
Upper Columbia River Group 
 

Box 413 

Spokane, Washington 99210 
  

  

 

June 21, 2011 

 

Washington State Recreation & Conservation Funding Board  
c/o Washington Recreation & Conservation Office  

P.O. Box 40917 Olympia, WA 98504-0917 

 

Re: Agency Termination of Languishing Project, Spokane Whitewater Park 

 

Dear Members of the RCO Funding Board: 

 

Thank you for the opportunity to comment on a proposed project potentially 

impacting the Spokane River.  The Upper Columbia River Group Sierra Club 

is one of the largest grassroots conservation organizations in the Inland 

Northwest, and a member of the Washington State Chapter – Sierra Club.  

Our members enjoy and seek to conserve the water and wildlife resources 
found throughout eastern Washington. 

 

Sierra Club supports the decision by the RCO Funding Board to terminate the 

$530,000 grant to study the Spokane River Whitewater Park.  While we 

generally support non-motorized recreational use of the Spokane River, 

recent studies have revealed that the location of this proposed project would 

be in the middle of an ecologically sensitive area. 

 

Avista Corporation recently completed an evaluation of wild redband trout 

spawning areas in the reach of the Spokane River between Monroe Dam and 

Nine Mile Dam.  Avista’s study shows that there is a highly productive 

spawning reach in the immediate vicinity of the proposed whitewater park.  

Redband trout populations in the Spokane River are declining, underscoring 
the need to protect habitat. 

 

The proposed whitewater park would involve placing an underwater dam in 

the river, directly upstream of spawning areas.  This dam (which would 

create a whitewater wave) would impact the hydraulics of the river, and 

potentially wash out the “north river bend” spawning area directly 

downstream of the Sandifur pedestrian bridge.   

 

No agency has ever evaluated alternative sites for the proposed whitewater 

park in the Spokane River.  A grant to study this particular site would not be 

a wise use of scarce public resources.  Knowing that recreation and 



 

conservation project funds are limited and important, we recommend that 

these public monies would be better spent on a project more likely to be 

built and provide a public benefit.  Meanwhile we encourage study of 

alternative whitewater park sites that will not risk important fisheries 

habitat.   

 

Your attention to this matter is appreciated.  Please do not hesitate to 
contact me if I can provide more information. 

 

Sincerely, 

 

Shallan Knowles 

 

Shallan Knowles 

Conservation & Volunteer Coordinator 

shallanspokane@gmail.com / 509-714-8850 

 
Cc: 

Mayor Mary Verner, City of Spokane 

Joe Shogan, Spokane City Council, President 

Amber Waldref, Spokane City Council Member 

Bob Apple, Spokane City Council Member 

Jon Snyder, Spokane City Council Member 

Richard Rush, Spokane City Council Member 

Steve Corker, Spokane City Council Member 

Nancy McLaughlin, Spokane City Council Member 

Rachael Langen, RCO Deputy Director  

Rebecca Connolly, Board Liaison  

Dan Haws, RCO Project Manager 

Leroy Eadie, Director, City of Spokane Parks & Recreation 
Nancy Lopez, Department of Natural Resources  

 

mailto:shallanspokane@gmail.com


 

 

 
June 21, 2011 
 
Washington State Recreation and Conservation Office 
Rachael Langen, Deputy Director 
PO Box 40917 
Olympia, WA 98504 – 0917 
Sent by email:  Rachael.langen@rco.wa.gov  
 
 Re:  Appeal for Spokane Whitewater Park 
 
Dear Ms. Langen: 
 
It is my understanding that the Recreation Conservation Funding Board is going to consider rescinding 
the grant relating to the Spokane Whitewater Park (RCO#06-1967).     
 
I write to urge the Board to extend the grant for this project. The process of constructing the 
Whitewater Park has been complex and measured, but the City of Spokane (through support of the 
Mayor, City Council and Park Board) and Friends of the Falls are committed to seeing this project to 
completion. The pace at which this project has progressed is a result of thoughtful consideration of our 
environment, wildlife and neighborhoods.       
    
The Spokane Whitewater Park is an important project to the City of Spokane and its economic 
development strategy.  It also enjoys widespread support from within the Spokane community and is 
central to a larger vision, the Great Spokane River Gorge.  
 
Thank you for your consideration. 
 
Regards, 

 
State Representative 
3rd Legislative District 

mailto:Rachael.langen@rco.wa.gov


From: Barkis, Kathleen (RCO) on behalf of RCO MI General Info (RCO)
To: Connolly, Rebecca (RCO)
Cc: Kennedy, Lynn (RCO)
Subject: FW: oddly, I support your decision to NOT provide funding - Spokane whitewater
Date: Tuesday, June 21, 2011 8:26:23 AM

-----Original Message-----
From: S B [mailto:manyuniverses@yahoo.com]
Sent: Monday, June 20, 2011 6:35 PM
To: RCO MI General Info (RCO); RCO MI General Info (RCO)
Cc: Brown, Lisa; Sam Christensen for Gov. Gregoire; Ormsby.timm@leg.wa.gov; vote@andybillig.com
Subject: oddly, I support your decision to NOT provide funding

For several reasons, I APPRECIATE the fact that the R and C Funding Board  has WITHDRAWN possible
supplementary funding of the development of the proposed whitewater put-in in
Spokane.  

I live in Spokane and, in fact,  happen to live near the proposed whitewater put-in. 

I once was a raft guide and whitewater kayaker, so one might think I'd be
frustrated by your withdrawal of funding,  BUT INSTEAD, I think you MADE THE CORRECT decision. 

To the city of Spokane, I've mentioned some already existing issues (including
trash, alcohol, unsanitary campers [Hint – I pick up after my dog, the "campers"
often don't pick up after themselves, much less their dogs.   And I've been told
that the city is not directing its resources to monitoring that because the
excuse is that the city is short staffed, BUT, I regularly see, with my own
eyes, multiple uniformed staff in coffee shops, so the reality appears to be
otherwise.], and speed of some traffic  [there's already a cross on a tree 
presumably for a traffic fatality on the road very close to the proposed
whitewater site,])  with the area near the proposed put-in. 

The city said that they'd deal with the issues.  BUT, the city hasN'T
consistently  done so.  Instead I've been given give weak (and evidently
untruthful) excuses. 

I understand that on June 23rd, the city will attempt to get you to restore the
funding. 

Please do NOT restore the possiblity.   Please do NOT give the city's pledges of
being a responsible municipality much value.  Evidently, the city already has an overflowing plate.

The city's (NON)actions speak louder than words.    The city's pledges are
evidently hollow.  Maybe for two or three years IF the city consistently
addresses the already existing trash, alcohol, unsanitary campers, and speed-
of-some-of-the-traffic issues and THEN should the city approach you for
consideration, THEN you could give Spokane some serious consideration.

At present, it'd just give whitewater recreationists a bad appearance.

mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=KATHLEENB
mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=GENERALINFO
mailto:Rebecca.Connolly@rco.wa.gov
mailto:lynn.kennedy@rco.wa.gov
mailto:manyuniverses@yahoo.com




From: Langen, Rachael (RCO)
To: wsabrahamse@comcast.net
Subject: RE: RCO#06-1967
Date: Friday, June 03, 2011 11:43:45 AM

From: wsabrahamse@comcast.net [mailto:wsabrahamse@comcast.net] 
Sent: Thursday, June 02, 2011 8:46 AM
To: Langen, Rachael (RCO)
Subject: RCO#06-1967
 
Dear Ms. Langen:

 
It is our understanding that the Recreation Conservation Funding Board is taking into
consideration rescinding the grant relating to the Spokane Whitewater Partk (RCO#06-
1967). 
 
The Spokane Falls Chapter of Trout Unlimited supports healthy, beneficial public use of the
Spokane River.  We are also advocates for the native redband trout.
Our position on the Whitewater Park in the Spokane River has been consistent, that it should
not be built unless an Environmental Impact Study (EIS) determines that it will not impact
the native fish at any stage of their life cycle. 
 
It is essential that the study be done to better understand the types of activities that can co-
exist with healthy fish populations.
 
Because we put so much importance on the good information expected from the EIS, we
support the City of Spokane in requesting that the RCO grant be extended for the reasonable
length of time necessary to complete the study.
 
Thank you for your consideration.

Bill Abrahamse
President - Spokane Falls Trout Unlimited (www.spokanefallstu.org)
509-209-4048

mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=RACHAELL
mailto:wsabrahamse@comcast.net
http://www.spokanefallstu.org/


From: Langen, Rachael (RCO)
To: Steve Bailey
Cc: Haws, Dan (RCO)
Subject: RE: Spokane Whitewater Park Grant
Date: Friday, May 27, 2011 10:33:59 AM

From: Steve Bailey [mailto:rockjumper525@yahoo.com] 
Sent: Friday, May 27, 2011 8:40 AM
To: Haws, Dan (RCO); Langen, Rachael (RCO)
Subject: Spokane Whitewater Park Grant
 
Dear Ms. Langen & Mr. Haws,
I am writing you after hearing that the grant renewal request for the Spokane Whitewater Park had
been denied.  It would be a shame for all of the supporters and those that have worked hard on this
project.  To be the first in the state to complete a project of this nature is not easy and takes time to do
it right. 
My Wife and I are both avid Whitewater Kayaker's and enjoy spending our time on the Spokane
River.  To have a river of this quality running right through the City of Spokane and the City of the
Spokane Valley, and the ability to access it after work is very unique.  The addition of the WWP would
bring that next level of quality and also bring the availability close to the core of the City of Spokane. 
We hope to get our son out on the river soon and would spend plenty of time with him at the Spokane
WWP if it were to become a reality.  We look forward to sharing our experiences with him as he grows
up and a WWP would help provide a great and safe area for his learning experience.  
As a family we have traveled to many of the whitewater parks in five states and seen what
they can do for a community.  To add to that perspective my wife is a Social Worker, I am
a Rescue Professional and a Whitewater Kayak Instructor.  We have seen first hand accounts
of how a WWP can provide:

A safe place for youth programs (have been told by kids that with out the WWP in
town, they would not be kayaking)
Safe environment for Kayak and paddle board classes
Training grounds for swift water rescue
Community and larger events
Safe place for people to swim, inner tube, take their families, etc.
Revitalization of entire neighborhoods and cities
and more than can be put in words

In many communities the WWP has brought people down to the river.  Whether they go
down to the park to get in the water or just benear the river and watch.  The WWP has
brought an awareness to the waterway.  As a result the community starts to have a greater
awareness of any environmental issues, safe leave no trace practices, etc., and an overall
heightened sense of pride in their communities rivers.  Please we urge you to consider the
extension of the grant, give the opportunity for Spokane to properly finish the process for
permits, and make the park a reality in Spokane.  Many Cities in Washington could benefit
from a WWP and being the first is never easy.
Sincerely,
Steve Bailey
Spokane Valley, WA  
 
 

mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=RACHAELL
mailto:rockjumper525@yahoo.com
mailto:Dan.Haws@rco.wa.gov


From: Langen, Rachael (RCO)
To: Leah Barbieri
Subject: RE: Save the Spokane Whitewater Park
Date: Wednesday, May 25, 2011 11:26:53 AM

From: leahwbarbieri@gmail.com [mailto:leahwbarbieri@gmail.com] On Behalf Of Leah Barbieri
Sent: Tuesday, May 24, 2011 3:39 PM
To: Langen, Rachael (RCO)
Subject: Save the Spokane Whitewater Park
 
Dear Ms. Langen:
It is my understanding that a Recreation Conservation Funding Board is taking into
consideration rescinding the grant relating to the Spokane Whitewater Park (RCO#06-
1967).   
I write to urge the Board to extend the grant for this project. The process of constructing the
Whitewater Park has been complex and measured, but the City of Spokane (through support
of the Mayor, City Council and Park Board) and Friends of the Falls are committed to seeing
this project to completion. The pace at which this project has progressed is a result of
thoughtful consideration to our environment, wildlife and neighborhoods and nothing
more.        
The Spokane Whitewater Park is an important project to the City of Spokane and is
fundamental to Spokane’s economic development strategy.  As well, it enjoys widespread
support from within the Spokane community and is central to a larger vision; The Great
Spokane River Gorge.
 
