
APPENDIX A
KLAMATH RIVER WATER QUALITY 
WORKSHOP NOTES



 
 

 
 
 
 
 
 
 

 
 

Klamath River  
Water Quality Workshop 

September 10-13, 2012 
Sacramento, CA  
Workshop Notes 

Photo: J. Tick 

Photos: Stillwater Sciences 



Workshop Notes  Klamath River Water Quality Workshop 
 

i 
 

Table of Contents 
INTRODUCTION .............................................................................................................................................1 

WORKSHOP AGENDA .....................................................................................................................................2 

ATTENDEES LIST WITH AFFILIATIONS ..............................................................................................................4 

DAY 2 – SMALL GROUP EVALUATION SESSIONS: APPLICATION OF EVALUATION CRITERIA ............................. 11 

Wetland Restoration/Treatment Wetlands/Diffuse Source Treatment Systems (WR/TR/DSTS) ....................... 11 

Group 1 - WR / TR / DSTS ................................................................................................................................ 11 

Group 2 - WR / TR / DSTS ................................................................................................................................ 17 

Group 3 - WR / TR / DSTS ................................................................................................................................ 23 

Group 4 - WR / TR / DSTS ................................................................................................................................ 28 

Group 5 - WR / TR / DSTS ................................................................................................................................ 34 

Algal Biomass Removal/Sediment Removal/Water Column Oxidation-Sediment Sequestration (ABR/SR/WCO-
SS) ........................................................................................................................................................................ 40 

Group 1 - ABR / SR / WCO-SS .......................................................................................................................... 40 

Group 2 - ABR / SR / WCO-SS .......................................................................................................................... 46 

Group 3 - ABR / SR / WCO-SS .......................................................................................................................... 52 

Group 4 - ABR / SR / WCO-SS .......................................................................................................................... 56 

Group 5 - ABR / SR / WCO-SS .......................................................................................................................... 64 

DAY 2 – SMALL GROUP DESIGN CHARRETTE: LINKING MULTIPLE PROJECTS FOR BASIN-SCALE WATER QUALITY 
IMPROVEMENTS .......................................................................................................................................... 70 

Group 1 ................................................................................................................................................................ 70 

Group 2 ................................................................................................................................................................ 72 

Group 3 ................................................................................................................................................................ 74 

Group 4 ................................................................................................................................................................ 76 

Group 5 ................................................................................................................................................................ 78 

Group 6 ................................................................................................................................................................ 80 

Group 7 ................................................................................................................................................................ 83 

Group 8 ................................................................................................................................................................ 85 

Group 9 ................................................................................................................................................................ 87 

Group 10 .............................................................................................................................................................. 91 

DAY 3 –DESIGN CHARRETTE KEY THEMES...................................................................................................... 92 

DAY 3 – EXPERT PANEL DISCUSSION ............................................................................................................. 94 



Workshop Notes  Klamath River Water Quality Workshop 
 

1 
 

Introduction 
The Klamath River Water Quality Workshop, held in Sacramento, California, September 10-13, 2012, included 
over 100 attendees representing roughly 13 federal and state (California, Oregon) agencies, multiple tribes, and 
several consulting firms, academic institutions, and utilities.  The purpose of the workshop was to identify 
technologies and strategies that will provide a clear working framework to reduce nutrient and organic matter 
loads to the Klamath River and improve water quality conditions within the Klamath Basin. The workshop focus 
was on the Upper Klamath Basin including Upper Klamath Lake and its primary tributaries (Wood, Williamson, 
and Sprague Rivers) and the Keno Impoundment.   

The workshop was funded by the California Coastal Conservancy, PacifiCorp, and the California State Water 
Boards Training Academy. 

On Day 1, the Project Contract Team and invited speakers from United States Geologic Survey (USGS) presented 
both in-basin and out-of-basin background information, much of which was also detailed in the Pre-Workshop 
Information Packet (Stillwater Sciences 2012).  On Day 2, participants broke into small working groups to 
evaluate several potential project types for nutrient and water quality improvements and engage in a design 
charrette involving a 20-year time horizon and $570 million of project implementation funding in the Klamath 
Basin.  The results of this hypothetical exercise were presented at a working dinner on Day 2 to facilitate group 
information sharing. On Day 3, design charrette key themes were summarized and reviewed with the broader 
workshop group, followed by a four-member Expert Panel question and answer session on the key themes.   

The following workshop notes provide documentation of the agenda, attendees, small group evaluation 
sessions, design charrettes, and expert panel discussion.  A summary of the USGS technical presentations will be 
provided as an addendum to the workshop notes.  Synthesis and application of the information contained within 
the workshop notes will be presented in the Final Workshop Report, which will also include a description of 
priority technological options that emerged from workshop discussions and potential benefits from sequencing 
or linking potential projects to improve Klamath Basin water quality.  
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Workshop Agenda   

 Location Moderator Presenter(s) Mins Time 

Day 1 - September 11, 2012 

Welcome and Workshop Objectives Byron Sher 
Hearing Room  

Michael 
Bowen 

Clayton Creager, 
Maia Singer 15 8:30 AM - 8:45 AM 

Setting the Stage 

Environmental Setting Overview Byron Sher 
Hearing Room  

Michael 
Bowen 

Maia Singer, Eli 
Asarian, Jake Kann 60 8:45 AM - 9:45 AM 

Existing Example Large-Scale Projects Maia Singer, Todd 
Osborne 45 9:45 AM - 10:30 AM 

Break - light refreshments provided 15 10:30 AM - 10:45 AM 

Expert Panel Presentations 
Byron Sher 
Hearing Room  

Michael 
Bowen 

Tammy Wood, 
Stewart Rounds, 
Chauncey Anderson 

60 10:45 AM - 11:45 AM 

Discussion of Restoration/ Rehabilitation Potential Maia Singer, Pat 
Higgins 30 11:45 AM - 12:15 PM 

Lunch on your own 75 12:15 PM - 1:30 PM 

Project Evaluation Criteria Byron Sher 
Hearing Room  

Michael 
Bowen Maia Singer 30 1:30 PM - 2:00 PM 

Candidate Water Quality Projects 
Wetland Restoration 

Byron Sher 
Hearing Room  

Maia 
Singer 

Eli Asarian 

75 2:00 PM - 3:15 PM Treatment Wetlands Maia Singer 

Decentralized (Diffuse) Source Treatment Systems Michael Ogden 

Break - light refreshments provided 30 3:15 PM - 3:45 PM 

Algae/Biomass Removal from the Water Column 
via Filtration 

Byron Sher 
Hearing Room  

Maia 
Singer 

Todd Osborne 

75 3:45 PM - 5:00 PM Sediment Removal (Dredging) Todd Osborne 

Water Column Oxidation/ Sediment Sequestration 
(Phosphorus Inactivation) Harry Gibbons 

Break - light refreshments provided 15 5:00 PM - 5:15 PM 

Open Session Bryon Sher 
Hearing Room 

Maia 
Singer 

Interested 
Workshop 
Participants 

45 5:15 PM - 6:00 PM 
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Day 2 - September 12, 2012 

Brief Overview of Day 1 Byron Sher 
Hearing Room  

Maia 
Singer Maia Singer 15 8:30 AM - 8:45 AM 

Small Group Evaluation Sessions 

Application of Evaluation Criteria - 3 project types Conference 
Rooms Small Group Activity 90 8:45 AM - 10:15 AM 

Break - light refreshments provided 15 10:15 AM - 10:30 AM 

Application of Evaluation Criteria - 3 project types Conference 
Rooms Small Group Activity 90 10:30 AM - 12:00 PM 

Lunch on your own 75 12:00 PM - 1:15 PM 

Small Group Reporting Byron Sher 
Hearing Room  Assigned by Small Groups 60 1:15 PM - 2:15 PM 

Small Group Design Charrette - Linking Multiple Projects for Basin-Scale WQ Improvements 

Design Planning Conference 
Rooms Small Group Activity 90 2:15 PM - 3:45 PM 

Break - light refreshments provided 30 3:45 PM - 4:15 PM 

Continued Design Planning and Prepare Reports Conference 
Rooms Small Group Activity 75 4:15 PM - 5:30 PM 

Break 60 5:30 PM - 6:30 PM 
Working Dinner - Hors d'oeuvres and main meal 
provided 

Citizen Hotel, 
Terrace Room, 
7th Floor 

Assigned by Small Groups 120 6:30 PM - 8:30 PM 
Small Group Design Charrette Reports 

        

 Location Moderator Presenter(s)  Time 

Day 3 - September 13, 2012 

Summary of Small Group Report Consensus 

Byron Sher 
Hearing Room  

Maia 
Singer Maia Singer 60 9:00 AM - 10:00 AM 

Expert Panel Discussion Maia 
Singer 

John Day, Larry 
Dunsmoor, Stewart 
Rounds, Dave 
Ferguson 

30 10:00 AM - 10:30 AM 

Break - light refreshments provided 15 10:30 AM - 10:45 AM 

Expert Panel Discussion (cont.) 
Byron Sher 
Hearing Room  

Maia 
Singer 

John Day, Larry 
Dunsmoor, Stewart 
Rounds, Dave 
Ferguson 

30 10:45 AM - 11:15 AM 

Identify Next Steps for Project Development Maia 
Singer Group Discussion 45 11:15 AM - 12:00 PM 
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Attendees List with Affiliations  
Klamath Water Quality Workshop – Participants 

Name Technical Expertise Organization Address Email 

Anderson, Chauncey  Steering Committee USGS - OR Water 
Science Center 

2130 SW 5th Avenue 
Portland, OR 97201 chauncey@usgs.gov 

Asarian, Eli  Project Contract Team Riverbend Sciences 1614 West Ave 
Eureka, CA 95501 eli@riverbendsci.com 

Aue, Marianna  Attorney SWRCB 

State Water Resources 
Control Board 
1001 I Street 

Sacramento, CA 95814 

maue@waterboards.ca.go
v 

Bach, Leslie  Director of Freshwater 
Programs 

The Nature 
Conservancy 

in Oregon 

821 SE 14th Ave 
Portland, OR 97214 lbach@TNC.ORG 

Bachand, Philip  Treatment Wetlands Tetra Tech, Inc. 2023 Regis Drive, Davis CA 
95616 

Philip.Bachand@tetratech.
com 

Bautista, Eduardo  Agricultural 
Engineering 

Water 
Management and 

Conservation 
Research Unit 

USDA-ARS 
U.S. Arid-Land 

Agricultural 
Research Center 

Arid-Land Agricultural 
Research Center 

21881 North Cardon Lane 
Maricopa, AZ 85238 

eduardo.bautista@ars.usd
a.gov 

Bays, Jim Treatment Wetlands CH2MHill 
4350 West Cypress Street 

Suite #600 
Tampa, FL  33607-4178 

Jim.bays@ch2m.com 

Belchik, Michael Fisheries Restoration Yurok Tribal 
Fisheries Program 

23001 Hwy 96 
Hoopa, CA 95546 

mbelchik@yuroktribe.nsn.
us 

Bergamaschi, Brian    USGS 

USGS California Water 
Science Center 

California State University 
Placer Hall MS 6129 

6000 J Street  
Sacramento, CA 95819-6129 

bbergama@usgs.gov 

Bond, Julia Water Quality Trading 
Programs 

The Freshwater 
Trust 

65 SW Yamhill Suite 200; 
Portland OR, 9720 

julia@thefreshwatertrust.o
rg 

Bowen, Michael  Steering Committee CA State Coastal 
Conservancy  mbowen@scc.gov 

Bowman, Crystal Steering Committee Karuk Tribe  cbowman@karuk.us 

Buck, Denise Interim Executive 
Director 

Klamath 
Watershed 
Partnership 

205 Riverside Drive, suite C 
Klamath Falls, OR 97601 

Dbuck@klamathpartnershi
p.org 

Campbell Miranda, 
Tara Jane  Environmental Science  USBR  

tcampbellmiranda@usbr.g
ov 

Carlson, Ken  Limnologist CH2MHill 
2020 S.W. Fourth Avenue 

3rd Floor 
Portland, OR  97201 

Ken.Carlson@CH2M.com' 

mailto:chauncey@usgs.gov
mailto:eli@riverbendsci.com
mailto:maue@waterboards.ca.gov
mailto:maue@waterboards.ca.gov
mailto:lbach@TNC.ORG
mailto:Philip.Bachand@tetratech.com
mailto:Philip.Bachand@tetratech.com
mailto:eduardo.bautista@ars.usda.gov
mailto:eduardo.bautista@ars.usda.gov
mailto:Jim.bays@ch2m.com
mailto:mbelchik@yuroktribe.nsn.us
mailto:mbelchik@yuroktribe.nsn.us
mailto:bbergama@usgs.gov
mailto:julia@thefreshwatertrust.org
mailto:julia@thefreshwatertrust.org
mailto:mbowen@scc.gov
mailto:cbowman@karuk.us
mailto:Dbuck@klamathpartnership.org
mailto:Dbuck@klamathpartnership.org
mailto:tcampbellmiranda@usbr.gov
mailto:tcampbellmiranda@usbr.gov
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Klamath Water Quality Workshop – Participants 

