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Butte Creek examples: 
Centerville 
Powerhouse,  
1909 



Centerville 
Powerhouse,  
2009 

Centerville 
Head Dam,  
2009 



DeSabla Powerhouse, 1913 

DeSabla Powerhouse, 2013 









''Dams are not like the 
pyramids of Egypt that 
stand for eternity. 
They are instruments 
that should be judged 
by the health of the 
rivers to which they 
belong.” 
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Interior Secretary 
Bruce Babbitt, 1998 – 
McPherrin Dam, lower 
Butte Creek 



Interior Secretary Bruce Babbitt, 
1998 – McPherrin Dam, lower 
Butte Creek 
 
''Dams are not like the pyramids of 
Egypt that stand for eternity. They 
are instruments that should be 
judged by the health of the rivers 
to which they belong.'' 
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New ownership of the DeSabla Hydropower Project: Stakeholders creating regulatory 

process from scratch.  
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Butte Creek DeSabla-Centerville Hydroelectric Project: Decommission or Retool? Salmon 
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The Potter Valley Project: Fish Passage and Flow Opportunities 
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Cultivating Ecological Solutions On Agricultural Lands 

Jacob Katz Ph.D., Senior Scientist, CalTrout 





California Energy Market Overview  
Emphasis on Hydroelectric Generation   

 



Staying in Your Lane 

Is Not Always the Answer  





287 Hydropower 
Plants in California 
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California ISO Tasks 

Long-Term Planning 
•   Resource Adequacy, Outage Planning, etc. 
•   May start months ahead! 

Load Forecast 
•   incorporates weather, other variables 

Day Ahead Market 
•   Formal process, ALL loads and generation  

Real Time Market 
•   Five-minute intervals to balance grid 

Delivery 
•   Maintain system balance 

Settlement 
•   Meter data, invoice & payment 
•   May take months to complete  
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California Generation Sources 



Renewable Energy in California 

SB 350 (October, 
2015)  

Utilities must 
procure 50% of 
electricity from 
eligible renewable 
energy sources by 
2030.  



The Duck Curve 



Interaction of Wind & Solar on Net-
Load (2) 



What Does This Mean for Prices?? 

• Increasing solar generation 
will likely depress wholesale 
prices during mid-day  

• But afternoon ramping 
requirement will increase 
prices during those hours 

• Increased need for flexible 
capacity (load following) and 
ancillary services (regulation) 

• Flexible power will be highly 
valuable, and necessary to 
enable wind & solar 
integration 



Change In Release Patterns 



Change In Release Patterns 



Yuba River Development Project 
P-2246 



Community Choice Aggregation 



Butte Creek 





Tule River 
Project 



Take Away 

• Project Operations Will (Or Have) Changed 

• Some Projects Will Be Sold 

• Some Projects Will be Decommissioned 





Creating Regulatory Process 
 from Scratch:  

Lessons from Money-Losing Power Projects 
on Butte Creek and Other Northern California 

Streams 

Chris Shutes 
California Sportfishing  

Protection Alliance 
SRF Conference, April 14, 2018 
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Overview 

• How some California hydropower projects 
became uneconomic 

• There’s a clear  process to relicense hydro 
projects that allows broad public participation 

• There’s no set process to transfer or 
decommission hydro projects and no clear 
avenues for public participation 

• How river advocates can shape process for 
good outcomes when hydro projects go south 

2 



Hydropower Projects Don’t  
Become Liabilities Overnight 

• Many CA projects started with mining 

• State of the art at commissioning remarkable 
for engineering but often lacking durability 

• Effects of sedimentation often underestimated 

• Many projects poorly maintained  

• Economics of 50-100 years ago placed little 
value on in-river benefits like fish (no 
accounting for external costs)  
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Confluence of Mining Era Canals, 
DeSabla – Centerville Project 
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Caribou 1 Powerhouse 2017 
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In California from 1910-1950, 
 Hydro Was King 

