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Outline

e Hydrologic Model Development &
Objectives

e Evaluation of Streamflow Enhancement
Strategies

e Stand Age, Evapotranspiration, Wildfire
and Fuel Management Effects on
Streamflow




Hydrologic Model Development &
Objectives

Streamflow is a limiting factor for Central
Coast coho salmon

Investigated seasonal and spatial variations in
flow for restoration prioritization with a
physically-based, spatially-distributed
hydrologic model (MIKE-SHE)

2012-2021 modeled 4 Russian R. tributaries
in collaboration with Gold Ridge and Sonoma
RCD’s, TU, CA Sea Grant & Coho Partnership

Grant funding from FRGP & WCB



Hydrologic Models

Drainage Area

Watershed .
(sq mi)

Geology

Dutch Bill Creek 12 Franciscan

Green Valley & 39 Wilson Grove sandstone &
Atascadero Creek Franciscan
Mark West Creek 40 Sonoma Volcanics &
Franciscan

Mill Creek 23 Franciscan




Modeled Watersheds

Lower Russian River
Priority Areas for
Protection and Restoration
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Modeling Approach Overview

Numerical Hydrologic Model ® Management Tool

Quantify watershed water balance with variation
over time and space

Describe stream flow in relation to critical fish habitat
» Stream connectivity as indicator of over-summer survival

> Flow depth across riffles as indicator of smolt escapement
Alternative model scenarios to estimate effects of:

» Watershed management strategies

> Human use of water

» Drought
» Climate change



Model Overview

Natural Processes Man-made Influences
Precipitation Irrigation
Evapotranspiration Wells
Runoff Ponds
Soil Moisture Diversions
Groundwater MIKE SHE

an Integrated Hydrological Modelling System

Streams

Condensation

Evaporation Trans non

from Oceans, from Plants
Lakes & Streams



Model Development

Precipitation &
Evapotranspiration

Surface Topography
& Channel Network

—— Land Use & Diversions

— Soils

'— Hydrogeology & Wells



Mill Creek Hydrogeology

Wells with Pump Tests
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Simplified Geologic Units
B Coastal Belt Franciscan Complex

Ceniral Belt Franciscan Complex

Sonoma Volcanic Basalt
Gen Ellen Fomation

Quatamary Alluvium
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Streamflow Calibration

Mill Creek Above Wallace

ME =-1.7 cfs
RMSE = 67.4 cfs
NSME = 0.70
Volume Error =-6.4% Simulated

——Observed

Discharge (cfs)

Jan-18 Jul-18 Oct-18 Jan-19

Mill Creek At Bear's Flat

Simulated
—— Observed

Discharge (cfs)




Groundwater Calibration

Near Felta Creek Confluence

\Es)'l:)selr\ﬂec‘:ij ME = -0.9 ft
imulate RMSE = 3.7 ft
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Existing Hydrology

Mean Annual Watershed Water Balance

Outflows

EDry Year (2014)

@ 10-yr Average (2009-2019)

B Wet Year (2017)

| wd.

Precipitation Irrigation Streamflow Groundwater  Change in Storage
Pumping
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Mean Spring

| (Apri - June) Existing
- Y Hydrology

ooy N\ N S Discharges

(2014)
Pa\mer creek
Felta Creek

Discharge (cfs)
e <01
¢ 01-05
2 Miles 05-1.0
1.0-2.5
25-50
5.0-10
10-15
15-20

20-25
Wet Year
(2019) 25-30
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Mean Summer
Discharge

(July - Sept) EXIStI ng
Hydrology

o, c Discharges

(2014)

Discharge (cfs)

e <0.01

¢ 0.01-0.1
0.1-0.2
02-03
0.3-04
04-05
05-06
06-0.7
0.7-0.8
08-1.0

Wet Year




EXisting
Hydrology
Riffle

A \ Depths
eek

Riffle Depth (ft)
¢ Disconnected >14 days

® Disconnected <14 days
<0.05
0.05-0.10
0.10-0.15
0.15-0.20
0.20-0.30
0.30-0.40
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Existing Hydrology — Spring Outmigration

Mill Creek Below Felta Creek

tmigration

» 80% Outmigration

Discharge (cfs)

Passage Threshold

% Outmigration

Discharge (cfs)

Passage Threshold




Scenario Analysis

Water Use Scenarios

e no diversions, no groundwater pumping, no water use
(unimpaired)

Flow Releases
e spring outmigration releases, summer baseflow releases

Recycled Water

e Re-use of treated wastewater for irrigation &
recharge/streamflow enhancement

Combined
e Summer flow enhancement & spring flow enhancement

Climate Change



Existing Water Use

Total Annual Water Use — 257 ac-ft/yr
11.3 ac-ft/mi?

Water Use Categories Water Use Sources

m Vineyard Irrigation m Other Irrigation

Cannabis irrigation m Frost Protection

m Residential ®m Winery

m Groundwater Surface Water Recycled Water

® Industrial




Scenario Analysis — Water Use

Diversions

/\ Direct Diversion

A\ Spring

/\ Pond/Reservoir
Well Depth (ft)

@ <50

O 50-100

O 100 -200

© 200 -300

@® 300-500

Major Streams




Mean
Changes in
Summer
Flow:

No Human
Use

No Diversions
(10-yr average)

No Groundwater
Pumping
(10-yr average)
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Dischage
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Forest
Management

Mean

Changes in

Flow:

Forest oS5
Management

¢ Dischage (cfs)
0
<0.07
0.01-0.05
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Scenario Results
Mean Summer Streamflow

0.31cfsin
existing condition
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Scenario Results
Mean Spring Streamflow

8.3 cfsin
existing condition
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Scenario Results
Duration of Flow for Spring Outmigration
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Scenario Results-Return on Investment
($25,000 project typicals)

Groundwater Forest Grassland Runoff Diversion  Flow release
pumping offset management management management replacement
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Pond Release Scenario Hydrographs

Large Pond Release (22.3 ac-fi)

Pulsed Release
Release Rate
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Water Balance Changes

_I — [

@ Forest Management
@ Grassland Management
@ Runoff Management

Runoff Infiltration Streambed Interflow Baseflow Springflow
Recharge Recharge
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Watershed Evapotranspiration v. Human Use

Volume of Water (ac-ft/yr)

W AET
| All Human Water Use

Mark West Mill Atascadero Green Valley Dutch Bill




Paired Watershed Experiments
Flow Trends Over Time

Caspar
HJ Andrews e=|ncreased Flows

HJ Andrews 2 Transitioning
Alsea e eacreased Flows

Caspar
HJ Andrews
HJ Andrews 2

Caspar

HJ Andrews
HJ Andrews 2
Alsea

0 10 20 30

Coble et al. 2020 Science of the Years Since Har“EStIStand Age
Total Environment 730, 138296




HJ Andrews Watershed Experiments

Summer streamflow in clear-cut watersheds
relative to unharvested control watersheds

Perry and Jones 2016. Ecohydrology
2017:10:e1790
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Mill Creek Forest Stand Conditions

Coast Redwood
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Mill Creek-Walbridge Fire Burn Severity
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Mill Creek-Hypothetical Effect of Walbridge Fire
on Streamflow

Mill Creek Below Wallace Creek
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====Reduced Forest ET
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Mill Creek-Forecast Streamflow 2021

Field Measurements

Model Forecast

-
=
U
o
(]
-
[ ¥ ]
A
(]

6/1/2021 7/1/2021 8/31/2021 10/1/2021