Name Technical Expertise Organization Address Email 

Carlson, Rick Steering Committee USBR - Klamath 
Falls  racarlson@usbr.gov 

Carpenter, Jim  Ecosystem Design 
Consultant 

Carpenter 
Design 

658 Front Street  
Klamath Falls 97601 jim@carpenterdesign.com 

Carter, James L.    U.S. Geological 
Survey  jlcarter@usgs.gov 

Carter, Katharine   NCRWQCB  
katherine.carter@waterbo

ards.ca.gov 

Copithorn, Rhodes R.  Water Quality  GHD 
16701 Melford Blvd., Suite 

330, 
Bowie, Maryland 20715 

rip.copithorn@ghd.com 

Crammond, Dar  Steering Committee 
USGS - OR 

Water Science 
Center 

2130 SW 5th Avenue 
Portland, OR 97201 crammond@usgs.gov 

Craydon, Emmalien  Project Contract Team  Stillwater 
Sciences 

850 G Street, Suite K 
Arcata, CA 95521 

Emmalien@stillwatersci.co
m 

Creager, Clayton  Steering Committee NCRWQCB 5550 Skylane Blvd., Suite A 
Santa Rosa, CA 95403 

ccreager@waterboards.ca.
gov 

Curry , Debra S    USGS 

North California & Sierra 
Nevada Program 

California Water Science 
Center 

U.S. Geological Survey, WRD 
6000 J St., Placer Hall 

Sacramento, CA 95819-6129 

dcurry@usgs.gov  

Day, John  Wetland Ecology Louisiana State 
University 

2237 Energy Coast & 
Environment Building LSU-
Coastal Ecology Institute 
Baton Rouge, LA 70803 

johnday@lsu.edu 

Davlin, Kenneth G.; 
P.E.  

Senior Principal on the 
NASA algae bio-fuels 
project  

Oscar Larson & 
Associates 

317 Third Street, Second 
Floor 

Eureka, CA 95501 
kdavlin@olarson.com 

Deas, Mike  Civil Engineer Watercourse 
Engineering 

Watercourse Engineering 
424 2nd St 

Davis, CA 95616 

Mike.Deas@watercoursein
c.com 

 

Detenbeck, Naomi  Watershed Ecology/ 
Nutrients 

USEPA - Atlantic 
Ecology Division 

27 Tarzwell Drive 
Narragansett, RI 02882 

Detenbeck.naomi@epa.go
v 

Domagalski, Joesph  USGS  joed@usgs.gov 

Dunsmoor, Larry Steering Committee Klamath Tribes  lkdunsmoor@aol.com 

Eilers, Joe Limnology Max Depth 
Aquatics 

MaxDepth Aquatics, Inc. 
PO Box 6838 

Bend, OR 97708 
j.eilers@maxdepthaq.com 

Ferguson, David F.  District 
Conservationist USDA NRCS 

2316 South 6th Street 
Suite C 

Klamath Falls, OR 97601 

david.ferguson@or.usda.g
ov 

mailto:racarlson@usbr.gov
mailto:jim@carpenterdesign.com
mailto:jlcarter@usgs.gov
mailto:katherine.carter@waterboards.ca.gov
mailto:katherine.carter@waterboards.ca.gov
mailto:rip.copithorn@ghd.com
mailto:crammond@usgs.gov
mailto:Emmalien@stillwatersci.com
mailto:Emmalien@stillwatersci.com
mailto:ccreager@waterboards.ca.gov
mailto:ccreager@waterboards.ca.gov
mailto:dcurry@usgs.gov 
mailto:johnday@lsu.edu
mailto:kdavlin@olarson.com
mailto:Mike.Deas@watercourseinc.com
mailto:Mike.Deas@watercourseinc.com
mailto:Detenbeck.naomi@epa.gov
mailto:Detenbeck.naomi@epa.gov
mailto:joed@usgs.gov
mailto:lkdunsmoor@aol.com
mailto:j.eilers@maxdepthaq.com
mailto:david.ferguson@or.usda.gov
mailto:david.ferguson@or.usda.gov


Workshop Notes  Klamath River Water Quality Workshop 
 

6 
 

Klamath Water Quality Workshop – Participants 

Name Technical Expertise Organization Address Email 

Fetcho, Ken  Water Quality  
Yurok Tribal 

Environmental 
Program 

190 Klamath Blvd 
PO Box 1027 

Klamath, CA 95548 
kfetcho@yuroktribe.nsn.us 

 

Fischer, Kris  Aquatics Biologist The Klamath 
Tribes 

Klamath Tribe's Research 
Station SRWQL, 5671 Sprauge 
River Highway, Chiloquin, OR 

97624 

kris.fischer@klamathtribes
.com 

Forbes, Margaret; 
Ph.D., E.I.T., P.W.S. Treatment Wetlands KBA 

EnviroScience, Ltd. 

KBA EnviroScience, Ltd. 
101 E. Southwest Parkway 

Suite 114 
Lewisville, TX 75067 

mforbes04@gmail.com 

Fortescue, Forest  Geologist   
leucomonzogabbro@gmail

.com 

Frank, Paul  Treatment Wetlands New Fields River 
Basin Services 

1624 Franklin Street, Suite 
901 

Oakland, CA 94612 
pfrank@newfields.com 

Freese, Matthew    SWRCB  
Mfreese@waterboards.ca.

gov  

Garrison, Greg  
Treatment Wetlands 
/Wastewater 
Treatment 

GHD 1735 North First Street 
San Jose, CA 95112 Greg.Garrison@ghd.com 

Gearheart, Bob  Steering Committee Humboldt State 
University  

Robert.Gearheart@humbo
ldy.edu 

Gibbons , Harry  Project Contract Team Tetra Tech, Inc. 
1420 Fifth Avenue, Suite 

550 
Seattle, WA 98101 

Harry.Gibbons@tetratech.
com 

Gorman, Kyle  Hydrologist 
OR Water 

Resources 
Department 

1128 NW Harriman St  
Bend, Oregon 97701 

kyle.g.gorman@wrd.state.
or.us 

Graf, Will; Ph.D. 
Physical Geography/ 
Water Resources 
Management 

University of 
South Carolina 

College of Arts and Sciences 
Gambrell 251 

Columbia, SC 29208 
graf@sc.edu 

Haltiner, Jeff; Ph.D., 
P.E. Hydrologist ESA PWA 550 Kearny Street, 9th Floor  

San Francisco, CA 94108-2404 JHaltiner@esassoc.com  
 

Hamilton, Andy  Hydrologist Bureau of Land 
Management 

Bureau of Land 
Management 

Klamath Falls Resource Area 
2795 Anderson Ave, Bld # 25 

a1hamilt@blm.gov 
 

Hampton, Mark  Fish Biologist NOAA Fisheries 
NOAA Fisheries 

1829 South Oregon Street 
Yreka, CA  96097 

Mark.Hampton@noaa.gov 

Hayden, Natanya  Water Quality 
Specialist OR TNC 

Klamath Falls Field Office 
226 Pine St. 

Klamath Falls, OR 97601 
nhayden@tnc.org 

Hemstreet, Tim  Steering Committee PacifiCorp 
825 NE Multnomah, Suite 

1500 
Portland, OR 97232 

Tim.Hemstreet@PacifiCorp
.com 

Hey, Donald L. Wetland Treatment Wetlands 
Research, Inc. 

Wetlands Research, Inc. 
53 W. Jackson Blvd., #1015 

Chicago, IL 60604 
dlhey@sbcglobal.net 

mailto:kfetcho@yuroktribe.nsn.us
mailto:kfetcho@yuroktribe.nsn.us
mailto:kris.fischer@klamathtribes.com
mailto:kris.fischer@klamathtribes.com
mailto:mforbes04@gmail.com
mailto:leucomonzogabbro@gmail.com
mailto:leucomonzogabbro@gmail.com
mailto:pfrank@newfields.com
mailto:Mfreese@waterboards.ca.gov 
mailto:Mfreese@waterboards.ca.gov 
mailto:Greg.Garrison@ghd.com
mailto:Robert.Gearheart@humboldy.edu
mailto:Robert.Gearheart@humboldy.edu
mailto:Harry.Gibbons@tetratech.com
mailto:Harry.Gibbons@tetratech.com
mailto:kyle.g.gorman@wrd.state.or.us
mailto:kyle.g.gorman@wrd.state.or.us
mailto:graf@sc.edu
mailto:JHaltiner@esassoc.com
mailto:JHaltiner@esassoc.com
mailto:a1hamilt@blm.gov
mailto:a1hamilt@blm.gov
mailto:Mark.Hampton@noaa.gov
mailto:Tim.Hemstreet@PacifiCorp.com
mailto:Tim.Hemstreet@PacifiCorp.com
mailto:dlhey@sbcglobal.net
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Klamath Water Quality Workshop – Participants 

Name Technical Expertise Organization Address Email 

Hendrixson, Heather Wetland Restoration OR TNC Klamath Falls, OR hhendrixson@tnc.org 

Hewitt, Dave  Fisheries Biologist 

USGS - Western 
Fisheries Research 
Center - Klamath 
Falls Field Station 

2795 Anderson Ave., Suite 
106 

Klamath Falls, OR 97603 
dhewitt@usgs.gov  

 

Higgins, Patrick  Fisheries Biologist Fisheries 
Consultant 

791 8th Street 
Arcata, CA 95521 phiggins@humboldt1.com 

Hirst, Peter Soil Nutrient 
Management 

New England 
Biochar and 

Sonoma Biochar 
Initiative 

62 Southern Eagle Cart Way 
Brewster, MA 02631 

PETER@NEWENGLANDBIO
CHAR.ORG 

Holdren, Chris Steering Committee USBR - Denver  GHoldren@usbr.gov 

Holz, John; PhD  Nutrient Management  HAB Aquatic 
Solutions 

3120 S. 72nd Street Suite 
157  

Lincoln, NE 68506 
jholz@habaquatics.com  

Johnson, Alex  Water Quality Trading 
Programs 

The Freshwater 
Trust 

65 SW Yamhill Suite 200; 
Portland OR, 9720 

alex@thefreshwatertrust.o
rg 

Jones, Valerie Project Contract Team  Jones & Trimiew 
Design 

2328 6th Street Apt. 4 
Santa Monica, CA 90405 benevale@yahoo.com 

Jordahl, Jim Treatment Wetlands CH2MHill 
4200 University Avenue 

Suite #309 
West Des Moines, IA  50266 

Jim.jordahl@ch2m.com 

Kann, Jacob  Project Contract Team 
Aquatic 

Ecosystem 
Sciences, LLC 

295 East Main St., Suite 7 
Ashland, OR 97520 Jacobkann@aol.com 

Karas, Christine    USBR  ckaras@usbr.gov 

Ketley, Robert Nutrient Control 
Strategies 

City of 
Watsonville  

robert.ketley@cityofwatso
nville.org 

Keydel, Sue  Steering Committee USEPA Region IX 
US EPA Region IX 

75 Hawthorne Street - WTR-3 
San Francisco, CA 94105 

keydel.Susan@epa.gov 

Kirk, Steve Steering Committee ODEQ  kirk.steve@deq.state.or.us 

Krider - Royer, 
Chantell 

Monitoring Plan 
Coordinator 

Klamath Basin 
Monitoring 

Program 

KBMP c/o Biology Dept. 
 Sci. B 

Humboldt State University 
1 Harpst Street 

Arcata. CA 95521 

mpc@kbmp.net 

Kreissl, James  WQ Engineer Tetra Tech, Inc. 737 Meadowview Dr. 
Villa Hills, KY 41017 jkreissl1@insightbb.com 