• Allowed development of the grid and 
consolidation by PG&E 

• Provided widespread baseload power 

• No direct fuel costs 

• Major re-plumbing of upper elevation 
watersheds in CA based on principle of 
capturing all available water 
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PG&E Picked Up Assets and by 1930 
Dominated Power Market in Nor Cal 
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1950-1970: Golden Age of  
Dam Construction in CA 

• PG&E hydro projects completed or expanded: 

o NF Feather River (“stairway of power”) 

o McCloud – Pit  

• PG&E financed half of major dams in exchange 
for control of power and most power revenues 

o New Exchequer (Merced River) 

o New Bullards Bar (North Yuba River) 

o Hell Hole and French Meadows (Middle Fork 
American River) 
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Rock Creek Dam 
NF Feather River (1950)  
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New Bullards Bar Dam (1969) 

Photo credit: Yuba County Water Agency 10 



1970-2010 
Ch-Ch-Changes for Hydro Everywhere 

• National Environmental Policy Act (1970) , 
Clean Water Act (1972), Endangered Species 
Act (1973) 

• Reform of Federal Power Act § 4(e) requires 
Federal Energy Regulatory Commission to give 
non-power values equal consideration (1986) 

• 1990’s – 2000’s relicensings and new laws 
vastly expand public role  

• 2003 FERC’s Integrated Licensing Process  
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FERC’s Integrated Licensing Process 

• Became default relicensing process in 2003 

• Seven identified opportunities for public input 

• Meeting-intensive process that favors 
collaborative development of studies and of 
environmental and recreational improvements 

• Defined timelines and deadlines 

• 5 year process 
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But Wait, There’s More! 
Post-Licensing Processes 

• Clean Water Act Water Quality Certification 
from State Water Board, including CEQA 

• Biological Opinions for lists species from NMFS 
and/or U.S. Fish & Wildlife 

• There are no set timelines for these processes 

• There is often tug-of-war between licensees 
and agencies over scope, CEQA, costs 

• Best case timeline: 4-5 years 
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1990’s-Present 
Changes in Hydro Operators’ Culture 

Old paradigm 

• More water diverted 
from rivers  is better for  
society 

• The “DAD” method 
(Decide, Announce, and 
Defend) 

• All hydropower projects 
are important parts of 
an integrated system 
 

New official policy 

• Environmental 
protection is also 
important 

• Collaboration with 
agencies and 
sometimes others 

• Hydro projects must 
pencil on stand-alone 
basis  
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PG&E Business Model for Relicensing 
Has Changed – to a Point 

• Environmental protection is important, but 
more water diverted from rivers is still better 

• PG&E will collaborate to start, but when it 
determines it has reached impasse will revert 
to the DAD method 

• Delay is still preferred to difficult decisions, 
and relicensing is often a forcing mechanism 
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2017: PG&E Starts Letting Projects Go   

• There is still a (variable) bias in favor of 
existing conditions (the “endowment effect”), 
BUT as of 2017 PG&E is cutting loose some 
uneconomic projects. 

• Southern California Edison is also casting off 
some projects (e.g. San Gorgonio) 

• THERE IS NO DEFINED PROCESS OR PUBLIC 
PROCESS FOR LICENSE TRANSFER OR 
SURRENDER 
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Different  Types of California Hydro: 
Which Are on the Bubble? 

• Higher elevation projects, primarily power 
A. Peaking and ancillary services 

B. Run of river only 

• Higher elevation projects, water and power 
A. Peaking and ancillary services 

B. Run of river only 

• Rim dam projects, primarily water supply 
A. Peaking, ancillary services 

B. Incidental generation during irrigation deliveries 
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Higher Elevation Water 
and Power Projects 

• Old upper elevation hydro projects often came 
with consumptive water rights 

• PG&E largely carried water supply as a 
minimally reimbursed cost 

• Examples: El Dorado Project (Placerville), 
Drum-Spaulding Project (Auburn), Potter 
Valley Project (Potter Valley ID), DeSabla 
(Butte Creek water right holders to West 
Branch Feather River water)  
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DeSabla – Centerville and Potter Valley: 
Water Delivered Free or Very Low Cost 

