2.5-foot groundwater
decline from a 77-acre

- area over 69 days in August
and September

p—
E

—
c
2
e}
©
>
9
(NN}

5/1/2012
5/15/2012
5/29/2012
6/12/2012
6/26/2012
7/10/2012
7/24/2012

8/7/2012
8/21/2012

9/4/2012
9/18/2012
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Perazzo Meadows Restoration Project, Sierra County, California

2.5-foot groundwater decline from a 77-acre area over 69 days

25ft * 77 acres / 69 days = 2.8 ac-ft / day

Porosity (Bulk Density)




Porosity (Bulk Density)




Perazzo Meadows Restoration Project, Sierra County, California

2.5-foot groundwater decline through the summer

25ft * 77 acres * 0.3 / 69 days =0.84 ac-ft / day

0.84 ac-ft / day = 0.42 cfs




Perazzo Meadows Restoration Project, Sierra County, California

2.5-foot groundwater decline through the summer

25ft * 77 acres * 0.3 / 69 days =0.84 ac-ft / day

0.84 ac-ft / day = 0.42 cfs




Perazzo Meadows Restoration Project, Sierra County, California

2.5-foot groundwater decline through the summer

25ft * 77 acres * 0.3 / 69 days =0.84 ac-ft / day

0.84 ac-ft/ day = 0.42 cfs




Summary

Standard principles of groundwater flow, in conjunction
with accurate field data collection, can be used to project
the effects of restoration on groundwater storage and
recharge

Pre-project calculations can be used to inform design and
evaluate feasibility

Restoration of Perazzo Meadows caused an increase in
August and September 2012 streamflow of 0.4 cfs. This
accounts for over 50% of the total flow at that location and
15% of the flow at




Thank you:

Truckee River Watershed Councll
USFS Tahoe National Forest

Questions










“Plug and Pond”

After implementation:
August 2012

Before implementation:
August 2009

Perazzo Meadows Restoration Project, Sierra County, California




Maximum Daily streamflow
Daily Mean Streamflow
¢ Field measurement

Estimated unimpaired
flow rate

[
o

August, 2010:
Implementation begins

o)
0
Y
O
N
=
@)
—
S
©
()
S
+—
7))

Water is retained in the
meadow, temporarily
causing declines in
downstream flows.
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{ ™ Sanctuary Forest

Water 1s the most critical resource iIssue
of our lifetime and our children’s
lifetime. The health of our waters iIs the

principal measure of how we live on the
land.""

—LUNA LEOPOLD



255



256



Stream Incision and Loss of Groundwater

257



Entrenched streams
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Restoring Streamflow for Fish,
Wildlife and People

Learning From
Historic Mattole Instream Ponds
Beaver Ponds, Pacific Northwest
Historic Role of Large Wood



Dry Childhood Creek —Summer 1967



Instream Pond

Chris Maser 2005 - “this pond is similar to a beaver dam pond”
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Beaver Dam Pond - Tributary to Alsea River
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Pilot Research Project

Develop hypotheses, desired outcomes, and potential risks analyses

Perform site evaluation and pre- project monitoring
« longitudinal profiles, valley cross-sections and existing groundwater levels

Place instream logs to effect channel hydrologic and morphologic
processes (place logs to reconnect offstream pond, swale, and floodplain)

Perform post project monitoring and evaluation
« Coho response, longitudinal profiles, groundwater levels, streamflow

Use project outcomes to further the science of habitat recovery for
salmonids in the Mattole and beyond
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Estimated increase in groundwater storage and summer streamflow:
Maximum: 4 million gallons and 23 GPM average over 120 days

Minimum: 2 million gallons and 12 GPM average over 120 days

Assumptions: 6 ft rise in groundwater level over 1100 feet of valley length; maximum =
valley width of 600 feet; minimum = valley width of 300 feet
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16

Log Step Pools/Check-Dams
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Baker Creek Groundwater Outcomes

Increase In groundwater elevation within 50 ft of channel
or adjacent to alcove/pond

Groundwater elevation increase ~ equivalent to surface
water increase

Rate of groundwater declining limb less steep and lasted
later in the season (even with drier year)

Groundwater challenges-

— Channel straightened

— Channel deeply incised (4-8ft) and incised into bedrock

— Fish passage constraints (difficult to raise surface water >3 ft)
— Aggradation & full reconnection (10 + years)



Baker Well #19 2013-2016
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Relative Elevation (ft)

Baker Well #5 2012-2016
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MS6 Baker Correlation
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Baker Creek Streamflow Outcomes

Streamflow increase as compared to control site (MS6)
measurable improvement in flow (greater than 10 gpm) until flow
drops below 0.1 cfs (45 gpm).

Avg flow improvement over 28 days (May 27- June 24,
2015) = 41 gpm & volume = 1.6 million gallons

Flow improvement = instream surface water storage +
groundwater

Groundwater storage not sufficient to improve late
summer flows in extreme drought year of 2015



Estimate the Volume of a Prism

Wb Top+"DBot)pg + (WUTop +WUBotY
7 7 K% L

2

v_|e=

2

279



Rajasthan Johad



T g T]]
AR,

qui”{fim

e

S

W N
.‘ 7{V\'\§;ﬁmcﬂﬂ

W r.[/;l {” L\"O\:L‘/
‘ Y
2 i

/NN
)

RS
"8 (0
. J\\ XY ﬁ‘\\\\ \l!
',‘: ‘,,__\ “‘.v
4 gt

281



	Daniel Worth
	Daniel Schultz
	William Trush
	Ann Willis
	Brad Job
	Joel Monschke
	David Shaw
	Tasha McKee