Kunz, Nick Environmental 
Scientist SWRCB 

State Water Resources 
Control Board 
1001 I Street 

Sacramento, CA 95814 

nkunz@waterboards.ca.go
v 

mailto:hhendrixson@tnc.org
mailto:dhewitt@usgs.gov
mailto:dhewitt@usgs.gov
mailto:phiggins@humboldt1.com
mailto:PETER@NEWENGLANDBIOCHAR.ORG
mailto:PETER@NEWENGLANDBIOCHAR.ORG
mailto:GHoldren@usbr.gov
mailto:jholz@habaquatics.com
mailto:alex@thefreshwatertrust.org
mailto:alex@thefreshwatertrust.org
mailto:benevale@yahoo.com
mailto:Jim.jordahl@ch2m.com
mailto:Jacobkann@aol.com
mailto:ckaras@usbr.gov
mailto:robert.ketley@cityofwatsonville.org
mailto:robert.ketley@cityofwatsonville.org
mailto:keydel.Susan@epa.gov
mailto:kirk.steve@deq.state.or.us
mailto:mpc@kbmp.net
mailto:jkreissl1@insightbb.com
mailto:nkunz@waterboards.ca.gov
mailto:nkunz@waterboards.ca.gov
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Klamath Water Quality Workshop – Participants 

Name Technical Expertise Organization Address Email 

Kuszmar, David  Environmental 
Engineer NCRWQCB 5550 Skylane Blvd., Suite A 

Santa Rosa, CA 95403 
Dkuszmar@waterboards.c

a.gov 

Kuwabara, James S 
Benthic Fluxes of 
Trace Metals and 
Nutrients  

U.S. Geological 
Survey 

Bldg. 15, McKelvey Building, 
345 Middlefield Road, Mail 

Stop 466 
Menlo Park, CA 94025-3561 

kuwabara@usgs.gov 

Lambert, Chrysten    Klamath Basin 
Rangeland Trust 

295 E. Main St., Ste 3 
Ashland, OR 97520 clambert@kbrt.org 

Leland, David  Chief Watershed 
Protection Division NCRWQCB 5550 Skylane Blvd., Suite A 

Santa Rosa, CA 95403 
dleland@waterboards.ca.g

ov 

Lev, Esther Wetland Restoration OR Wetland 
Conservancy 

5485 Southwest Nyberg 
Lane   

Tualatin, OR 97062 

estherlev@wetlandsconser
vancy.org 

Lobo, Michelle Environmental 
Scientist CA SWRCB 

State Water Resources 
Control Board 
1001 I Street 

Sacramento, CA 95814 

mlobo@waterboards.ca.go
v 

Louis, Gail Steering Committee USEPA Region IX 
US EPA Region IX 

75 Hawthorne Street - WTR-3 
San Francisco, CA 94105 

louis.Gail@epa.gov 

Lynch, Dennis Limnologist 
USGS - OR 

Water Science 
Center 

2130 SW 5th Avenue 
Portland, OR 97201 ddlynch@usgs.gov 

Mauser, Dave  Wildlife Biologist  USFWS 4009 Hill Road  
Tulelake, CA 96134 Dave_mauser@fws.gov 

Mayer, Tim Hydrologist 

USFWS Pacific 
Region - Water 

Resources Branch - 
division of 

Engineering 

911 N.E. 11th Avenue  
Portland, Oregon 97232-4181 tim_mayer@fws.gov 

McFadin, Bryan Engineer NCRWQCB 5550 Skylane Blvd,. Suite A 
Santa Rosa, CA 95403 

bmcfadin@waterboards.ca
.gov 

McNabb, Terry  Nutrient Management  Aquatechnex 
Inc.  

tmcnabb@aquatechnex.co
m 

Measeles, Paul  Hydrologist OR Dept. of 
Agriculture 

Natural Resources Division 
635 Capitol St NE # 313   

Salem, OR 97301 

Pmeaseles@oda.state.or.u
s 

Milligan, Brett  

Landscape 
architecture / 
Environmental 
Restoration 

University of CA 
Davis 

2134 SE Yamhill St.  
Portland, OR 97214 brett_milligan@yahoo.com 

Mullis, Curt  Board member Klamath Water 
Users Association 

735 Commercial Street  
Klamath Falls, OR 97601 ctm8605@aol.com 

Myrick, Christopher, 
Ph.D. 

Fish Biologist / 
Ecologist 

Colorado State 
University 

Department of Fish, 
Wildlife, and Conservation 

Biology 
Warner College of Natural 

Resources 
Campus Delivery 

Colorado State University 

Chris.Myrick@colostate.ed
u 

mailto:Dkuszmar@waterboards.ca.gov
mailto:Dkuszmar@waterboards.ca.gov
mailto:kuwabara@usgs.gov
mailto:clambert@kbrt.org
mailto:dleland@waterboards.ca.gov
mailto:dleland@waterboards.ca.gov
mailto:estherlev@wetlandsconservancy.org
mailto:estherlev@wetlandsconservancy.org
mailto:mlobo@waterboards.ca.gov
mailto:mlobo@waterboards.ca.gov
mailto:louis.Gail@epa.gov
mailto:ddlynch@usgs.gov
mailto:Dave_mauser@fws.gov
mailto:tim_mayer@fws.gov
mailto:bmcfadin@waterboards.ca.gov
mailto:bmcfadin@waterboards.ca.gov
mailto:tmcnabb@aquatechnex.com
mailto:tmcnabb@aquatechnex.com
mailto:Pmeaseles@oda.state.or.us
mailto:Pmeaseles@oda.state.or.us
mailto:brett_milligan@yahoo.com
mailto:ctm8605@aol.com
mailto:Chris.Myrick@colostate.edu
mailto:Chris.Myrick@colostate.edu
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Klamath Water Quality Workshop – Participants 

Name Technical Expertise Organization Address Email 

Fort Collins, CO 80523-1474 

Nomura, Ranei Water Quality Trading 
Programs ODEQ 1102 Lincoln St., Suite 210. 

Eugene, OR 97401 
NOMURA.Ranei@deq.stat

e.or.us 

Ogden, Michael  Project Contract Team NSI/Biosystems 
NSI/Biosystems 

1567 Cunningham Rd 
Sebastopol, CA 95472 

Michael@Natsys-inc.com 

Olson , Samantha Attorney NCRWQCB - 
staff attorney  

soloson@waterboards.ca.g
ov 

Osborne, Todd  Project Contract Team  University of FL 

Soil & Water Science 
Department 

University of Florida 
106 Newell Hall 

Gainesville, FL 32611 

osbornet@ufl.edu 

Otten, Heidi  Env. Scientist Intern NCRWQCB 5550 Skylane Blvd., Suite A 
Santa Rosa, CA 95403 

Heidi.Otten@waterboards.
ca.gocv 

Pawson, Mary Grace, 
PE 

Environmental 
Engineer GHD 

2235 Mercury Way Suite 
150, 

Santa Rosa, CA 95407-5472 

marygrace.pawson@ghd.c
om 

Pellerin, Brian   USGS  bpeller@usgs.gov  

Pietrzak, Beth Regional Water 
Quality Specialist 

Oregon Dept of 
Agriculture 

569 Hanley Road 
Central Point, OR 97502 epietrzak@oda.state.or.us 

Pisano, Mark 

Fisheries Program 
Manager 
R1 Fisheries, Klamath 
Restoration 

CA F&G 1625 South Main St 
Yreka, CA  96097 MPISANO@dfg.ca.gov 

Powers, Mike Planning and 
Compliance Leader 

Oregon Dept of 
Agriculture 

Natural Resources Division  
635 Capitol Street NE  

Salem, OR  97301-2532 
mpowers@oda.state.or.us 

Prendergast, Linda Steering Committee PacifiCorp  
Linda.Prendergast@Pacific

orp.com 

Ragazzi, Erin 
Water Quality 
Certification & Public 
Trust 

CA SWRCB 

State Water Resources 
Control Board 
1001 I Street 

Sacramento, CA 95814 

Ragazzi.Erin@Waterboards
.ca.gov 

Redwine, Jed Treatment Wetlands 

National Park 
Service's Inventory 

and Monitoring 
Network 

Natural Resource Condition 
Assessment Ecologist 

South Florida/Caribbean 
Network 

18001 Old Cutler Road Suite 
419Miami, FL 33157 

jed_redwine@nps.gov 

Reuter, John  
Limnologist - algal 
ecology, nutrient 
cycling, cyanobacteria 

Portland State 
University 

PO Box 751 
Portland, Oregon 97207-0751 rueterj@pdx.edu 

Rinderneck, Janna Environmental 
Scientist 

CA Dept. of Fish 
& Game  jrinder@ospr.dfg.ca.gov 

Rounds, Stewart; Ph.D. Hydrologist USGS 2130 SW 5th Avenue 
Portland, OR 97201 sarounds@usgs.gov  

mailto:NOMURA.Ranei@deq.state.or.us
mailto:NOMURA.Ranei@deq.state.or.us
mailto:Michael@Natsys-inc.com
mailto:soloson@waterboards.ca.gov
mailto:soloson@waterboards.ca.gov
mailto:osbornet@ufl.edu
mailto:Heidi.Otten@waterboards.ca.gocv
mailto:Heidi.Otten@waterboards.ca.gocv
mailto:marygrace.pawson@ghd.com
mailto:marygrace.pawson@ghd.com
mailto:bpeller@usgs.gov 
mailto:epietrzak@oda.state.or.us
mailto:MPISANO@dfg.ca.gov
mailto:mpowers@oda.state.or.us
mailto:Linda.Prendergast@Pacificorp.com
mailto:Linda.Prendergast@Pacificorp.com
mailto:Ragazzi.Erin@Waterboards.ca.gov
mailto:Ragazzi.Erin@Waterboards.ca.gov
mailto:jed_redwine@nps.gov
mailto:rueterj@pdx.edu
mailto:jrinder@ospr.dfg.ca.gov
mailto:sarounds@usgs.gov
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Klamath Water Quality Workshop – Participants 

Name Technical Expertise Organization Address Email 

Sanneman, Carrie  WQ Trading Programs Willamette 
Partnership 

2550 SW Hillsboro Highway 
Hillsboro, OR 97123 

SannemanC@willamettepa
rtnership.org 

Simon, Nancy Research Chemist - 
Sediment USGS 

12201 Sunrise Valley Drive, 
Mail Stop 432 

Reston, VA 20192-0002 
nssimon@usgs.gov  

 

Singer, Maia  Project Contract Team  Stillwater Sciences 
2855 Telegraph Avenue, 

Suite 400 
Berkeley, CA 94705 

maia@stillwatersci.com 

St. John, Matt Executive Officer NCRWQCB 5550 Skylane Blvd., Suite A 
Santa Rosa, CA 95403 

mstjohn@waterboards.ca.
gov 

Trgovcich, Caren Chief Deputy Director CA SWRCB 

State Water Resources 
Control Board 
1001 I Street 

Sacramento, CA 95814 

ctrgovcich@waterboards.c
a.gov 

Trimiew, Kim Project Contract Team Jones & Trimiew 
Design 

2328 6th Street Apt. 4 
Santa Monica, CA 90405 trimiew@dslextreme.com 

Tucker, Craig   Karuk Tribe  ctucker@karuk.us 

Vasquez, Elizabeth   USBR  EVasquez@usbr.gov 

Watts, Jennifer  Environmental 
Scientist SWRCB 

State Water Resources 
Control Board 
1001 I Street 

Sacramento, CA 95814 

jwatts@waterboards.ca.go
v 

Welch, Eugene  Limnology Tetra Tech, Inc. 4228 201 Avenue NE 
Sammamish, WA 98074 