• PG&E moves water from West Branch Feather 
to Butte Creek 

• Butte Creek diverters don’t pay PG&E  

• Potter Valley Irrigation District pays PG&E for 
maximum 50 cfs, up to 19,000 acre-feet per 
year (afy) on contract at a very modest rate 

• Water not delivered to PVID is considered 
abandoned and is up for grabs at no cost in 
lower Russian River 
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Potter Valley Powerhouse 

Water passes through here Water is “abandoned” here 
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El Dorado contrast 

• El Dorado Project has 15,080 afy of associated 
consumptive water rights  

• PG&E transferred El Dorado Project to El Dorado 
Irrigation District (EID) in 1999, giving EID $15 
Million to repair of the flood damage to the El 
Dorado Canal and Powerhouse  

• EID has spent more than $40 Million on project 
works since purchasing project  

• EID received value by gaining control of water 
rights and infrastructure 
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Why El Dorado was different than 
DeSabla and Potter Valley 

• El Dorado water supply beneficiary was willing 
to pay for operations to deliver water 

• El Dorado water supply beneficiary was 
capable of operating hydro project facilities 

• No DeSabla – Centerville Project or Potter 
Valley Project water supply beneficiaries have 
stepped up to assume operation and 
associated risks of project facilities 
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Run of river projects without 
ancillary services not economic 

Butte Creek at Pool 4, August 2005 PG&E Photo  23 



Uneconomic project example  
DeSabla – Centerville  

• Project imports West Branch Feather water to 
Butte Creek, cools Butte Creek in summer, 
benefits spring-run salmon 

• No paying water supply beneficiary 

• High maintenance; deferred PH rebuild 

• Power values for run-of-river generation down 
about 50% from 2006 

• Added mitigation costs from relicensing 

• PG&E withdrew license application Feb 16, 2017 
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DeSabla – Centerville Project Map 
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FERC response to PG&E withdrawal of 
license application for DeSabla Project 

• March 3, 2017: 

“PG&E’s motion to withdraw its application is 
disallowed, in order to give notice to the 
public of the opportunity to express interest 
in acquiring the project.” 
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PG&E Process Proposal 5/9/17 
Accepted by FERC 6/16/17 

1. Compile data, prepare documents (2-3 mos.) 

2. Issue request for offers to purchase (3-4 
mos.) 

3. Evaluate offers, select “counterparty” (1-2 
mos.) 

4. Negotiate Asset Sale and License Transfer (6-
18 mos.) 

5. Seek and obtain regulatory approvals (6-18 
mos.) 
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All Current Important Process 
 for DeSabla Is Behind Closed Doors 

• Private negotiations between PG&E and 
prospective new operators 

• Non-disclosure agreements for negotiators 

• Several offers received; no details released 

• Vague “progress reports” from PG&E 

• Limited contact between NGO’s and PG&E 

• Limited contact between agencies and PG&E 
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Future Process Unclear 

• Will FERC require any new project operator to 
start a licensing process from scratch? 

• Would the cost of relicensing make project 
acquisition uneconomic? 

• Will prospective operators seek concessions 
from agencies or regulators to reduce costs? 

• How will agencies or regulators evaluate any 
potential concessions, and in what process? 
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Centerville Schoolhouse Workgroup 

• Began from site visit of MWD biologists to 
Butte Creek, hosted by Friends of Butte Creek 

• Fish agencies, Forest Service, State Board staff, 
NGO’s, MWD, local residents, one group of 
potential buyers 

• Different perceptions of potential benefits 

• Recognized value of coordinated effort  

• Hold monthly meetings or calls 
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Workgroup entities focused on 
fisheries defined two key interests: 

