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Plumas Watershed Forum 
 
Part I - Overview 
The watershed for California’s State Water Project encompasses the mountains and waterways 
around the Feather River, most of which lie within Plumas County.  The State Water Project is 
the nation's largest state-built water and power development and conveyance system.  Planned, 
designed, constructed and now operated and maintained by the California Department of Water 
Resources, this unique facility provides water supplies for 23 million Californians and 755,000 
acres of irrigated farmland. 
 
The Plumas Watershed Forum was formed on May 5, 2003, as part of a larger settlement 
agreement resolving a lawsuit related to the State Water Project.  The Department of Water 
Resources, the Plumas County Flood Control and Water Conservation District, and the 28 other 
State Water Project Contractors created the Watershed Forum to implement watershed 
management and restoration activities for the mutual benefit of Plumas County and the State 
Water Project.   
 
The Watershed Forum was funded by the Department of Water Resources with a commitment of 
$1 million dollars per year for the first four years or the program (2003 through 2006). 
Depending on whether a new environmental impact report (the “Monterey Plus” EIR) is 
completed for certain changes to the water supply contracts between the Department of Water 
Resources and the State Water Project Contractors, the funding will be extended for an 
additional four years.  A draft EIR was released in October 2007 and the final EIR is currently 
undergoing a special internal review process specified in the settlement agreement.  Future 
funding for the Forum is not triggered until the new EIR withstands any legal challenges.  
 
The following sections of this report provide a review of activities and projects undertaken by 
the Watershed Forum, reports of past expenditures and a budget for the current fiscal year, and 
the agendas and minutes from meetings of the Forum.   
 
For more information, please visit the following websites or contact Plumas County or DWR 
staff at the addresses below.  The Plumas County web page provides information about the 
Watershed Forum and specific projects that have been implemented.  The Department of Water 
Resources web page includes the settlement agreement which created the Watershed Forum, as 
well as the Feather River Watershed Management Strategy, the document that was created to 
guide the Forum’s watershed investments.  

Plumas County – Plumas Watershed Forum  
http://www.featherriverwater.com/plumaswatershedforum.html 
 
California Department of Water Resources – Monterey Agreement Overview 
http://www.montereyamendments.water.ca.gov/ 

 
Plumas County Flood Control and  Northern District 
  Water Conservation District   California Department of Water Resources 
520 Main Street, Room 413  2440 Main Street 
Quincy, CA  95971    Red Bluff, CA  96080 
(530) 283-6243    (530) 529-7342 



 

 

 
Acronyms and Abbreviations 

 
 
CEQA    California Environmental Quality Act 
CORE TAC   Staff representatives of the Plumas Watershed Forum members 
CRM    Coordinated Resource Management 
DWR    Department of Water Resources 
EIR    Environmental Impact Report 
Feather River CRM  Feather River Coordinated Resource Management Group 
FRRCD   Feather River Resource Conservation District 
IRWM   Integrated Regional Water Management 
MMC    Mountain Meadows Conservancy 
NEPA    National Environmental Policy Act 
NRCS    Natural Resource Conservation Agency 
PCFCD   Plumas County Flood Control and Water Conservation District 
PluCorp   Plumas Corporation 
PluGeo   Plumas Geohydrology 
PNF    Plumas National Forest 
QLG    Quincy Library Group 
RCD    Resource Conservation District 
RFP    Request for Proposals 
SVRCS   Sierra Valley Resource Conservation District 
SVGMD   Sierra Valley Groundwater Management District 
TAC    Technical Advisory Committee 
UCCE    University of California, Cooperative Extension 
UFRWG   Upper Feather River Watershed Group 
USFS    United States Forest Service 
WRAP   Watershed Restoration Action Plan 



 

 

Plumas Watershed Forum Timeline 
 

6/20/03 –  First Settlement payment ($1,000,000) 
7/28/03 –  First Watershed Forum Meeting – Adopted Bylaws  
8/13/03 –  Watershed Forum Meeting 
11/7/03 –  First TAC Meeting  
1/9/04 –    TAC Meeting  
1/27/04 –  Watershed Forum Meeting 
3/15/04 –  TAC Meeting  
5/14/04 –  Watershed Forum Meeting – Adopted Feather River Management Strategy  
6/21/04 –  Second Settlement Payment ($1,000,000) 
6/18/04 –  Deadline for Submittal of Initial Project Proposal  
8/6/04 –    Deadline for Submittal of Final Project Proposal  
8/20/04 –  TAC Meeting  
8/31/04 –  Watershed Forum Meeting 
9/10/04 –  TAC Meeting  
10/26/04 –Watershed Forum Meeting – Adopted Process for Awarding Grant Money  
12/15/04 –Request for Concept Proposals 
1/21/05 –  Deadline for Submittal of Initial Project Proposals 
2/22/05 –  TAC Meeting  
4/1/05 –    Deadline for Submittal of Final Project Proposals 
4/28/05 –  Advisory Committee Meeting  
5/23/05 –  Watershed Forum Meeting 
6/17/05 –  Third Settlement Payment ($1,000,000) 
10/25/05 – Watershed Forum Meeting – Adopted Project Administration Policy, Cost    
                  Share Policy, and Unspent Fund Policy; Approved First Annual Report 
12/14/05 – Request for Concept Proposals 
1/20/06 –   Deadline for submittal of Initial Project Proposals 
2/17/06 –   TAC Meeting 
2/24/06 –   CORE TAC Meeting 
3/31/06 –   Deadline for Submittal of Final Project Proposals 
4/28/06 –   CORE TAC Meeting 
5/15/06 –   Pre-recommendation Project Tours 
5/23/06 –   Forum Meeting on Full Proposals including approval or other disposition 
6/15/06 –   Fourth Settlement Payment ($1,000,000) 
10/23/06 – Project Tours to View Results of Restoration Construction 
10/24/06 – Watershed Forum Meeting 
5/22/07 –  Watershed Forum Meeting 
7/27/07 –  IRWM Coordination Meeting with Natural Heritage Institute 
9/21/07 –  CORE TAC Meeting 
10/15/07 – RFP issued to conduct Program Review of the Plumas Watershed Forum 
10/19/07 – Draft Monterey Plus EIR issued for public comment 
10/23/07 – Watershed Forum Meeting 
4/8/08 –    Watershed Forum Meeting via teleconference 
5/27/08 –  Watershed Tour 
5/28/08 –  Watershed Forum Meeting - Presentation of Program Review 
10/28/08 – Watershed Forum Meeting 
2/2/09 – CORE TAC meeting regarding use of unallocated funds 
3/11/09 – TAC and CORE TAC meetings to review proposals for new projects 
5/12/09 – Watershed Forum special meeting to approve new projects 
10/27/09 – Watershed Forum Meeting  



 

 

Part II – Summary of Activities 
 
The final payment in the initial round of funding was made to the Watershed Forum in June of 
2006.  Additional payments are suspended until the Monterey Plus EIR is successfully 
completed. 
 
A handful of previously approved projects were completed under budget, so in early 2009 the 
Watershed Forum issued a request for new project proposals to compete for $150,000 in 
available funding.  Five new projects were approved by the Forum in May 2009:   

 
 
Virtually all of the other projects funded by the Watershed Forum have been completed. 
Descriptions of individual projects are included in Part V of this report, and a table showing all 
approved projects and expenditures to date is included on the following page.   
 
 
 
 

 

Project  Sponsor  Funding 
Irrigated Lands Water Quality  Upper Feather River Watershed Group $30,000 
Mountain Meadows WRAP  Mountain Meadows Conservancy   $25,000 
Red Clover - Poco   Feather River CRM $12,600 
Spanish Creek in American Valley  Feather River CRM $38,100 
Spanish Creek in Meadow Valley  Feather River CRM $44,300 



 

 

Project Inventory and Expenditures 
As of October 13, 2009 

 
 

Project Sponsor  Funding  Approved  Expenditures  

A Fund     
Sulfur Creek Data Collection  UCCE  $        3,000.00     $             3,000.00  
Charles Creek FRCRM  $      35,000.00  8/31/2004  $           35,000.00  
SVGMD Monitoring Wells SVGMD  $     120,984.24 8/31/2004  $         120,984.24  
Rogers Creek Road Relocation USFS  $      63,500.00  10/26/2004  $           59,466.01  
Charles Creek and Hosselkus Creek FRCRM  $      80,000.00  10/26/2004  $           80,000.00  
Low Water Crossing USFS  $      35,000.00  10/26/2004  $           35,000.00  
Feather River College FRCRM  $      92,453.00  5/23/2005  $           92,420.25  
Sierra Valley Groundwater Mgmt District SVGMD  $      30,000.00  5/23/2005  $           10,723.90  
Red Clover Monitoring PluGeo  $      28,000.00  5/23/2005  $           27,889.69  
Plumas National Forest - Aspen Restoration PNF  $      84,500.00  5/23/2005  $           64,896.64  
Four Creeks - Monitoring FRCRM  $      25,308.00  5/23/2005  $           25,308.00  
Jordan Flat FRCRM  $      64,000.00  5/23/2005  $           64,896.64  
Silver Creek - Burney's FRCRM  $      51,000.00  5/23/2006  $           33,247.16  
Spanish Creek - Kellet's FRCRM  $     147,000.00 5/23/2006  $           61,125.30 
Ramelli Ditch PNF  $      85,000.00  5/23/2006  $           85,000.00 
Little Last Chance Creek FRCRM  $      92,977.00  5/23/2006  $           92,977.00  
Dixie Creek FRCRM  $      56,704.00  5/23/2006  $           56,704.00  
Ferris Fields FRCRM  $     107,011.00 5/23/2006  $          107,011.00  
Lake Davis Water Treatment Plant PCFCD  $     588,260.00 10/23/2007  $          588,260.00 
Jones & Stokes Program Review Forum $       75,000.00 5/22/2007  $            62,270.96 
Irrigated Lands Water Quality UFRWG $       30,000.00 5/12/2009  $                     0.00 
Mountain Meadows WRAP MMC $       25,000.00 5/12/2009  $              2,077.25 
Red Clover - Poco FRCRM $       12,600.00 5/12/2009  $            12,600.00 
Spanish Creek in American Valley FRCRM $       38,100.00 5/12/2009  $                     0.00 
Spanish Creek in Meadow Valley FRCRM $       44,300.00 5/12/2009  $                     0.00 

Total   $  2,014,697.24    $        1,635,858.04 

     
B Fund     
Isotope Monitoring PluGeo  $      23,000.00  10/26/2004  $           22,973.91  
Project Coordination and Monitoring FRCRM  $      70,000.00  10/26/2004  $           70,000.00  
QLG and Forest Watershed PluCorp  $      50,000.00  10/26/2004  $           50,000.00  
Sierra Valley RCD Capacity Building SVRCD   $      50,000.00  5/23/2005  $           50,000.00  
Feather River RCD Capacity Building  FRRCD  $      47,750.00  5/23/2005  $           47,750.00  
Forest Canopy Interception Study PluGeo  $      21,000.00  5/23/2005  $           20,978.64  
Plumas Corp Upland Vegetation Management  PluCorp  $      75,000.00  5/23/2005  $           70,471.44  
Feather River CRM Outreach FRCRM  $      33,668.00  5/23/2005  $           33,668.00  
Four Creeks - Development  FRCRM  $      50,000.00  5/23/2005  $           50,000.00  

Total    $     420,418.00    
 
 $         415,841.99  

 



 

 

 
 
 
 
 
 
 
 
 

Part III 
 

Financial Reports 
 
 
 
 

Majority/A Fund Budget 
 

Minority/B Fund Budget 
 
 
 
 



2009-2010 Majority "A" Fund Budget

08-09 Budget 08-09 Actual 09-10 Budget
Beginning Fund Balance 328,776.15$       328,776.15$     214,880.18$  

Revenue
46611 Revenue from Settlement
43010 Interest 6,000.00$           6,940.71$         2,000.00$      
Transfer Balance from B Fund 335.87$         

Total Assests 334,776.15$       335,716.86$     217,216.05$  

Expenditures - District Staff
5100 Regular Wages 28,550.60$         21,663.53$       14,600.00$    
51020 Other Wages -$                   -$                  -$               
51070 UI 143.00$              105.45$            85.00$           
51080 Retirement 5,362.50$           4,090.55$         2,850.00$      
51090 Group Insurance 2,381.60$           1,821.01$         1,240.00$      
51100 OASDI 2,184.00$           1,657.28$         1,150.00$      
51110 Workers Comp 400.00$              393.00$            -$               
51119 Liability 115.00$              114.00$            -$               

Total Salary & Benefits 39,136.70$         29,844.82$       19,925.00$    

Service & Supplies
52020 Communications
52170 Miscellaneous
52180 Office Expense
52190 Professional Services/Projects 233,609.21$       90,991.86$       169,276.10$  

CRM - Hosselkus 396.79$           396.79$         -$               
SVGMD Well Enhancement 19,276.10$      -$               19,276.10$    
Plumas Geohydrology - Red Clover (1) 3,434.38$        3,324.03$      -$               
USFS - Clark's Creek Aspen Restoration (2) 38,677.86$      19,074.50$    -$               
CRM - Meadow Valley Silver Ck (3) 40,695.44$      22,942.60$    -$               
CRM - Meadow Valley Spanish CK (3) 129,874.72$    44,000.02$    -$               
CRM - Little Last Chance Ck 1,139.96$        1,139.96$      -$               
Irrigated Lands Water Quality -$                 -$               30,000.00$    
Mountain Meadows WRAP -$                 -$               25,000.00$    
CRM - Red Clover - Poco -$                 -$               12,600.00$    
CRM - Spanish Creek American Valley -$                 -$               38,100.00$    
CRM - Spanish Creek Meadow Valley -$                 -$               44,300.00$    
Program Review 113.96$           113.96$         

233,609.21$    90,991.86$    169,276.10$  
52370 Publications 300.00$              -$                  -$               
52740 Routine Travel 600.00$              -$                  400.00$         
52775 In County Hosting 400.00$              -$                  -$               

Total Service & Supplies 234,909.21$       90,991.86$       169,676.10$  

Total Expenditures 274,045.91$       120,836.68$     189,601.10$  

Uncommitted Funds 60,730.24$         64,880.18$       (w/new proj.) 27,614.95$    

Notes
1.  Balance of $110 reallocated to uncommitted funds.
2.  Balance of $19,603.36 reallocated to uncommitted funds.
3.  Excess funding returned to the Forum and reallocated to new projects.