Thank you for your consideration,
Leah Barbieri
 

--

 
Our new Body Essentials line is finally here! Just in time for spring!
Everyday products at every day prices - moisturizer, sunscreen, lip shield and a foaming
sunless tanner. 
 
Leah Barbieri | 509.953.0838 | leahbarbieri@msn.com
leahbarbieri.myrandf.com | to shop
leahbarbieri.myrandf.biz | to learn about the business
 
 
 

mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=RACHAELL
mailto:leahbarbieri@msn.com
https://leahbarbieri.myrandf.com/Shop/Product/ESBL200
mailto:leahbarbieri@msn.com
http://leahbarbieri.myrandf.com/
http://leahbarbieri.myrandf.biz/


From: Tom Barrett
To: Connolly, Rebecca (RCO)
Subject: Spokane Whitewater Park
Date: Wednesday, May 25, 2011 4:27:50 PM

I was somewhat shocked today when I was notified that the funding for the whitewater park
may be pulled.  I have tended bar at the Red Lion Hotel at the Park located on the river in
downtown Spokane for over ten years.  For many tourists to the area I am the face of
Spokane and spend many hours a day promoting our city and acting as a tour guide to ensure
my guests leave happy.  When I bring up the idea of the whitewater park people are
fascinated that something that cool could be located so close to an urban core.  Many of these
people have never floated a river, I have.  I want this project to move forward because I am
hoping to be one of the first people to surf the Spokane River.  I am also an avid fly-
fisherman and it is hard for me to believe that the red band cutthroat would be threatened by
the whitewater park.  Talk to people who have witnessed the successes of other whitewater
park projects - The Truckee River, Brennan's wave in Missoula, etc..  We know that the
project will be a success from the eyes of people like me that will use the park, but the real
victory is the revenues generated on the many different layers that this project will create. 
Please reconsider anything that will effect this project negatively and know that you are one
of the people who can steer a city in a positive direction.

I appreciate your time and your service to me as a Washington State taxpayer,

Thomas Matthew Barrett  

mailto:tom.barrett@rocketmail.com
mailto:Rebecca.Connolly@rco.wa.gov


From: Langen, Rachael (RCO)
To: Bob Bishopp
Subject: RE: Spokane Whitewater Park
Date: Friday, June 03, 2011 12:07:38 PM

-----Original Message-----
From: Bob Bishopp [mailto:rbishopp@me.com]
Sent: Thursday, May 26, 2011 10:20 AM
To: Langen, Rachael (RCO)
Subject: Spokane Whitewater Park

Dear Ms. Langen:

It is my understanding that the Recreation Conservation Funding
Board is considering rescinding the grant (RCO#06-1967) previously
given Spokane for its Whitewater Park. I am aware of the lengthy
process  that the City of Spokane, with support from the Mayor, City
Council and Park Board, has embarked upon. I support their
conscientious efforts to take into consideration the environment,
wildlife and neighborhoods in the development of this project.
Although lengthy, the process has been thoughtful.

The Whitewater Park is a strategic project for Spokane and is an
essential component of its economic development strategy. It is
widely supported and is a central part of a larger vision, The Great
Spokane River Gorge.

Please extend the grant for this important project!

Sincerely,

Bob Bishopp

1916 W. Forest Hill Lane

Spokane, WA. 99218

Sent from my iPad

mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=RACHAELL
mailto:rbishopp@me.com
mailto:rbishopp@me.com


From: Langen, Rachael (RCO)
To: Rebecca Brown
Cc: Haws, Dan (RCO)
Subject: RE: Spokane River White Water Park Project - please extend RCO state grant
Date: Monday, June 06, 2011 2:18:56 PM

From: Rebecca Brown [mailto:latahcreek@gmail.com] 
Sent: Thursday, May 26, 2011 5:35 PM
To: Haws, Dan (RCO); Langen, Rachael (RCO)
Subject: Spokane River White Water Park Project - please extend RCO state grant
 
Ms. Langen and Mr Haws,

I am strongly urging you to reconsider extending the RCO grant of $530,000 to the City of
Spokane that was designated for The Spokane River White Water Park project.
 
The project, which is supported by the City of Spokane and the local community would
benefit the city (and region) in many ways, including attracting tourism, provide an outlet for
safe youth recreation in an urban area, and most importantly, providing public access to and
awareness of the river.  The project would clean up safety hazards currently in the river from
old railroad bridges, and improve the river left bank, which is currently composed of eroding
rubble.  The site would provide a venue for national and international competition, which
would raise the profile of the city.
 
I am a riparian ecologist and university professor and have been a supporter of the
whitewater park for several years.  I see it as a wonderful way to educate the public about
rivers and recreation.  The park will improve the environment in the area and have very
minimal environmental impact during construction.   I look forward to sharing the park with
my boys when they are older.  As a family, we have even included the park in our
considerations about which neighborhood to live in. 
 
There have been a large number of supporters of the park who have worked hard for years to
make this park a reality, and have even raised matching funds to allow this project to
proceed.  Please strongly consider extending the RCO grant for the whitewater park in
Spokane.
 
Sincerely,
 
Rebecca Brown
919 S. Basalt St
Spokane, WA
509-435-7642

mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=RACHAELL
mailto:latahcreek@gmail.com
mailto:Dan.Haws@rco.wa.gov
tel:509-863-5946


From: Langen, Rachael (RCO)
To: Jerico Cairns
Subject: RE: Spokane Whitewater Park Grant (RCO#06-1967)
Date: Thursday, May 26, 2011 10:34:21 AM

From: Jerico Cairns [mailto:docjerico@hotmail.com] 
Sent: Thursday, May 26, 2011 8:56 AM
To: Langen, Rachael (RCO)
Subject: Spokane Whitewater Park Grant (RCO#06-1967)
 

Dear Ms. Langen,
 
As a resident of the city of Spokane and an avid outdoor whitewater enthusiast, I am writing you to
urge the Recreation Conservation Funding Board to extend the grant for the Spokane Whitewater Park
(RCO#06-1967).  My understanding is that the Board is taking into consideration rescinding the grant.
 
The process of constructing the Whitewater Park has been complexed and measured, but the City of
Spokane (through the support of Mayor, City Council, and Park Board) and Friends of the Falls are
committed to seeing this project to completion.  The pace of the project is a result of thoughtful
consideration to our environment, wildlife, and neighborhoods.  My personal residence is minutes from
this projected site and my family and many neighboring families look forward to the opportunity to
enjoy the park once completed.  My close friend, and former Spokane City Council member, Brad Stark
also shares my endorsement of extending the grant.
 
The Spokane Whitewater Park is an important project to the City of Spokane and is fundamental to
Spokane's economic development strategy.  As well, it enjoys widespread support from within the
Spokane community and is central to a larger vision: The Great Spokane River Gorge.
 
Thank you for your time and consideration,
 
Jerico Cairns, M.D.
Emergency Physician and Whitewater Enthusiast
Resident of Spokane, WA

 
 

mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=RACHAELL
mailto:docjerico@hotmail.com


From: Spokane Rafter Guy
To: Langen, Rachael (RCO); Haws, Dan (RCO); Connolly, Rebecca (RCO)
Subject: Spokane Whitewater Park Grant
Date: Wednesday, May 25, 2011 2:46:23 PM

Greetings Rachael, Dan and Rebecca:

I wanted to urge you on behalf of the local boating community and the Northwest Whitewater
Association in Spokane to do what is possible to see to it that the state renews the grant for our long-
pending whitewater park.

I have been involved with the project in one form or another since its inception and was hoping that we
would have long been using the park by now.

I've visited parks in places like Golden, Denver and Casper and have seen how they work to bring
people to the rivers and creeks. What I have noticed with these other parks is that they do not only
attract an elite group of whitewater boaters but rather the community as a whole.

This "see level" view in turn helps people gain a greater appreciation of a given waterway.

And we can use all the people we can to take an interest in that Spokane River, a waterway that has
has been described as the "world's most unique urban river."

I can attest from having spent countless days on this river over the past 30-plus years that being in
touch, and the WWP will be a huge asset to the Spokane area, and its precious river.

Any questions, feel free to contact me as I have probably as good a knowledge of the Spokane River as
anyone.

Best Regards,
Paul Delaney
President/co-Founder N.W. Whitewater Assoc.

mailto:spokanerafterguy@q.com
mailto:Rachael.Langen@rco.wa.gov
mailto:Dan.Haws@rco.wa.gov
mailto:Rebecca.Connolly@rco.wa.gov


From: t yaker
To: Connolly, Rebecca (RCO)
Subject: Spokane Whitwater park grant
Date: Thursday, May 26, 2011 10:08:36 PM

Dear Ms. Connolly,

Would you please forward my letter below to the RCOFB for the May 23, 2011 regular meeting
regarding the appeal for extension of the RCO grant to the City of Spokane - White Water Park Project;

Members of the Recreational and Conservation Funding Board,

I am urging you to extend the RCO grant of $530,000 to the City of Spokane that was designated for
The Spokane River White Water Park project.

This project has the support of the City of Spokane, the local community and non-local communities and
would be such a huge benefit to our area, something that we can be proud of, utilize ...... a legacy.  

The benefits of the White Water Park as I see it are:
1) Attracting tourism to Spokane and to the state of Washington
2) Providing safe recreation in an urban area - surfing, rafting, boogie boarding, kayaking
3) Providing the potential for adult and youth programs
4) Providing public access to a true natural wonder of the area
5) Stabilizing the current, eroding river banks
6) Removal of hazardous obstacles currently at the project site
7) Provides a venue for national and international competition (free style white water kayaking)
8) Promotes awareness of outdoor resources
9) Promotes awareness of the river
10) Creates a healthy environment for fish

If you have visited some of the nation's white water parks  -  Missoula  MT, Cascade ID, Green River
WY, Reno NV, Casper WY, Salida CO, Buena Vista CO, Glenwood Springs CO to name just a few - you
would realize first hand what a vital asset these parks have been to these communities and a source of
pride.  

Currently, Spokane (and the rest of the USA for that matter) needs something to be proud of.  Give
Spokane the opportunity to realize that pride by extending the RCO grant.  

I realize that money is short in the current Washington State Budget.  The $530,000 grant would yield
so much more in return and not only in dollars sense.  

Before you make your decision, I am urging the board to take 4.5 minutes to watch a video I have
made that demonstrates what a white water park is and how it's utilized and benefits the community it
serves;  

http://isurfvideos.blogspot.com/2009/05/welcome-to-isurf.html

Thank You,
 
Brian Durheim

mailto:bjivin@hotmail.com
mailto:Rebecca.Connolly@rco.wa.gov
http://isurfvideos.blogspot.com/2009/05/welcome-to-isurf.html


From: Langen, Rachael (RCO)
To: Sam Fleming
Subject: RE: written appeal for Spokane Whitewater Park
Date: Wednesday, May 25, 2011 12:21:37 PM

From: Sam Fleming [mailto:sfleming@nextit.com] 
Sent: Tuesday, May 24, 2011 4:24 PM
To: Langen, Rachael (RCO)
Subject: written appeal for Spokane Whitewater Park
 

Written Appeal for Spokane Whitewater Park
 
Washington State Recreation and Conservation Office
Rachael Langen, Deputy Director
PO Box 40917
Olympia, WA 98504 – 0917
 
 
Dear Ms. Langen:
It is my understanding that a Recreation Conservation Funding Board is taking into consideration
rescinding the grant relating to the Spokane Whitewater Park (RCO#06-1967).   
 
I believe that this is the first of several projects for the area that could improve the state of the
park and overall utilization of a great area within our region. While I have no direct interest in
whitewater rafting I believe projects that encourage and develop within appropriate bounds the
park area to facilitate activities and utilization are a boon to the region.
 