1. Maintain or increase availability and 
reliability of water export from West Branch 
Feather River to Butte Creek. 

2. Maintain or reduce water temperatures in 
Butte Creek compared to the FERC license 
and water quality certification conditions 
that were pending when PG&E withdrew.  
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Workgroup Gained Perspective on 
Interests of Potential Operators 

Provide reasonable return on investment by: 

1. Improving power revenues. 

2. Developing revenue from other beneficiaries. 

3. Exploring public funding for env. benefits. 

4. Reducing costs and liabilities of acquisition 

5. Reducing uncertainty regarding costs 

6. Developing transfer process w/o starting over 
on relicensing. 
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Will workgroup cooperation succeed? 

Positives 

• Key stakeholders 
working together 

• Collective knowledge of 
project and resources 

• Multiple relationships in 
community 

• Extensive negotiation 
experience 

 

Difficulties 

• No affirmative response 
from PG&E 

• No buyer acceptable to 
PG&E  

• No contact with 
prospective buyers 

• Reluctance to modify 
previous decisions 
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FERC Unclear on Process 
for License Transfer 

• PG&E seeks to sell Narrows 1 Project on lower 
Yuba River to Yuba County Water Agency 

• YCWA asked FERC to include Narrows 1 in 
ongoing relicensing of Yuba River 
Development Project 

• FERC delayed relicensing Narrows 1 but 
denied request to merge licensing processes 

• To be seen if YCWA will acquire and relicense 
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Will FERC and PG&E Let NGO’s Help 
Shape Transfer or Surrender Process?   

• Neither FERC nor PG&E are particularly creative 
or flexible 

• Agencies often freeze in face of hard choices 
• PG&E and National Hydropower Association 

efforts to weaken agencies in legislation creates a 
lousy environment for cooperation 

• Entities pursuing their interests to the exclusion 
of others often create bad outcomes 

• NGO’s and agencies may need to be hard-assed 
somewhere to shake things up, like insisting on 
removal of all abandoned infrastructure  
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Thank you! 
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Butte Creek  
DeSabla-Centerville 

Hydro Project -  
Decommission or 
Retool? Salmon 
Want to Know 

Allen Harthorn 

Friends of Butte Creek 
 

Salmonid Restoration Federation 

April 13-14, 2018 Fortuna CA 



Butte Creek 
Watershed 



Upper West Branch 
Feather River 



Sutter Bypass Butte Creek 



Restoration projects 
• 1992-increase flows above Centerville PH (PG&E) 
• 1993-remove McFerrin and McGowan and Point Four 

dams 
• 1995-new screen and ladder on Parrott/Phelan 
• 1997-remove 4 dams, eliminate 12 unscreened 

diversions, open up 25 miles of unimpeded flow 
• 1998-2000-new ladders and screens on Adams, Gorrill 

and Durham Mutual dams 
• 1999 –Sanborn Slough, Drumheller Slough dams 
• 2002-Sutter Bypass East/West, and SB Weir #3 and #5 
• 2003-Butte Sink Weir upgrades, drain exclusions 
• 2005-date Sutter Bypass East and West upgrades; 

Willow Slough ladder, Weir #2 ladder and others 
 

 



DeSabla-Centerville Hydro Timeline 
1906 Centerville PH operational 
1926 DeSabla PH operational-New Philbrook Dam built 
1930’s Butte Head Dam Rebuilt 
1968 California State Water Project begins pumping 
1980 FERC issues 30 year License to Operate-Flows increased in Butte Creek 
1988 Severe summer pre-span mortality above Centerville PH 
1992 PG&E applies to upgrade Centerville PH-CDFG/USFWS demand flow 
study-Flows increased above CPH 
1995 7500 Spring Run return from parent population of 750 fish 
1998 All time record, 20,000+ salmon return to Butte Creek 
2002-2003 Severe pre-spawn mortality; 7000 and 11,000 deaths 
2004 ILP FERC Relicensing Process begins 
2007 PG&E submits License Application 
2009 ILP Process end 
2015 SWRCB 401 Water Quality Certification 
2017 PG&E Withdraws License Application-FERC denies withdrawl,  orders 
sale or decommissioning. 
2018 PG&E Interviewing prospective buyers 