 2009-2010 Minority "B" Fund Budget 

08-09 Budget 08-09 Actual 09-10 Budget (1)
Beginning Fund Balance 17,734.61$      17,734.61$   

Revenue
46611 Revenue from Settlement -$                 -$              -$               
43010 Interest 150.00$           485.87$        -$               

Total Assests 17,884.61$      18,220.48$   -$               

Expenditures - District Staff
5100 Regular Wages -$                 -$              -$               
51020 Other Wages -$                 -$              -$               
51070 UI -$                 -$              -$               
51080 Retirement -$                 -$              -$               
51090 Group Insurance -$                 -$              -$               
51100 OASDI -$                 -$              -$               
51110 Workers Comp -$                 -$              -$               
51300 Per Diem -$                 -$              -$               

Total Salary & Benefits -$                 -$              -$               

Service & Supplies
52020 Communications -$                 -$              -$               
52170 Miscellaneous -$                 -$              -$               
52180 Office Expense -$                 -$              -$               
52190 Professional Services/Projects 17,884.61$      17,884.61$   -$               

CRM - Outreach & Awareness 10,380.54$    10,380.54$    -$             
Leah Wills - Consultant 7,504.07$      7,504.07$      -$             

17,884.61$    17,884.61$    -$             
52370 Publications -$                 -$              -$               
52420 Rents & Leases -$                 -$              -$               
52440 Special Dept. Expenses -$                 -$              -$               
52550 Auditor Fees -$                 -$              -$               
52740 Routine Travel -$                 -$              -$               
52750 Special Travel -$                 -$              -$               
52775 In County Hosting -$                 -$              -$               

Total Service & Supplies 17,884.61$      17,884.61$   -$               

Total Expenditures 17,884.61$      17,884.61$   -$               

Balance Available -$                 335.87$        -$               

Notes

1.  Balance transferred to Majority/A Fund



 

 

 
   
 
 
 
 
 
 
 
 
 
 
 

 
Part IV 

 
Watershed Forum Agendas  

and Meeting Minutes 
 



PLUMAS WATERSHED FORUM 

PLUMAS COUNTY FLOOD CONTROL  
& WATER CONSERVATION DISTRICT 

 
MEETING OF OCTOBER 28, 2008  

 
Plumas County Public Works Conference Room 

1834 E. Main Street, Quincy 
 

ROBERT MEACHER, CHAIR 
www.countyofplumas.com 

 
 

AGENDA 
 

1. 10:00 A.M. Introductions 
 
2. Public Comment Opportunity 

Any member of the public may address the Forum on matters which are within the 
jurisdiction of the Forum.  If you are addressing the Forum regarding a matter listed on the 
agenda, you are requested to hold your comments until the Forum takes up that matter.  
Please limit your comments to three (3) minutes or less. 

 
3. Approval of Minutes 

A. May 28, 2008 
 
4. Monterey Plus EIR 

A. Report from Department of Water Resources on status of Monterey Plus EIR. 
B. Discuss status of Forum pending completion of Monterey Plus EIR. 

 
5. Annual Report 

A. Approval of Annual Report. 
 
6. Next Meeting  

Schedule annual meeting for October 27, 2009. 
 
ADJOURNMENT 
 
REASONABLE ACCOMMODATIONS:  In compliance with the Americans with Disabilities Act, if 
you need special assistance to participate in this meeting please contact the Clerk of the Board at 
(530) 283-6170.  Notification 72 hours prior to the meeting will enable the County to make reasonable 
arrangements to ensure accessibility to this meeting 



 1 10/28/08 

PLUMAS COUNTY FLOOD CONTROL AND WATER CONSERVATION DISTRICT 
PLUMAS WATERSHED FORUM 

COUNTY OF PLUMAS, STATE OF CALIFORNIA 
 

MEETING OF THE PLUMAS WATERSHED FORUM 
HELD IN QUINCY ON OCTOBER 28, 2008 

 
 
1. Introductions 
The Plumas Watershed Forum meeting/teleconference is called to order at 10:00 a.m. by Plumas County Flood 
Control and Water Conservation District board member Robert Meacher.  Members from the Department of 
Water Resources include Dwight Russell.  Members from the State Water Contractors include David Okita 
and Tom Hurlbutt.  Forum members’ staff included: 

Plumas County Flood Control District: Brian Morris 
Department of Water Resources: Todd Hillaire, Fraser Sime, Nancy Quan 
State Water Contractors: Allison Dvorak 

 
2. Public Comment 
There were no public comments.  
 
3. Approval of Minutes 
Upon a motion made by Dwight Russell, seconded by David Okita, and unanimously carried, the minutes from 
the Forum meeting of May 28, 2008, were approved with revisions.  There was also consensus to amend the 
minutes from the meeting of April 8, 2008, to include a list of participants. 
 
4. Monterey Plus EIR 
Nancy Quan reported that DWR was still working on the final draft of the new EIR and that a formal update 
would be provided at the end of the month.  With respect to the status of the Forum, Mr. Russell stated that 
DWR would continue following the Monterey settlement agreement provisions.  The Forum members 
discussed the subcommittee that was proposed at the May 28 meeting for further analysis of the program 
review conducted by Jones & Stokes.  The Forum members concurred that Todd Hillaire, Allison Dvorak, and 
Brian Morris would coordinate on behalf of their respective members.   
 
5. Annual Report 
Mr. Morris presented a draft of the annual report for fiscal year 2007-2008.  Upon a motion made by 
David Okita, seconded by Dwight Russell, and unanimously carried, the Forum approved the annual report 
with revisions submitted by Todd Hillaire. 
 
6. Adjournment 
The Forum adjourns at 10:25 a.m. with the next meeting scheduled for October 27, 2009.  A special meeting 
may be scheduled earlier if any business needs to be addressed by the Forum.  
 
 
 



 
 

BOARD OF SUPERVISORS 
Terrell Swofford, 1st District 

Robert A. Meacher, Vice Chair 2nd District 
Sharon Thrall, Chair 3rd District 

Lori Simpson, 4th District 
Ole Olsen, 5th District 

 
AGENDA FOR MEETING OF MAY 12, 2009 TO BE HELD AT 9:00 A.M. IN THE 

 BOARD OF SUPERVISORS ROOM 308, COURTHOUSE, QUINCY, CALIFORNIA 
 
 

www.countyofplumas.com 
 

AGENDA 
 

The Board of Supervisors welcomes you to its meetings which are regularly held on the first three Tuesdays of 
each month, and your interest is encouraged and appreciated. 
 
Any item without a specified time on the agenda may be taken up at any time and in any order.  Any member of 
the public may contact the Clerk of the Board before the meeting to request that any item be addressed as early 
in the day as possible, and the Board will attempt to accommodate such requests. 
 
Any person desiring to address the Board shall first secure permission of the presiding officer.  For noticed 
public hearings, speaker cards are provided so that individuals can bring to the attention of the presiding officer 
their desire to speak on a particular agenda item.   
 
CONSENT AGENDA:  These matters include routine financial and administrative actions.  All items on the 
consent calendar will be voted on at some time during the meeting under “Consent Agenda.”  If you wish to have 
an item removed from the Consent Agenda, you may do so by addressing the Chairperson. 
 

REASONABLE ACCOMMODATIONS:  In compliance with the Americans with Disabilities Act, if you need 
special assistance to participate in this meeting please contact the Clerk of the Board at (530) 283-6170.  
Notification 72 hours prior to the meeting will enable the County to make reasonable  

                arrangements to ensure accessibility. 
 

STANDING ORDERS 
 
9:00 A.M. ROLL CALL 
  INVOCATION AND FLAG SALUTE 
 
PUBLIC COMMENT OPPORTUNITY 
Matters under the jurisdiction of the Board, and not on the posted agenda, may be addressed by the general 
public at the beginning of the regular agenda and any off-agenda matters before the Board for consideration.  
However, California law prohibits the Board from taking action on any matter which is not on the posted 
agenda unless it is determined to be an urgency item by the Board of Supervisors.  Any member of the public 
wishing to address the Board during the “Public Comment” period will be limited to a maximum of 3 minutes.  
Any member of the public wishing to address the Board regarding a noticed public hearing, please provide a 
speaker card with name and topic to the Clerk prior to addressing the Board. 
 

1 05/12/09 

http://www.countyofplumas.com/


2 05/12/09 

 
SPECIAL DISTRICTS GOVERNED BY BOARD OF SUPERVISORS 

The Board of Supervisors sits as the Governing Board for various special districts in Plumas County including 
Dixie Valley Community Services District; Walker Ranch Community Services District; Grizzly Ranch 
Community Services District; Beckwourth County Service Area; Plumas County Flood Control and Water 
Conservation District; Quincy Lighting District; Crescent Mills Lighting District. 
 
 
9:10 FLOOD CONTROL AND WATER CONSERVATION DISTRICT – Brian Morris 

Sitting with the Plumas Watershed Forum 
A. Approve project proposals for Irrigated Lands Water Quality Improvement Program; Mountain 

Meadows Watershed Restoration Action Plan; Red Clover/Poco Environmental Review; Spanish 
Creek in Meadow Valley Design and Environmental Review; and Spanish Creek in American Valley 
Design and Environmental Review. 

 
Sitting as the Flood Control & Water Conservation District Governing Board 
B. Approve memorandum of understanding for the Feather River Regional Water Management Group 

and authorize the General Manager to sign. 
C. Workshop: Plumas County and the State Water Project.  

 
 
Adjourn as the Plumas County Flood Control and Water Conservation District Governing Board and 
reconvene as the Plumas County Board of Supervisors for all purposes. 
 
 

ACTION AGENDA 
 
1. 10:10 BOARD OF SUPERVISORS 

A. Correspondence 
B. Weekly report by Board members of meetings attended, key topics, project updates, standing 

committees and appointed Boards and Associations. 
 
10:30 BOARD OF SUPERVISORS 
PUBLIC HEARING – Pursuant to Ordinance 02-967 regarding “Outdoor Festivals” application received 
from the High Sierra Music Festival to be held July 02-05, 2009 in and around the Plumas County 
Fairgrounds.  Board action to approve the application. 

 
2. 10:45 COUNTY ADMINISTRATIVE OFFICE 

Departmental Matters 
SHERIFF – Greg Hagwood 
Authorize the Auditor/Controller to pay a claim for $3,360 for lodging expenses, including weekends, of 
Correctional Officer academy training from February 22 to April 03, 2009 in Napa, CA. 

 
3. 11:00 THE FERGUSON GROUP – Kristi More 

Progress report of the Plumas County Economic Stimulus Taskforce. 
 



3 05/12/09 

 
 
 
4. CONSENT AGENDA Roll call vote 
These items are expected to be routine and non-controversial.  The Board of Supervisors will act upon them at 
one time without discussion.  Any Board members, staff member or interested party may request that an item 
be removed from the consent agenda for discussion. 

A. BOARD OF SUPERVISORS 
Approve expenditures from Community Services Funds 

Department 20720 – Supervisor Meacher 
Donation – Greenville High School (Sober Grad Night)    $250.00 
Department 20730 – Supervisor Thrall 
Donation – The American Legion (California Boys State)   $250.00 
Donation – Chester Jr/Sr High School (rental of Chester Memorial Hall/Prom) $135.00 

 
B. ENVIRONMENTAL HEALTH 

RESOLUTION, authorizing the submittal of the annual application to the California Integrated Waste 
Management Board for the Local Enforcement Agency (LEA) Grant for FY 2009-2010, and authorize 
the Director of Environmental Health to sign various assurances. 

 
C. HUMAN RESOURCES 

Approve and authorize the County Administrative Officer to sign a claim for reimbursement of travel 
expenses of Huston Carlyle, candidate for County Counsel position interviewed on March 10, 2009. 

 
D. SHERIFF 

Supplemental budget for $9,074 for increased Sheriff’s Anti Drug Abuse grant award allocation. 
 
E. PUBLIC WORKS 

1) Authorize the Director of Public Works and the County Administrative Officer to execute two 
Material Purchase Agreement for 2009 De-Icier Sand Product. 

2) Authorize the Director of Public Works and the County Administrative Officer to execute the Material 
Purchase Agreement for 2009 Traffic Striping Paint Products.  

3) RESOLUTION, to adopt the 2009 Plumas County Maintained Mileage. 
 
F. SOCIAL SERVICES 

1) Approve and authorize the Chair to sign a contract with the Alliance for Workforce Development for 
transportation services; authorize the extension of the agreement for an additional twelve month 
term subject to approval of the Purchasing Agent, and authorize the Director of Social Services to 
sign the extension. 

2) Approve and authorize the Director of Social Services to sign a contract with the Alliance for 
Workforce Development for the Community Service Work program; and subject to funding 
availability authorize a twelve-month extension at the conclusion of the term. 

 
NOON RECESS 
 
5. 1:30 P.M. PLANNING – Randy Wilson 

Continued PUBLIC HEARING from April 07, 2009 - Appeal of Planning Director’s determination that the 
proposed demolition of the “Sobrero house” at 5567 Main Street in Johnsville is a project subject to the 
California Environmental Quality Act and the preparation of an Environmental Impact Report.  Request for 
continuance to June 16, 2009 at 1:30 p.m. 

 



4 05/12/09 

 
CLOSED SESSION 

BOARD OF SUPERVISORS 
 Personnel 

Public employee appointment or employment – County Counsel 
 

 Conference with Labor Negotiator regarding employee negotiations:  Operating Engineers Local #3, 
Sheriff’s Department Employees Association, Confidential Employees, and Un-represented 
Department Heads. 

 
ADJOURNMENT 
Adjourn meeting to Tuesday, May 19, 2009, Board of Supervisors Room 308, Courthouse, Quincy, California. 
 



 

MEETING MINUTES 
 

BOARD OF SUPERVISORS 
Terrell Swofford, 1st District 

Robert A. Meacher, Vice Chair 2nd District 
Sharon Thrall, Chair 3rd District 

Lori Simpson, 4th District 
Ole Olsen, 5th District 

 
REGULAR MEETING OF THE BOARD OF SUPERVISORS 

COUNTY OF PLUMAS, STATE OF CALIFORNIA 
HELD IN QUINCY ON MAY 12, 2009 

 
 

STANDING ORDERS 
 
ROLL CALL 
The meeting is called to order at 9:00 a.m. with Supervisors Terrell Swofford, Lori Simpson and Vice 
Chair Robert Meacher present.  Supervisor Ole Olsen and Chair Sharon Thrall are absent. 
 