I urge the Board to extend the grant for this project. The Spokane Whitewater Park is an important
project to the City of Spokane and is fundamental to Spokane’s economic development strategy. 
As well, it enjoys widespread support from within the Spokane community and is central to a larger
vision; The Great Spokane River Gorge.
 
Thanks,
Sam Fleming
 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

Sam Fleming - VP, New Market Development
Next IT Corporation
509.458.8625 [office]
509.998.1758[mobile]
509.467.8066 [fax]
http://www.nextit.com
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

 

mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=RACHAELL
mailto:sfleming@nextit.com
http://www.nextit.com/


From: Langen, Rachael (RCO)
To: Mike
Subject: RE:
Date: Friday, June 03, 2011 11:42:44 AM

From: Mike [mailto:mjfreud@msn.com] 
Sent: Thursday, June 02, 2011 7:45 PM
To: Langen, Rachael (RCO)
Subject:
 
Written Appeal for Spokane Whitewater Park

 
 
Dear Ms. Langen:
It is my understanding that a Recreation Conservation Funding Board is taking into consideration
rescinding the grant relating to the Spokane Whitewater Park (RCO#06-1967).    
I write to urge the Board to extend the grant for this project.The process of constructing the
Whitewater Park has been complex and measured, but the City of Spokane (through support of the
Mayor, City Council and Park Board) and Friends of the Falls are committed to seeing this project to
completion. The pace at which this project has progressed is a result of thoughtful consideration to
our environment, wildlife and neighborhoods and nothing more.        
The Spokane Whitewater Park is an important project to the City of Spokane and is fundamental to
Spokane’s economic development strategy.  
 
Thank you for your consideration,
Mike Freudenthal
 
 

Sent from my iPad

mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=RACHAELL
mailto:mjfreud@msn.com


From: Langen, Rachael (RCO)
To: Griffith, Ryan
Subject: RE: Appeal for Spokane Whitewater ParkSpokane Whitewater Park
Date: Wednesday, May 25, 2011 1:15:47 PM

From: Griffith, Ryan [mailto:rgriffith@spokanecity.org] 
Sent: Wednesday, May 25, 2011 9:08 AM
To: Langen, Rachael (RCO)
Subject: Appeal for Spokane Whitewater ParkSpokane Whitewater Park
 
 
Dear Ms. Langen:
 
It is my understanding that a Recreation Conservation Funding Board is taking into
consideration rescinding the grant relating to the Spokane Whitewater Park (RCO#06-
1967).   
I write to urge the Board to extend the grant for this project. The process of constructing the
Whitewater Park has been complex and measured, but the City of Spokane (through support
of the Mayor, City Council and Park Board) and Friends of the Falls are committed to seeing
this project to completion. The pace at which this project has progressed is a result of
thoughtful consideration to our environment, wildlife and neighborhoods and nothing
more.        
 
Why it’s so important:

·          Improve access to one of Spokane’s most important assets, our river.
·          Provide economic value in the form of increased tourism and recreational spending.
·          Provide a venue for Spokane to host regional and national kayaking competitions.
·          Create a vibrant hub which ties together several of our city’s great neighborhoods.
·          Provide improved parking and rest rooms facilities for all users within the High Bridge, People’s Park

and Gorge area.
·          Provide an easily accessible place to teach young people kayak, canoe and whitewater safety.
·          Increase safety for all river users by removing several very large abandoned concrete bridge piers.

 
The Spokane Whitewater Park is an important project to the City of Spokane and is
fundamental to Spokane’s economic development strategy.  As well, it enjoys widespread
support from within the Spokane community and is central to a larger vision; The Great
Spokane River Gorge.
 
Thank you for your consideration,
 
Sincerely,
 
 
Ryan Griffith
Recreation Supervisor I
Outdoor Programs
Personal Interest
Spokane Parks and Recreation
2304 E Mallon
Spokane, WA 99202
rgriffith@spokanecity.org
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www.spokaneparks.org
Office: 509-363-5418
Fax: 509-363-5454
 

 

 
 

http://www.spokaneparks.org/
http://www.facebook.com/pages/Spokane-WA/Spokane-Parks-and-Recreation/100132414864
http://twitter.com/SpokaneRec
http://www.youtube.com/spokaneparksandrec


From: Langen, Rachael (RCO)
To: Jeff and Betsy Hooper
Subject: RE:
Date: Wednesday, May 25, 2011 11:27:32 AM

From: Jeff and Betsy Hooper [mailto:jbkhooper@msn.com] 
Sent: Tuesday, May 24, 2011 3:48 PM
To: Langen, Rachael (RCO)
Subject:
 
Dear Ms. Langen:

 

It is my understanding that a Recreation Conservation Funding Board is taking into
consideration rescinding the grant relating to the Spokane Whitewater Park (RCO#06-
1967).   

 

As a life-long resident of Spokane, I write to urge the Board to extend the grant for this
project. The process of constructing the Whitewater Park has been complex and measured,
but the City of Spokane (through support of the Mayor, City Council and Park Board) and
Friends of the Falls are committed to seeing this project to completion. The pace at which
this project has progressed is a result of thoughtful consideration to our environment,
wildlife and neighborhoods and nothing more.

        

The Spokane Whitewater Park is an important project to the City of Spokane and is
fundamental to Spokane’s economic development strategy.  As well, it enjoys widespread
support from within the Spokane community and is central to a larger vision; The Great
Spokane River Gorge.

 

We want our children to grow up in a community that supports protecting  our environment while
at the same time enhancing the economic development of Spokane.   
 
Thank you for  considering the needs of our community.
 
Kind regards, 
Betsy Hooper

mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=RACHAELL
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From: Langen, Rachael (RCO)
To: brian.hubbell@nmfn.com
Subject: RE: Please extend the grant supporting Spokane Whitewater Park
Date: Wednesday, May 25, 2011 4:31:44 PM
Attachments: image001.png

From: brian.hubbell@nmfn.com [mailto:brian.hubbell@nmfn.com] 
Sent: Tuesday, May 24, 2011 4:10 PM
To: Langen, Rachael (RCO)
Subject: Please extend the grant supporting Spokane Whitewater Park
 

Washington State Recreation and Conservation Office

Rachael Langen, Deputy Director

PO Box 40917

Olympia, WA 98504 – 0917

Dear Ms. Langen:

I understand that a Recreation Conservation Funding Board is taking into consideration
rescinding the grant relating to the Spokane Whitewater Park (RCO#06-1967).  

Please pass on to the Board that I would support an extension of the grant for this project.
The process of constructing the Whitewater Park has taken time because of its complexity,
but the City of Spokane (through support of the Mayor, City Council and Park Board) and
Friends of the Falls are committed to seeing this project to completion.

      

The Spokane Whitewater Park is an important project to the City of Spokane and is vital to
Spokane’s economic development strategy.  As well, it enjoys widespread support from
within the Spokane community and is central to a larger vision; The Great Spokane River
Gorge.

Thank you for your time and consideration,

Brian J. Hubbell
Managing Partner - Hubbell Financial Group
705 W. 7th Avenue, Spokane, WA  99204
(509) 459-9124   FAX (509) 459-9152
brian.hubbell@nmfn.com
Building Financial Security for a Lifetime
Learn about incredible Financial Representative career opportunities with the Northwestern

mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=RACHAELL
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Mutual Financial Network:  http://www.nmfn.com/hubbellfinancialgroup
 
Northwestern Mutual Financial Network is the marketing name for the sales and distribution arm of The
Northwestern Mutual Life Insurance Company, Milwaukee, WI (NM) and its subsidiaries and affiliates.
Financial Representative is an agent of NM (life insurance, annuities, and disability income insurance) and
Northwestern Long Term Care Insurance Company, Milwaukee, WI (long term care insurance), a
subsidiary of NM. Securities are offered through Northwestern Mutual Investment Services, LLC, 705 W.
7th Ave., Spokane, WA  99204 (509) 838-5246, which is wholly owned by NM and a member of the NASD
and SIPC.  There may be instances where agents of NM represent companies other than NM or its affiliates.

Your transmission of electronic mail to this address represents your consent to two-way communication by
Internet e-mail. If you received this in error, please contact the sender and delete the material from any
computer on which it exists.

Northwestern Mutual, its subsidiaries and affiliates may review and retain incoming
and outgoing electronic mail for this e-mail address for quality assurance and
regulatory compliance purposes. Communications that are received via the Secure
Message Center are secure. Communications that are not received via the Secure
Message Center website may not be secure or encrypted, and could be observed by
a third party.

If you prefer not to receive any e-mail communication from Northwestern Mutual or
our Financial Representatives, please click the following link:"E-Mail Opt-out from
Northwestern Mutual"

In the event that you cannot click on the above link, the Northwestern Mutual E-Mail
Opt-out form can be found at the following URL:
https://service.nmfn.com/cbpeopt/EmailOptOut.do.

Northwestern Mutual
720 East Wisconsin Avenue
Milwaukee, Wisconsin 53202-4797.
 

http://www.nmfn.com/hubbellfinancialgroup
https://service.nmfn.com/cbpeopt/EmailOptOut.do
https://service.nmfn.com/cbpeopt/EmailOptOut.do
https://service.nmfn.com/cbpeopt/EmailOptOut.do


From: Langen, Rachael (RCO)
To: Scott Jamieson
Subject: RE: Spokane Whitewater Park
Date: Wednesday, May 25, 2011 1:18:12 PM

From: Scott Jamieson [mailto:scott@samsplace.biz] 
Sent: Wednesday, May 25, 2011 11:19 AM
To: Langen, Rachael (RCO)
Subject: Spokane Whitewater Park

 

Rachael,
 
I would like to briefly share my experience with the Whitewater park in Missoula.   Several
times a year my family and I drive to Missoula to utilize their Whitewater park.  My teenage
son and I spend a couple days kayaking at the park, while my wife shop or watch us from
the shore.
 
I have never been there when their hasn't been a crowd of people standing on the observation
deck watching while the waves.  People come and go all day long.
 
One memorable time was when there had been a wedding reception in the park adjacent to
the Whitewater park.  Several had women in formal dresses, had kicked of their shoes and
were knee deep in the eddy sipping a glass of wine while watching all the kayakers.  It was
beautiful warm day, the sun was just starting to set.
 
I would love to see such an addition to Spokane.
 
Thanks
Scott Jamieson and family.

mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=RACHAELL
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From: Langen, Rachael (RCO)
To: john karpenko
Subject: RE: Spokane Whitewater Park Grant Funds
Date: Wednesday, May 25, 2011 2:54:21 PM

Thank you for your comments regarding the Spokane Whitewater Park.  At its regular
meeting on June 23, the Recreation and Conservation Funding Board (RCFB) will be
considering the city’s request that the board rescind the termination of the project.  The
agenda is available on our web site at
http://www.rco.wa.gov/documents/rcfb/agendas/2011/06/R0611AG.htm.
 
I will be sharing with the RCFB the comments you submitted.  If you would like to submit
additional comments to the board, you can email or mail them to the board liaison, Rebecca
Connolly, at Rebecca.connolly@rco.wa.gov. Our web site also has information about making
public comment to the board; see
http://www.rco.wa.gov/documents/ProvidingPublicComment.pdf.
 
Rachael
 
Rachael Langen, Deputy Director
Recreation and Conservation Office
(360) 902-3005
 
 

From: john karpenko [mailto:john.karpenko@gmail.com] 
Sent: Wednesday, May 25, 2011 1:47 PM
To: Langen, Rachael (RCO)
Subject: Spokane Whitewater Park Grant Funds
 
Dear Ms. Langren,
 
Please be advised that as an avid paddler I request that you please reconsider the funding of
the RCO grant money for use in the Spokane Whitewater Park development.  I am
disappointed that the a funding source for the park development has been pulled.  I know as
well as most that these are tough economic times, but these funds are crucial for the Spokane
Whitewater Park development to continue.
 
The following is my understanding from a general public perspective.
 