Centerville Head Dam, Early 1900’s: Tailings of Butte Creek, 1972 



Wooden Elevated Flume,  
Lower Centerville Canal: 
Tailings of Butte Creek 1972 





Chico ER 2/3/17 



Maps courtesy of Metropolitan Water District 



Butte Head Dam    2912 feet elevation 



Butte Canal Elevated Sections 



Centerville Head Dam 1150 feet elevation 





Centerville Powerhouse 520 feet elevation 



Centerville PH Update 2018 
Powerhouse originally started in 1906 

• Main Turbine offline since 2009 

• Repairs completed 2011 

• Start-up attempted Feb. 2011 

• Penstock pressure fluctuations indicate 
failing integrity 

• Both units taken offline 

• Flow maintained in canal through 2013 

• No diversions since 2014 



PG&E License Application 
2007 

Round Valley Reservoir 
 
 
 
 
 
 
 
 
Philbrook Reservoir 
 
 
 
 
 
 
 
Hendricks Head Dam 
And Canal 



Hendricks Head Dam-West Branch Feather River 



Parrott/Phelan 
Diversion 
M&T Ranch, Llano Seco 
 
Water Rights to half of  
the imported water 



Fish Ladder/Irrigation Diversion 



Decommission, Retool or Repurpose 

Centerville System is no longer viable: 
Decommission Centerville Head Dam 
Repurpose Powerhouse 
Repurpose Flume System and protect from failure 

Butte Canal 
Provides 1/3 water(power) yet 2/3 maintenance cost 
System prone to failure 
Drastically reduced stream flows in viable upper Butte Creek habitat 
Butte Head Dam is old, sediment filled and no fish passage 
 

Hendricks Canal 
2/3 water, 1/3 maintenance costs 
Prone to failure, flow limited by failure potential 
Leakage 
Temperature increase 
 

DeSabla Reservoir 
Serious temperature increase – Decommission, retool or repurpose 
 

Round Valley Reservoir - Restore to wet meadow 

 











Salmon Pool July 12, 2003 



Salmon Pool August 12, 2003 



Butte Creek Quartz Bowl  
Mostly promise…. 

but problems will persist 



Butte Creek  
DeSabla-

Centerville 
Hydro Project -  
Decommission 

or Retool? 
Salmon Want to 

Know 

Allen Harthorn 

Friends of Butte Creek 



Potter Valley Project:  
Fish Passage, Streamflow Opportunities 

Patrick Samuel 



Potter Valley Project (FERC #77): Bringing the Upper Eel, Russian together since 1908 



Plumbing 



Potter Valley Powerhouse 

Van Arsdale Diversion 

Lake Pillsbury 

Lake Mendocino 

 S  
- Scott Dam - Lake Pillsbury (~75,000 acre-feet); 
capacity decreasing w/ sediment 
- Cape Horn Dam - Van Arsdale Reservoir (~190 
acre-feet), diverts 250-300cfs into tunnel  
- Potter Valley Powerhouse on East Branch Russian 
River, Lake Mendocino (~122,000 acre-feet) 
• Since 2007, avg. annual diversion dropped to 

~90,000 acre-feet  
- NMFS’ 2002 BiOp required minimum flows to 
support salmon, steelhead below dams and 
powerhouse: upstream migration in fall, juvenile 
outmigration in spring, and summer rearing 
• 2,500 acre-feet block releases provided 
 

PG&E FERC License expires in 4 yrs; submitted NOI 
to File an Application for New License 



Streamflows 
2002 NMFS BiOp-mandated releases 
to sustain temps. ~150 C; 20-100cfs  

Annually, 2,500 acre-ft for block 
release at discretion of CDFW, NMFS; 
first “block water” release in May 2012 