In attendance are Jack Ingstad, County Administrative Officer; James Reichle, Interim County 
Counsel and Nancy DaForno, Clerk of the Board. 
 
INVOCATION AND FLAG SALUTE 
Pastor Tarleton from the First Baptist Church of Quincy offers the invocation and Supervisor 
Meacher leads the flag salute. 
 
PUBLIC COMMENT OPPORTUNITY 
Larry Douglas addresses the Board regarding recent action by the Plumas Local Agency Formation 
Commission (LAFCo). 
 

SPECIAL DISTRICTS GOVERNED BY BOARD OF SUPERVISORS 
The Board of Supervisors sits as the Governing Board for various special districts in Plumas County 
including Dixie Valley Community Services District; Walker Ranch Community Services District; 
Grizzly Ranch Community Services District; Beckwourth County Service Area; Plumas County Flood 
Control and Water Conservation District; Quincy Lighting District; Crescent Mills Lighting District. 
 
FLOOD CONTROL AND WATER CONSERVATION DISTRICT 
Sitting with the Plumas Watershed Forum 
The meeting of the Plumas Watershed Forum is called to order at 9:10 p.m. with Forum Members 
Terry Swofford, Lori Simpson, Robert Meacher, David Okita, Tom Hurlbutt, Kevin Donhoff, Allison 
Dvorak, Dwight Russell, Nancy Quan and Fraser Sime present.  Tod Hillaire and Katie Spanos are 
absent. 
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IRRIGATED LANDS WATER QUALITY IMPROVEMENT PROGRAM 

Upon report and recommendation of Brian Morris, General Manager and following brief discussion, 
motion by Forum Member Dwight Russell, second by Forum Member Lori Simpson and carried to 
approve project proposals for Irrigated Lands Water Quality Improvement Program; Mountain 
Meadows Watershed Restoration Action Plan; Red Clover/Poco Environmental Review; Spanish 
Creek in Meadow Valley Design and Environmental Review; and Spanish Creek in American Valley 
Design and Environmental Review. 
 
Sitting as the Flood Control & Water Conservation District Governing Board 

FEATHER RIVER REGIONAL WATER MANAGEMENT GROUP – MOU 
Motion by Supervisor Swofford, second by Supervisor Simpson and carried to approve a 
memorandum of understanding for the Feather River Regional Water Management Group and 
authorize the General Manager to sign. 
 

WORKSHOP:  PLUMAS AND THE STATE WATER PROJECT 
Flood Control District Workshop is held regarding Plumas and the State Water Project. 
 
 

Adjourned as the Plumas County Flood Control and Water Conservation District Governing 
Board and reconvene as the Plumas County Board of Supervisors for all purposes. 

 
 

ACTION AGENDA 
 

1. BOARD OF SUPERVISORS 
CORRESPONDENCE 

Supervisor Meacher regarding correspondence from the Regional Council of Rural Counties 
(RCRC) replacing him on the California Biodiversity Council.  RCRC is recommending appointment 
of the current Chairperson of the RCRC Board of Directors. 
 

INFORMATIONAL ANNOUNCEMENTS 
Report by Supervisor Simpson regarding issues related to County Government and include 
Economic Recovery Group meeting; Community Forum meeting with Congressman McClintock. 
 
Report by Supervisor Swofford regarding issues related to County Government and include Local 
Agency Formation Commission meeting. 
 

2009 HIGH SIERRA MUSIC FESTIVAL – PUBLIC HEARING 
The public hearing is opened.  There being no comment, the public hearing is closed.  Pursuant to 
Ordinance 02-967 regarding “Outdoor Festivals”, motion by Supervisor Swofford and second by 
Supervisor Simpson to approve application received from the High Sierra Music Festival to be held 
July 02-05, 2009 in and around the Plumas County Fairgrounds.  AYES: Supervisors Simpson, 
Swofford and Meacher.  NOES: None,  ABSENT: Supervisors Thrall and Olsen.  Carried and so 
ordered. 
 
2. COUNTY ADMINISTRATIVE OFFICE 

Departmental Matters 
SHERIFF 

At the request of Greg Hagwood, Under Sheriff, motion by Supervisor Swofford, second by 
Supervisor Simpson and carried authorizing the Auditor/Controller to pay a claim for $3,360 for 
lodging expenses, including weekends, of Correctional Officer academy training from February 22 to 
April 03, 2009 in Napa, CA. 
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3. THE FERGUSON GROUP 
ECONOMIC STIMULUS TASKFORCE 

Progress report by Kristi More, representing The Ferguson Group, of the Plumas County Economic 
Stimulus Taskforce. 
 
4. CONSENT AGENDA 
Motion by Supervisor Swofford and second by Supervisor Simpson to approve the following consent 
agenda matters.  AYES: Supervisors Simpson, Swofford and Meacher.  NOES: None,  ABSENT: 
Supervisors Thrall and Olsen.  Carried and so ordered. 

A. BOARD OF SUPERVISORS 
Approve expenditures from Community Services Funds 

Department 20720 – Supervisor Meacher 
Donation – Greenville High School (Sober Grad Night)    $250.00 
Department 20730 – Supervisor Thrall 
Donation – The American Legion (California Boys State)   $250.00 
Donation – Chester Jr/Sr High School (rental of Chester Memorial Hall/Prom) $135.00 

 
B. ENVIRONMENTAL HEALTH 

RESOLUTION 09-7553, authorizing the submittal of the annual application to the California 
Integrated Waste Management Board for the Local Enforcement Agency (LEA) Grant for FY 
2009-2010, and authorize the Director of Environmental Health to sign various assurances. 

 
C. HUMAN RESOURCES 

Approve and authorize the County Administrative Officer to sign a claim for reimbursement of 
travel expenses of Huston Carlyle, candidate for County Counsel position interviewed on 
March 10, 2009. 

 
D. SHERIFF 

Supplemental budget for $9,074 for increased Sheriff’s Anti Drug Abuse grant award 
allocation. 

 
E. PUBLIC WORKS 

1) Authorize the Director of Public Works and the County Administrative Officer to execute 
two Material Purchase Agreements for 2009 De-Icier Sand Product. 

2) Authorize the Director of Public Works and the County Administrative Officer to execute 
the Material Purchase Agreement for 2009 Traffic Striping Paint Products.  

3) RESOLUTION 09-7554, to adopt the 2009 Plumas County Maintained Mileage. 
 
F. SOCIAL SERVICES 

1) Approve and authorize the Chair to sign a contract with the Alliance for Workforce 
Development for transportation services; authorize the extension of the agreement for an 
additional twelve month term subject to approval of the Purchasing Agent, and authorize 
the Director of Social Services to sign the extension. 

2) Approve and authorize the Director of Social Services to sign a contract with the Alliance 
for Workforce Development for the Community Service Work program; and subject to 
funding availability authorize a twelve-month extension at the conclusion of the term. 
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5. PLANNING 

CONTINUED PUBLIC HEARING – AGNEW APPEAL, JOHNSVILLE 
Continued Public Hearing from April 07, 2009 - Appeal of Planning Director’s determination that the 
proposed demolition of the “Sobrero house” at 5567 Main Street in Johnsville is a project subject to 
the California Environmental Quality Act and the preparation of an Environmental Impact Report.   
 
Upon report and recommendation of Randy Wilson, Planning Director, motion by Supervisor 
Simpson, second by Supervisor Swofford and carried to approve the request for continuance 
to June 16, 2009 at 1:30 p.m.   
 
The public hearing remains open and is continued to June 16, 2009 at 1:30 p.m. 
 
 
 
CLOSED SESSION 
None. 
 
 
ADJOURNMENT 
Adjourned meeting to Tuesday, May 19, 2009, Board of Supervisors Room 308, Courthouse, 
Quincy, California. 
 
 
I, NANCY L. DAFORNO, CLERK OF THE BOARD DO HEREBY CERTIFY THAT THE 
FOREGOING MINUTES OF SAID MEETING OF THE PLUMAS COUNTY BOARD OF 
SUPERVISORS HELD ON MAY 12, 2009 ARE CORRECT AS RECORDED. 
 
 
_________________________________________ 
Nancy L. DaForno, Clerk of the Board 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Part V 
 

Project Reports
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Watershed Forum Completed Projects 
 
 
Meadow Valley – Silver Creek Restoration Project 
Sponsor: Feather River CRM  
Approved Funding:  $51,000 (A funds) 
Expended By 6/30/09: $33,247.16  (balance reallocated to other projects) 
 
This project was the result of a Forum-funded project development grant. The project was 
intended to restore Silver Creek in Meadow Valley, a major tributary of Spanish Creek.  The 
entire Meadow Valley stream system has degraded, including that portion of Silver Creek 
located in the valley.  The project included affecting 250 feet of stream channel upstream of the 
main treatment section with three large, log jams designed to capture bedload; treating 50 feet of 
channel bank with boulder vanes, sloped bank and transplanted vegetation at the one bridge 
within the project reach; treating 60 feet of stream length with a fourth log jam within the 
actively eroding channel section to capture bedload and maintain channel grade; stabilizing 170 
feet of channel bank with boulders placed under exposed tree roots and with transplanted 
vegetation; treating 320 feet of meander bend streambank with reshaped bank, boulder vanes and 
transplanted vegetation; treating 550 feet of stream channel with raised riffles and improved 
scour holes to reconnect the inset channel with a mid-terrace (floodplain) and dissipate energy; 
and sloping back 110 feet of channel bank and vegetation with transplanted material.   
 
Resource surveys were conducted in the summer of 2007 to meet CEQA requirements and 
construction was completed in the summer of 2008.  A full report on the project is included in 
Appendix A.     
 

 
Meadow Valley – Spanish Creek Restoration Project 
Sponsor: Feather River CRM  
Approved Funding:  $147,000 (A funds) 
Expended By 6/30/09: $61,125.30  (balance reallocated to other projects) 
 
This project was the result of a Forum-funded project development grant.  The project was 
intended to restore Spanish Creek in Meadow Valley at Spanish Ranch.  Spanish Creek in 
Meadow Valley has been historically manipulated and channelized, and it subsequently 
degraded.  Spanish Ranch Road (County Road 413) forces Spanish Creek to flow under a 43-foot 
wide bridge, which reduces the stream channel-floodplain width by 90 percent.  The constriction 
is an effective barrier to high flows, causing it to slow and a large backwater area to form.  
Bedload material quickly deposits within this backwater area, creating large gravel bars that 
force flows against the opposite, eroding channel banks.  The long-term result was the loss of 
property and a migration of the stream channel around the bridge.   
 
The original restoration treatment planned to insert 12 culverts into the south approach to the 
bridge to alleviate pressure on the bridge, spread flood flows out onto 100 feet of floodplain, 
alleviate the backwater effect, and reduce upstream bank erosion and the potential for the stream 
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to end-run the bridge.  However, this work was removed from the project due to the scheduled 
replacement of the bridge by the Plumas County Road Department. 
 
The project also involved treating 200 feet of eroding outcurve channel bank with boulder vanes, 
sloped bank, and transplanted vegetation.  It also removed gravel berms used to further constrict 
and direct stream flows within a 2,300-foot long section of channel-floodplain upstream of the 
bridge, opening the section up for improved overbank flows and reducing concentration of flows 
against the entrenchment banks. 
 
Environmental surveys and reports required for the project were conducted in the summer of 
2007 and construction was completed in the summer of 2008. A full report on the project is 
included in Appendix A.     
 
 
Little Last Chance Restoration Project 
Sponsor: Feather River CRM  
Approved Funding:  $92,977 (A funds) 
Expended By 6/30/09: $92,977 
 
The Little Last Chance Creek restoration project involved construction of rock riffles to reduce 
erosion, stabilize streambanks, and raise the level of the channels.  Construction began in 
November 2007 and was completed within six weeks.  Forum funding was matched by $467,000 
from a Prop. 40 Non-Point Source Pollution grant and upstream work was completed using 
$153,000 in Title II funds from the Secure Rural Schools and Community Self Determination 
Act.  A total of five miles of stream channel along Little Last Chance Creek was restored.   
.    

 
Pre-Project Conditions on Little Last Chance Creek 
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The restoration concept was riffle augmentation. The stream channels had been highly 
manipulated because of the fan location and intensive livestock and hay production.  Rather than 
a network of often changing, shallow channels across the valley, flow has been restricted into 
two main channels.  A combination of concentration of flow, highway culverts, loss of sediment 
supply, and intensive agricultural use contributed to the development of the degradation of the 
channels to an existing depth of three to nine feet.  Irrigation diversion ditches and a grade 
control dam helped reduce the rate of down-cutting, but the depth of the gully captured enough 
flood flows to thwart most in-gully attempts at control.  Two diversion structures were no longer 
operable, and most of the rest were at risk of failure.  Because the channel bottom had not yet 
reached a resistant layer, without treatment, incision cycles were expected to continue moving 
upstream, resulting in a deeper and wider gully, making irrigation structure maintenance more 
difficult and expensive.  Riffle augmentation was proposed for over 100 locations to cause flows 
slightly over 200 cfs in each channel to spill onto the floodplain.   
 

 
Little Last Chance Creek After Construction 

 
NEPA review and pre-project monitoring were completed in the summer of 2007, and 
construction was completed late in the 2007 season.  With financial assistance from other 
sources, the project was completed without using all of the funding allocated by the Forum, and 
the Forum approved a request from the Feather River CRM to reallocate funds to other projects 
that were completed over budget.  The final report for the constructed project is presented in 
Appendix B.   
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Clark’s Creek Aspen Enhancement and Ecosystem Restoration Project 
Sponsor: Plumas National Forest 
Approved Funding:  $84,500 (A funds) 
Expended By 6/30/09: $64,896.64 
 
The Forum provided funding for the Plumas National Forest to perform the resource surveys and 
NEPA preparation that is required as a prerequisite to the Clark’s Creek aspen enhancement and 
ecosystem restoration project.  The project will enhance the local ecosystem by contributing to 
water quality, water yield, and water retention.     
 
This project will restore the functioning condition of aspen stands within the Clarks Creek 
watershed, a tributary to Last Chance Creek.  The project focuses on the release and regeneration 
of aspen communities from conifer suppression and encroachment. Conifers to be removed are 
within the existing aspen stand and include those trees actively suppressing aspen community 
productivity and function on 331 acres of land.   Coniferous trees bordering aspen stands will 
also be removed to encourage the extension of the aspen community and improve the health of 
the existing stand.  Timber removal activities will be accomplished through a combination of 
mechanical and manual thinning methods.  
 