The Whitewater Park development is currently on the brink of disaster from no fault of its
foundation.  Apparently, there is a contract approved but the Notice to Proceed is pending
securing the funds which were to come from the RCO Grant.  This seems to be  a Catch 22 ,
pardon the use of the phrase.  Without the environmental work a permit cannot be obtained,
without the permit(s) no park can be built.  It appears that the grantee are unresponsive based
on the lack of progress, without the environmental work no progress can be made.
 
Many years of hard work from a core of dedicated mostly volunteer group is slated to be
wiped clean if the environmental contract cannot be issued based upon a lack of funding. 
Other support and funds are also in jeopardy.   Please reconsider this decision to rescind the
grant.

mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=RACHAELL
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The Whitewater Park as you are probably aware has many benefits to the specific and general
public, Spokane Downtown, Spokane River.  These parks have been tremendous assets to the
urban environments and urban resident recreation and river awareness where they have been
properly sited. 
 
Again please reconsider.
 
John J Karpenko
 
11457 N. Summit Loop
Hauser, Idaho 83854
208 659 5640



From: Langen, Rachael (RCO)
To: john karpenko
Subject: RE: Spokane Whitewater Park Grant Funds
Date: Wednesday, May 25, 2011 2:54:21 PM

From: john karpenko [mailto:john.karpenko@gmail.com] 
Sent: Wednesday, May 25, 2011 1:47 PM
To: Langen, Rachael (RCO)
Subject: Spokane Whitewater Park Grant Funds
 
Dear Ms. Langren,
 
Please be advised that as an avid paddler I request that you please reconsider the funding of
the RCO grant money for use in the Spokane Whitewater Park development.  I am
disappointed that the a funding source for the park development has been pulled.  I know as
well as most that these are tough economic times, but these funds are crucial for the Spokane
Whitewater Park development to continue.
 
The following is my understanding from a general public perspective.
 
The Whitewater Park development is currently on the brink of disaster from no fault of its
foundation.  Apparently, there is a contract approved but the Notice to Proceed is pending
securing the funds which were to come from the RCO Grant.  This seems to be  a Catch 22 ,
pardon the use of the phrase.  Without the environmental work a permit cannot be obtained,
without the permit(s) no park can be built.  It appears that the grantee are unresponsive based
on the lack of progress, without the environmental work no progress can be made.
 
Many years of hard work from a core of dedicated mostly volunteer group is slated to be
wiped clean if the environmental contract cannot be issued based upon a lack of funding. 
Other support and funds are also in jeopardy.   Please reconsider this decision to rescind the
grant.
 
The Whitewater Park as you are probably aware has many benefits to the specific and general
public, Spokane Downtown, Spokane River.  These parks have been tremendous assets to the
urban environments and urban resident recreation and river awareness where they have been
properly sited. 
 
Again please reconsider.
 
John J Karpenko
 
11457 N. Summit Loop
Hauser, Idaho 83854
208 659 5640
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From: Langen, Rachael (RCO)
To: Mike Kuhn
Subject: RE: Spokane Whitewater Park
Date: Wednesday, May 25, 2011 2:55:46 PM

From: Mike Kuhn [mailto:mkuhn@digideal.com] 
Sent: Wednesday, May 25, 2011 2:40 PM
To: Langen, Rachael (RCO)
Subject: Spokane Whitewater Park
 

Dear Ms. Langen:

It is my understanding that a Recreation Conservation Funding Board is taking into consideration
rescinding the grant relating to the Spokane Whitewater Park (RCO#06-1967).   

I write to urge the Board to extend the grant for this project. The process of constructing the
Whitewater Park has been complex and measured, but the City of Spokane (through support of the
Mayor, City Council and Park Board) and Friends of the Falls are committed to seeing this project to
completion. The pace at which this project has progressed is a result of thoughtful consideration to
our environment, wildlife and neighborhoods and nothing more.        

The Spokane Whitewater Park is an important project to the City of Spokane and is fundamental to
Spokane’s economic development strategy.  As well, it enjoys widespread support from within the
Spokane community and is central to a larger vision; The Great Spokane River Gorge.

Thank you for your consideration,

Michael J. Kuhn

President and Chief Executive Officer

DigiDeal Corporation
“Putting it All on the Table”

(509) 747-8887 office
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From: Langen, Rachael (RCO)
To: C Lambiotte; Haws, Dan (RCO)
Subject: RE: Spokane River White Water Park Project - please extend RCO state grant
Date: Wednesday, May 25, 2011 2:53:54 PM

From: C Lambiotte [mailto:chris.lambiotte@gmail.com] 
Sent: Wednesday, May 25, 2011 1:09 PM
To: Langen, Rachael (RCO); Haws, Dan (RCO)
Subject: Spokane River White Water Park Project - please extend RCO state grant
 
Ms. Langen and Mr Haws,
 
I'm writing you to urge you to extend the $530k RCO grant to the City of Spokane for the
White Water Park.  My wife and I are supporters of the proposed white water park in
Spokane. My wife is a Professor of Ecology specializing in riparian plants and I am a
Mechanical Engineer in the Spokane Area.  We value living close to the river and spend
much of our time hiking and kayaking along the Spokane river.  With two new recent
additions to our family, we value even more having the close proximity of the Spokane River
to where we live.  We would really benefit to have a whitewater play park near our house to
enjoy with our two boys as they grow older and we teach them about the river.
 
I'm sure you are aware of the other benefits such as education opportunities (my wife has
already taken a class to investigate the plants along the river near the proposed whitewater
park location), public access and awareness to the river, etc.
 
There are many people that have dedicated their own time and money in support of the
proposed whitewater park.  Please strongly consider extending the RCO grant for the
whitewater park in Spokane.
 
Sincerely,
 
Chris Lambiotte
919 S. Basalt St
Spokane, WA
509-863-5946
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From: Langen, Rachael (RCO)
To: kentl@cet.com
Subject: RE: Spokane Whitewater Park Grant RCO#06-1967
Date: Wednesday, May 25, 2011 3:05:00 PM

From: Kent Larson [mailto:kentl@cet.com] 
Sent: Wednesday, May 25, 2011 7:12 AM
To: Langen, Rachael (RCO)
Subject: Spokane Whitewater Park Grant RCO#06-1967
 
 

Dear Ms. Langen:

I am a long-time resident of Spokane and look forward to many more years of healthy living and recreating here,
and giving back to this beautiful community.  I am involved in several groups involving clean-living outdoor
pursuits including Spokane Bikes, Spokane Canoe and Kayak Club, and Selkirk Nordic Ski Education Foundation. 
Interest in all these actvities has grown over the years, and I predict an ever increasing membership in these
groups and others like them.

It is my understanding that a Recreation Conservation Funding Board is taking into consideration rescinding the
grant relating to the Spokane Whitewater Park (RCO#06-1967).    

I write to urge the Board to extend the grant for this project. The process of constructing the Whitewater Park
has been complex and measured, but the City of Spokane (through support of the Mayor, City Council and Park
Board) and Friends of the Falls are committed to seeing this project to completion. The pace at which this
project has progressed is a result of thoughtful consideration to our environment, wildlife and neighborhoods
and nothing more.         

The Spokane Whitewater Park is an important project to the City of Spokane and is fundamental to Spokane's
economic development strategy.  As well, it enjoys widespread support from within the Spokane community and
is central to a larger vision; The Great Spokane River Gorge.

Thank you for your consideration,

Kent Larson
1110 E 18th Ave
Spokane, WA 99203
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From: Langen, Rachael (RCO)
To: Carter Maden
Subject: RE: Spokane RCO Grant
Date: Friday, May 27, 2011 7:56:48 AM

From: Carter Maden [mailto:carter_m@hotmail.com] 
Sent: Thursday, May 26, 2011 8:49 PM
To: Langen, Rachael (RCO)
Subject: Spokane RCO Grant
 
Ms. Langen,

I am urging you to reconsider extending the RCO grant of $530,000 to the City of Spokane that was
designated for The Spokane River White Water Park project.

This project has the support of the City of Spokane, the local community and non-local communities and
would be such a huge benefit to our area, something that we can be proud of.

The benefits of the White Water Park as I see it are:
1) Attracting tourism to Spokane and to the state of Washington (as a Bellingham resident, I would
increase my visits to Spokane).
2) Providing safe recreation in an urban area - surfing, rafting, boogie boarding, kayaking
3) Providing the potential for adult and youth programs
4) Providing public access to a true natural wonder of the area
5) Stabilizing the current, eroding river banks
6) Removal of hazardous obstacles currently at the project site
7) Provides a venue for national and international competition (free style white water kayaking)
8) Promotes awareness of outdoor resources
9) Promotes awareness of the river
10) Creates a healthy environment for fish

If you have visited some of the nation's white water parks - Missoula MT, Cascade ID, Green River WY,
Reno NV, Casper WY, Salida CO, Buena Vista CO, Glenwood Springs CO to name a few -you realize
what a vital asset these parks have been to these communities and a source of pride. 

Currently, Spokane needs something to be proud of. Give Spokane the opportunity to realize that pride
by extending the RCO grant.

Thanks for your time,
Carter Maden

1133 19th Street 
Bellingham, Washington 98225 
360-676-8121 
Carter_M@hotmail.com
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From: Langen, Rachael (RCO)
To: Sue Maggio
Subject: RE: Spokane Whitewater Park
Date: Friday, May 27, 2011 7:58:19 AM

From: Sue Maggio [mailto:maggioss@comcast.net] 
Sent: Thursday, May 26, 2011 9:30 PM
To: Langen, Rachael (RCO)
Subject: Spokane Whitewater Park
 

5/26/2011

Dear Ms. Langen:

It is my understanding that a Recreation Conservation Funding Board is taking into consideration
rescinding the grant relating to the Spokane Whitewater Park (RCO#06-1967).   

I write to urge the Board to extend the grant for this project. The process of constructing the
Whitewater Park has been complex and measured, but the City of Spokane (through support of the
Mayor, City Council and Park Board) and Friends of the Falls are committed to seeing this project to
completion. The pace at which this project has progressed is a result of thoughtful consideration to
our environment, wildlife and neighborhoods and nothing more.        

The Spokane Whitewater Park is an important project to the City of Spokane and is fundamental to
Spokane’s economic development strategy.  As well, it enjoys widespread support from within the
Spokane community and is central to a larger vision; The Great Spokane River Gorge.

Thank you for your consideration,

Sue Maggio

10676 W. Viewcrest Ln.

Nine Mile Falls, WA 99026

maggioss@comcast.net
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From: Langen, Rachael (RCO)
To: AJ Mallory
Cc: Haws, Dan (RCO)
Subject: RE: Please Support the Spokane River White Water Park project
Date: Wednesday, May 25, 2011 1:16:41 PM

From: AJ Mallory [mailto:aragorn.m@gmail.com] 
Sent: Wednesday, May 25, 2011 10:00 AM
To: Langen, Rachael (RCO); Haws, Dan (RCO)
Subject: Please Support the Spokane River White Water Park project
 
Mr. Haws and Ms. Langen,

I am urging you to reconsider extending the RCO grant of $530,000 to the City of Spokane that was designated for The
Spokane River White Water Park project.

This project has the support of the City of Spokane, the local community and non-local communities and would be such a
huge benefit  to our area, something that we can be proud of, utilize ...... a legacy.

The benefits of the White Water Park as I see it are:
1) Attracting tourism to Spokane and to the state of Washington
2) Providing safe recreation in an urban area - surfing, rafting, boogie boarding, kayaking
3) Providing the potential for adult and youth programs
4) Providing public access to a true natural wonder of the area
5) Stabilizing the current, eroding river banks
6) Removal of hazardous obstacles currently at the project site
7) Provides a venue for national and international competition (free style white water kayaking)
8) Promotes awareness of outdoor resources
9) Promotes awareness of the river
10) Creates a healthy environment for fish

If you have visited some of the nation's white water parks - Missoula MT, Cascade ID, Green River WY, Reno NV, Casper
WY, Salida CO, Buena Vista CO, Glenwood Springs CO to name a few -you realize what a vital asset these parks have
been to these communities and a source of pride.