Gene.Welch@tetratech.co
m 

Weston, Johanna   Ecologist SWRCB  
JWeston@waterboards.ca.

gov  

Wise, Ted  Hydrologist OR Department 
of Fish & Wildlife  ted.g.wise@state.or.us 

Wood, Tammy  WQ Modeling USGS 2130 SW 5th Avenue 
Portland, OR 97201 tmwood@usgs.gov 

 

Woodley, T.J.  District 
Conservationist 

Klamath Soil and 
Water 

Conservation 
District 

409 Pine Street, Suite 311 
Klamath Falls, OR 97601 tj.woodley@oacd.org 

 

  

mailto:SannemanC@willamettepartnership.org
mailto:SannemanC@willamettepartnership.org
mailto:nssimon@usgs.gov
mailto:nssimon@usgs.gov
mailto:maia@stillwatersci.com
mailto:mstjohn@waterboards.ca.gov
mailto:mstjohn@waterboards.ca.gov
mailto:ctrgovcich@waterboards.ca.gov
mailto:ctrgovcich@waterboards.ca.gov
mailto:trimiew@dslextreme.com
mailto:ctucker@karuk.us
mailto:EVasquez@usbr.gov
mailto:jwatts@waterboards.ca.gov
mailto:jwatts@waterboards.ca.gov
mailto:Gene.Welch@tetratech.com
mailto:Gene.Welch@tetratech.com
mailto:JWeston@waterboards.ca.gov 
mailto:JWeston@waterboards.ca.gov 
mailto:ted.g.wise@state.or.us
mailto:tmwood@usgs.gov
mailto:tmwood@usgs.gov
mailto:tj.woodley@oacd.org
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Day 2 – Small Group Evaluation Sessions: Application of Evaluation Criteria 
Wetland Restoration/Treatment Wetlands/Diffuse Source Treatment Systems (WR/TR/DSTS) 
Group 1 - WR / TR / DSTS  
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Workshop Notes  Klamath River Water Quality Workshop 
 

15 
 

Group 1 - WR / TR / DSTS  

 
 

  



Workshop Notes  Klamath River Water Quality Workshop 
 

16 
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Group 2 - WR / TR / DSTS 
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Group 2 - WR / TR / DSTS 
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Group 3 - WR / TR / DSTS 
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Group 4 - WR / TR / DSTS 
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Group 4 - WR / TR / DSTS 

 
 

 



Workshop Notes  Klamath River Water Quality Workshop 
 

30 
 

Group 4 - WR / TR / DSTS 
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Group 4 - WR / TR / DSTS 
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Group 5 - WR / TR / DSTS 

 

 



Workshop Notes  Klamath River Water Quality Workshop 
 

35 
 

Group 5 - WR / TR / DSTS 
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Group 5 - WR / TR / DSTS 
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Group 5 - WR / TR / DSTS 
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Group 5 - WR / TR / DSTS 
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Algal Biomass Removal/Sediment Removal/Water Column Oxidation-Sediment Sequestration (ABR/SR/WCO-
SS) 
Group 1 - ABR / SR / WCO-SS  
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Group 1 - ABR / SR / WCO-SS  
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Group 1 - ABR / SR / WCO-SS  
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Workshop Notes  Klamath River Water Quality Workshop 
 

44 
 

Group 1 - ABR / SR / WCO-SS  
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Group 1 - ABR / SR / WCO-SS  
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Group 2 - ABR / SR / WCO-SS 
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Group 2 - ABR / SR / WCO-SS 

 
 

 



Workshop Notes  Klamath River Water Quality Workshop 
 

48 
 

Group 2 - ABR / SR / WCO-SS 
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Group 2 - ABR / SR / WCO-SS 
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Group 2 - ABR / SR / WCO-SS 
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Group 2 - ABR / SR / WCO-SS 
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Group 3 - ABR / SR / WCO-SS 
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Group 3 - ABR / SR / WCO-SS 
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Group 3 - ABR / SR / WCO-SS 
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Group 3 - ABR / SR / WCO-SS 
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Group 4 - ABR / SR / WCO-SS 
Reporting - 9-12-12 
General Notes: 

• Technologies are not a silver bullet, but rather assumed that any activities would be couched in a 
watershed scale effort to assure that any one activity would be benefiting by other activities (e.g. 
Upstream). Specifically that external reductions in P would be carried out in concert with these 
technologies. 

• All activities would have a longer-term impact, i.e., it will take time, possibly a long time to arrive at 
improvement 

• There was prodigious discussion on a wide range of topics in an effort to address elements of the 
workbook: basic assumptions, individuals experience, information gaps (to answer the questions at 
hand), etc. 

• Everything in Upper Klamath Lake, unless noted.  Spent less time on Keno. 
 
In sum: 

• algae removal - worth continuing to explore 
• alum application - probably infeasible, but perhaps a pilot to explore methods 
• oxygenation - not addressed 
• dredging - largely infeasible 

 
______________________ 
Algal Filtration:   
Objective: reduce nutrients in Upper Klamath Lake, reduce oxygen demand below Link 
Feasibility: Feasible, but many questions.   
Effect: potentially high, but need more information (specific technical data) 
 
##Upper Klamath Lake 
Key questions/comments 
- Once algae is removed, algae may replace it until sufficient P is removed from the system; so, may not see 
immediate impact.   
- **Need to determine the amount of tons of P and N removed with per ton of algae removed to have an effect 
or desired effect 
- May be an economic element when utilizing removed algae 
- Question about potential to impact fish species with use of algae removal.  - - 
- Redo economic analysis once questions are answered.   
- There is a need for a model for P in the system **A pilot study is recommended 
 
Barge 
- Questions about draft of barge and ability to filter/remove in shallow areas.  - Question about how much a 
barge can collect in a day, hour, etc.  Need to confirm that algae collected is not toxic to determine future use 
versus disposal.   
-Target areas of greatest accumulation 
- Estimated 20,000-25,000 tons wet algae per month in summer months in Upper Klamath Lake 
- Data shows 30 metric tons of total P in Upper Klamath Lake outflow (monthly mean value for 1991-2010 
period) in June and July.  
- If 4 tons of P removed in season, not so great; however, if 40 tons of P removed, may be worth it. At peaks, 
data shows there is 100 metric tons of P in Upper Klamath Lake.    
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Group 4 - ABR / SR / WCO-SS 
- Technology while feasible, may not be implementable in some areas due to screening requirements associated 
with screening requirements, etc. (e.g., sucker larval stage); may work with barge at surface, but maybe not with 
screen of flow (or target time when larval suckers are no longer present – adaptive each year based on surveys).   
 
## Link 
Another location to consider would be Link Dam, where it would need to be done each year.  Question about 
whether it makes sense to target area below Link Dam (screen outlet) due to oxygen problems, as an interim 
measure, recognizing also need to address source coming from Upper Klamath Lake  (will take time).  Recognize 
sensitivity of working in Link River corridor. 
 
Summary: 
Algal Filtration:  Feasible, but many questions.  Another location to consider would be Link Dam, where it would 
need to be done each year.  Question about whether it makes sense to target area below Link Dam (screen 
outlet) due to oxygen problems, as an interim measure, recognizing also need to address source coming from 
Upper Klamath Lake (will take time).  Recognize sensitivity of working in Link River corridor.  20,000-25,000 tons 
wet algae per month in summer months in Upper Klamath Lake.  Question about the extent to which once algae 
is removed, whether more algae will replace it until sufficient P is removed from the system; so, may not see 
immediate impact.  Questions about draft of barge and ability to filter/remove in shallow areas.  Question about 
how much a barge can collect in a day, hour, etc.  Need to confirm that algae collected is not toxic to determine 
future use versus disposal.  Need to determine the amount of tons of P and N removed with per ton of algae 
removed.  Data shows 30 metric tons of total P in Upper Klamath Lake outflow (monthly mean value for 1991-
2010 period) in June and July.  Need the P budget of lake.  If 4 tons of P removed in season, not so great; 
however, if 40 tons of P removed, may be worth it.  Target areas of greatest accumulation.  At peaks, data shows 
there is 100 metric tons of P in Upper Klamath Lake.   Suggest model be developed to see how algae removal 
over time would impact internal loads of P to system.  Question about potential to impact fish species with use 
of algae removal.  Redo economic analysis once questions are answered.  Technology while feasible, may not be 
implementable in some areas due to screening requirements associated with screening requirements, etc. (e.g., 
sucker larval stage); may work with barge at surface, but maybe not with screen of flow (or target time when 
larval suckers are no longer present – adaptive each year based on surveys).  

______________________ 
Oxygenation/Sediment Sequestration:  
Objective: phosphorus reduction 
Feasibility: Feasible, but many questions.   
Effect: Modest, but may be minimal 
 
Feasible, but may not be effective.   
Key questions/comments: 

• What is pH of sediment?   
• What will happen to Al and resuspension potential? Wind driven system. 
• Large scale concerns (rate of application, amount, persistence) Cultural/Social/Political issues of Al 

addition 
o Educational element, not only for cultural/social/political, but for effectiveness and expectation. 

• Case studies: Big Bear (3000 acres), Grand Lake (10,000 acres) 
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Group 4 - ABR / SR / WCO-SS 
• May be worth conducting a pilot study on a small scale.  

 
Summary: 
Oxygenation/Sediment Sequestration: Concerned about introducing Al.  What is pH of sediment?  What will 
happen to Al and resuspension potential?  May be worth conducting a pilot study on a small scale.  Scale of 
problem is so large that it may not be workable.  May not be socially or politically viable; in general, tribes do 
not support addition of chemicals to water.  Not effective, at least visually, in Big Bear (potential case study).   
Importance of good education program for any technology to set expectations for community that benefits will 
take time (i.e., things will not happen immediately).  Another case study is Grand Lake Saint Mary's (Ohio).  Wind 
or currents in lakes that move sediments may make application of alum less beneficial because alum not 
remaining in place to capture releases from sediments.  
__________________. 
Dredging:   
Objective: Phosphorus removal to reduce algal blooms, specifically the first bloom. 
Feasibility: Infeasible 
Effect: n/a 
 
Generally had similar discussion as with alum treatment (spatial and temporal issues), costs, and effectiveness.  

- could take decades to skim 10 cm out of the lake 
- identified constraints/issues 

o ice,  
o fisheries impacts 
o depth 
o location 
o contaminants (would require sampling) 
o modifications Upper Klamath Lake storage under KBRA 

- Just a giant effort and a partial dredging solution was not pursued because we felt unable to identify a 
"critical" area to have a desired effect. 

- May be an application in Keno, but no objective - reason - was identified at this time.  Keep on table for 
Keno to consider under potential future prescriptions.  