An additional focus of this project is to protect sprouts from excessive browsing.  To limit 
extensive browsing of sprouts, Forest Service specialists and the allotment permittee will design 
and implement strategic grazing plans. Under these adaptive plans, existing levels of grazing 
within the project area could continue, but season or duration of use may be altered.  When 
season or duration of use is inflexible, where intensive use has been previously documented, or 
where retaining any induced sprouting is absolutely critical, temporary exclusion fencing would 
be constructed.  Traditional fencing (such as wire, or log fence) will be utilized when essential 
protection is required.  Nontraditional fencing (strategic jackstraw barriers or guardian log 
placement) will be used when traditional fence construction is impractical or when high 
maintenance cost is anticipated. 
 
Initial wildlife, botany, and archeology work was performed in the summer of 2006, with 
continued NEPA preparation and sale planning during the summer of 2007.  The final decision 
on the Environmental Assessment was issued in April 2009.   
 
 
Lake Davis Water Treatment Plant 
Sponsor: U.S. Army Corps of Engineers 
Approved Funding: $588,260 (A funds) 
Expended By 6/30/09:  $588,260 
 
This project involved the construction of a new 1.5 million-gallon-per-day water treatment plant 
at Lake Davis to serve the City of Portola and the Grizzly Lake Resort Improvement District.  
The original water treatment plant was taken out of service in 1997 when the Department of Fish 
and Game poisoned Lake Davis in an attempt to eradicate northern pike.  Once the lake was 
recertified as a municipal water source and the City of Portola agreed to return to the lake as its 
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water supply, it was determined that the old water treatment plant was obsolete and needed to be 
completely replaced. 
 
The U.S. Army Corps of Engineers was the lead agency for the project, and the prime contract 
was awarded to Engineering and Remediation Resources Group of Concord, California.  
Construction began in June of 2008 and was substantially completed by August 2009.  Final 
punch-list items are being addressed and the completed facility is expected to be handed over in 
November 2009.  Initial water deliveries will begin in May 2010 to meet summer demand.       
 
 
Red Clover Monitoring Project 
Sponsor: Plumas Geo-Hydrology  
Approved Funding: $28,000 (A funds) 
Expended By 6/30/08: $24,565 
 
This was a monitoring project with the objective of assessing baseflow augmentation due to 
stream restoration in a meadow that is affected by an adjacent ground water discharge area.  The 
project focuses on Red Clover Valley, which has been the site of a number of past restoration 
projects, including an expansive Cal-FED funded project that was completed in the fall of 2006. 
 
Data collection was scheduled to end in September 2007, but the appearance of beaver dams 
delayed the return of steady stream flow below the project until December 2007.  Data collection 
continued through the summer of 2008 to enable a comparison of pre- and post-project 
conditions.  The final report from Plumas GeoHydrology in included as Appendix C.    
 
 
Feather River Watershed Public Awareness Campaign 
Sponsor: Feather River CRM  
Approved Funding:  $33,668 (B funds) 
Expended By 6/30/09: $33,668 
 
The Feather River Watershed Public Awareness Campaign was a concerted effort to bring water 
quality and watershed-related information into the homes and minds of residents of the Feather 
River watershed.  By engaging landowners, educators, students and community members in 
multiple formats for learning about watershed issues, improved understanding and increased 
participation in stewardship activities will result over time. 
 
Other outreach and education activities have included completing a sediment and erosion control 
brochure for small-scale construction sites; sponsoring a storm drain stenciling watershed 
stewardship event in Quincy to celebrate Watershed Awareness Month; publishing a watershed 
awareness opinion article in the Plumas County newspapers; and producing a map of the Feather 
River Watershed showing the relationship of the Feather River to the Sacramento River 
watershed and the rest of California. 
 
The final report from the Feather River CRM is included as Appendix D. 
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Red Clover - Poco 
Sponsor: Feather River CRM  
Approved Funding:  $12,600 (A funds) 
Expended By 6/30/09: $0 
Expended By 10/13/09: $12,600 
 
The Feather River CRM has been awarded a $1.17 million implementation grant from the 
CalFed Watershed Program to carry out a restoration project on Red Clover Creek below Red 
Clover Valley and the large project that was completed in 2007.  
 
The grant request to the Forum was for match funding to complete the NEPA and CEQA work 
and three permits required for implementation of the project, as well as to continue project 
coordination. The Forest Service funded Plumas Corporation with $12,000 in a Challenge Cost 
Share Agreement that required $8,600 in match.  An additional $4,000 was requested to cover 
coordination with project partners so that all aspects of the project could be adequately fleshed 
out for smooth implementation.  
 
Project work accomplished includes technical advisory committee review of project design; 
completion of all draft environmental documents (NEPA environmental assessment, watershed 
specialist report, and wildlife specialist report); and pre-project monitoring of temperatures and 
flows.  All environmental documents are currently awaiting approval by the Forest Service.  
 
Once environmental review and permitting are complete, the CalFED project will involve 
eliminating the gully and restoring floodplain function of 198 acres on Red Clover Creek, 
downstream and adjacent to the Red Clover/McReynolds Restoration Project. 
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Watershed Forum Ongoing Projects 
 
Irrigated Lands Water Quality 
Sponsor: Upper Feather River Watershed Group  
Approved Funding:  $30,000 (A funds) 
Expended By 6/30/09: $0 
 
This project will leverage funding from NRCS, the Farm Service Agency (FSA), and private 
landowners to maximize physical improvements to better manage grazing on irrigated lands in 
order to reduce erosion, improve water quality, protect habitat, buffer flood events, and improve 
groundwater recharge.  The Feather River Watershed Management Strategy says that priority 
should be given to projects which work toward meeting the requirements of the Ag Waiver 
program, fit within the priorities of the watershed management strategy, and include economic 
incentives for and contributions from the landowner.  This project addresses all three of those 
objectives.  Examples of BMPs that will be implemented include fencing around streams and 
riparian areas; off-stream water sources for cattle; and stream crossings.   
 
The project will provide matching funds to bridge the gap between funding available through 
federal programs and the amount of money that landowners are able or willing to pay to 
implement projects.  Under a condition recommended by the CORE TAC, only projects that are 
part of NRCS or FSA programs will be eligible for funding.  Projects will be prioritized by the 
Upper Feather River Watershed Group (the local irrigated lands coalition) in consultation with 
NRCS and FSA.   
 
Six projects have been preliminarily identified that will expend half of the funding provided by 
the Forum.  The Upper Feather River Watershed Group is working on landowner agreements and 
coordination with NRCS to solidify the initial group of projects.  The remaining funding is 
expected to be used on new NRCS or FSA projects that will be constructed in the summer of 
2010.     
 
 
Mountain Meadows Watershed Restoration Action Plan 
Sponsor: Mountain Meadows Conservancy  
Approved Funding:  $25,000 (A funds) 
Expended By 6/30/09: $0 
Expended By 10/13/09: $2,077.25 
 
The Mountain Meadows watershed (upstream of Lake Almanor and including the town of 
Westwood) is a distinctly important watershed in the Sierra Nevada at the headwaters of the 
North Fork of the Feather River. The 130,000 acre watershed contains one of the largest 
remaining examples of montane meadow in California and, due to the large size of the meadow 
complex, the relatively undisturbed condition of the upper watershed, and the relative lack of 
development in and around the meadow system itself, the potential for large-scale meadow, 
stream and forest restoration is exceptional. 



Ongoing Projects 

 

 
Recognizing the importance of the Mountain Meadows watershed, the California Department 
of Fish and Game approved in summer 2006 the Mountain Meadows Conceptual Area 
Protection Plan (CAPP), which identified approximately 13,000 of the watershed’s 59,000 
privately owned acres for conservation acquisition. The CAPP also called for a 
restoration plan, which has now been named the Mountain Meadows Watershed Restoration 
Action Plan (WRAP). 
 
This project will develop the WRAP and detail specific desired outcomes and the restoration and 
implementation strategies required to achieve those outcomes in this important watershed.  Initial 
work on the project has included consultation with regional stakeholders, the Feather River 
CRM, and the Center for Watershed Sciences at U.C. Davis, as well as preliminary research on 
restoration and management options and field data collection.   
 
 
Spanish Creek in American Valley 
Sponsor: Feather River CRM 
Approved Funding:  $38,100 (A funds) 
Expended By 6/30/09: $0 
 
This project includes design work and environmental review for future physical work on Spanish 
Creek in the upper area of American Valley as part of a larger restoration effort. 
 
The project area receives large quantities of coarse sediment (bedload), primarily old hydraulic 
mine waste.  Much of this bedload deposits as large gravel bars and islands within the project 
reach before being transported downstream, where much of the damage from this load is 
occurring. 
 
The project was identified during the assessment of Spanish Creek in 2006 as meeting the goals 
of the “Spanish Creek Assessment, Rehabilitation and Gravel Management Strategy,” conducted 
by the Feather River CRM and funded by CalFed Proposition 13. These goals include (1) a 
stable, healthy channelway, (2) a community with the capacity to collaborate and implement 
sound stream rehabilitation and watershed management practices and (3) sustainable gravel 
transport and extraction technology that can be transferred to similar drainages.  The project 
objective is to reduce the amount of bedload transported downstream by regulating the amount 
stored within this upper, gravel management reach and to reduce erosion of the entrenched banks 
through American Valley. Where possible, Spanish Creek will be reconnected to the available 
floodplain within the entrenchment. 
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Spanish Creek in Meadow Valley 
Sponsor: Feather River CRM  
Approved Funding:  $44,300 (A funds) 
Expended By 6/30/09: $0 
 
This project includes design work and environmental review to restore a stretch of Spanish Creek 
in Meadow Valley between two other restoration projects that were previously supported by the 
Forum. 
 
The upstream section of Spanish Creek in the Meadow Valley project reach receives large 
quantities of coarse sediment primarily from old hydraulic mine sites upstream. This bedload is 
quickly transported to Greens Flat, the upper section of the project reach where much of the 
material is stored, and the lower section of the project reach, where much of the damage from 
this load is occurring.  
 
This is another project identified in the Spanish Creek Assessment, Rehabilitation and Gravel 
Management Strategy.  The project objective is to reduce the amount of bedload transported 
downstream from Greens Flat by regulating the amount stored there and to reduce erosion of 
the entrenchment banks through the lower section. Where possible, Spanish Creek will be 
reconnected to the available floodplain within the entrenchment. 
 
 
Sierra Valley Aquifer Testing 
Sponsor: Sierra Valley Groundwater Management District  
Approved Funding: $30,000 (A funds) 
Expended By 6/30/08:  $10,724 
 
This project consisted of three aquifer tests in the southwestern part of Sierra Valley near Sattley, 
east of Beckwourth, and north of Loyalton.  The three aquifer tests, along with about ten 
additional aquifer tests performed at different times since 1982, were to be used to determine 
aquifer characteristics and predict the effects of continued groundwater pumping on groundwater 
levels in certain areas.  Where well interference is a significant problem, possible mitigating 
measures include development of well spacing criteria for new wells. 
 
Ken Schmidt, the contract geohydrologist for the Sierra Valley Groundwater Management 
District, prepared an initial report which was included as Appendix C in the 2007 Annual Report.   
 
Additional aquifer testing is proposed in the area of Sierraville to provide additional geographic 
coverage of the Sierra Valley area.  Ken Schmidt has requested that any further testing be 
conducted in coordination with the Upper Middle Fork modeling work that will be performed by 
U.C. Davis/California Hydrologic Research Laboratory under a Prop. 50 IRWM grant.  The 
Upper Middle Fork project is awaiting additional state bond sales and authorization to proceed 
on non-capital projects.  Most of the bond funds allocated to the Department of Water Resources 
in 2009 are from issuances that were subsidized by the American Recovery and Reinvestment 
Act and must be used on capital projects.  
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Background 
The FR-CRM was approached by two landowners, Larry and Glory Kellett on Spanish Creek, 
and Bob Burney on Silver Creek, to address erosion concerns on their properties in 2005.  In 
both areas, channel incision and constriction were causing bank erosion, channel widening and 
loss of property.  Identified problems were excessive bedload deposition on the Kellett property 
and lack of sediment capture on the Burney property.  The FR-CRM agreed to work with both 
landowners to treat the problems. Surveying, design, environmental work, project construction, 
and monitoring was funded by the Plumas Watershed Forum in 2006, which awarded $147,000 
for the Spanish Creek project and $51,000 for the Silver Creek project under Agreement #06-
304.     
 
The stated goal of both projects was to restore the primary functional attributes of the stream 
channel and floodplain systems and to either capture and store bedload sediment or facilitate its 
transport. 
 
Watershed conditions range from excellent for the Silver Creek watershed to poor in the Spanish 
Creek watershed, due primarily to historic mining that used hydraulic methods to wash material 
into streams.  This material makes up most of the large amount of gravel still in transport by 
Spanish Creek to this day.   
 
The Spanish Creek project area is within a larger area affected by the deposition of hydraulic 
mine outwash material into which Spanish Creek has downcut to its present level, abandoning 
the natural floodplain, Spanish Ranch meadow, and its historic, mine outwash floodplain.  
Within the project area, the stream has widened sufficiently, approximately 600 feet, to allow the 
development of a floodplain at the current stream elevation.   
 
Two causal agents are at play within the Spanish Creek project area.  The first is the large over 
supply of bedload that enters the area.  The stream channel transports some of it to downstream 
reaches, some deposits within the project area to be transported downstream at later dates and 
some remains in the project area, causing channel aggradation and the stream to migrate. 
 
The second causal agent, the one responsible for the greatest impact to the project area, is the 
very narrow bridge at the downstream end of the project area, a mere 43 feet wide.  Upstream of 
the crossing, the active stream channel is 47 – 50 feet wide, with an additional 550 feet of 
floodplain width.  Because the bridge crossing is so narrow, high flows cannot move through the 
constriction as fast as it enters the project area and water backs up, slowing flows upstream of the 
crossing, with a commensurate drop in the amount of bedload moving through the reach.  The 
result is a filling of the channelway with bedload material and an acceleration of stream channel 
migration.  The braided stream system was primarily moving in an exaggerated meander bend 
towards the Kellett’s house, and also threatened to run around the bridge over the crossing’s 
south approach.     
 