Outcome: cool, suitable conditions 
downstream of Scott and Cape Horn 
dams, powerhouse, and in 12mi. 
between Scott, Cape Horn 

- Support spawning and rearing, may 
discourage juvenile outmigration, 
especially of O. mykiss 



Listed Salmonids Impacted 

Eel: SONCC coho (endangered), California Coast Chinook (threatened, likely to 
become endangered), NC steelhead (winter/summer – threatened) 
 

Russian: CCC coho (endangered), CCC steelhead (threatened) 

 

 - Volitional passage is necessary for recovery 



Opportunity for Salmonids 
Wild, abundant populations  

- size, undeveloped condition, 
restoration, and cold headwaters 

291-463km for steelhead, 89-
127km for Chinook for potential 
migration, spawning, and rearing 
upstream of Scott Dam 

Potential for multiple life histories: 
fall and spring-run Chinook, winter 
and summer steelhead; plus coho 
and lamprey  

Some areas > 5,000 ft elevation, 
reliable snowpack into summer –
Native Fish Society, most within 
Mendocino National Forest, Snow 
Mountain Wilderness 

Cooper, E. J., A. P. O'Dowd, J. Graham, D. Ward, D. Mierau, and R. Taylor. 2017. “An 
Estimation of Potential Salmonid Habitat and Carrying Capacity in the Upper 
Mainstem Eel River, California.” Master's Thesis, Humboldt State University, Arcata, CA. 



Next Steps • Do releases improve conditions for 
salmonids (cooler temps., better 
flows, (but suppressing 
outmigration?) 

• Block water releases in different 
water years – are new habitat rule 
curves needed? 

• Date of water allocation decision 
from Oct. 1 to after storm events 
(March or April) for block release 

• Tradeoffs and costs/benefits of 
volitional passage for recovery, 
balancing needs of people in Potter 
Valley, Russian River  

• PG&E, state and federal resource 
agencies, tribes, other stakeholders 
engage in discussions on relicensing 



FERC and Ad Hoc Committee Pathways 
• FERC process has own jurisdiction, 

timeline - if re-licensing application is not 
withdrawn by PG&E - by 2022 

• Congressman Huffman convened Potter 
Valley ad hoc Committee: potential 
alternatives for fish passage, water 
delivery and supply, and social, economic 
considerations 

- Not bound by FERC jurisdiction, deals 
with where Potter Valley will get its water, 
fish passage alternatives, water delivery to 
Russian River, etc. 

• Eel/Russian Commission: Humboldt, 
Lake, Mendocino, Sonoma counties Joint 
Powers Authority  

• Ad hoc Committee and JPA could inform 
a settlement agreement 



Infrastructure Options 

2 Facilitated Technical Working Groups 

• Fish Passage 
• Assess passage obligations, liability costs for 

ongoing maintenance, feasible alternatives 
• Dam removal feasibility assessment, cost-benefit 

analysis, liability study 

• Water Supply 
• 1) Potter Valley dams and powerhouse 

decommissioning w/ no diversion 
• 2) Decommissioning Scott Dam, powerhouse w/ 

(winter-only) diversion at Van Arsdale 
• 3) Decommissioning Scott Dam, modifying Van 

Arsdale diversion conduit/piping for greater 
(winter) diversion; raising Coyote Dam 
• Consider water storage options that allow 

irrigation water delivery to PPID 

 

 



Current Discussions 
• What is feasibility, infrastructure need, and cost/benefit analysis for each alternative for: 

salmonid recovery, water supply, deliveries? 

• What water volumes are necessary for winter run-of-river diversion? 

• What are costs/liabilities associated with Coyote Dam raise on Lake Mendocino? 

• What are dam safety considerations, what to do with potentially contaminated sediments 
stored behind dams? 