 
Summary: 
Dredging:  Comments:  If KHSA/KBRA implemented, would add an additional 90,000+ acre-feet of water or ~10 
percent increase in area.  Questions pertaining to reuse of dredged material.  Goal would be to remove 
sufficient material to short circuit first algal bloom.  Concerns about dredging Keno due to contaminants; would 
recommend testing to see if pesticides, arsenic, etc. are present and levels.  Idea to potentially try on pilot basis 
in Howard Bay to see if improvement.  At this point, group thinks this technology is infeasible.  Organic matter 
coming out of Upper Klamath Lake needs to be addressed first because it overwhelms the rest of the watershed 
(e.g., Keno and beyond). Implemented, would add an additional 90,000+ acre-feet of water or ~10 percent 
increase in area.  Questions pertaining to reuse of dredged material.  Goal would be to remove sufficient 
material to short circuit first algal bloom.  Concerns about dredging Keno due to contaminants; would 
recommend testing to see if pesticides, arsenic, etc. are present and levels.  Idea to potentially try on pilot basis 
in Howard Bay to see if improvement.  At this point, group thinks this technology is infeasible.  Organic matter 
coming out of Upper Klamath Lake needs to be addressed first because it overwhelms the rest of the watershed 
(e.g., Keno and beyond). 
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Group 4 - ABR / SR / WCO-SS 
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Group 5 - ABR / SR / WCO-SS  
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Group 5 - ABR / SR / WCO-SS  
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Day 2 – Small Group Design Charrette: Linking Multiple Projects for Basin-Scale Water 
Quality Improvements 
Group 1 
Combination of Technologies 

• Algal Biomass Removal: 
o Modeling and Pilot study of algal biomass removal in Upper Klamath Lake and Link River (Pilot 

Study C)  
o Divert algal biomass at A Canal (removal at A Canal – Flotation 

• Dredging: 
o No Dredging 
o No Alum or Aeration in Upper Klamath Lake 

• Aeration/oxygenation Sediment Sequestration: 
o Aeration and alum use below Link River Dam 

• Restored and Diffuse Treatment Wetlands: 
o Some diffuse wetland restoration in riparian corridors of upper Sprague 
o Pasture-level wetlands in 2% of irrigated agriculture 
o Divert water into Lower Klamath NWR from Klamath Straits Drain and/or Klamath River via ADY 

Canal  
o Wetland restoration at Miller Island – Improve connectivity to Keno Reservoir 

• Treatment Wetlands: 
o Potential for treatment wetlands at lower end of Sprague, lower Wood and lower Seven Mile 

(LIDAR use for identifying sites) 
o Williamson is lower priority due to existing functional marsh 
o Treatment wetlands at Barnes Ranch, Agency Lake Ranch, Caledonia Ranch, Wocas Marsh, 

Lower Klamath Lake, 



Workshop Notes  Klamath River Water Quality Workshop 
 

71 
 

  

 

 

 

 



Workshop Notes  Klamath River Water Quality Workshop 
 

72 
 

Group 2 
Assumptions/ Considerations/ Guiding Principles 

1. Geographic area begins at headwaters and extends to Keno Dam 
2. Assume that dams are still in place. 
3. Assume that 28.5 mil has same buying power over 20 year span (2012 dollars) 
4. Climate change will affect project cost, land use, efficacy, etc. over time. Project selections must have 

longevity in the face of climate change/ Resiliency to survive future climate change, land use change, 
needs of fish 

5. Phasing- organize projects into short term vs. long term solutions. Need to consider near term, mid term 
and long term aspects of projects 

6. Consider/ design for implications beyond 20 years (i.e.: 20 years is in the short term). Divide design 
sections into geographic areas and short/mid/long term solutions 

7. Allocate funds according to magnitude of problem within geographic area 
8. Some activities are urgently needed to keep threatened species alive to see the future 
9. Based on current knowledge - without additional information 
10. Present technology and energy costs 
11. Wetlands = treatment wetlands 

 
Geographic Area #1: Main tribs  

1. Williamson River 
2. Sprague River 
3. Wood River 

Geographic Area #2: Upper Klamath Lake 
Geographic Area #3:  Keno Reach and Lost River System 
 
Treatment Opportunities in Area #1 

• Williamson River - water quality good. Well- vegetated. No treatment technologies needed. Not as 
much potential for treatment opportunities and P reduction. 

• Wood and Seven Mile - naturally occurring high P in Wood subbasin aquifers. Wetlands for nutrient 
removal. Discussed the general possibility of opportunities for treatment wetlands that will transition 
into habitat wetland system (for all geographic areas). Focus on the removal of phosphorus. Seven Mile: 
diffuse wetlands. 

• Sprague River -restore temp in Sprague (for sucker fish and anadromous fish requirements). Have 
farmers use well rather than spring water. Reconnect spring system. Get cold groundwater recharge 
back into the system. Change in point of diversion. Control juniper encroachment at springs and seeps. 
(Modification of hydrology is a technology that has not been discussed at workshop, but is important 
and a recommendation.) Biomass of juniper has the potential for use as biochar/ energy production 
($225/acre to remove juniper) Riparian corridor management. Riparian/ wetland restoration/ 
management. Diffuse wetlands. Channelization in N & S forks—reconnection, restore natural channel. 
Irrigation system- improved management. Improve BMPs.  

 
Treatment Opportunities in Area #2 

• Dredging in areas of high sediment—to remove P and to create wetlands (15,000 ac of lake bottom) and 
create wetlands (dredging: $5-15 y3). Remove material to create wetland berms around Agency Lake 
Ranch parcel. Dredging 15,000 ac of lake bottom will cost between $40- 120 mil. Passive approach also 
discussed (no dredging, only wetland restoration). 10,000 acres likely for potential treatment sites in this 
area.  
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• Alum discussed- looked at as a potential short term solution. Large lake scale precedents have proven 
relatively unsuccessful. Better for downstream? Pilot scale project? 

• A $30 mil investment (initial investment) to remove algae was discussed, but group decided that money 
is better invested in wetland restoration. Algae removal is an area for further research. Pilot scale 
project? 

 
Treatment Opportunities in Area #3 
Keno Reservoir 

• $30 million- alum micro floc treatment discussed as water flows into Keno Reservoir (Link River). Or pilot 
project scale? 

• Pilot project to examine feasibility of algae removal in Keno Reservoir.  
• Oxygenation in Keno Reservoir: possible short term solution, but probably not feasible as a long term 

solution. 
Lost River System 

• Improve effluent/ return flows through wetland treatment. Water from agricultural areas currently 
flowing into Keno Reach diverted to wildlife refuge. Feasibility study? May be infeasible due to Oregon 
water laws. 

• Treatment wetlands—salinity issues. 
• Discussed the purchase of land/water rights along Straights Drain for potential treatment sites. 
• Net 20 year costs (summary): 
• 2000 ac in Sprague for riparian rest. ($40 mil) 
• 5000 ac berm wetlands ($250 mil) 
• 10,000 ac wetlands built on hydric soils ($100 mil) 
• oxygenation below lake ($30 mil) 
• Add an additional ___ for pilot testing on harvesting, biomass removal,  
• 5000 acres of juniper removal - ($2 mil) 
• Reserve funds for water rights along Lost River system ($10 mil) 

RESOURCE ALLOCATION PLAN Acres Funding 
Reserve fund to buy water rights 

 
$10,000,000 

BMPs - improved nutrient management 
 

$5,000,000 
Williamson River No action 

 
$0 

Wood River Wetland Restoration 1600 $24,000,000 
Sprague River Reconnect Springs 

 
$2,000,000 

 
Restore Natural Channel 

 
$5,000,000 

 
Riparian Wetlands 500 $5,000,000 

 
Wetland Restoration 1500 $18,000,000 

 
Remove Juniper 8000 $2,000,000 

Upper Klamath Lake Wetland Restoration 10000 $140,000,000 

 
Berm-ed Wetland Creation 5000 $250,000,000 

 
Research - Algal Harvesting 

 
$1,000,000 

Keno Reach Oxygenation (w/o alum treatment) 
 

$30,000,000 

 
Wetland Restoration 500 $7,000,000 

 
Research pilot - alum treatment  

 
$500,000 

 
Research pilot - biomass removal 

 
$500,000 

   
$500,000,000 
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Group 3 
• A design process that identifies goals, and actions to achieve them, first might be a better approach. 

(More focused approach) 
• An approach that uses pilot projects and adaptive management in the first years is likely to have 

benefits for the long term effort. 
• Public outreach and buy-in will be important for the success of any project. 
• River restoration (riparian, wetlands, and nutrient reductions) on Upper Klamath Lake tribs, primarily 

the Sprague, should be a component of any strategy. 
• Long term solution depends on success of efforts to control loads in Upper Klamath Lake tribs. 
• Data gap: Can A canal fish screens be designed to allow BGA cells to pass, but not fish? 
• A major uncertainty is how long will it take for phosphorous concentrations to come to an equilibrium 

following reductions of phosphorous inputs from upstream. 
• Gene:  injection of alum and oxygen at link river, and perhaps at another site downstream, would be 

effective downstream of Upper Klamath Lake, but would require injections every year.  Major cultural 
concerns would need to be addressed. 

• Gene: the amount of internal phosphorous loading to Upper Klamath Lake may be attributed to algae 
die-off from the previous year. 

• A watershed restoration plan, and model, that organizes all the efforts is missing but necessary. 
• Develop a watershed plan that develops hypotheses for phosphorous removal strategies, and provides a 

framework to assess effectiveness of strategies for adaptive management. 
• The concentration of phosphorous at Link River is the metric to track success of efforts upstream. 
• Deas: Getting Lake Euwana to act as an aerobic system (24 miles of process) would solve a lot of the 

habitat issues (and others). 
• Use Wood River as a demonstration of how upstream improvements can be implemented and effective, 

and implement similar projects on the Sprague.  Implement oxygenation and algae removal (or other 
appropriate measures) at link river dam to affect improvements downstream of the dam. 

• General strategy:  Control nutrient loads upstream for long-term through wetland and riparian 
restoration, remove algae at Link Dam to address short-term, and research in-lake phosphorous 
dynamics and alum injection at Link River to evaluate other opportunities. 

• Potential wetland acreage:  3200 wood, 24000-31000 Williamson, 43000 Sprague. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
BMP Imp. 50

Effect. Monit. & Assess. 20

Planning

Develop a Watershed Plan 10

BOD control at Link River
Link River algae removal/oxygenation 
design 2
Link River algae removal/oxygenation 
construction 20
Link River algae removal 25
Link RiverOxygenation 10
External P input control
Wetland restoration in upper basins 150
Pilot projects 15
Landowner incentives 45

 --
Outreach/Research
UKL Phosphorous dynamics 15
Algae removal pilot on West side of UKL 10
Alum injection  outreach 10

382
Overhead, unanticipated costs 565.36

Design/ Planning Component

Program Year

Est. Cost 
($M)

Program Total
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Group 4 
• Not using TMDL load allocations for this exercise. 

 
Individual Group Member Combo of Technologies 

• Straits stream, riverine and the Sprague (riparian corridor improvements/reveg/hydromodification), 
Wood River Wetland (not breaching the levee).  

• Wetlands, Floodplain (be aware of spatial/temporal scales – might be good long-term cost option) 
• Wetland restoration (important long-term option to get out of managed area), technology provides 

short term options and can work in specific places, algae removal fixed location over barges, Straits 
Drain (good target for treatment wetland) 

• Fixed structure at dam outlet --> biofuels and soil amendment which can lead to positive public 
acceptance  

• Leave some areas alone. Look to established federal lands for functional wetlands. Supporting 
restoration on the upper lake. Recirculation of Klamath straits discharge above the drain in wildlife 
refuge. 

• Wetland (provide good long-term option). Not alum dosing in the lake. 
• Start at the headwaters. Sprague restoration is an important component, Lake fringe wetlands, access of 

wetlands for juvenile suckers and recruitment is important, need short-term options for suckers while 
wetlands get established over 20 years. 

• Incentive companies to remove algae. 
• Removal of algae in Keno Straits/Link River with a fixed structure. Phosphorous credits/offsets through 

algae removal after proof of project. 
• Start at the headwaters (hydromod in the upper tributaries). Possible pilot dredging and alum to test 

short-term options.  
• EPA’s Walking Wetlands expansion, Rotational Grazing, irrigation efficiency grants (conserve water 

instream), and improving farming techniques. 
 
Combination of Technologies 
Focus on long-term restoration starting at headwaters and moving to Upper Klamath Lake using passive 
restoration (for cost saving with conservation easements). 

• Riverine/Riparian Restoration  
o Use of conservation easements 
o Sprague 
o Williamson and willing landowners 

• Wetland restoration 
o  North side of Agency Lake and $4.5M for acquisition. 

• Treatment Wetland 
o Straits Drain (preferred in the existing USFW Wildlife Refuge after feasibility study) 
o Lake Ewauna 

• Diffuse Return Flow Treatment  
o Bioswales 

• EPA’s Walking Wetlands expansion, Rotational Grazing, irrigation efficiency grants (conserve water 
instream), and improving farming techniques. 

 
Short-term measures for target treatment   

• Algal Filtration  
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o Pinch-point land facility at Link Dam - start with a pilot test to explore commodity of bi-products 
and potential phosphorus credits/offsets. 

o Offsite Alum Treatment and pilot test. 
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Group 5 
Key Ideas: 

• Recognize importance of addressing the source of the problems/prevention as opposed to use of large-
scale technologies.  Potential to devote more $50 million allocated for BMPs.  $50 million for BMPs 
should be targeted at removal of nitrogen; the removal of this should be verified with monitoring, etc. 