The Silver Creek project area is completely on private land originally homesteaded, and 
currently owned by the Burney family.  The property was naturally the interface area between 
the upstream transport channel reach, and the downstream response reach (meadow floodplain).  
It is the area where most of the bedload material would have naturally deposited. 
Degradation of downstream reaches has affected the Silver Creek response reach, lowering its 
base level and degrading the channel.  The Silver Creek response channel is now within an 



actively eroding trench that extends from the mouth to the upstream transport channel reach.  
Much of the bedload material delivered to the property is further transported downstream to 
Spanish Creek, where unstable channel conditions are the norm. 
 
The Spanish Creek project is located in Meadow Valley immediately upstream and including the 
crossing of County Road 413 at Spanish Ranch, in the north half of Section 14, T24N, R8E.  The 
project reach is approximately 2300 feet long, including the road crossing.  Access is via Bucks 
Lake Road (County Road 414) to the Spanish Ranch and Pineleaf turnoff in Meadow Valley, 
approximately 6 miles west of the town of Quincy.  The Silver Creek project is located in T.24N. 
R.8E. Section 15, just upstream from its confluence with Spanish Creek.   The project reach is 
nearly 1700 feet long.  Access is via Bucks Lake Road (County Road 414) to Silver Creek Road 
in Meadow Valley, approximately 7 miles west of the town of Quincy.   
 
Figure 1.  Project Locations 

 
 

Project Descriptions 
The goals and objectives of the Spanish Creek project are to: 

1. Reduce the deposition of sediment and the aggradation of the channel within the project 
reach. 

2. Reduce or eliminate property losses. 
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3. Reduce the risk of high flow damages to the county road crossing by improving flows 
through the crossing. 

4. Improve water quality on-site and downstream.   
 
The following actions were implemented to meet the project goals and objectives: 

1. Approximately 200 feet of rapidly eroding stream bank was reconstructed to a 
configuration that evenly distributed the stress of turning water flows. 

2. Four large boulder vanes were built at floodplain elevation along the reconstructed bank 
to keep the center of highest flow (thalweg) away from the bank.  The upper bank was 
vegetated with transplanted material from on-site and seedlings from the community 
greenhouse at Feather River College.   

3. Four large gravel berms, each approximately 1200 cubic yards, were removed from the 
active floodplain. 

The south approach to the County’s bridge was going to be reconstructed, adding 10 to 15 
culverts at floodplain elevation; however, this work was postponed to coordinate with the 
County’s bridge replacement schedule.  The Plumas County Department of Public Works has 
ranked the bridge high priority for replacement in the near future (3-5 years).  The installation of 
floodplain culverts will be included in the bridge replacement project. 
 
The goals and objectives of the Silver Creek project were to: 

1. Reduce the transport of bedload material downstream by capturing it within the project 
reach. 

2. Reduce or eliminate loss of property by reducing or eliminating bank erosion. 
3. Improve conditions of water flow by reconnecting the stream channel with its floodplain. 
4. Improve water quality on-site and downstream. 
5. Induce aggradation within the entrenchment so that the upper floodplain (terrace) is 

eventually accessed by frequent high flows and deposition of coarse bedload material is 
restored to its natural location, the most upstream section of the project reach. 

 
The following actions were implemented to meet the project goals and objectives: 

1. One whole tree jam was constructed within the entrenchment between the boundary with 
the National Forest and the railcar bridge. 

2. A set of rock vanes was constructed along the outcurve bank immediately upstream of the 
bridge. 

3. The whole tree jam located 250 feet downstream from the bridge was improved. 
4. The property is being managed into perpetuity to allow large trees to grow, die and 

eventually fall into the channel, providing a source of large wood recruitment. 
5. The 90o bend near the downstream end of the project reach was stabilized with boulder 

vanes and vegetation transplants. 
6. All vertical banks were laid back and vegetated with on-site transplants and native grass 

seed to provide a measure of protection during periods of high flow overbank and reentry 
into the channelway, especially along the downstream project reach. 

7. Riparian vegetation species were planted on sparsely vegetated floodplain areas. 
8. A series of rock-riffles along the lower 500 feet of the project reach were constructed to 

allow the frequent high flows (greater than bankfull) to access the inset floodplain that 
has developed there.  The lower 2 to 3 structures act as grade-drop structures, lowering 
flows back down to the existing gully elevation before leaving the property. 
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Periodic enhancement of the whole tree jams may be necessary in the future to maintain the 
natural depositional component of this channel reach. 
 
Project construction began on July 21, 2008 and was completed on August 11, 2008.  Out of five 
bidders, the construction contract was awarded to Genesis Systems of Sloat, CA for $49,780.  
Final construction costs for both projects combined were under budget by $102,559 due to not 
installing the culverts on Spanish Creek and receiving lower than current market rate bids on 
construction.  Total project costs on each project are outlined below: 
 
Spanish Creek: Total Budget Total Expenditures 
NEPA/CEQA   $13,000 $12,582.75   
Permit Acquisition $2,000  $  1,600.00  
Project Design/Eng $2,000  $  1,987.64  
Contract Prep  $900  $     900.00  
Contract Admin $5,000  $  5,000.00  
Construction   $123,000 $32,542.83  
Materials/Supplies $100  $     100.00  
Monitoring  $1,000  $  1,000.00  
TOTAL  $147,000 $61,125.30  
 
Silver Creek:  Total Budget Total Expenditures  
NEPA/CEQA   $13,000 $  8,517.49  
Permit Acquisition $2,000  $  1,250.00    
Project Design/Eng. $2,000  $  2,000.00  
Contract Prep  $900  $     482.18  
Contract Admin $2,000  $  2,000.00  
Construction   $30,000 $17,897.49  
Materials/Supplies $100  $       54.89  
Monitoring  $1,000  $  1,000.00  
TOTAL  $51,000 $33,247.16  
   
Total expenditures on Agreement 06-304 were $94,372.46, with a remaining balance of 103,627.54, 
which was returned to the Forum for allocation to other projects in February 2009.     
 
Did the project meet the goals of the Monterey Settlement?   
1) Improve retention of water for augmented base flow in streams:  The goals and 
objectives of these projects were not to improve retention of water for augmented base flows.  
These project areas were not conducive to restoring the channel back to its historical floodplain.  
All work was conducted within the entrenched channels with their developed floodplain at 
current stream elevations. 
 
2) Improve water quality and streambank protection:  Water quality data was not collected; 
however, some cross-sectional data on bedload was gathered for project design of the woody 
debris jams on Silver Creek.  Sedimentation sources within the project reaches were reduced 
through laying back eroding banks and planting both the banks and their associated floodplains 
with native plants from on-site and the local community greenhouse.  Constructed boulder vanes 
will keep water flows to the center of the channel away from the banks reducing sediment and 
bank erosion, and log debris jams will trap sediment and bedload within the project reach and 



improve water quality downstream.  In addition, the removal of gravel bars in Spanish Creek will 
allow better stream flow through the project area, allowing for a more even distribution of the  
bedload deposition and reduce bank erosion from channel migration. The following photo sets 
illustrate the implemented streambank protection and bedload capture techniques employed in 
each project.    

 

 
Spanish Creek on Kellett property pre-project eroding bank May 2004. 
 

 
Spanish Creek, post- construction August 1, 2008, 
showing reconstructed bank with boulder vanes and 
transplanted vegetation. 
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Silver Creek pre-project June 2, 2005 showing vertical eroding bank. 
 

 
Silver Creek post-project May 23, 
2009.  Bank is laid back and 
terraced, with boulder vanes in 
channel directing flows away from 
the outcurve bank.  Vegetation was 
planted/seeded on the terraced 
floodplain.   
 
 
 
 
 
 
 
 

 
Pre- (6/2/05) project woody debris jam on Silver Creek; enhanced debris jam post- 
(5/23/09) project.   

 7



 8

Note: Whole trees are used and restricted from floating by crossing over the mass with the 
largest trees held in place by placing their ends on the upper banks and counter-weighting with 
large boulders.  Each jam was also filled with sand, gravel, and cobble material from adjacent 
bars.  
 
3) Improve upland vegetation management:  Upland vegetation management is not a concern 

within the Spanish or Silver Creek project areas.  Grazing does not occur on either property, 
and upland areas surrounding the project reaches are well vegetated with trees, shrubs, and 
grasses.  The Silver Creek property is being managed into perpetuity to allow large trees to 
grow, die and eventually fall into the channel, providing a source of large wood recruitment. 
 

4) Improve groundwater retention in major aquifers:  Meadow Valley is not a major aquifer 
in the Feather River Watershed; nor was groundwater retention an objective of project 
implementation.    

 
5) Lessons learned 
It has been challenging in coordinating with the Plumas County Public Works Department to 
install the floodplain culverts at the Spanish Ranch Road bridge crossing.  It wasn’t until after we 
had received funding to install the culverts that we were informed that the bridge was a high 
priority for replacement.  Understanding there are fiscal restraints we have learned that just 
because something is prioritized doesn’t mean it will be completed in a timely manner.  Our 
hope is that the bridge replacement will occur in the next five years, as planned, to aid in the 
overall rehabilitation of Spanish Creek both above and below the bridge, as we move forward 
with implementing the Spanish Creek Watershed Rehabilitation Strategy. 
 
Continued Monitoring 
Revegetation success and noxious weeds should continue to be monitored for the next two years.  
Project areas were surveyed for noxious weeds in July 2009.  Four bull thistle were found and 
hand removed in the Silver Creek project area and no noxious weeds were found in the Spanish 
Creek project area.  Vegetation planting survival is 60% (on-site transplants, willow staking, 
seedling transplants, and seeding).  Ensuring the treated banks become heavily vegetated will 
assist in reducing erosion potential during high flow events and decrease sedimentation rates.   
 
During implementation of the Spanish Creek project, mitigations for protection of yellow-legged 
frogs required we survey for frogs prior to and during equipment operation.  Any frogs that were 
seen were captured and moved to a safe location above and below the project reach.  In 2009, we 
re-surveyed the project reach to see if the frogs had re-located back into the project area.  Four 
adult frogs were found in the project reach (3 occurring in the pools around the boulder vanes) 
and hundreds of tadpoles were found in the main channel of Spanish Creek, immediately 
upstream of the project reach.  



 
Yellow-legged frog found under boulder vane on Spanish Creek, August 20, 2009. 
 

 
Habitat along boulder vanes where yellow-legged frog was detected on August 20, 2009. 
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Background  
The Feather River Coordinated Resource Management Group (FR-CRM) was approached by the 
landowner, Don Guidici, in 2004 for assistance with bank erosion on his property.  Jim Wilcox, 
FR-CRM Program Manager, and Jan Stine of the Sierra Valley Resource Conservation District, 
visited the site, and determined that FR-CRM expertise could be used to address his concerns.  
Plumas Corporation applied for, and received, funding from the Plumas Watershed Forum in 
2004 for project development.  In 2006, Plumas Corporation applied for, and received, 
implementation funding from the Plumas County Resource Advisory Committee. 
 
Project Description 
The goal of this project was to prevent further loss of meadow, and degradation of water quality 
and fish habitat by halting the on-going bank erosion. An associated goal was to increase fish 
populations within the project area.   
 
Figure 1.  Project location. 

 
The project is located on 
a one-mile segment of 
Little Last Chance Creek 
that winds in and out of 
the boundary between 
Plumas National Forest 
and the Guidici Ranch.   
 
The channel was 
confined in a gully on 
the west side of the 
valley, with actively 
eroding gully walls.  The 
restoration concept 
included laying back and 
vegetating banks, 
attenuating meander 
curvatures and directing 
flow away from the 
banks with boulder 
vanes.  
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Figure 2 shows the locations of bank treatment areas:  

 
Approximately 1,135 cubic yards 
of 3-foot minus boulders from the 
Bar One Ranch pit in Sierra 
Valley were used to construct 71 
boulder vanes in 12 treatment 
areas.  Areas B & C were not 
treated because of a natural trend 
toward stability.  Re-vegetation 
work consisted of:  
-  using heavy equipment to 
relocate large rooted plants from 
bars for use on the meander 
outcurve floodplain bench; 
- planting willow slips and some 
wattles during construction and 
again in fall 2008;  
- seeding with both commercial 
and locally collected native grass 
and sedge seed during 
construction and again in fall 
2008 
- transplanting 10,000 native 
plants from the Feather River 
College greenhouse including 
willow, cottonwood, bitter brush, 
monkeyflower, sedges, and 
meadow penstemmon.  
   
Figure 3.  Feather River College 
students assist with seeding and 
spreading straw.  The California 
Conservation Corps and students 
from Jim Beckwourth High 
School also contributed 
revegetation labor. 
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Funds provided for the project were as follows: 
Plumas County Resource Advisory Committee   $155,000 
Rock and transport from PNF Fisheries Program   $  20,000 
Fence management and reconstruction from landowner  $    2,000 
Environmental surveys (wildlife, botany, archeology) from    
downstream landowner, Rockridge LTD    $  15,000 
Fishery monitoring assistance from Dept Water Resources and     
Calif. Dept. Fish & Game         $       600 
Preliminary design work from Plumas Watershed Forum  $    2,500 
 
RAC funds for this project were also used to leverage state Proposition 40 funds for additional 
work on Little Last Chance Creek on private land downstream of this project area.  In order to 
save costs, the construction bid was administered jointly for the Prop 40-funded project and this 
project.  Out of six bidders, the construction bid was awarded to Hat Creek Construction for 
$318,297.50 for both projects.    Project construction on the Guidici portion was begun on 
October 8 and completed on November 5, 2007.  Costs for the heavy equipment phase of the 
Guidici project were approximately $112,367.  The remaining funds were used for monitoring, 
revegetation, weed removal, project-related equipment, repairing fence for project protection, 
and completing contract administration.  
 
Did the project meet the purposes of Public Law 106-393 legislation? 
Implements stewardship objectives that enhance forest ecosystems:  Fish habitat was the primary 
component of forest ecosystems that was addressed by the project.  According to the monitoring 
plan for the project, habitat and bank stability protocols were used to assess project-related fish 
habitat changes.  Pre-project data were collected by the Plumas National Forest Fisheries crew in 
August 2007.  Post-project data were collected by Leslie Mink and Kara Rockett in October 
2008.  All attempts were made to reproduce the correct survey area, however, part of the pre-
project survey area was subject to channel re-alignment, and so a new section of channel was 
incorporated into the post-project data collection (see report cover photo).  The following table 
compares pre- and post-project habitat conditions. 
 