• What impacts would removal of Scott Dam have on economy, recreation in the region? 
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the Stream Environment 
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U.S. Secretary of the Interior 

Advisory Committee on Water Information 

Subcommittee on Sedimentation (SOS) 

Assistant Secretary for Water and 
Science 

Work Group on Environment & Infrastructure 



Purpose 

Introduce to managers/planners how to build, maintain, or repair 

infrastructure that is resilient to riverine hazards. 

 

I. Introduce fundamentals of river processes and ecosystems 

II. Provide a decision tool to replace, repair or build new infrastructure 

III. Examine challenges & solutions associated with 11 infrastructure types  

IV. Discuss managing riverine infrastructure under uncertainty 



Current Management 
of Riverine 
Infrastructure 

Sholtes et al., 2017 



Accounting for 
Natural Processes 

Sholtes et al., 2017 



I. Introduce Fundamentals 

 

www.fgmorph.com 



 

FISRWG, 1998 

www.fgmorph.com 

I. Introduce Fundamentals 



I. Riverine Fundamentals 

FISRWG, 1998 

Savannah River, GA 

Rakaia River, NZ 

South Platte River, CO 

Google Earth 



I. Riverine Fundamentals 

Poff et al., 1997 



I. Riverine Fundamentals 

Photo Credit: Nathan Holste (USBR)  

Previous 
channel 

New 
channel 



II. Provide a decision 
tool to replace, repair 
or build new 
infrastructure 



1. Identify Project Goals and Scope 



2. Evaluate Hazards & Values 



3. Formulate Alternatives 



4. Evaluate Alternatives, Decide, Implement 



III. Examine Infrastructure Challenges & 
Solutions 

 

1. Floodplain encroachment 

2. Large wood management 

3. Pipelines 

4. Levees & dikes 

5. Streambank protection 

6. Stormwater infrastructure 

7. Channelized rivers 

8. Grade control structures 

9. Transportation infrastructure 

 

 

10. Dams and reservoirs 

11. Surface water diversions 

Management Questions  
• How does infrastructure affect river 

processes and ecosystems? 
• Does the cost of more resilient and 

ecologically sound infrastructure balance 
reduce maintenance costs? 

• How can we better build, repair, 
decommission infrastructure in river 
environments? 



Large Wood Management 

Photo Credit: Jennifer Bountry (USBR)  



Grade Control Structures 

Photo Credit: Timothy Randle (USBR)  

 

Photo Credit: ARS  



Transportation 
Infrastructure 

Before 
After 

Photo Credit: Colorado 
Department of Transportation  



Transportation Infrastructure 

Photo Credit: Daniel Cenderelli (USFS) 



IV. Managing under Uncertainty 

1. Incorporating tolerances for change in design 

 

2. Robust Alternatives Analysis 

 

3. Actionable Science: future land use and climate 

 

4. Adaptive Management  



Summary 

Introduce to managers/planners how to build, maintain, or repair 

infrastructure that is resilient to riverine hazards. 

 

I. Introduce fundamentals of river processes and ecosystems 

II. Provide a decision tool to replace, repair or build new infrastructure 

III. Examine challenges & solutions associated with 11 infrastructure types  

IV. Discuss managing riverine infrastructure under uncertainty 
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Cultivating Ecological Solutions 
On Agricultural Lands 
 

Jacob Katz – California Trout  
 

C. Jeffres 



Cultivating Ecological Solutions 
On Agricultural (Wet)Lands 
 

Jacob Katz – California Trout  
 

C. Jeffres 



Sac Valley = Flood Basins 



Natural Levee 

Flood Basins 

SFEI 2012 

Fluvial Processes 



A Shifting Mosaic of  
Wetland Habitat Types 

 

SFEI 2012 



Reclamation 



13,000 miles of levees 



Drainage 



CA NATIVE FISHES 

Moyle, Katz & Quiñones  
Biological Conservation,  
Vol 144, issue 10, Oct. 2011 

83% 
Extinct or 
in decline 

N=129 

Extinct 5% 

 Endangered 
 26% 

 
Vulnerable 

25% 

Near  
Threatened 

 26% 

Least  
Concern 

17% 



Central Valley Chinook 

Of 4 runs 
3 are endangered, the other is dominated by hatcheries 



  

  

TODAY: 

95% of floodplains lost  

 drained and converted to 
rice.  