Currently, Spokane (and the rest of the USA for that matter) needs something to be proud of. Give Spokane the
opportunity to realize that pride by extending the RCO grant.
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From: Langen, Rachael (RCO)
To: David S. Mason; Haws, Dan (RCO)
Subject: RE: Spokane River Grant- My personal observations, please read
Date: Friday, June 03, 2011 12:02:59 PM

From: David S. Mason [mailto:dsm2k@mtmail.mtsu.edu] 
Sent: Saturday, May 28, 2011 9:52 AM
To: Langen, Rachael (RCO); Haws, Dan (RCO)
Subject: Spokane River Grant- My personal observations, please read
 
Dear Rachael And Dan,

The 30th Of April I separated from the NAVY and on the governments last move which could have sent
me anywhere in the USA I choose Spokane, WA.  You see I am originally from Chattanooga, TN near
where the 1998 summer Olympics were held in Atlanta.  My father debated taking the family to White
water portion of the Olympics and my 8 yr old negotiating skills won him over.  I told him how many
times would I be able to go to see the Olympics in my life and I ask if he had ever been in his? He had
not.  The Whitewater kayaking and canoeing events were held on a MAN MADE portion of the Ocoee
river, which in part has changed the face of my little town in big ways.  In the past decade I have read
countless articles that place Chattanooga in the top 10 places to live or visit, my small town has boomed
for the better.  Trails for hiking and biking spread the valley, commercially the town is thriving, there
are new locally-owned and major corporations every time I am home.  Most recently winning the Bid for
manufacturing VW's Jetta.

Being froma government back ground I know how money is always in demand and is always being
juggled and unfortunately the "friends of the falls" seems to keep running into unforeseen hoops to
jump threw. I think this would really complete Spokane is a destination for outdoor enthusiast,
vacationing families and most importantly people looking for a great city to call home. 

Very Respectfully,
David Mason
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From: Nicholas McCullough
To: Connolly, Rebecca (RCO); Haws, Dan (RCO); Langen, Rachael (RCO)
Subject: whitewater park reconsiderations
Date: Friday, May 27, 2011 7:16:56 AM

  Dear Ms. Connolly and members of the Recreational and Conservation Funding Board,
I am urging you to extend the RCO grant of $530,000 to the City of Spokane that was designated
for The Spokane River Whitewater Park project.

This project has the support of the City of Spokane, the local community and non-local
communities and would be such a huge benefit to our area, something that we can be proud of,
utilize …… a legacy.

Benefits of the Whitewater Park include, but are not limited to the following:

1) Attracting tourism to Spokane and to the state of Washington

2) Providing safe recreation in an urban area – surfing, rafting, boogie boarding, kayaking

3) Providing the potential for adult and youth programs

4) Providing public access to a true natural wonder of the area

5) Stabilizing the current, eroding river banks

6) Removal of hazardous obstacles currently at the project site

7) Provides a venue for national and international competition (free style white water kayaking)

 Promotes awareness of outdoor resources

9) Promotes awareness of the river

10) Creates a healthy environment for fish

If you have visited some of the nation’s white water parks – Missoula MT, Cascade ID, Green River
WY, Reno NV, Casper WY, Salida CO, Buena Vista CO, Glenwood Springs CO to name just a few –
you would realize first hand what a vital asset these parks have been to these communities and a
source of pride.

Currently, Spokane (and the rest of the USA for that matter) needs something to be proud of. Give
Spokane the opportunity to realize that pride by extending the RCO grant.

I realize that money is short in the current Washington State Budget. The $530,000 grant would
yield so much more in return and not only in dollars sense.

Before you make your decision, I am urging the board to take 4.5 minutes to watch a video that
demonstrates what a whitewater park is and how it’s utilized and benefits the community it serves;

http://isurfvideos.blogspot.com/2009/05/welcome-to-isurf.html

Thank You,

mailto:nmcculloughs@gmail.com
mailto:Rebecca.Connolly@rco.wa.gov
mailto:Dan.Haws@rco.wa.gov
mailto:Rachael.Langen@rco.wa.gov
http://isurfvideos.blogspot.com/2009/05/welcome-to-isurf.html


From: Langen, Rachael (RCO)
To: Rodger J McKeon; Haws, Dan (RCO)
Cc: Haws, Dan (RCO)
Subject: RE: Extending the Grant for The Spokane River White Water Park project.
Date: Thursday, May 26, 2011 10:34:50 AM

From: Rodger J McKeon [mailto:rjmckeon@comcast.net] 
Sent: Thursday, May 26, 2011 10:03 AM
To: Haws, Dan (RCO); Langen, Rachael (RCO)
Subject: Extending the Grant for The Spokane River White Water Park project.
 
Mr. Haws and Ms. Langen,

I am urging you to reconsider extending the RCO grant of $530,000 to the City of Spokane
that was designated for The Spokane River White Water Park project.

This project has the support of the City of Spokane, the local community and non-local
communities and would be such a huge benefit to our area, something that we can be proud
of, utilize, and leave a legacy. 

The benefits of the White Water Park as I see it are:
1) Attracting tourism to Spokane and to the state of Washington
2) Providing safe recreation in an urban area - surfing, rafting, boogie boarding, kayaking
3) Providing the potential for adult and youth programs
4) Providing public access to a true natural wonder of the area
5) Stabilizing the current and eroding river banks
6) Removal of hazardous obstacles currently at the project site
7) Provides a venue for national and international competition (free style white water
kayaking)
8) Promotes awareness of outdoor resources
9) Promotes awareness of the river
10) Creates a healthy environment for fish

If you have visited some of the nation's white water parks - Missoula MT, Cascade ID, Green
River WY, Reno NV, Casper WY, Salida CO, Buena Vista CO, Glenwood Springs CO to
name a few -you realize what a vital asset these parks have been to these communities and a
source of pride. 

Currently, Spokane (and the rest of the USA for that matter) needs something to be proud of.
Give Spokane the opportunity to realize that pride by extending the RCO grant.

Thank you for your consideration,

Rodger McKeon
Past Spokane Mountaineers President
and Board Member.
Current Member
509 979-0830

mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=RACHAELL
mailto:rjmckeon@comcast.net
mailto:Dan.Haws@rco.wa.gov
mailto:Dan.Haws@rco.wa.gov


From: celene olgeirsson
To: Connolly, Rebecca (RCO)
Subject: Spokane Whitewater Park Grant
Date: Thursday, May 26, 2011 10:10:24 PM

Dear Ms. Connolly,

Would you please forward my letter below to the RCOFB for the May 23, 2011
regular meeting regarding the appeal for extension of the RCO grant to the City of
Spokane - White Water Park Project;

Members of the Recreational and Conservation Funding Board,

I am urging you to extend the RCO grant of $530,000 to the City of Spokane that
was designated for The Spokane River White Water Park project.

This project has the support of the City of Spokane, the local community and non-
local communities and would be such a huge benefit to our area, something that we
can be proud of, utilize ...... a legacy.  

The benefits of the White Water Park as I see it are:
1) Attracting tourism to Spokane and to the state of Washington
2) Providing safe recreation in an urban area - surfing, rafting, boogie boarding,
kayaking
3) Providing the potential for adult and youth programs
4) Providing public access to a true natural wonder of the area
5) Stabilizing the current, eroding river banks
6) Removal of hazardous obstacles currently at the project site
7) Provides a venue for national and international competition (free style white water
kayaking)
8) Promotes awareness of outdoor resources
9) Promotes awareness of the river
10) Creates a healthy environment for fish

If you have visited some of the nation's white water parks  -  Missoula  MT, Cascade
ID, Green River WY, Reno NV, Casper WY, Salida CO, Buena Vista CO, Glenwood
Springs CO to name just a few - you would realize first hand what a vital asset
these parks have been to these communities and a source of pride.  

Currently, Spokane (and the rest of the USA for that matter) needs something to be
proud of.  Give Spokane the opportunity to realize that pride by extending the RCO
grant.  

I realize that money is short in the current Washington State Budget.  The $530,000
grant would yield so much more in return and not only in dollars sense.  

Before you make your decision, I am urging the board to take 4.5 minutes to watch
a video I have made that demonstrates what a white water park is and how it's
utilized and benefits the community it serves;  

http://isurfvideos.blogspot.com/2009/05/welcome-to-isurf.html

Thank You,

mailto:colgeirsson@yahoo.com
mailto:Rebecca.Connolly@rco.wa.gov
http://isurfvideos.blogspot.com/2009/05/welcome-to-isurf.html


Celene Olgeirsson



From: Rachael Paschal Osborn
To: Langen, Rachael (RCO); Connolly, Rebecca (RCO); Haws, Dan (RCO)
Subject: RE: Comments re Spokane River whitewater park
Date: Tuesday, June 07, 2011 2:11:40 PM
Attachments: Spokane River Spawning Report 9_Feb2011.pdf

Hello --

Here is the Avista report documenting the presence of wild redband trout
redds in the vicinity of the proposed Spokane River whitewater park.
Anecdotally I have heard that WDFW states it will not be possibly to
mitigate for changes in river hydraulics and associated impacts on these
redds that would be caused by a whitewater facility.

Thank you again for the opportunity to comment,

~ Rachael Osborn

-----Original Message-----
From: Rachael Paschal Osborn [mailto:rosborn@celp.org]
Sent: Monday, June 06, 2011 7:25 AM
To: rachael.langer@rco.wa.gov; rebecca.connolly@rco.wa.gov;
dan.haws@rco.wa.gov
Subject: Comments re Spokane River whitewater park

Dear Recreation & Conservation Office --

Attached please find comments of the Center for Environmental Law & Policy
supporting the RCFB's termination of the grant for the proposed Spokane
River whitewater park.

The letter references an Avista study of redband trout spawning in the
vicinity of the proposed park.  I have requested an electronic copy of that
study and will forward it as soon as I receive it.  That could be today, or
it could be later this week.

I would appreciate acknowledgement that this message and attachment have
been received at the RCO (electronic communications sometimes go awry).
Please don't hesitate to call if I can furnish more information.

~ Rachael Osborn
509-209-2899

--
Executive Director
Center for Environmental Law & Policy

mailto:rdpaschal@earthlink.net
mailto:Rachael.Langen@rco.wa.gov
mailto:Rebecca.Connolly@rco.wa.gov
mailto:Dan.Haws@rco.wa.gov
mailto:rosborn@celp.org
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1.0 INTRODUCTION  


Avista Corporation (Avista) owns and operates the Spokane River Hydroelectric Project 
in eastern Washington and northern Idaho.  On June 18, 2009, the Federal Energy 
Regulatory Commission (FERC) issued a new License (License) for the Spokane River 
Hydroelectric Project (FERC order 2009).  Paragraph E of the License incorporated the 
Washington Department of Ecology (Ecology) Certification Conditions Under Section 
401 of the Federal Clean Water Act (Issued on May 8, 2009 and amended on May 11, 
2009).  These conditions can be found in Appendix B of the License.  The purpose of 
this study is to comply with conditions in section 5.3 (D) 2 (a, b, and c) of the License 
Appendix B, which state the following specific to native rainbow, or redband trout 
(Oncorhynchus mykiss) in the lower Spokane River: 


1. Quantify the quality and quantity of trout spawning habitat: determine the most 
productive and least productive spawning areas by developing quality strata at all 
flow/discharge elevations. 


2. Quantify spawn to emergence success: determine survival from egg to 
emergence by strata using artificial redd construction.  Correlate egg-to-
emergence survival for each stratum with corresponding flow/discharge and 
include velocity, depth, and temperature as variables. 


3. Quantify redd dewatering at different flow/discharge elevations for each habitat 
quality stratum. 


Avista consulted with the Washington Department of Fish and Wildlife (WDFW) and 
Ecology to select a study approach and contract team to conduct a two year Lower 
Spokane River (Monroe Street Dam to the Nine Mile Dam Pool) redband trout spawning 
study.  Field work began in the fall of 2009 and concluded in early summer of 2010.  
Avista met with and provided WDFW and Ecology with an overview of preliminary draft 
results in late 2010.  This report provides the final results of the study. 