   Table 1.  Pre- and post-project fish habitat parameters. 
Habitat parameter Pre-project  

2007 
Post-project  
2008 

Percent unstable banks 28 33 
Percent vulnerable banks 34 34 
Percent stable banks 38 33 
Percent pooltail fines 8.3 6.2 
Pool:Riffle ratio 0.49 0.53 
Residual pool depth 2.6 1.9 

 
The above table shows nearly no change in most parameters measured, except residual pool 
depth, where the quality of the habitat appears to have declined post-project with less depth in 
the pools.  Bank stability also appears to show a slight decrease in habitat quality, with 5% more 
unstable banks in 2008 than 2007.  The slight improvement in pooltail fines and pool:riffle ratio 
is within a reasonable margin of error, and so may be due more to observer bias, or different 
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sampling location than project effects.  From a project standpoint, the habitat results are 
somewhat disappointing at this time.  However, it should be noted that habitat typically requires 
three to five years to mature after projects of this type.  Some of the increased bank instability is 
most likely due to the location of the post-project sample reach in a constructed segment of 
channel.  Also, it was unfortunate that downstream water users requested bankfull flows in May 
2008 before project revegetation had a chance to get established.   The decrease in pool depth is 
also most likely due to the location of many pools in the newly constructed segment of channel.  
It is assumed that the pre-project sampling reach included the deep area in the exaggerated 
meander that was also an actively eroding area.   
 
The response of fish populations at this time is not conclusive.  No trout were captured in either 
the pre- project (July 2006) or the post-project (Sept 2008) single pass electroshock sampling of 
a 300-foot reach.  Other observations, however, indicate a positive trout population response.   
The lack of difference in the comparable pre-and post-project sampling is not surprising, as 
brown trout are the primary trout species found in the project area, and fall spawning was 
disrupted during 2007 construction.  Despite the lack of capture in the first pass, however, the 
2008 effort continued a second and third pass, which resulted in the capture of seven young-of-
the-year brown trout, that probably migrated into the project area from upstream.   
 
In response to public comments during the NEPA process, the project area was also snorkel-
sampled in summer 2007.  No fish were observed.  Because of the poor visibility, there was no 
attempt at snorkeling after the project.     
 
Figure 4.  Brown trout spawning in project area, October 2008. 

 
 
Restore and improve land health:  There was a total length through the project area of                             
2,144 feet of actively eroding bank.  The project treated those banks so that they are now in a 
configuration that will allow vegetation to become established, leading to long term stability.   
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Figures 5 & 6.  Pre- (left) and post-project (right) view of three treated banks in the pasture area. 
 

 
Banks were treated by laying them back, and installing boulder vanes and a floodplain bench 
with rooted vegetation.  Other revegetation work included seeding with commercial native grass 
and sedge seed, covering slopes with straw, and planting seedlings from the Feather River 
College greenhouse (see project description for list of species). 
 
Figure 7.  Treatment Area A in September 2005. 
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Figure 8.  Treatment Area A in October 2008. 
Figures 7 and 8 show another 
typical raw vertical bank that 
was treated.  Here, as in most 
cases, rooted vegetation on the 
treated bank came from the 
opposite point bar.  One of the 
objectives of the treatment was 
to equalize the vegetative 
resistance on both banks. 
 
 
 
 
 
 
 
 

 
Figures 9-11. Pre- and post project cross-sections. 

 

 
 
These three cross-sections show pre- and post-
project bank lines.  Cross-section G1 shows a 
floodplain bench replacing a deep pool at an 
actively eroding bank.  GR4 shows a laid back 
bank and lowered floodplain opposite of the 
treated bank.  IJ Bar shows a newly 
constructed avulsed channel through a relict 
terrace.    
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Restore water quality:   
One turbidity sample was collected before the project in May 2007.  Two samples were collected 
post-project in 2008.  It appears that there is not a clear difference in turbidity between pre- and 
post-project conditions on the sample dates.  Samples collected at the top of the project area were 
collected just above Guidici’s upper diversion dam.  Samples collected at the bottom were 
collected just above the diversion dam at the bridge by the Guidici Ranch house.   
 
Figure 12.  Results from a few turbidity samples. 

Water temperature was measured 
both above and below the project 
area, before the project in 2006, 
and the first year after the project 
in 2008.  One would expect that 
cold water from Frenchman Dam 
would warm as it moves through 
the project area in the summer 
months.  This was the case in 
both 2006 and 2008.  Although, 
the smaller increase in 2008, is 
most likely due to the location of 
the hobotemp, which was in the 
dam pool in 2008, but just above 
the dam pool in 2006.  In both 

years, the data also show an interesting periodic decrease in water temperatures through the 
project area in both years, indicated by negative numbers in Figure 14.  This decrease tended to 
occur in the late afternoon, and is likely due to cooler subsurface irrigation return flows from the 
terraced meadow entering the channel through the gully walls. 
 
Figures 13 & 14.  Comparison of hourly air and water temperatures through the project area in 

pre- and post-project conditions. 
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Improves maintenance of existing infrastructure: One of the treatment areas, using one boulder 
vane,  protected Forest Service road 23N70 from being washed out due to erosion of the road 
slope toe.    
 
Figures 15 & 16.  October 2008 photos.  Boulder vane protecting road slope toe. 
 

 
 
The left photo was taken from the opposite bank.  The road is on the terrace at the top of the raw 
bank.  The single boulder vane, which directs flows away from the 23N70 road toe, is in the 
foreground in the photo on the right.  The exaggerated meander on the opposite bank was also 
treated (five vanes visible in the photo background), which should also help decrease the 
outcurve migration toward the road.   
 
Lessons Learned 
When cutting off a meander following an avulsion overflow channel, do not build a channel that 
necessarily follows the existing overflow channel alignment.  Create meanders in the channel 
that help to mimic the existing slope.  Straight avulsion channels increase the slope too much.  
Also, by building in meanders to the new channel, boulder vanes can be employed.  The cross-
vanes in the two straightened sections of channel are not working as well as the vanes on 
meanders.  In both straight areas (E and I), the channel is eating around some of the vanes, 
appearing to develop meanders.  
 
Water rights in Little Last Chance Creek are judicially decreed.  Water rights considerations 
played a major role in project design.  Working early and often with downstream users, and 
addressing their concerns, was necessary to completing this project.  
 
When working in irrigation delivery channels, such as Little Last Chance Creek, it should be 
assumed that there will be a bankfull flow before the first growing season.  Working with 
downstream users may help alleviate that problem. 
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Continued Monitoring 
Vegetation development should remain approximately equal between the new floodplains on 
outcurves, and the opposite point bars.  Further revegetation may be required to balance the 
vegetation on both sides of the channel until the treated areas are well vegetated.   
 
Cattle normally graze in the project area for three weeks in June.  This was reduced to one week 
in 2008.  It should remain at only one week in 2009 as well.  Three weeks of grazing may be 
allowable in 2010, based on vegetative recovery.    
 
Meander development in areas E and I should be monitored for excessive erosion or other 
undesirable developments. 
 
Noxious weed monitoring and hand removal was conducted in 2008, and will continue through 
2010.  Some bull thistle were removed.  Mullein, a non-native, is abundant in the project area.  
Some, but not all, were removed.  Mullein is not considered noxious.   Poverty weed was 
observed above the project area in 2006, and should also be removed during weed removal 
efforts.  
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Executive Summary

Background
1. To overcome procedure difficulties and limited accuracy of conventional stream

flow measurements and its susceptibility to probabilistic uncertainties it has been
deemed necessary to develop a method for more objective evaluation of baseflow
augmentation:

a. The objective of this monitoring project was to assess the feasibility of
environmental isotope methods to measure baseflow augmentation after
stream restoration.

b. The study was conducted at the 2006 Red Clover Creek channel
restoration project. The project is located in Red Clover Valley about 15
miles north of Beckwourth in eastern Plumas County, California.

c. For the purpose of this project the meaning of "baseflow augmentation"
is that portion of baseflow attributed to stream channel or watershed
restoration.

Estimating baseflow augmentation with environmental tracers
1. The most important result of this study is that estimating baseflow augmentation

with environmental tracers is a feasible option.
a. Water samples from select streams, wells, and springs were analyzed

for the environmental isotopes deuterium and oxygen-18 in water.
b. Comparison between up- and downstream concurrent data points,

before and after restoration, showed significant downstream isotope
changes in stream water.

c. The magnitude of the changes are interpreted as a measure of baseflow
augmentation, making it possible to estimate ground water contributions
during all year round flow conditions.

2. Despite the unavailability of site-specific stream flow data the results are
encouraging.

Conclusions

Given the simplicity of the proposed methodology and its low cost, this should be an
attractive option for future restoration projects whenever baseflow augmentation is one
of the project objectives. More so it could be applied to identify specific reaches that are
more suited for enhanced baseflow augmentation, should that become a primary
objective. The beauty is that the method may eventually become a way to generating
numerically scaled estimates of how baseflow conditions have improved relative to pre-
restoration conditions.

Recommendations
1. The method should be calibrated (verified) with a number of further data items to

be collected in the future:
a. The ground water mixing end member responsible for the downstream

changes has not yet been identified. The ground water sampling
program should be expanded to a few as of yet not visited wells and
springs in the area.



b. Site specific high quality stream flow estimates should be collected, both
above and below the project.

c. Concurrently with the stream flow measurements one more year’s worth
of stream water isotope sampling should be conducted.

2. An improved ground water storage estimates should be conducted, by obtaining
the following data:

a. Preparation of a ground water table map by installing more low-cost
piezometers in strategic locations.

b. Obtaining annual ground water level fluctuations by installing automatic
data loggers in strategic locations. One may even consider installing
ground water crest gauges to save costs.

c. Collect pumping test data to calculate applicable specific yield numbers.



Introduction

Background

The objective of this monitoring project is to assess the feasibility of environmental
isotope methods to measure baseflow augmentation in the 2006 Red Clover Creek
channel restoration project. The project is located immediately below the 1985
demonstration project. For the purpose of this project the meaning of "baseflow
augmentation" is that portion of baseflow attributed to stream channel or watershed
restoration.

A stream and ground water monitoring system was implemented at the restoration
project, including the 2.5 mile stream reach of Red Clover Creek (RCC) below the 1985
demonstration project. The subject reach was restored in the summer 2006, raising the
deeply incised stream channel by the pond-and-plug restoration method. The  project
site has been subject to intense data collection before, during and after the restoration
project, by the author of this report and by Plumas Corporation personnel (FR-CRM,
2009). It is expected that monitoring will continue in the future though with less intensity.
Fall, summer and spring field data collection was conducted mostly by the author of this
report. Winter data collection was included in the ongoing monitoring conducted by
Plumas Corporation.

The objective of this project was to apply environmental tracers to estimate baseflow
augmentation after stream channel restoration. In this case a combination of the stable
isotopes of hydrogen and oxygen and selected cations and anions dissolved in stream
and ground water were used.

The objective was to use two distinctly different isotope signatures to measure the
fraction of baseflow added to the late year streamflow above the lower stream reach. At
the inception of this project inflow of a ground water flow system from the north was
assumed. This was deemed an advantage since it would permit using two distinctly
different isotope signals (ground and stream water), assuming that ground water would
replenish the floodplain aquifer  in the fall. Nevertheless the situation turned out to be
more complex than anticipated. Instead of one, eventually at least two ground water
sources were identified.

Since monitoring began in late October 2005 and construction began in July 2006, it was
not possible to collect one full year’s worth of pre-project data. The late summer and fall
2006 data were affected by construction. Furthermore the 2007 water year were affected
by the system’s readjustment after restoration. Nevertheless it was possible to
characterize the isotope tracer patterns in the pre-restoration degraded channel.

It was also not anticipated that the restored stream system took more than one annual
cycle to ‘stabilize’. In other words to have the floodplain aquifer and the overlying surface
water system being fully reoccupied by stream water storage (steady state). This
required extending the data collection phase by almost eighteen months. This required
modification of budget priorities.

Hydrologic setting

A location map is shown in Figure 1 below. The project is located in Red Clover Valley
about 15 miles north of Beckwourth on the Goodwin Ranch in eastern Plumas County,
covering sections 1, 10, 11, and 12 of T24N, R13E.



Red Clover Creek is a perennial stream system. With the stream channel flowing east to
west in a wide open valley (about 2 miles wide), two ground water flow systems enter
from the north and the south as evidenced by several springs emerging along the
periphery of the meadow.

Based on the sediments exposed in the pre-project degraded channel and core drilling
data the floodplain aquifer is comprised of sandy loam with several layers of what
appear to be volcanic ash deposits. The sediment type suggests floodplain evolution in a
comparatively low gradient stream environment. The depth to underlying bedrock is no
more than 15 ft. Several bedrock outcrops attest to the nature of the underlying
formations. The upper project is underlain by volcanic rocks (see Quarry in the map,
Figure 1). Another area with volcanic outcrops is the so-called ‘constriction’. Large
granitic outcrops elsewhere in the project area suggest the volcanics were deposited on
granite.

The channel restoration project, comprising a plug and pond technique accomplished
bringing the stream back to the former floodplain. Thereby the floodplain aquifer is being
reoccupied by ground water. It is anticipated that eventually a new stream channel will
evolve from the plug-and-pond system.

Data collection

Field data collection was initiated in late October 2005, and until end of November 2005
data were collected in one week intervals. Thereafter data were collected in intervals of
about 30 to 60 days. The latest stream and ground water samples were collected in
November 2008. The data record covers a period of 36 months, essentially the water
years 2005/06 through 2007/08.

Water samples were collected from streams, wells, springs and precipitation. Samples
were submitted for lab analysis of the environmental isotopes deuterium and oxygen-18

Figure 1: location map, Red Clover baseflow monitoring, 2005 - 2008.



in water, and some major ion chemistry. Field measurements included electric
conductivity (EC) and temperature in water, stream stage and well water level data.
Adequate sample representation in stream water was sought by sampling only well
mixed channel reaches.

Ground water samples were collected from the monitoring wells using a specially
designed bailer made from 3/8 inch copper pipe. Isotope samples were stored in 40 ml
glass vials with screw caps and Teflon liners. Chemistry samples were collected in 250
ml plastic bottles. Well water levels were measured with an electric well sounder.

Isotope analysis was conducted by UC Davis Isotope Labs. A select number of samples
were also analyzed for major ion chemistry by Sierra Environmental Monitoring Lab in
Reno, Nevada.