• Need to look at addressing more than nutrients, recognizing upcoming TMDLs for other constituents 
such as pesticides, arsenic, etc.  Recognize additional benefits such as habitat and wildlife. 

• Importance of looking for opportunities to find additional revenues or benefits from technologies being 
used.  Use grants or potential to sell algae to supplement the $500M allocated for this project. 

• Need clear goals/vision.  May not want to tie to TMDLs.  Recognize that the TMDLs in Oregon are 
contentious and under revision at this point.  Likely to be changed again with more litigation.  

• Focus on more sustainable alternatives that have lower operations and maintenance costs.  Our design 
focuses on the use of wetlands as opposed to dredging, oxygenation, or the addition of chemicals to the 
system.  Recognize that other technologies could be brought into the mix through the adaptive 
management process if endangered species or other needs arise and need to be addressed in short 
term/more immediately. 

Project Design: 
• Wetlands: 

o Use a combination of all three types of wetlands (diffuse/restoration/treatment) with focus on 
removal of phosphorus. 

o Recognize the importance of locations in ability to maximum water quality benefits. 
o Objective to restore 20 percent of natural function in each sub-basin. 
o Importance of focusing money in Upper Basin where benefits may be more readily achieved 

early in the process (less controversy than some other areas and  may not require water right 
revisions) 

o Other key areas for wetlands include: 
 Around Upper Klamath Lake; and 
 Klamath Strait’s Drain (treatment wetland before water re-enters Klamath River; also 

potential for use of a carbon filter). 
o $50 million for diffuse wetlands over 20 years, with $2.5 million/year. 
o $202 million for a combination of restoration and treatment wetlands for Years 1-5 

 Identify and purchase three key properties in each basin and conversion to wetland; and  
 Associated studies. 

• Algal Filtration/Removal: 
o Pilot study to screen the outlet of Upper Klamath Lake  (at Link River Dam) and deliver algae to A 

Canal or spoil site (allow for dewatering and subsequent dispose or re-use of material – possible 
source of funding). 
 $3 million in Year 1;  
 $7-10 million for ongoing operations and maintenance; and 
 $5-10 million to implement in Years 3-5 or sooner if designed and pilot shows benefits 

for larger scale. 
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• Adaptive Management: 
o Annual review of data and status of system.  Includes report.  Allows opportunity for changes to 

policy/plan if necessary (e.g., fish kill, etc.). 
o Not less than every five years, overall (comprehensive) review of policy, funding, assessment of 

meeting goals, funding allocations, etc. 
o Multi-stakeholder process that is not run by any one agency.  Desire to ensure continuity.  

Promote transparency (similar to KBMP model).   
o $1 million/year for database and infrastructure that supports this process.  Data integration into 

CEDEN/SWAMP. 
o $208 million remaining at Year 5 (first adaptive management meeting).  Will determine future 

uses of funding at this point in time with considerations for O&M over future 15 years. 

Summary of Money: 

Year Amount Purpose 
1-5 $202M Wetlands (Treatment & 

Restoration, including land 
acquisition)  

1-5 $20 M Algal Filtration/Removal 
1-20 $50 M ($2.5 M/year) Diffuse Wetlands 
1-20 $20 M ($1M/year) Adaptive Management 

(Stakeholder, Infrastructure, 
Data) 

*Leaves $208 million.  Use of remaining funds will be determined through adaptive management 
process.  Also need to recognize the potential for additional revenue from other sources (e.g., grants, 
sale of algae, etc.). 
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Group 6 
Important Group Comments Regarding Design: 
The group emphasized the importance of adaptive management to evaluate the impact of the different 
treatment options. The final design and budget recognizes that we need immediate action in order to prevent 
the loss of the native fish populations within the basin. 
 
Overall Comments: 

- Importance of adaptive management – recognition of potential failures 
- Holistic approach absolutely necessary – no one technology or approach will solve the problem 
- Value of pilot projects above and beyond efficacy 

o Particularly diffuse wetlands 
o Ability to use pilot projects for education of the public 
o Education as part of the solution 

- Riparian restoration  
- Ability and room for coordination of different projects 

o Riparian corridor necessary 
o Department of Agriculture is looking into compliance solution 

- Stream morphology 
o Stream network has been significantly altered 
o Water table has been lowered as part of irrigation and stream channelization 
o Wetland creation may be easier with the use of beaver dams 

 Concern – beaver considered nuisance species 
 Concern – migratory fish 

- Wetlands 
o Lakeshore wetlands have been altered too extensively to use passive wetland restoration 

- Overall basin 
o Treat tributaries first to get the most cost effective solution 
o AFA bloom spurs the Microcystis bloom 
o P not evenly distributed throughout Upper Klamath Lake 

- Treatment Options/Discussion 
o Dredging 

 Concern: prohibitive costs 
 Concern: sediment disposal 
 Could the dredged sediments be used in wetland restoration 

o Constructed wetland 
 Alum application to limit P with wetland creation 

o Adaptive management 
o Limited activities because of the scale of the issue and cost limitations 
o Can we harvest at a rate that can compete with the AFA blooms 
o Pilots needed for wetlands/riparian restoration? Knowledge exists, may not be necessary 
o Concentrate on downstream benefit 
o Internal P cycling within Upper Klamath Lake – not a single source within Upper Klamath Lake 

 Major hot spots may benefit from dredging 
• Need data regarding mass balance model 

 P sediment hotspot map – the values are relative with the lake 
o Legacy P in the sediment of Upper Klamath Lake? 

 If yes: alum may be a potential solution 
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 If no (the P flushes out with the blooms): alum treatment may not be effective 
o Keno 

 Removal of algal biomass prior to entering Keno 
 Limited resiliency within the lake 

o Fish protection 
 Upper basin morphology is too altered for endangered fish species 
 Easements for riparian areas 
 Reconnect floodplain  - incised banks 
 Time may not be an option in order to protect the fisheries 

• Perhaps need a major action in order to protect the endangered fish 
• Short term actions necessary to protect fisheries 

 When are the effects of long term projects going to be realized 
o Floodplain reconnection 

 Channel reconstruction 
 Not a BMP --> 

o Unknown P reduction 
 Currently there is no P goal, so it is difficult to evaluate potential actions for efficacy 
 In-lake mesocosom to evaluate the water column P concentration necessary to prohibit 

AFA bloom 
o Costs Estimates 

 Not helpful in isolation 
 Dredging costs should be higher than workshop spreadsheets 
 Actual channel reconstruction: 

• Lower Wood River: $1 million/mile 
• Sprague: $250,000/mile 

 Riparian restoration 
• $200-$250/foot 

o P & N Benefits 
 Riparian restoration calculations currently unknown but available 

o Land Acquisition 
 Removal of tax base concern for local government 
 Benefit of having possession of the land for management 
 Concern of taking agricultural land out of production 

• Potential of wetland with biomass that could be hayed still working land 
- Managed wetlands around Upper Klamath Lake for the biomass haying 

o Certain managed wetlands around Upper Klamath Lake will temporarily drained 2-3 times 
during the growing season in order to harvest wetland plant species which can be used for hay 

o Assumptions are that the area will have to be drained for a short time period: 1-2 weeks, to 
allow for the haying. During this time, it is assumed that the land will not dry out sufficiently to 
cause additional nutrient loading 

o The wetland species that is able to tolerate the inundation and can be harvested for hay will 
require additional investigation
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
BMP Imp. 50
Effect. Monit. & Assess. 20

UKL P Modeling 0.5
Additional P modeling for UKL is necessary to inform the specifics of 
many other actions

Floodplain Restoration 90
Priority is the South Fork Sprague. Other systems have potential as 
well, for a total of 90 miles of stream restoration

Land Acquisition 
around UKL 50 Purchase of an estimated 10,000ac around UKL

Managed Wetlands 
around UKL P P P P P 1

The initial 5 years will involve the implementation of a pilot program 
to determine feasibility and efficacy. The management option 
involved the haying of wetland biomass. Details in the Notes section.

Managed Soil Accretion 
Wetlands P P P P P 1

The initial 5 years will involve the implementation of a pilot program 
to determine feasibility and efficacy. The management strategy 
involves the accretion of soil within these wetlands to sequester 
organic mater and nutrients.

Habitat Wetlands P P P P P 1

The initial 5 years will involve the implementation of a pilot program 
to determine feasibility and efficacy. Habitat restoration with very 
little management necessary

UKL & Agency Alum 
Treatment P

Adpt 
Mgt D

Adpt 
Mgt D 241

Initial Alum treatment, then evaluate the impact of the treatment to 
determine whether an additional application is necessary or if Keno 
would benefit from an Alum application. Pilot project to demonstrate 
efficacy.

Keno Alum Treatment
Adpt 

Mgt D ? 68

After the initial UKL alum application the management group will 
determine whether a Keno alum treatment is necessary. If not, then 
the management group can decide the best place to spend the 
additional funds.

Managed/Habitat 
Wetlands around Keno - 
TBD after adaptive 
mngt decision

Adpt 
Mgt D

40
After the initial work, determine the necessary wetland actions that 
are needed to help treat Keno.

Public Outreach 8
Public outreach to support restoration efforts and encourage the local 
community to participate in the restoration of the Klamath Basin.

570

Implementation and maintenance
P Pilot project stage
D Adaptive Management Decision Point

Design/ Planning 
Component

Program Year Est. 
Cost 

Program Total

Comments
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Group 7 
Objectives 

• KSD/FERC- getting salmonids into upper basin/ beneficial uses 
• Not necessarily the attainment of TMDL 
• Accountability by milestones/measurable progress/goals 
• Restoring function is key 
• Nutrient reduction in the Upper Klamath Lake, CNP control d/s 
• Expand program to 50+ yrs, spend $ in first 20 yrs 
• New $, other ongoing processes continue (TMDL, DMA’s, BMP’s, restoration) 

 
Technologies 

• Wetland Restoration 
• Treatment Wetlands 
• Diffuse (decentralized) treatment systems 
• Gravity fed raceways downstream of Link Dam, adjacent to Keno to remove algae and nutrients (CNP) 
• Sediment dredging  
• Algal filtration 

 
Land Acquisition for Wetland Technologies 

• 15,000 acres = $60MM (at an average price of $4000/acre; combination of lakefront/riverfront and 
pasture land); $40MM to convert to some combination of wetland treatment/natural wetlands and 
O/M; $100MM TOTAL 

• U/s of lake, diffuse wetlands are 3% of the 150k acres, 4,500ac. Purchase Cost =$3,000/ac for a total 
purchase price of $13.5MM; construction costs @ $10,000/acre= construction total cost $45MM; 
$58.5MM TOTAL 

• Assuming willing landowner  
 

Gravity Fed Raceways: downstream of Link Dam, adjacent to Keno to remove algae and nutrients (CNP) 
• Treating 25% of flow and total load, 129M gallons of treated water/daily =60 acres needed ($5,000/acre, 

$300k total) 
• Water rights issue? Minimal consumptive loss 
• Potential adverse issue with Microcystis in late summer, pilot study needed 
• Potential economic benefit from algal harvesting 
• 32 MT N/yr removed, 3200MT of wet biomass/yr 
• Cost of OM, Construction, Pilot Study ($10M) (50yrs)= $65M 
• Timeframe, immediately implemented 

 
Pilot Projects in Upper Klamath Lake 

• Algal removal via barges =$37M using 10 barges/yr, 9MM kg/yr (100 days/year) 
• Explore feasibility of dredging P hotspots, and use dredged material to offset subsidence 

- Target Goose Bay (10,000acres at 10cm depth=$53MM Total cost for dredging) 
 
Additional Approaches 

• $20M for watershed restoration/watershed health in Sprague 
• KSD 
• Tule Lake  
• Sprague River Riparian wetlands 
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• Water conservation and efficiency in irrigation project 
• Additional monitoring  

 
Cost Summary 

Est. Cost Design/Planning Component 

100MM Upper Klamath Lake wetland restoration 

65MM Algal removal in Keno (raceways) 

60MM Upstream of Upper Klamath Lake diffuse 
(decentralized) treatment systems 

100MM Upper Klamath Lake treatment including 
feasibility studies and research (hotspots and 

algal biomass removal) 

20MM Sprague River Restoration 

Total $300MM  
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Group 8 
Lingering Questions/Needs 

• Need more information about mass balance of nutrients (P) in the various portions of the system. This is 
not part of our budget, we are assuming that this information gap is being filled elsewhere (we are 
simply identifying it here). 