2.0 STUDY OBJECTIVES  


The objectives of the spawning habitat study were as follows: 


� Spatially map the quantity and quality of spawning gravel along the entire length 
of the study reach (Monroe Street Dam to Nine Mile Reservoir);


� Use empirical data to quantify spawning habitat and redd dewatering over a wide 
range of flows;


� Use artificial redds to assess the survival of eggs in different quality strata 
spawning patches and correlate survival with physical variables; and 


� Develop a predictive spawning habitat and fry emergence model (effective 
habitat model) that can estimate the quantity and quality of spawning habitat over 
a wide range of flows. 
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Figure 1 includes the study objectives and elements and where information developed 
for this study is documented.  It also shows where information developed is 
documented.


3.0 STUDY ELEMENTS 


Study elements were initiated in fall 2009 and were completed in early 2011.  They 
include the following:


� Historical hydrology review; 


� Spawning patch inventory of the entire study area; 


� Physical characterization of spawning patches, including delineation of patch 
polygons, characterization of patch elevations, and bulk gravel sampling; 


� Hydrodynamic characterization of spawning patches, including development of 
stage-discharge relationships and empirical mapping of spawning habitat depths 
and velocities over a wide range of flows;  


� Biological spawning characterization, including spawning surveys, habitat 
suitability criteria development, and artificial redd evaluation of selected 
spawning patches of differing quality; and 


� Development of effective spawning and incubation habitat relationships over a 
wide range of flows based on spawning patch quality strata.


4.0 STUDY AREA 


The study area is the approximately 10 mile free-flowing reach of the lower Spokane 
River from Monroe Street Dam, near River Mile (RM) 74 downstream to the Nine Mile 
Dam Pool near RM 64 in eastern Washington (Map 1).   Hangman Creek, or Latah 
Creek as it is sometimes called, is the only tributary entering the study area (RM 72.2). 


5.0 STUDY APPROACH 


The study approach for the historical hydrology review, spawning patch 
characterization, biological spawning characterization, and effective spawning and 
incubation habitat quantification is provided below. 


5.1. HYDROLOGY REVIEW


The historical hydrology (1980–2010) for the Spokane River at Spokane WA USGS 
Gage (No.12422500) (USGS Spokane River Gage) was plotted for each day (daily 
average flow in cubic feet per second (cfs)) and for the mean, median, 20% 
exceedance, and 80% exceedance daily discharges.  The Spokane River Gage is 
located in the upper portion of the study area (RM72.82, Map 1).  Historical hydrology is 
discussed in terms of typical Avista operations and Avista’s capability to manipulate flow 
at the Upper Falls and Monroe Street hydroelectric developments (HED). 
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The historical hydrology data and stage-discharge data (USGS gage, NHC 2003) in the 
study reach was also used to guide the spawning patch inventory.  The 20% 
exceedance discharge during spawning (April) (i.e., 80% of the time flows are less than 
this flow) was approximately 17,000 cfs.  Based on the historic stage-discharge data, 
17,000 cfs related to a stage approximately 6 feet above base flow in the river during 
the spawning patch inventory (approximately 1,200 cfs).  A stage of approximately 6 
feet above the base flow was, therefore, used to guide the upper elevation of spawning 
site inventory (see below).


5.2. SPAWNING PATCH CHARACTERIZATION


The spawning patch characterization consisted of inventorying spawning patches, 
quantifying physical attributes, and quantifying hydrodynamic attributes. 


5.2.1. Inventory 


All potential spawning sites within the study reach were identified during base flow 
conditions using a step-wise approach.  An initial reconnaissance trip was conducted on 
September 8–10, 2009.  Observations of potential spawning habitat were made directly 
on aerial photographs to develop a comprehensive inventory of specific locations likely 
to contain spawning habitat.  The reconnaissance involved walking both river banks, 
walking all side channels, and floating the wetted channel of the entire 10 mile river 
reach between the Monroe Street Dam and the Nine Mile Pool in an open-frame 
cataraft to inspect the channel substrate.  This initial reconnaissance identified all areas 
of contiguous gravel exhibiting physical characteristics similar to previously identified 
spawning locations (Parametrix 2003) and within 6 feet vertical feet of the base flow 
elevations (approximately 1,200 cfs).


The potential of each of the preliminarily identified redband trout spawning locations 
was then assessed from September 16–19, 2009, based on surficial particle size, 
general gravel composition, overall patch dimensions, and channel location.  Each 
potential spawning area was either accepted or rejected based on this assessment.  
The criteria for selecting suitable gravel patches are discussed below.  All areas that 
were accepted were assigned an identification number (patch ID), sketched on a field 
datasheet, flagged, and delineated on the aerial photos to assist in reoccupation of the 
patch on subsequent visits.


Surficial Particle Size 


Although there is no definitive particle size statistic universally considered suitable for 
trout spawning, the fisheries literature indicates that most trout spawning occurs in the 
medium to coarse gravel size range (based on the Udden-Wentworth scale) of 8–64 
mm (Kondolf and Wolman 1993; Reiser and Bjornn 1979; Grost et al. 1991).  Initially, 
Wolman pebble counts (Wolman 1954) were tested for characterizing study sites, 
however, pebble counts were not considered satisfactory for delineating the study sites.  
The best approach was a visual delineation of spawning patches based on the gravel 
characteristics of known spawning areas.  Therefore, for this study, the portion of each 
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potential spawning area with a dominant surficial particle size range 8–64 mm (b axis) 
was delineated visually to create each spawning patch polygon.


Gravel Composition 


Only potential spawning sites with the percentage of surface fines less than 
approximately 40% were considered suitable for spawning (e.g., Bjornn and Reiser 
1991) in the inventory phase of the project.  For successful reproduction, spawning 
gravels must be sufficiently free of interstitial fine sediment to provide adequate 
exchange of oxygenated water to the embryos, removal of metabolic waste, and permit 
emergence of alevins.


Potential spawning sites with large imbricated cobble substrates, isolated boulders or 
high density dense woody vegetation (e.g., willows) that were arranged in such a way 
within the gravel patch to preclude fish from spawning were excluded from 
consideration.


Patch Dimensions 


A minimum spawning patch size of 5 ft2 was used as a cutoff for selecting gravel 
patches.  In practice, most of the smaller size patches exhibited other undesirable 
conditions as identified above and only larger sites (e.g., 200+ ft2) ultimately were 
incorporated into the inventory.


Channel Location 


Potential spawning patches that were higher than 6 ft above the base flow 
(approximately 1,200 cfs) were deemed to have limited spawning value (based on the 
historical hydrology review).  Also, potential spawning patches that were on steep 
slopes (e.g., >30%) or that were located in slack water areas (areas without velocity at 
spawning flows) were excluded from consideration as potential spawning sites. 


5.2.2. Physical Attributes 


The physical attributes of the spawning patches were characterized by delineating 
spawning patch polygons, conducting patch elevation surveys, and by collecting bulk 
gravel samples. 


Spawning Patch Polygons 


The spatial extent of each potential gravel patch was mapped using a combination of 
field methods and GIS software.  In the field, an initial series of patch widths were 
recorded at 6 foot intervals along a transect that followed the down-valley axis of each 
patch using a 150-foot open reel tape measure. This tape also provided a scale for 
photo documentation of the patch orientation and particle size.  Each gravel patch 
perimeter was then delineated using a dense trace of GPS points using a Trimble 
GeoXT sub-meter accurate GPS unit.  These GPS point traces were then uploaded into 
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GIS software (ESRI Arc 9) and overlain on top of high resolution aerial photography1,
providing a reference for accurately delineating the perimeter of each gravel patch and 
its relative position in the river channel.  A polygon for each gravel patch perimeter was 
digitized using GIS software based on the GPS waypoint information, aerial 
photographic features, field maps, and measured transect distances.  The resulting 
polygon layer was used to quantify the area of each polygon.  The polygon layer was 
also used for subsequent field activities (surveying elevations, mapping depths and 
velocities) through the production of field maps that overlaid gravel patch polygon 
outlines on aerial photographs.   


Patch Elevation Surveys 


The relative elevation of each gravel patch was surveyed in order to tie all patches to 
stage-discharge relationships and facilitate the subsequent analysis of stage based 
suitable spawning area.  Field crews conducted initial elevation surveys between 
September 22 and October 2, 2009.  Two permanent elevation monuments were 
established along the riverbank in the vicinity of each patch.  Monuments consisted of 
¼” X ¾” rock anchor nails in large boulders, concrete footings, or bedrock outcroppings.  
All monuments were installed at elevations that would permit reoccupation at relatively 
high river stage. Elevation surveys were conducted using a Topcon automatic self-
leveling laser mounted to a tripod at a central location where the entire patch was 
visible, including both monuments.  All elevations were recorded to the nearest 
hundredth of a foot.


During elevation surveys, patch topography and variation in surface elevation was 
characterized by measuring the relative elevation at five locations on each gravel patch, 
including the upstream and downstream patch edge, river- and bank-ward edges, and 
the patch center.  In addition, the water surface elevation was surveyed from a bearing 
approximately perpendicular to the patch long axis extending riverward from one of the 
monuments.


Bulk gravel sampling 


Gravel composition at each patch was assessed via bulk gravel samples.  Bulk gravel 
samples were taken using a standard number 2 round-point shovel, following methods 
outlined by Schuett-Hames et al. (1996).  The majority of the gravel samples were 
collected in 2009 between September 29 and October 2, at or near base flow 
conditions, in order to minimize the need for in-water sampling.


Bulk samples were collected at random locations across each gravel patch.  Between 
one and six individual samples per patch were collected, depending upon relative patch 
size.  In total, 91 individual gravel samples were collected across all 58 potential 
spawning areas for subsequent analysis.  During sampling, the locations of all bulk 
gravel sample sites were recorded using a handheld GPS unit. 


1 Digital aerial photography was obtained from the City of Spokane.  The photographs had a pixel size of 0.5 feet. 
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Individual bulk samples were collected by working the shovel into the patch substrate 
perpendicular to the channel bed to a depth of between 6 and 8 inches. This sample 
depth corresponds to estimates and observations of rainbow trout egg pocket depth 
(DeVries 1997).  Once at the desired depth, the shovel was gently rocked back to near 
parallel with the stream bed and the sample was removed and placed in a zip-lock bag.  
When samples were collected from inundated sites, a portable stilling well constructed 
of four ¼-inch aluminum foldable aluminum panels was used to reduce velocities 
around the sample site (Schuett-Hames et al. 1996).  Although arguments have been 
presented for the inclusion of large or dominant particle sizes within bulk gravel samples 
(Kondolf 2000), samples that contained dominant clasts comprising an estimated 1% or 
more total sample weight were rejected, and a new sample was collected.


Each gravel sample was dried on small tarps (1 m2) in the sun, and subsequently 
processed through a standard series of 9 sieves and into a pan (openings in mm: 0.25, 
0.5, 1, 2, 4, 8, 16, 31.5, 63).  All litter and extraneous materials were removed from the 
sample prior to determining the mass for each particle size class.  The total mass (in 
grams) for each of the resulting 10 size categories (including the pan) was measured 
using a set of Pesola scales in order to calculate the mass fraction for each sieve class, 
a quantitative measure of gravel composition.  Plots and tables displaying the gravel 
size composition using the combined bulk samples for each patch were developed.


Summarized literature data regarding fine sediment effects on spawning success 
(Kondolf 1993; 2000) were used to help rank the quality of spawning patches (Section 
5.4.1).  Gravels with approximately 22% or less fines (<1mm) prior to construction of 
redds have relatively high survivorship (emergence) (50% or greater) (Kondolf 1993, 
Kondolf 2000).


5.2.3. Hydrodynamic Attributes 


Hydrodynamic attributes collected at each spawning patch included stage-discharge 
relationships and empirical maps (polygons) of spawning habitat depth and velocity over 
a wide range of flows. 