Problems and constraints in data collection
1. A continuing challenge was winter data collection. Annual fall data collection

usually ended by early December, since after that the project became
inaccessible by automobile. Emerging winter conditions would require travel by
snowmobile which was often restricted by poor snow conditions.

2. A continuous ground water level data record would be very beneficial for these
type of projects. This could be accomplished by installing data loggers in selected
wells. The cost would be easily offset by savings in personnel travel time.

3. A major constraint in this project was the unavailability of up- and downstream
continuous stream gauging stations. Considering the size of this project, a
representative and continuous streamflow record, both pre- and post-project, is a
necessity for project evaluation and should be part of the restoration project
budget.

Stream water monitoring

Regular stream sampling was conducted at three locations (stations) on Red Clover
Creek. Additional locations were sampled whenever deemed necessary. Regular stream
monitoring locations are indicated on the map with blue labels:

1. The upper station is in a  reach above the restoration project, near the rocky
outcrop just below the 1985 demonstration project. Here samples and field
parameters (EC and  temperature) were collected.

2. The "lower station" is located below the lower rock plug, installed as a grade
control. Here samples and field parameters (EC and  temperature) were collected.

3. Since these stations are not suited for stream stage or flow measurements, a third
station was placed at Chase Bridge, about ½ mile downstream of the project,
where the stream is confined by the concrete bridge structure. Stage was
monitored by measuring the water level from the top of the upstream bridge
railing. Also  samples and field measurements were collected (the low flow stage
data may have been affected by downstream beaver activity).

Ground water monitoring

Spring locations

All sampled spring locations are indicated on the map with green labels. A total of six
spring areas were sampled:

1. The northern springs, referred herein as the “North Springs” are a group of four



springs discharging from a volcanic rock outcrop. These are typically sulfate
waters with field EC values of about 400 uS and temperatures that are anomalous
high.

2. McReynolds Spring is a poorly defined spring and seep area that is probably
affected by Thompson Creek. This is a bicarbonate water with an EC of about 300
uS.

3. The Cattle Spring is located south of the project, a spring that is developed,
fenced and furnished with a stock watering trough. EC is about 130 uS.

4. Boulder Springs is a group of three springs emerging from granite. EC is 250 uS
and the temperature of 18 oC is unusually high for ground water.

5. Mound Spring emerges from a grassy mound south of Red Clover Creek near the
constriction. EC is 160 uS and Temperature is 10 oC.

6. The ‘Seeps above the Lower Station’ emerged from the left bank about 500 ft
upstream from the lower station, after the flooded stream had receded in May
2006.

Piezometer installation

Ten  monitoring wells (piezometers) were installed to measure magnitude of ground
water table changes due to restoration. Locations are indicated on the map, with red
labels.

1. Four ½ inch galvanized steel pipe drive probe piezometers were installed by the
author of this report. DP-1 was installed on the southern floodplain in the lower
project. It was lost in late 2005 due to livestock vandalism. DP-2 was installed on
the south side in the upper project. DP3 was installed on the north side near the
"constriction".

2. Two more ¾  inch galvanized steel pipe drive probe piezometers were installed by
Plumas Corporation. RM-1 was installed at the constriction. RM-2 was installed in
the lower project, on the left bank above the rock plug (grade control).

3. In September 2006 six ¾  inch PVC monitoring wells were installed with a truck
mounted push probe (“geoprobe”). These are denoted as wells GP-1, 2, 3, 4, 5
and 6. Each well's PVC casing was installed with at least 5 ft of factory slotted
screen intervals.

Ground water level data were also collected from three monitoring wells which are part
of the 1985 Red Clover demonstration project. Unfortunately due to well deterioration
only two of these wells were accessible for sample collection.



Sediment cores

Sediment cores were retrieved from each borehole
before installation before installation of the ¾  inch
PVC monitoring wells using a truck mounted push
probe. The cores are intended for stratigraphic
analysis. Since the project does not include a
budget contingency for stratigraphic analysis, the
cores are kept in storage in transparent plastic
sleeves. It is proposed to eventually subject  these
cores to stratigraphic analysis to enhance our
understanding about the meadow stratigraphy and
meadow aquifer configuration.

.



Estimating baseflow augmentation with isotope tracers

Graphic presentation of isotope concentrations

Isotope concentrations are displayed as negative values. These are units of “per mil
deviation from the SMOW standard”, where ‘SMOW’ stands for ‘standard mean ocean
water’. In other words isotope concentrations of oxygen-18 and deuterium in water are
expressed in comparison with ocean water (SMOW). The values are negative since on
land meteoric waters are typically depleted with these isotopes, when compared to
ocean water. It should be kept in mind that the more isotope concentration a sample
contains, the less negative its isotope value is, and vice versa.

The local meteoric water line (LMWL) serves as a reference and is a regression
approximation of precipitation composition in the area. When waters evaporate they
become “enriched”, and their composition shifts to the right and up. The slope depends
on climate factors such as atmospheric humidity and temperature and water
temperature. The magnitude of the shift depends on the amount of evaporation.

A pattern reminiscent of evaporation (and vice versa) develops when two source waters
mix. Knowing the end member compositions, the magnitude of the mixing shift can be
used to calculate the relative mixing fractions.
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Figure 2: Principles of isotope hydrology applied to studying interception.



Identifying ground water  mixing

FIGURE 2: Ground water sources isotope compositions

1. In Figure 2 the isotope compositions of all ground waters are shown:
a. The northern springs plot in the lower left corner
b. The southern tributaries plot in the upper central diagram (open circles).

These ephemeral streams were sampled in May 2006.
c. The  springs sampled on the southern project periphery are shown as

blue diamonds, including (from left to right), Boulder Springs, Cattle
Spring, Mound Springs, and bank storage seeps near the lower station.

d. All piezometers (wells) monitored as part of this project, are plotted as
black stars.

2. Also shown is average Red Clover Creek stream water composition above the
project, sampled in the winter 2005-06, plotted as a green square.

3. The local meteoric water line (labeled as “LMWL”) serves as a reference,
depicting average snow sampled at this project and at a number of preceding
projects in  the nearby region.

4. The elongated plotting pattern suggests mixing between two ground water
sources, one from the north and one from the south. In other words the ground
water composition is determined by mixing between two end members. The two
mixing end members constitute:

a. The Northern Spring five springs discharging from a bedrock ledge in
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the Thompson Creek area. The McReynold spring area is a poorly
defined group of low volume seeps. The seep area is probably affected
by evaporation as indicated by its shift upwards (isotope enrichment).

b. Southern ground water manifesting as spring runoff in the seasonal
streams entering from the south. A seep emerging from the left stream
bank above the lower station supports this hypothesis.

Changes of stream water composition in the project

FIGURE 3: Isotope shifts from upper to lower station

1. For reference included in Figure 3 are the LMWL, the average stream water
composition above the project (A), the averages of North Springs (B) and the
Southern Tributaries (C).

2. Also shown are changes in stream water compositions above and below the
project.

a. Samples taken concurrently are connected with green and blue lines.
The lower-left end of each line represents stream water composition
above the project, and the upper right end below the project.

b. Green lines connect waters sampled in WY-06 (Water Year 2005-06),
i.e. before the channel was restored. (The water year begins October 1,
and ends September 30 of the next year.)

c. The blue lines apply to samples collected in WY-08, i.e. after the
channel was restored.

d. The length of each line is from hereon referred to as the “isotope shift”.
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3. To be clear, these lines indicate changes in stream water composition occurring in
the project reach measured during concurrent sampling events. As can be seen,
the isotope shifts increased dramatically after the completion of the restoration
project (blue versus green lines).

4. Also shown as ‘stars’ are ground waters sampled in monitoring wells RM2 and
DP3 located in the lower project and near the so-called “constriction”,
respectively. These data are not included in Figure 2 since they plot outside its
plotting range.

a. These samples plot in the middle and upper ranges between upper and
lower stations sampled in WY08.

b. In other words the data from these two wells plotting in line with the
WY08 isotope shifts suggest that there is a third ground water source,
denoted as ‘D’.

c. Since the monitoring well water compositions have been affected by
stream water in the floodplain they do not represent the upper mixing
end member. Instead that composition (D) is postulated to be identical to
lower project stream water plotting the farthest to the upper right.

Changes in the project reach: ground water influx

FIGURE 4: Changing isotope shifts between spring and fall.

1. Figure  4 illustrates the isotope shift over the course of each water year.
a. Changes for the water years 2005-06 and 2007-08 are shown.
b. The shifts were plotted on a logarithmic scale (vertical axis), to facilitate
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better resolution.
c. Also shown are depth to water level in well RM1, located near the

‘constriction’.
2. Pre-and post-restoration isotope shift patterns have both similarities and

differences:
a. Similarities:

i. Shifts are the least in spring (April) and at their maximum in the
fall (September-October).

b. Differences:
i. The post-restoration shifts are larger than pre-restoration shifts

(consider the logarithmic scale). In late summer and fall the shifts
increased by almost an order of magnitude.

ii. The post-restoration shifts change fairly smoothly from month to
month, showing a fairly  continuous pattern.

iii. The shift slopes (not shown) in WY08 are fairly constant, most
ranging between 4.3 and 4.6.

iv. By comparison the pre-restoration shift pattern is much more
irregular, with most slopes being much smaller, typically around
3.3 in the fall, and less than 2 in spring.

v. On the other hand in November 2005 (before restoration) slopes
are much higher. Some of the jagged deviations in late  summer
2006 are probably caused by disturbances during the
construction phase (June till November).

Discussion

The isotope shifts are calculated with the following equation (‘rule of Pythagoras’):

Shift     = Square root ((Oabove    -   Obelow)2  +  (Dabove   -   Dbelow)2)
Where O and D stand for oxygen-18 and Deuterium, respectively.

Based on our interpretation of these data, a significant amount of ground water
discharges into the lower channel from a third source. As can be seen in Figure 4,
ground water most dramatically affects stream water composition below the project
during the low flow months. Its significance has increased since the channel was
restored in the late summer and fall in 2006. In other words, the isotope shifts are the
result of mixing between stream water entering above the project (A), and the third
ground water source (D).

What about evaporation?

The interpretation of the stream flow data collected below the project, being symptomatic
of mixing with a ground water source, is reasonably convincing. Yet, the question
remains if the same data pattern could be occurring due to evaporation from the stream
channel. Indeed it is tempting to ask that question since the observed isotope shifts are
reminiscent of evaporation. However, several observations argue against this possibility.

1. The magnitude of the isotope shifts  from month to month are different than
expected if evaporation was the cause. The shifts observed in the months
September through December are the same if not greater, than the shifts seen in
July and August, the warmest and driest months of the year. Isotope shifts would



be expected t be greater when air and water temperatures are much higher.
2. Isotope shift slopes caused by evaporation depend on local atmospheric

parameters like temperature and humidity. Since these change from season to
season, correspondingly the slopes would be expected to change too. However,
in this case the post-restoration (WY08) slopes in Figure 3 are for all practical
purposes the same. In Figure 5 the calculated slopes are plotted (“rise-over-run”).
The WY08 average slope is 4.35, remaining in a very narrow range between 4.0
and 4.75 (with one exception of 6.4.). By comparison the pre-restoration WY06
slopes in Figure 5 are much more variable. However, slopes became more
consistent as soon as construction began.

3. Compared to the Northern Springs the stream water composition above the
project manifests no shifts that are typical for evaporation (see Figure 5). More so,
if evaporation would affect stream water composition then this should also be the
case here, at a location below the 1985 Demonstration Project, which has a
number of pools with slow moving water.

4. More so, the composition at the upper project (below the ’85 demo project)
typically the same as at the point where Red clover Creek crosses Laufman road
(about 3 miles upstream). On the other hand the few data available from Notson
Bridge suggest that isotope composition has not changed much either. However,
changes in the project are dramatic (shifts), while the slopes remain about 4.3.

5. For comparison, the McReynold Seep, sampled in summer 2006 and which is
most likely affected by evaporation, plots together with the Northern Springs on a
slope of 3.30. On the other hand tree canopy throughfall data collected near
Blairsden in the winter of 2005 plot on a slope of 7.0 (Bohm, 2008). If the stream
water in the project area was affected by evaporation then one would expect
isotope shift slopes  between upper and lower stations in that range. However,
post-restoration slopes remain practically the same throughout the year,
suggesting not evaporation but mixing.

Figure 5: Isotope shift slopes, before and after channel restoration.



Mixing calculations

The isotope data can be used for hydrograph separation to estimate ground water
contribution to total stream flow, before and after channel restoration.

A constraint is unavailability of stream flow data from stations above and below the
project. As a substitute project monthly flow data were estimated by using Notson Bridge
recording gauge data, to demonstrate the methodology to estimate baseflow
augmentation with tracer data. It is envisioned that the same approach can eventually be
refined and applied in future projects.

The respective ground water flow can be estimated by multiplying average stream flow
in that month Qstream by the observed shift for that month an dividing it by the maximum
possible shift (to ‘D’ in Figure 3):

Qgw = Qstream    x    (observed shift)/(maximum shift)    (cfs units)

Qgw is the fraction of stream water at any given sampling event ( < 1.0). The ‘observed
shift’ is the shift observed at any sampling event, between water entering and leaving the
project. The ‘maximum shift’ is the distance between mixing end members ‘A’ and ‘D’ on
Figure 3.

Results of mixing calculations are shown in Table 1 below.

The project stream flow in cfs was estimated by multiplying the Notson Bridge flows by
0.5. The 0.5 multiplier was based on comparing Notson Bridge data with above project
flow data collected by Plumas Corporation in 2008.
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The estimated stream and ground water flows are plotted in Figure 6. In the absence of
site specific flow data these estimates are, of course, somewhat uncertain. With a few
exceptions, most monthly data are estimates based on just one isotope data point. For
months without isotope data  no estimates were made. The comparatively smooth
pattern seen in Figure 4, suggests that the monthly estimates are probably
representative relative to each other, though the actual magnitude is uncertain without
site specific flow data.

The intent is to demonstrate the methodology applied to estimate baseflow
augmentation with isotope data.

There are several features in Figure 6 that are worth mentioning:
1. Evidently the ground water fractions of stream flow are the highest during the low

flow months.
2. Ground water fractions have increased since channel restoration.
3. Depth to ground water is the highest when total stream flow is greatest. Ground

water discharge is higher in months of low stream flow, when ground water levels
are lowered due to drainage from the floodplain aquifer. See also Figure 3.