 In California 550,000 acres 
of rice  is farmed annually. 

 Now, many of the rice 
fields are  managed for 
migrating birds during 
winter months. 

 
 

Rice Fields 

Historic: 

Fall run Chinook evolved 
 rearing on floodplains 



American/ Natomas Basin 

Sacramento Basin 

Yolo Basin 

We are never going back 



Mimicking natural floodplain processes 
 in post-harvest floodplain rice fields 



Colusa Basin Watershed 

Knaggs Ranch on Yolo Bypass 



Post Rice Harvest - November 



Carson Jeffres 













Passive integrated transponder  (PIT tags) 





Fish measured every 2 weeks 



After 6 weeks field drained 





Fish measured and  
tags read  



100 mm 

100 mm 

100 mm 

Jan 31 – Week 0 – planted in rice field  

March 12 – Week 6 – released from rice field 
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Central Valley Waterfowl 





Nine 2-acre fields 



Sbl 

Sbl 

Sbl 

Smp 

Smp 

Smp 

Farm 
Practices 
And Fish? 

F 

F 

F 

Fallow 

Stubble 

Stomped 

Substrate type?? 



Replicated Ag Floodplains at Knaggs Ranch 

Hypotheses tested 

2013 Substrate effects 

2014 Depth refugia 

2015 Draining techniques 

2016 Survival over time 



Day 0 Day 38 

53 mm 

1.5 g 

90 mm 

9.4 g 

 
0.94 mm/d 

0.18 g/d 

 

3/19 
4/27 

2013 



Cosumnes 
Conaway 

Sutter 

Knaggs 

Dos Rios 

2015: 
Fish at  

Multiple Locations 



 

 
 

Same Results  





Sacramento River 

Floating  
Pens 

10 PIT tagged 
 fish per pen 

2016 Transect study 



Tule Canal 

Floating  
Pens 



Managed Agricultural Floodplain 
At Knaggs Ranch on Yolo Bypass 



These fish were the same size 3 weeks prior to photo 



Growth 
700% the growth 
 in just 3 weeks 

River 

Canal 

Floodplain 



x 149x 6x 

Floodplain Canal   Sac. River 

Bug Density Across Habitats  

The Food is on the Floodplain 



Floodplains are the 

River’s solar panels 



Mimicking Hydrologic Process 
To Restore Ecological Function 

 

Phytoplankton/ 
Algae 

Zooplankton/ 
Invertebrates 

Fish 

vegetation/ 
detritus Floodplain Fatties 

 



Not Rocket Science 



Ecosystem Running Out of Power! 
Pre-development Today 

Loss of Seasonally Inundated Floodplain 
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Data: DWR 
1997-1998 
 outmigraton  
report 

Feather River 1997-1988 
Estimated number of outmigrants 43,707,500 
99.8% emigrated by mid March.    Average size ~38mm 



Feather River – “wild” 

Yolo Bypass reared 

Fish Gotta Eat Too! 

Feb 2014 



Fish Food on Floodplain Farm Fields 

2017 







Flooding 
Ag 
Tracts 
For 
Improved  
Salmon 
Habitat 
 



Spread it–Slow it–Sink it–Grow it 

Residence Time = Puddle Power 



Its in the bag 
Managed Floodplain 



Time for levee 2.0 



Managing floodplains 
 for multiple uses: 

•Flood protection 
•Agriculture 
•Aquifer recharge 
•Critical habitat for  
native fish, birds and 
wildlife 
•Food web production 
 
 
 



‘bout time we circled the fish wagons 

Central Valley Salmon Habitat Partnership 



Integrating a working knowledge  
of natural process, into management 

of natural resources 
  

Process-Based Reconciliation 



Carson Jeffres 

Questions? 
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