Stage-Discharge Relationships 


Water surface elevations were surveyed at each patch during five separate periods, 
spanning a wide range of river discharges.  Survey methods followed the same protocol 
as described for the patch elevation surveys (see above).  Discharge was obtained from 
the USGS Spokane River Gage.  Water surface elevation was surveyed perpendicular 
to the center of the patch at a location on the same compass bearing as used during the 
initial patch elevation surveys.  Water surface elevations were typically surveyed during 
the same field visits as the empirical depth and velocity mapping activities (Table 1; also 
see below). 
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Stage-discharge regressions were developed at each spawning patch.  Regressions 
were based on the empirical water surface elevation (WSEL) data, discharge (Q) and 
the best fit stage-of-zero-flow (SZF): 


 WSEL = A (Q) B + SZF        (1) 
 where: 
 A and B = Empirical constants 


Empirical Spawning Depth and Velocity Mapping 


The portion of each spawning patch suitable for spawning/incubation relative to 
discharge was quantified by mapping suitable depths and velocities for spawning 
redband trout.  The mapping was done at four different discharges spaced over a wide 
range (Table 1).  Because the suitable depths and velocities for redband trout spawning 
in the Spokane River were unknown at the beginning of the work, literature data were 
used to develop depth and velocity categories (bins) for empirical mapping, Table 2 
(Bovee 1978; Raleigh et al. 1984; EA Engineering 1987; TRPA unpublished data; TRPA 
2002a; TRPA 2002b; WDFW 2004; Smith et al. 1987; TRPA 2004).  The depth and 
velocity bins were later confirmed with empirical data from redband trout spawning 
observations in the Spokane River (see Section 5.3.2).  


Empirical depth and velocity mapping at gravel patches consisted of drawing the wetted 
edge of the river and the boundaries between the different depth and velocity categories 
onto large scale field maps (aerial photographs) and recording a series of handheld 
GPS waypoints.  On each visit, the depth and velocity category boundaries were 
identified through several iterative steps, beginning with an initial visual assessment of 
depth and velocity patterns over the entire patch.  Then, a series of depth and velocity 
measurements were made across the patch to accurately identify boundaries between 
depth and velocity categories.  Water velocity was measured at approximately six-
tenths of the total depth using a Swoffer model 2100 current velocity meter and wading 
rod.  Depth and velocity were recorded at the point of measurement directly onto the 
aerial photographs, facilitating the subsequent task of drawing suitable depth and 
velocity boundaries and assessing suitable spawning areas.  Depth and velocity 
polygons were subsequently digitized from the aerial photos using GIS software, 
enabling the calculation of habitat areas for both depth and velocity.  Each subsequent 
flow-based habitat mapping effort used a set of new field maps, which included the 
digitized depth and velocity polygons from the previous mapping effort for reference.  


After the empirical mapping data were collected, a continuous relationship between 
spawning/incubation habitat area (see habitat categories in Table 2) and discharge was 
created for each patch between the discharges of 1,000 and 25,000 cfs.  The 
relationship was created by plotting the spawning/incubation area measurements 
versus discharge and then developing a piecewise-linear relationship to 
interpolate/extrapolate the data.
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5.3. BIOLOGICAL SPAWNING CHARACTERIZATION


The biological spawning characterization methods including spawning surveys, 
development of spawning habitat suitability criteria, and monitoring of artificial redds are 
discussed below. 


5.3.1. Spawning Surveys 


The period of peak redband trout spawning activity within the study reach has been 
previously documented to occur during mid to late April, with fry emerging sometime 
between late May and early June (Parametrix 2003).  An initial set of spawning surveys 
was conducted during the first week of April in 2010 to determine the onset of redband 
trout spawning activity.  Subsequent to this initial set of spawning surveys, three 
additional rounds of surveys were conducted between April 12 and April 27 to obtain a 
complete count of all observable redds within the study reach through the spawning 
period (Table 1).


During each round of spawning surveys, the entire study reach was assessed including 
all gravel patches identified previously as suitable and numerous inter-patch areas. 
Based on previous work, special attention was paid to areas with documented 
spawning, as well as bars and islands exhibiting willow growth and other areas of 
reduced velocity and potential gravel deposition (Parametrix 2003).  


Several visual observation methods were used to accurately identify redds and 
spawning adult trout over gravel patches.  Water clarity was excellent during all of the 
spawning surveys (visibility was approximately 10–15 ft).  For gravel patches along 
accessible shoreline areas and in relatively shallow water, observation by either 
snorkeling or wading over the patch was used.  For gravel patches in deeper water, 
observations were made from an open-frame cataraft and by snorkeling.


All redds were identified by visual observation and were counted only if there was a 
distinct area of disturbed, clean gravel characterized by a microtopography that included 
at least one definite pit and tailspill (Burner 1951).  After each redd was visually 
observed and counted, its location was marked on a large-scale (1:628.2) aerial 
photograph.  In addition, each redd location was recorded using a Garmin GPSmap 
60CSx handheld GPS unit.  In order to avoid repeat counts, each redd was marked with 
a gravel-filled biodegradable bag inscribed with the date, gravel patch ID, and redd 
number.  Redd marker bags were then tied-off with biodegradable orange flagging and 
placed on the tailspill of each newly documented redd.   


During spawning surveys, all shallow test digging was noted, but was not included in the 
total redd count. The presence of short “strings” or “chains” of redds that were likely 
constructed by the same fish were counted as a single redd unless multiple fish were 
observed on-site, or if excavated gravels were deposited over an existing tailspill or 
previously placed redd marker bag.  The presence of all fish within the vicinity of each 
redd was noted on the field data sheets and a determination of the sex of each 
individual was made where possible.  
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Microhabitat characteristics, including depth and mean water column velocity, were 
measured for all newly constructed redds that were identified during each round of 
spawning surveys.  Mean water column velocity (ft/s) was measured at 0.6 depth of the 
water column above each redd using a Swoffer model 2100 current velocity meter and 
wading rod.  Depth and velocity measurements were collected at the upstream end of 
each redd pit.


Formal spawning surveys were concluded following the April 27 survey.  No new redds 
or spawning fish were observed within the study reach during the May 4 hydrodynamic 
mapping surveys.  A final survey of the study reach was conducted on May 11, following 
a period of unanticipated high flow, to note any redds that may have been constructed 
during the period of increased discharge. 


5.3.2. Spawning Habitat Suitability Criteria 


Redband trout spawning habitat suitability criteria for depth and mean column velocity 
were developed using the depths and velocities observed at the spawning redds in 
2010.  The frequency of observations in 0.5 ft depth and 0.5 ft/s velocity bins was 
plotted.  Both the frequency and the percent of maximum frequency were plotted.


5.3.3. Artificial Redds 


Survival to emergence of redband trout eggs within spawning gravel patches was 
assessed using modified Whitlock-Vibert (W-V) (Whitlock 1979) boxes and eyed triploid 
rainbow trout eggs.  The spawning patches were visually categorized a priori into three 
potentially different quality strata (high, medium, and low) to test for differential survival 
of eggs.   The quality strata were determined from the quality of the gravels (e.g., 
percent fines), the position of the patch in the channel (elevation, slack water, etc.), and 
experience of the biologists based on observations in previous salmonid spawning 
studies.  Three spawning patches from each of the strata (nine patches total) were 
selected for monitoring (see Section 6.3.3).  Three W-V boxes were installed in each of 
the selected patches (27 artificial redds in total).  Four independent physical variables 
(fine sediment intruding into the W-V box, dissolved oxygen in the W-V box at two 
different times during incubation, water temperature, and dissolution rates of gypsum 
cylinders, a surrogate for intragravel flow rate) were monitored at the patches during the 
experiments.


The W-V redd boxes were populated with 50 eyed triploid rainbow trout eggs each, 
were installed April 21–22, 2010 and retrieved on May 17–18, 2010.  Two water 
samples were taken from the boxes for field analysis of dissolved oxygen at 19 and 27 
days following burial in the streambed.  Gypsum cylinders (clod cards) of equal size (1.5 
inches in diameter and 4 inches long) and weight were installed with each W-V box and 
retrieved 19–20 days post installation.  These clod cards were dried and weighed to 
determine the mass loss during the period of deployment.  Fine sediment that intruded 
into the W-V box gravels was dried and weighed.  A temperature data logger (Onset 
Tidbit brand) was attached to one box in each patch to record intragravel temperatures.  
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Surface water temperatures were recorded upstream from the Spokane City wastewater 
treatment plant (data courtesy of City of Spokane).


Following retrieval of the W-V redd boxes (27 days after installation) counts of live 
alevins were used to determine the survival rate over the period of intragravel burial and 
compared for each of the artificial redds.  The survival rates were then correlated with 
the physical parameters collected at the site.  In addition to the assessment of survival, 
the live embryos at the end of the study were categorized into four developmental 
stages (i.e., fully absorbed yolk sac with complete ventral soft tissue suture, partially 
absorbed yolk with incomplete ventral suture - two grades, and hatchlings with little to 
no yolk sac absorption).  This was done to capture any potentially sub-lethal effects of 
gravel patch quality on embryos.  Details of the experimental methods are provided in 
Appendix A. 


5.4. EFFECTIVE SPAWNING AND INCUBATION HABITAT


Effective spawning and incubation habitat refers to the spawning habitat that remains 
continually suitable throughout the spring spawning and incubation period.  The habitat 
must be suitable both for spawning during the spawning period and must remain 
suitable through the incubation period until alevins emerge from the gravels and into the 
river.  Spawning habitat is that habitat provided during the spawning period.  Incubation 
habitat is that habitat provided during the incubation period.  Effective spawning and 
incubation habitat was quantified by ranking the spawning patches into quality strata 
and calculating effective habitat based on the beginning and ending river discharges,  
where the beginning discharge is the discharge during  the spawning period and the 
ending discharge is the lowest discharge in the spawning and incubation period (see 
Section 6.3.1 for the spawning period). 


5.4.1. Ranking of Spawning Patches 


Spawning patches were ranked into quality strata based on non-flow related criteria.  
The criteria were as follows: whether or not trout spawning was observed at the site 
during the 2003 or 2010 spawning surveys, gravel quality, patch size, and patch 
location and local channel characteristics (see below).  The ranking allowed effective 
spawning and incubation habitat to be calculated, for example, on all spawning patches 
combined and/or for only selected patches of similar non-flow related quality rankings.  
By separating the patch ranking from hydrology and hydraulics, the approach allowed 
hydrology and hydraulics to be assessed independently to determine which patches (of 
different non-flow quality) were suitable for spawning in different water year types or 
hydrology scenarios.  The quality ranking was as follows: 


� Rank 1a – High quality spawning patches with an area 250 ft2 or greater and 
observed spawning (2003 or 2010). 


� Rank 1b – High quality spawning patches with an area 250 ft2 or greater and no 
observed limitations (e.g., excess fines), but no observed spawning during both 
years (and river discharges) when spawning was studied (2003 or 2010). 
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� Rank 2 – Medium quality spawning patches with one or more observed spawning 
limitations.  Limitations included percentage of fines (<1mm) greater than 22% 
(potential low egg survival), small patch size (less than 250 ft2), surficial gravel 
deposits (relatively thin gravel layer), and/or spawning patches with channel 
characteristics that likely result in low spawning quality (interspersed cobbles and 
boulders, steep slopes, excessive woody vegetation).


� Rank 3 – Low quality spawning patches with relatively severe spawning 
limitations related to the following: percentage of fines (<1mm) greater than 22% 
(potential low egg survival), small patch size (less than 250 ft2), surficial gravel 
deposits (relatively thin gravel layer), and/or spawning patches with channel 
characteristics that likely result in low spawning quality (interspersed cobbles and 
boulders, steep slopes, excessive woody vegetation). 


5.4.2. Effective Habitat 


The spawning and incubation habitat area versus flow relationships developed for each 
spawning patch (Section 5.2.3) were used to calculate effective habitat for each patch 
and for all patches combined as follows.  A matrix of beginning and ending flows was 
partitioned from 1,000 cfs to 25,000 cfs, in 1,000 cfs increments.  The amount of 
spawning habitat (area and percent) that was suitable at the beginning flow was 
quantified for each patch and for all patches combined.  The amount of that beginning 
spawning habitat that remained wetted at the ending flow was also quantified.  The 
amount of the spawning habitat that remained wetted at the ending discharge (through 
incubation) was the effective habitat. 