Estimating annual baseflow augmentation volumes

The stream flow estimates based on isotope shifts can be compared with ground water
storage and discharge volume estimates based on specific yield, area affected and
annual ground water level range.

Assuming a valley length of two miles and a width o of ½  mile, a specific yield ranging
between 0.12 and 0.35, and ground water fluctuations of 2 ft. The actual volume is
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calculated, including affected area, ground water table (GWL) decline and specific yield
(Sy):

Baseflow augmentation volume = Area affected   x    GWL decline   x
Sy

Thereby the annual baseflow yield after restoration would be between 154 and 450 ac-ft
per year.

Converting the monthly ground water flows estimated with the isotope shifts into ac-ft per
month, the annual baseflow yield after restoration would be 200 ac-ft per year.

Admittedly, these are crude estimates, given the uncertainty of the input data. Yet, the
results are encouraging since both approaches yield estimates that are reasonably close
to each other. These estimates would have to be refined with better specific yield
numbers (generated from pumping test data) and site specific flow measurements.

By obtaining better input data for these calculations the isotope method can be
calibrated and refined. Given the simplicity of the method and its low cost, such effort
should be an attractive option for future restoration projects.

Possible mechanisms of stream-to-ground water interaction

Given the not yet fully resolved question whether the isotope shifts are due to
evaporation or mixing, for the time being two hypothetical scenarios are under
consideration.

Assuming mixing with a third ground water source causes the isotope shifts

During the major runoff season the stream channel overflows into the floodplain. stream
water infiltrates into the aquifer in the immediate proximity of the channel, replacing
ground water in the floodplain aquifer, pushed it away from  the channel. As a result the
ground water table rises in the spring and summer, and stream channel discharge
contains only very little ground water. After the summer and into fall streamflow
decreases allowing ground water to return into the channel proximity, eventually
discharging into the stream. As a result ground water levels in the wells decline and the
ground water fraction increases in the channel. Thereby the ground water source is for
the  summer prevented from discharging and is delayed to be later discharged. Since
the pre-restoration deeply incised channel did  not allow stream water to spread onto the
flood plain the floodplain aquifer was  recharged only to a limited extent, thereby allowing
ground water to discharge all year round. Channel restoration has changed that, by
restoring the original floodplains function (post-project baseflow augmentation).

Assuming evaporation is the cause of the isotope shifts

At flood stage stream water is spread extensively across the floodplain. Evaporation
would change the isotope composition (isotope enrichment), leading to isotope shifts as
observed. This water would infiltrate into the aquifer raising the ground water table as
observed. Once the flood waters recede and channel flow diminishes the previously
enriched water in the aquifer discharges into the channel and the ground water levels
decline. The stream water would show the isotope shift as observed. In this case a
fraction of stream water (‘marked’ with an enriched isotope signature) is temporarily
stored in the  aquifer to be discharged in the fall (baseflow augmentation).

Both hypothetical scenarios would result in the same effect: baseflow augmentation.



 Table 1 - Results of mixing calculations, estimating baseflow augmentation in stream
flow.

Table 1: Mixing calculations

Upper mixing endmember composition:

O-18 -5.68
Deuterium -71.40

year month       above project      below project
Upper-

lower stn.
Shift, ppt

percent
ground

water

Projec
t flow,
estim.

stream
water,

cfs

ground
water,

cfs
O-18 Deut. O-18 Deut.

Water Year 2006
2005 Oct -13.30 -100.5 -13.14 -100.1 0.4 1% 5.68 5.60 0.08
2005 Nov -13.66 -105.1 -13.58 -103.3 1.8 5% 5.68 5.39 0.29
2006 Dec 8.05
2006 Jan -14.61 -100.7 -14.49 -100.9 0.2 1% 10.42 10.34 0.08
2006 Feb 10.29
2006 Mar 10.16
2006 Apr -13.70 -101.8 -13.78 -101.9 0.1 0% 10.03 9.99 0.04
2006 May -13.65 -100.3 -13.62 -100.9 0.6 2% 9.66 9.46 0.19
2006 Jun -13.33 -100.5 -13.02 -99.4 1.1 4% 5.34 5.13 0.20
2006 Jul -12.94 -99.4 -12.65 -97.7 1.7 6% 4.40 4.15 0.25
2006 Aug -12.36 -98.7 -11.10 -93.6 5.3 19% 3.86 3.13 0.73
2006 Sep -12.48 -99.5 -11.28 -95.6 4.1 14% 2.84 2.44 0.40

Water Year 2006
2007 Oct -13.63 -103.5 -8.73 -80.9 23.1 70% 4.53 1.36 3.17
2007 Nov -14.34 -106.5 -11.26 -92.0 14.8 41% 4.53 2.67 1.86
2007 Dec -14.58 -108.1 -12.41 -98.0 10.3 27% 4.53 3.29 1.24
2008 Jan 6.40
2008 Feb -14.44 -107.8 -14.11 -105.7 2.1 6% 8.28 7.81 0.47
2008 Mar -14.37 -108.1 -14.09 -106.8 1.3 4% 10.16 9.80 0.36
2008 Apr -13.58 -102.2 -13.35 -101.2 1.0 3% 7.60 7.35 0.25
2008 May -13.32 -101.5 -12.97 -100.0 1.5 5% 4.64 4.41 0.23
2008 Jun -13.40 -102.5 -12.64 -98.9 3.7 11% 7.22 6.39 0.83
2008 Jul -12.71 -99.9 -11.25 -93.2 6.9 23% 5.27 4.04 1.23
2008 Aug -12.38 -99.6 -10.02 -89.2 10.7 37% 1.63 1.03 0.60
2008 Sep -12.85 -102.1 -6.46 -75.4 27.5 87% 0.56 0.07 0.49

2008 Oct -13.25 -102.0 -7.10 -77.4 25.4 80% 4.32 0.85 3.48
2008 Nov -14.00 -105.1 -11.30 -92.4 13.0 37% 8.09 5.07 3.03

Average ground water fractions:
WY-2006 6%
WY-2008 29%



Ground water level data

FIGURE 4: Ground water levels, selected piezometers

Monitoring wells
1. Figure 4 depicts ground water levels changing over time as measured in shallow

monitoring wells (piezometers). All monitoring wells are located south of the
stream, since flooding due to the restored project precludes access to the
floodplain to the north.

2. For clarity in the plot the well data sets were divided into two groups:
a. On the right vertical axis the lower project wells (RM-1 & 2) and the

1985 demonstration project wells were plotted.
b. On the left vertical axis the upper project wells were plotted, including

DP-2, and GP-2 through 6.
3. Both in the upper and lower project ground water levels were elevated

dramatically in response to restoration, beginning July 2006.
a. In the upper project (and probably also at the ‘constriction’) the water

table rose by about 9 ft immediately following restoration. This had
occurred by October 2006.

b. In the lower project (at the rock plug) and just below the 1985 demo
project (above this project), the full 10 ft recovery of ground water tables
took much longer and was not complete until August 2007.

4. Thereafter, as much as the data permit, one can discern certain seasonal
fluctuations:

a. The highest ground water table was not reached until March and April
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2008.
b. Thereafter the ground water declined to its minimum by about

September 2008.
c. Depending on location the water tables declined by  2 to 3 ft, between

the summer 2008 high (April) and the fall low (September 2008)..

Discussion

Presumably pre-project ground water fluctuations were minimal, yet few if any data  are
available. However, the lower 1985 demo project well records probably have useful data
(and should be examined).

The channel restoration project was completed by November 2006, after which the
ground water table in the floodplain started rising. The initial rise of about 9 ft was
dramatic, and had occurred by the end of the construction phase. After that the ground
water table continued to rise, and the ground water table was at its highest by March and
April 2008. In other words, depending on location it took between 12 and 18 months for
the restored section to fully saturate, i.e. for ground water levels to reach steady state.

Baseflow augmentation is the amount of ground water discharged when ground water
levels decline from that year’s crest to its greatest depth. It is a function of affected area,
ground water table decline and specific yield  (Sy).

Water chemistry, ground and stream waters

FIGURE 6: Ground and stream water chemistry
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1. Ground and stream Water chemistry contains much valuable information that can
reveal a number of important features about the site hydrology. In Figure 6
chemistry of selected ground and stream waters is compared:

a. The upper bar diagram includes selected anion equivalent percentages
(chloride, sulfate and bicarbonate alkalinity)..

b. The lower bar diagram shows total dissolved solids (TDS), expressed in
milligrams per liter (mg/l) for each water.

2. TDS and major anion percentages vary over wide ranges:
a. Spring waters on the south side and stream waters are bicarbonate

(HCO3) waters, (bicarbonate exceeding 90%).
b. At The upper station stream water TDS is 40 mg/l, which more than

doubles to 91 mg/l by the time it arrives at the lower station.
c. One reason for this dramatic increase is inflow of higher TDS water from

McReynolds Spring and the Northern Springs, entering Red Clover
Creek from the north, not far below the upper station.

3. A peculiar feature in this area is the occurrence of ground water with unusually
high TDS:

a. TDS in monitoring well DP3 exceeds 500 mg/l. In Monitoring well MW1
at the lower 1985 demo project TDS exceeds 1000 mg/l.

b. Compared to the low TDS bicarbonate stream and spring waters these
are sulfate waters, with sulfate exceeding 80%.

4. There are several reasons to believe that the high TDS in these waters is not the
result of evaporation in the vadose zone. Instead, the chemistry with high sulfate,
and low chloride and bicarbonate, is reminiscent of geothermal wafers in
northeastern California.

Discussion

It is reasonable to assume that sulfate and chloride act as conservative tracers at these
low concentrations. A cross-plot of sulfate versus chloride shows that all stream and
ground waters plot in a pattern that resembles a mixing pattern (the green mixing line is
curved since the x-axis is logarithmic). Apparently mixing between stream and ground
waters is prevalent in the entire project area (Figure 8A). Interestingly, the low discharge
McReynolds Seeps (and to some extent Thompson Creek) are set aside due to
evaporation - as is evident from the isotope data.



On the other hand, the high TDS waters form a separate group (DP3 and M1),
suggesting a separate source. The significance of the high TDS ground waters is that
they are shallow ground waters, probably emerging from faults in the granitic and
volcanic bedrock.

Finding high TDS water in two of the lower 1986 demo project monitoring wells (M1 &
M4) and in one drive probe piezometer (DP3) was unexpected. Although ubiquitous salt
deposits in the lower walls of the eastern degraded channel reaches may suggest that
such waters may be a common occurrence affecting stream water EC (which is a
measure of TDS ) the plot in Figure 8A suggests that this is not the case. Nevertheless,
the effect of elevated TDS from Thompson Creek inflow is evident in the EC increases
from 160 uS/cm at the upper station to about 220 uS/cm at the ‘constriction’.

The isotope data do not suggest that the high TDS ground waters are the result of
evaporation in the vadose zone. On the contrary, the low chloride, and high sulfate and
calcium speaks against these waters being derived from evaporation in the vadose
zone. For chemical reasons, evaporation would result in low sulfate and calcium, and
high chloride. Instead, this chemistry is rather reminiscent of geothermal waters in
northeastern California (high sulfate, low chloride and low bicarbonate).

Summary and conclusions

Estimating baseflow augmentation with environmental tracers

The most important result of this study is that estimating baseflow augmentation with
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environmental tracers is a feasible option. Despite the uncertainty of the input data
(stream flow estimates) a comparison with a very preliminary ground water storage
estimate which is also based on uncertain input data (i.e. affected area and specific
yield), the results are encouraging. It would be desirable if the method could be
calibrated (verified) with improved ground water storage estimates (more piezometers,
automatic data loggers in strategic locations and pumping test data to calculate specific
yield).

Given the simplicity of the method and its low cost, the method should be an attractive
option for future restoration projects whenever baseflow augmentation is one of the
project objectives. In principle the method is fairly simple, entailing collecting two 40 ml
stream water samples (up- and downstream) about once every 30 days for a year before
restoration and for one more year after the restored reach has attained steady state, and
several more samples from pertinent ground water sources. Thereby one should be able
to obtain a numerically scaled estimate of how baseflow conditions have improved
relative to pre-restoration conditions.

General

The original intent was to obtain within 12 months the kind of data that allowed change in
baseflow storage volume attributed to restoration, similar as in Big Flat. However, since
the restored stream reach was still adjusting towards steady state, the monitoring had to
be extended for an additional 12 to 18 months. In other words the restored system was
still filling up.

The isotope-shift pattern for the 2006-07 water year, the year after completion of
construction (not shown), is similar as in 2007-08, though much more  discontinuous and
for the most part plotting between the previous and following years. It was a phase when
the restored stream reach was still adjusting towards steady state. In other words the
newly created ground water storage space was still filling up, while surface water
storage was enhanced by renewed beaver activity.  This can definitely be seen in the
ground water levels measured in wells.

Whether by now the system has achieved steady state, still remains debatable, given
the downstream flow data collected by Plumas Corporation in 2008.

This data analysis has been significantly complicated by a situation that was not
expected when this project was incepted. It was anticipated that restoration would result
in a fairly well defined channel similar as in Big Flat. This would allow for rapid channel
flow, while ground water recharge would occur in the upper reaches and ground
discharge in the lower reach. Instead restoration changed a deeply incised channel into
a wide wetland like channel system, that migrates from one deep pool to the next via
shallow, sometimes poorly defined open channels and floodplain sections. More so
beaver activity added to the water being spread across the newly acquired floodplain.

Nevertheless the results of the mixing calculations are encouraging, suggesting that
environmental tracer methods are a feasible option to objectively measure the degree of
baseflow augmentation due to stream channel restoration. The ground water mixing
signal nevertheless suggests increased ground water storage and release (baseflow
augmentation) similar as was for example noticed in the Big Flat data (Bohm, 2007).

At this point it can not be concluded that the restored system is unduly affected by
evaporation, given the lack of convincing evidence, (including the EC data that were
collected with each sample). On the other hand, given the evidence of a third ground



water source that serves affecting stream flow in the lower project with a composition
somewhere beyond the upper ends of the blue lines in Figure 3, ascertaining its true
isotope composition is highly desirable. To bring this issue to a final conclusion one
more final focused data collection effort is warranted.

A troublesome question is the need to identify the physical process whereby ground
water discharge increased after restoration. As explained in this report, from a
conceptual viewpoint it seems possible, however, it would be good to test these
hypotheses with a number of conceptual ground water modeling scenarios.
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