• Need modeling of algal bloom dynamics so that we know the role of flow, temperature, nutrients, wind 
circulation, etc. and their effects on Nutrient dynamics. 

• Need modeling conducted that describes sucker survival and recruitment in the Lake.  What will it take 
for the suckers to successfully recruit juveniles? 

• Models of Keno and Upper Klamath Lake should be applied to get an idea of how much Nutrient 
removal we need to get a response in the system. 

• There will be a need to outreach and education about the need for nutrient decreases, large scale 
watershed technologies to decrease nutrient loads, etc.   

• Need to better understand the costs of dredging, and the benthic/fish community to understand if a 
pilot project would be advisable. 

• Questions about alum treatments at pH of 9 and higher. 
 
Group System Design 

• All agree that one component of our project will be restoring fringe wetlands around Upper Klamath 
Lake (wetland restoration).  Land acquisition the main cost.  4000 acres ($45 million…this includes an 
initial investigation where restoration has already taken place historically and the results of restoration 
efforts) 

• All agree to spend BMP ($50 million) & Monitoring monies over the entire 20 years ($20 million). 
• Education/Outreach ($5 million).  
• Considered $ for landowner incentives 
• All agree that we need pilot projects involving the creation of diffuse wetlands and have incentives for 

installation in key locations (pilot for 3 years, 5-10 projects $1.5 million).    The pilot projects can tell us 
how much nutrient removal will occur from these diffuse wetlands. South Fork Sprague is the 
recommended implementation location.  

• Full diffuse wetland treatment system development in the basin - after/if pilot program proves 
successful ($30 million, this anticipates that there will be other funding sources for the creation of 
diffuse wetlands). 

• Treatment wetland pilot projects to help determine additional treatment wetland sizing and placement 
in the system (three (3) 50 acre wetlands…ideas for pilot: 

o Williamson 
o Wood 
o Keno: Rat Club [upstream of straits drain] and Miller Island Wildlife Area. 

• Full construction of 4000 acres of treatment wetlands (around Keno, Wood/Williamson, and Lower 
Klamath Lake)  

• Algae removal $20 million (5000 kg/yr of TP removal) in the Eagle Ridge Trench 
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o Need to consider some type of biomass removal at Link (group didn’t have time to discuss in 
detail) 

• Analysis and engineering analysis of aeration of Keno Reservoir (no cost estimates yet). 
• Alum application: 

o If the following questions are addressed then proceed with pilot project for alum: 1) high pH 
(9+) does not result in toxicity, 2) benthic community is studied and low effects determined, 3) 
benthic fish (suckers) will not be adversely affected 

o If the above questions are answered do a pilot projects at location TBD in Upper Klamath Lake, 
with further implementation TBD 

• Dredging pilot project (suction dredging our preference).  Suggest putting sediment into subsidence areas.  
South end of lake suggested (Cove Point?). 

o Idea: dredge and then apply alum to the slurry to make sure it doesn’t re-mobilize back into the 
lake. 

• Biochar pilot project. 
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Group 9 
How to approach the problem: 

• Interim measures evolving to longer term solutions 
• How can we make greater strides over a shorter term to protect beneficial uses? 
• Fix external load first 

 
How many tons do we need to sequester (load)?  Long term TMDL as measured at Stateline:   
 3M lbs/yr N 

Target:  1.1M lbs/yr               Reduction 1.875 M lbs/yr 
 717K lbs/yr P 
 Target: 90Klbs/yr P               Reduction 675K lbs/yr 
 

 Tribs to Upper Klamath Lake Upper Klamath Lake Keno 
Short term Diffuse wetland treatment- 

beyond the scope of a couple 
of pilot projects 
Wetland restoration 

  

Long Term    
 
Priorities (tentative): 

• Klamath Straights Drain (KSD) water can be run through wetlands to remove P; may be able to run 
through Klamath River Lower National Wildlife Refuge  

• BioChar mixed with silage (but what to do with it?) could be applied to KSD or Seven Mile Canal as a 
pilot study; can make it out of algal biomass; or use alum as soil amendment (PAM) 

• HL or need to take additional measures in Keno Reservoir to achieve WQ goals in nearer future for the 
20 year program until the 50-year reduction of external loads is fully realized.  Accelerate diffuse 
treatment wetlands. 

 
Ideas around the room: 

• Need better handle on numbers and cycling; not paralysis by analysis; i.e., in Wood River, can make 
some strides with diffuse wetland treatment where can get good bang for buck.   Sprague River 
watershed is also important in case salmonid habitat can be utilized;  Upper Klamath Lake opportunities 
should be pursued since there is a good probability of success (low risk with good results);  serious short 
term problems (consider alum treatment in Keno Reservoir as there may be salmon in this reach within 
7 yrs so that salmon don’t need to be trucked to spawning habitat);  along Keno Reservoir, need to put 
in treatment wetlands that could evolve to restored wetlands;  treatment wetlands for agricultural 
returns; algae removal may not be effective/nor dredging 

• Need to look at LIDAR coverage in the Upper Basin to identify best locations for diffuse treatment 
wetlands.  Wood River has better opportunities than Sprague River; best hope in riparian restoration; 
Sprague River sediment budget high in certain stretch and needs reconstruction; need to deal with 
Sprague levees since they prevent sediment from settling in floodplain; alum treatment could be done in 
Upper Klamath Lake that could give positive results in Keno (93-130M$) two large scale alum treatments 
in the lake; why not use LKL wildlife preserve for treatment but would need plumbing changes; divert 
from UK to reserve to get benefit of existing wetland treatment; without alum might need dredging and 
biomass removal.  Biomass removal doesn’t address internal loading 
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• Alum treatment could be a powerful short term fix; Upper Klamath Lake or Keno? Maybe both? Then 
longer term treatments.  Concerned about net long term nutrient reduction with wetlands.  Harvest for 
silage to increase nutrient reductions.  Is there a wetland crop?  Dredged material: can it be fed back 
into system to build up subsidence areas? 

• Restore habitat for nutrient reduction and to create habitat; P sequestration but concerned about the 
pH with creating chemical toxicity from the aluminum; or can we use calcium as an alternative (or 
lanthanum); would need a lot of design work and a pilot study; if you don’t treat the lake then you 
aren’t dealing with the fish issue in the lake.  Trap and haul as objectionable, need a shorter term 
solution with oxygenation when the fish need to pass.  Stop draining inundated wetlands; leave it 
flooded once it is flooded (walking wetlands may mobilize nutrients). Dredging too expensive; removing 
algal biomass not realistic. Dosing of the sediment to deal with internal load; might have to do it every 
10 years along with tons of restoration 

• Concerns with alum use and possibility for floc impacting aquatic life; holistic enhancements 
• External loading dealt with in 50 year plan; positive approach to utilize existing wetland; and create 

habitat but want to get immediate benefits as well; algal filtration and biomass removal at dams or 
canals/pinch-points; aeration oxygenation to address temporary impairments so trap and haul doesn’t 
have to go on for years after removing dams; need to address internal load of the lake.  Pilot studies in 
limited areas or hot spots; wetlands around Upper Klamath Lake perimeter where opportunity exists. 

• Problems with legacy load and hydraulic modifications; restoration needs to be a major component but 
unfortunately may be politically infeasible due to constraints with changing land use; agricultural 
drainage collected into treatment wetlands/diffuse treatment; big question  with BMPs: do they work? 
Needs to have monitoring (needs greater investment and try to educate and outreach to community)  

• Focus of restoring ecosystem function on a larger scale rather than little diffuse systems.  How is 
hydroperiod affecting function of wetlands that are being restored (hasn’t been addressed so can’t show 
if restoring them is a benefit to improving water quality).  Two stage ditches with an internal terrace 
between the system that traps sediment and denitrifies;  studies done so far show lag in P retention so 
will need some pilot studies for alum or other short term methods 

• Ag expertise not represented here so missing some of the needed input; sodium aluminate can be 
enemy to irrigated agricultural, so sodium budget needs to be considered (this could be changed to K); 
1-2 acre wetlands may not work over long term and may not be maintained; targeted design wetlands 
with reality check of getting acreage in the right places to cut external load. Algal filtration viewed with 
skepticism.  Reservations about wetland restoration vs. treatment: not a great track record with 
restoration but better removal with treatment wetlands based on historical; targeted wetlands 
downstream of Link could give some improvement but probably can’t get the needed acreage. 

 
Pilot Projects: 
A Upper watershed strategies 

o Treatment wetlands needs 4–5 yrs to see benefits 
o Wood River watershed is high priority and amenable to treatment wetland approach 
o Dispersed wetlands treatment siting and design is needed 

B Restored wetlands on prioritized basis = 1-1.5 g P/m2/yr = 10.5 lb/acre/yr = 10 lbs/acre/yr;   
C Intervention: short term and long term needed 
D Treatment: alum and/or biochar 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
BMP Imp. 50

Effect. Monit. & Assess. 20
UKL Pilot and Intervention 1 X 130
UKL Intervention 2  or Keno 
fix if alum # 1 fails x 100
UKL Upper Watershed 
rehabilitation Plan Plan 80
UKL marginal wetlands plan plan plan plan 50
Wood R treat wetlands 30
Wood R wetland O/M 1.5
Straits Drain wetland 
planning plan plan plan plan 1
Straight Drain alum 
injection/treatment plan plan
 AM Decision Point 1: 
Straights drain 
implementation x  --

Straits Drain implementation 82
Contingency Fund 25

570
X= start to see water quality benefit

Program YearDesign/ Planning 
Component

Est. 
Cost 

Program Total
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Group 10 
Concept: focus most money on what we know will work but save some money for pilot studies where there is 
uncertainty 
 
Project 1: Treat Tailwater 

• Pilot Project to establish Diffuse Treatment Systems with willing landowners (use small wetland to treat 
agricultural tailwater on farm-by-farm basis). May inform development of BMPs Manual by year 4; total 
cost over 20 years: $500,000 x 5 = $2,500,000 

Project 2: Algal Filtration 
• Feasibility study and development of P transport model – how much algae do we need to remove? Are 

there markets for the harvested material? Need economic study. Results of studies by year 2. Cost for 
studies: $500,000 Assume studies lead to clear plan to build off channel filtration plant that costs $30 
million to build by end of year 6 with annual O and M of $3 million; implement years 6-20. $84 million 
total. Costs possibly offset by marketing material as fertilizer. 

• See decrease in total and P and magnitude of blooms by year: 15. 
Project 3: Alum Feasibility – $500,000; complete in year one. 
Project 4: Treatment and Restored Wetlands 

• Objective i. Treatment Wetlands on Klamath Refuge (assumes KBRA implement restores refuge 
wetlands 48-64 taf water goes there);  Develop program that starts treatment wetland with long term 
goal of achieving a restored wetland. Would absolutely not affect leased lands consistent with KBRA.  

• Objective ii. Combine our efforts with the Water Rights Retirement Program in the KBRA (designed to 
retire use of 30 taf) to identify lands upstream of Upper Klamath Lake to convert to treatment wetlands. 
Caledonia Marsh, Barnes Ranch, Agency Ranch, key areas. 

• Objective iii. Klamath Straits Drain – develop treatment wetlands 
• Objective iv. Lake Ewauna – develop treatment wetlands 

 
Timeline 
Year 1 – feasibility studies and design project: $500,000 per each = $2,000,000 
Years 2 to 6 – permitting, land acquisition = $150,000,000 
Years 7 to 20 – implementation = $173,000,000 
 
Invest $100,000,000 into a trust account for management into perpetuity. Involve Warren Buffet. 
 
Effectiveness Monitoring  
What is the focus of our project? 
 
Treatment Options 
3 Wetlands     5, 5,7,6,8,6,7,7,5,7 = 62 
1 Treatment wetlands    7,7,7,5,5,10,9,5,8,10 = 73 
4 Diffuse treatment systems   3,7,3,6,2,0,7,5,7,8 = 48 
2 Algal filtration    4,6,7,8,8,10,5,5,6 (PILOT), 5 (pilot) = 64  
6 Sediment dredging    1,3,0,2 ,0,0,0,0,1,2 = 9 
5 sequestration of P    7,6,3,2,1,(land) 5,5,8, (land) 5, 5 = 47 
 
IDEA: P trading and capping. Buy P by the pound. 
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Day 3 –Design Charrette Key Themes 
The following key themes were developed on the morning of Day 3 by the Project Contract Team lead, Maia 
Signer.  The Final Workshop Report will present a synthesis of the workshop, so the below key themes represent 
only a first cut at the key themes.    
 

• General passion for WQ and habitat improvements in the basin 
• Creative thinking is needed 
• Multiple technologies/approaches – no one fix 
• We are in this for the long haul – 20 years isn’t enough, perhaps a 50-year time horizon 
• Amount of funding needed 

– Easy to spend the first $100-300M 
– Given information gaps, harder to justify $500M 
– More important to get it right then spend a lot of money trying big installations 

• Need targets – not necessarily TMDLs, but need a goal 
• Short-term and long-term measures needed 

– Short-term suggestions 
• Treat symptoms now where unacceptable 

• Keno Reservoir oxygenation (w/alum or w/out alum) 
• Get pilot studies going 

• Algal biomass removal 
• Diffuse wetlands 
• Targeted dredging 
• Alum application 

– Long-term suggestions 
• Imperative to consider climate change 
• Treat source rather than symptoms 
• Low energy use systems preferred (i.e., wetlands) 

• Locations 
– Wood & Sprague River watersheds 
– Williamson River lower priority 
– Keno Reach 
– KSD 
– Lost River watershed 

• Large-scale nutrient removal technologies/approaches 
– Need more than $50M for BMPs 
– Wetland restoration 

• All types of wetlands included (habitat-focused, managed, treatment, diffuse source), 
distinction not important 

• Mainly around Upper Klamath Lake and in Keno Reach (including KSD) 
• Mixed application in tributaries to Upper Klamath Lake 

– Alum  
• Sensitivities around alum application 
• Pilot studies/further research on how it will work in Upper Klamath Lake/Keno 
• Concern about high pH 
• Public outreach 

– Dredging 
• Targeted areas in Upper Klamath Lake 
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• Pilot studies needed 
• Want to re-use that material in the basin if possible, so need to study implications for P-

release 
• More scientific studies needed in the following areas: 

– Upper Klamath Lake P-dynamics 
– How much algae needs to be removed to have an affect on Keno D.O. and internal P recycling in 

Upper Klamath Lake 
• Riparian restoration is critical to restoring function 

 
Other ideas: 

• Other TMDLs beyond nutrients 
• Need modeling conducted that describes sucker survival and recruitment in the Lake.  What will it take 

for the suckers to successfully recruit juveniles? 
• Reconnect springs 
• Juniper removal 
• Biochar applications possible 
• Energy costs are rising, be mindful of consequences 
• Invest $$$$ into a trust account for management into perpetuity. Find wealthy benefactors to fund this 
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Day 3 – Expert Panel Discussion 
Format:  Expert Panel members each had 5 minutes to respond to the synthesis of Day 2 Key Themes from the 
Design Charrettes.  During the Expert Panel response period, other workshop participants wrote questions on 
small sheets of paper, which were then collected and sorted into topic areas.  Twenty-six questions were 
submitted, falling into the following topic areas, which generally aligned with the expertise of one of the Expert 
Panel members:   
 

• Agriculture-Dave Ferguson 
• Scientific Understanding/Nutrients/Algal Dynamics- Stewart Rounds 
• Hydrology/Fisheries/Wetland Management around Upper Klamath Lake-Larry Dunsmoor 
• Broad Approach Themes-John Day 

 
Three of the questions were repetitious, so 23 questions were read to the Expert Panel members. 
 
Questions/Brief Summary of Responses: 

1. Where does the panel believe we stand as far as data/science in the basin? Do we have (1) enough 
data/science to move to an implementation program, (2) just enough data to start implementing but 
need more to implement full scale, or (3) not have enough to do anything yet? 

 Stewart: We need to start now to address critical water quality problems and learn as we go, i.e., 
adaptive management. 

 John: Start now and remove distinction between wetland technologies. 
 Dave: There are tried and true measures in place (i.e., BMPs), we should move forward with BMPs; 

for big removal projects, we need more information before wholesale implementation. 
 Larry: Would instead pose a question in response - is our understanding of fundamental processes 

being strategically brought to bear across landscape to problem solve? I think the answer is “no” 
and we need to do this. 

 
2. There has been a lot of attention paid to algal biomass filtration. What is your view of the 

role/importance of dissolved nutrients? 
 Stewart: Upper Klamath Lake is a coupled system and dissolved nutrients are important as well as 

particulate/total nutrients. 
 

3. Do you see any fatal flaws in any proposed activity? 
 John: proposing a program that becomes unaffordable due to inevitably increasing energy costs. 
 Stewart: any proposed activity has flaws and need to be considered for tweaking (i.e., dredging 

Keno Reach not a good idea). 
 Larry: noticed a lot of discussion of half-way measures discussed at the workshop, these don’t go far 

enough and doing so may divert funds from a better overall solution. 
 Dave: fatal flaws may be in developing projects without consulting landowners.  Suggest bringing 

conceptual plans to landowners early in the process.  To keep the momentum going, we need 
conceptual plans in next 1-2 years.  Then conduct landowner outreach prior to installation of 
projects. 

 
4. Notwithstanding funding issues what is the likelihood of a timeline for achieving >50%BMPs (e.g. 

riparian fencing) in places like South Fork Sprague? 
 Dave: Not withstanding funding issues, we’ve seen similar projects achieved in 20 yrs. 
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5. Don’t the rights of private property ownership come with a responsibility to protect public trust? 
 Dave: the answer to this question depends on your political views. 
 Larry: this is an ideological question and regardless of the answer, I’m most interested in practical 

solutions. 
 

6. Can you get cooperation of landowners if there is no specter of enforcement of environmental laws? 
 Dave: Response “yes”, limited amount of regulation is good push but the market drives behavior in 

many cases (for example, organic hay production near Upper Klamath Lake has been largely market 
driven). 

 
7. Will structured engineering assistance focus the behavior of professional agriculture practitioners? 

 Dave: that is one of the roles of NRCS, however, it is up to willing landowners to accept new 
practices. 

 
8. What are the three knowledge gaps we need to address in the Klamath Basin? 

 John:  we need to look at the sustainability of approaches given that energy costs will no longer be 
low. 

 Stewart: the physiology of AFA is still not well understood; additional studies may provide clues 
about controls on bloom dynamics. 

 
9. What are the three actions/activities/projects that need to be done next in the basin? 

 John: there are several scenarios which I will leave to the local experts, but I emphasize that there 
are real limitations on resources (funding) and sustainability is key. 

 Dave: we need to provide a common message throughout the basin regarding management 
approaches. 

 Larry: we need to decide what to do about Upper Klamath Lake internal P-loading in the near term-
what can we do to deal with this problem now?   There are still knowledge gaps for each of the 
major intervention techniques.  We need to implement the settlement agreements. 

 Stewart: we need to develop a comprehensive basin plan that states our vision for water quality and 
habitat improvements in the basin. 

 
10. How do the Florida/Chesapeake programs collaborate and coordinate at the basin level and across 

agencies/organizations? 
 John: expert workshops such as this and development of a lot of published literature. 
 

11. Although wetland restoration is generally accepted as critically important for habitat and water quality 
improvements, these kinds of projects take a long time and don’t help immediately in emergency 
WQ/habitat conditions. How can we balance the need for solutions now? 

John: again, there are several scenarios for the near-term solutions which I will leave to the local 
experts, but I emphasize that there are real limitations on resources (funding) and sustainability is 
key.  Wetlands are low energy use and provide habitat benefits as well as water quality 
improvement. 

 
12. Nancy Simon stated that the dominant composition of the sediment in Upper Klamath Lake was diatom 

frustules. If so, shouldn’t we expect the lake to respond reasonably quickly to reductions in external 
loads?  

Stewart: Agreed that the response time is a critical piece of information. 
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Nancy:  We do not know the response of diatoms, a form of algae, to reductions in external nutrient 
(phosphorus) loads because a major limiting nutrient for diatoms is silica. 

 
13. Are we as a group over-estimating and over relying on wetlands to reduce loads and impact water 

quality? What does the science say? Won’t they have reduced effectiveness in the future and possibly 
even become a source of P to the system? 

 John: Wetlands are proven in this regard.  There are many other regions, watersheds where 
wetlands have been in place for a >20yrs and they are still functioning with respect to P removal. 

 
14. Other than mention of the two endangered fish species and the two algal bad actors, there was little 

discussion of a vision for the target community and ecosystem structure for Upper Klamath Lake. Do we 
need a more explicit vision? Do we need to think more about the importance of food web interactions? 

 Stewart: more diversity in the algal community should be the target.  In other words, replacing the 
monoculture in Upper Klamath Lake. 

  
15. How do we get landowners to embrace restoration? 

Dave: proper incentives and meeting landowners where they are at in life.  Also suggest 
development of conceptual plans that are shown to landowners in the early stages of projects to 
help them understand and get onboard.   

 
16. Is enough known about the target nutrient and nutrient ratios needed to eliminate AFA blooms and 

avoid triggering MSE blooms? Has enough information been extracted from case studies of shallow lake 
restoration and switching between alternate stable states? 

 Stewart: Our goal should be to control AFA and MSE rather than eliminate the blooms. Upper 
Klamath Lake is a coupled system and we need to understand how the dynamic can change. 

 
17. How do we plan for an ecological threshold (cliff) if we don’t know where it is? 

 Stewart: We need to make incremental progress, use adaptive management. 
 

18. Not a new question really an emphasis of earlier question, how much algae needs to be removed to 
affect subsequent blooms? 

Stewart:  This is something we can work on, study, I don’t have the answer now, but it is an 
important question. 

 
19. Do we have a good understanding of agricultural water management practices in the area? 

Larry: Yes.  We have good data on hydrology in the basin and we basically understand agricultural 
practice with respect to water management.  There are some gaps in our understanding of shallow 
groundwater interactions with agriculture.  
Dave: Yes we do, but we find that when actually designing irrigation systems or practices related to 
irrigation, there are often management factors that don’t necessarily fall within the norm. 
   

20. Do you feel it is necessary to do a mass balance analysis to discern the area that needs to be restored to 
wetlands? 
 Stewart: the magnitude of the response to wetland restoration should be quantitative, so a mass 

balance could be informative. 
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21. We’ve lost over 50% of Lost River suckers and as much as 80% of shortnose suckers in Upper Klamath 
Lake since 2000. To what extent does the threat of extinction for these species drive priority setting in the 
Klamath Basin restoration? (As compared to e.g., salmon rehabilitation in the upper basin)? 

Larry:  An enormous amount – restoration of these species was an important driver of KBRA.  We 
won’t be able to recover these species without a multifaceted approach like KBRA.    

 
22. Recognizing Dave Ferguson’s point about meeting landowners needs and John Day’s point that large 

federal funds won’t materialize, how do we generate local support and or funds for restoration that isn’t 
perceived as threatening?   KBRA may have had that intent but it felt exclusive and federally driven to 
many in the basin. 

Larry: As Dave said previously, we need to meet landowners where they are at and offer good 
incentives.  KBRA is not a federally driven agreement – it was developed by many people who 
understand and work with local/regional issues. 

 
23. Shouldn’t areas purchased for wetland restoration around Upper Klamath Lake and Agency Lake be used 

for that purpose instead of water storage to help suppress BGA? 
 Larry:  Yes, ultimately wetlands should be restored rather than used for pumped water storage, but 

the inherent assumption in this question seems to be that wetlands are the silver bullet for solving 
Upper Klamath Lake water quality problems related to algal blooms.  The benefit of restored 
wetland areas is that by acquiring properties and changing their management, we stop the cycle of 
oxidation of nutrients and pump-off/release of these nutrients to the lake.  This is the critical long-
term process that needs to be fixed to help the lake’s water quality. 
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