Tables of effective habitat were developed for all patches combined and for patches that 
had a rank quality of 1a, 1a–1b, 1–2, and 1–3.  The tables were designed so the 
beginning discharge could be selected and then the amount and/or percent of habitat 
remaining at the ending discharge could be selected.  An interactive Microsoft Excel 
spreadsheet tool was also developed so that the change in effective habitat with 
different beginning and ending discharges could be easily visualized.   


6.0 RESULTS 


6.1. HYDROLOGY REVIEW


Previous studies indicate that redband trout in the lower Spokane River typically spawn, 
incubate, and emerge from gravel redds between about the second week of April and 
then end of May and early June (Parametrix, 2003).  The historical hydrology (1980–
2010) shows that for spawning in April to be successful fish must spawn in hydraulically 
stable areas that will not scour or dewater until alevins emerge in early-June (Figure 
2a).  Hydrology in the Spokane River during the spawning and incubation period was 
highly variable between years and within years as measured at the USGS Spokane 
River Gage.  The flows during the April spawning period (last three weeks in April; 
Section 6.3 below) ranged from approximately 5,000 to 25,000+ cfs and during the 
emergence period (e.g., first half of June), the flows ranged from about 2,000 to 25,000+
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cfs (between year variability).  The average, median, and 20% exceedance flows in 
April and June were similar; however, actual flows in individual years were typically 
much more variable (Figure 2a).  Based on the flows during individual years, the 
difference between the spawning flow and the emergence flow (within year variability) 
ranged from a few cfs to greater than 15,000 cfs.


In 2010, flows during April spawning were relatively stable at approximately 6,000 cfs.  
Flows then increased to nearly 17,000 cfs in May with considerable variation in flows 
occurring (Figure 2b).  Flows remained above the spawning flow through the incubation 
(early June) and throughout June.  In early July (well after the emergence period), flows 
began dropping rapidly and reached 1,600 cfs by the end of the month.  This hydrology 
is consistent with previous discussions that rapid changes in discharge are a normal 
and natural occurrence in the Spokane River (i.e., the river is naturally flashy) (Avista 
and Parametrix, 2004).  For example, during spawning studies in 2003, Spokane River 
flow on April 19, 2003 was between 11,000 and 12,000 cfs then dropped to 5,850 cfs by 
May 29th (first observed emergence) and to 4,500 cfs by mid-June.


The majority of the flow fluctuation that occurs in the lower Spokane River is natural.  
The Upper Falls and Monroe Street HEDs are operated as run-of-river projects; 
meaning water flowing into the reservoirs is essentially equal to the water being 
discharged from the HEDs, and the reservoir water levels change little (FERC 2007).  
The Upper Falls and Monroe Street HEDs have very little storage (800 acre feet and 30 
acre feet respectively) and are not operated as storage or power peaking projects.  
Therefore, the Upper Falls and Monroe Street HEDs have limited ability to manipulate 
discharge.


6.2. SPAWNING PATCH CHARACTERIZATION


The spawning patch characterization consisted of inventorying spawning patches, 
quantifying physical attributes, and quantifying hydrodynamic attributes. 


6.2.1. Inventory 


The spawning patch inventory identified 58 separate gravel patches in the 10 mile long 
study reach (Maps 2, 3 and 4; Table 3).  The spawning patches were concentrated in 
the upper 4 miles of the reach (RM 69.7–73.7) with the largest concentration of 
spawning patches near the T.J. Meenach Bridge (RM 70) (primarily upstream of the 
bridge) (Map 3). Each spawning patch was assigned a unique identification number 
(Patch ID) that related to its specific location by river mile and left (L) or right (R) bank 
looking downstream (example patch 73.58L).


6.2.2. Physical Attributes 


The physical attribute data for the spawning patches included spawning patch polygons, 
patch elevation surveys, and bulk gravel samples. 
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Spawning Patch Polygons 
The spawning patches are shown in Maps 2–4 and can be seen in detail along with site 
photographs in the interactive electronic map in Appendix B (see electronic file).  The 
spawning patch average size was 1,488 ft2 (median of 638 ft2) and the range was 208 
ft2 to 12,706 ft2.  Figure 3 shows the size distribution for the patches from upstream to 
downstream order (also see Table 3). 


Patch Elevation Surveys  


Patch elevations were combined with the stage-discharge relationships at each 
spawning patch (Section 6.2.3) to relate the elevations to discharge.  Figure 3 shows 
the average, minimum, and maximum discharge elevation of all of the patches.  Many of 
the patches are inundated over a wide range of discharges (i.e., various portions of the 
patch are inundated at different flows).  The maximum range of patch inundation was 
approximately 18,000 cfs and the average range was about 4,600 cfs.  Based on 
average elevation of the patches, the majority of the patches were cumulatively 
inundated by about 8,000 cfs (Figure 3).


Bulk Gravel Sampling 


Fine sediment (<1 mm) concentration in the majority of the spawning patches was low 
enough to provide high survivorship for incubating eggs and emerging alevins (Figure 4; 
Table 3), typically less than the 22% of <1 mm fines prior to redd construction as 
identified by Kondolf (1993; 2000).  The average percent of fines for all of the patches 
combined was 14.7%, while the maximum percentage was 39.4%.  The average D50 
particle size (median particle size of the bulk samples) of all the patches combined was 
relatively small, 11.7 mm (maximum 30.1 mm) (Figure 4; Table 3).  Appendix C 
provides detailed substrate composition for all of the spawning patches. 


6.2.3. Hydrodynamic Attributes 


Hydrodynamic attributes collected at each spawning patch included stage-discharge 
relationships and empirical maps (polygons) of spawning habitat depth and velocity.


Stage-Discharge Relationships 


Stage-discharge relationships (regressions) were developed for each spawning patch 
from 1,000 cfs to 25,000 cfs.  The data used to create the relationships were based on 
empirical stage-discharge measurements over a range of flows from 1,280 to 16,500 
cfs.  Five stage-discharge data pairs were collected at all patches except one (70.28R), 
where four stage-discharge data pairs were collected.  The stage-discharge 
relationships are continuous and can be used over a wider range of flows than 1,000 to 
25,000 cfs, but they are most accurate in the 1,000 to 25,000 cfs range.  The empirical 
data and plots of the stage-discharge regressions are shown in Appendix D.  Table D1 
shows the regression coefficients for each patch (see Equation 1, Section 5.2.3). 
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Empirical Spawning Depth and Velocity Mapping 


The empirical depth and velocity mapping data were used to create piecewise-linear 
relationships of both spawning and incubation (wetted) habitat from 1,000 to 25,000 cfs 
(Appendix E).  The empirical data used to create the relationships were based on four 
empirical mapping data sets collected within the following ranges of flow 2,980–3,810 
cfs, 6,170–6,600 cfs,  8,320–10,200 cfs, and 11,140–16,500 cfs (Table 1).  The data 
sets spanned the range of flows from 3,100 to 16,500 cfs.  The relationships are 
continuous and represent an interpolation of the empirical data within the measured flow 
range (3,100 to 16,500 cfs) and an extrapolation of the data outside the measured flow 
range.  The relationships are most accurate over the range of flows near the measured 
data (e.g., 2,000 to 20,000 cfs range) and less accurate the farther the extrapolations 
are from the measured data.


At two sites (69.87L and 70.39L), the empirical flow/habitat measurement at one flow 
appeared to be anomalous from the measurements at other flows.  Likely this occurred 
either due to unique hydraulics at the flow (e.g., a log creating a flow deflection) or the 
way the field crew interpreted the habitat.  At these two locations, the piecewise 
relationship did not use that data point (see Figures in Appendix E). 


Spawning Habitat 


A summary of the discharge range at which individual patches exhibit spawning habitat 
(Appendix E) is provided in Table 3.  Three flow ranges were used, <11,000 cfs, 11,000 
cfs–17,000 cfs, >17,000 cfs.   These flow ranges were based on the average April flows 
(3rd week) (1980–2010) at three exceedance values, <33%, 33%–66%, and >66%, 
respectively.


Incubation Habitat 


A summary is also provided in Table 3 of the discharge range, at which individual 
patches exhibit incubation habitat (Appendix E).  The flow ranges are based on the 
same exceedance flow values used above (<33%, 33%–66%, and >66%), but for the 
2nd week in June (1980–2010).  The flow ranges are <5,000 cfs, 5,000 cfs–10,000 cfs, 
>10,000 cfs).


6.3. BIOLOGICAL SPAWNING CHARACTERIZATION


Biological spawning characterizations included spawning surveys, spawning habitat 
suitability criteria, and artificial redds. 


6.3.1. Spawning Surveys 


A total of 148 redband trout redds were observed during the 2010 spawning surveys.  
The first spawning was observed on April 7 (individuals and evidence of redd 
construction).  The peak of the spawning occurred the third and fourth weeks in April  
2010 (April 15 through 28) (Figure 5), with essentially all spawning completed by April 
27.  The flow during this period was approximately 6,000 cfs.  During post-spawning 
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verification in early May, five additional redds were located.  These were created during 
a period of high flow, sometime between May 5 and May 10. 


A total of 141 redds were documented at 12 of the 58 (21%) gravel patches within the 
study reach (Table 3; Maps 2, 5 and 6; Appendix B [see electronic file]).  The majority of 
spawning (109 redds or 74%) in 2010 occurred at four primary sites:  


� Riverbend Bar 68.35L (50 redds, 34% of total),


� Along the right bank immediately downstream of Sandifur Memorial Bridge 
72.42R (27 redds, 18% of total),


� Along the left bank upstream of Sandifur Memorial Bridge 72.53L (11 redds, 7%).


� Along the right bank downstream of the Monroe Street HED 73.74R (21 redds, 
14% of total), and


The other eight sites with redds contained from 2–6 redds (1–4%) of the spawning at 
each of the sites, or a total of 32 redds (Table 3; Maps 2, 5 and 6; Appendix B [see 
electronic file]).  In addition, seven redds were observed at two off-patch locations: 
along the left-bank upstream of T.J. Meenach Bridge (RM 70.00) (three redds) and 
along the right bank at Upper San Soucci (RM 71.56) (four redds).  The off-patch 
locations were in lower quality habitat than the inventoried patches.  For example, RM 
71.56 location had coarse surface gravels and the RM 70.00 location consisted of 
predominantly sand and small gravel substrate that had been deposited around the 
base of several willow trees. 


The spawning patches where spawning occurred in 2010 were good spawning sites in 
the sense that they provided stable spawning and incubation habitat over a wide range 
of flows.  The sites provided spawning habitat and incubation habitat from about 10,000 
cfs down to 3,000 cfs or lower (Appendix B [see electronic file]). In 2010, the lowest flow 
during the incubation period was about 6,750 cfs (higher than the spawning flow) 
(Figure 2b); therefore, spawning sites that provided incubation over a wide range of 
flows were not required.  However, if the hydrology would have been different, e.g., 
lower flows occurring at the end of the incubation period like occurs in many years, the 
spawning sites would have maintained good incubation conditions. 


There were several spawning patches where spawning was observed historically in 
2003 (Parametrix 2003), but few or no redds were observed in 2010.  These sites 
include 70.13R, 71.52 right bank (not an inventoried patch), 73.10R, and 73.25L.  In 
2003 the flows during the spawning period were much higher (about 11,000–12,000 cfs) 
than in 2010 (~6,000 cfs).  The spawning habitat analysis (Section 6.2.3) shows that 
these sites did not provide spawning habitat at 6,000 cfs (year 2010), but would have 
had good habitat at the higher flows, 11,000+ cfs, present in 2003.  In addition, to the 
flow difference in 2003 versus 2010, at least one site appeared to have changed in 
physical nature since 2003.  The 71.52 right bank location, documented with historical 
spawning in 2003, was given special attention in 2010, but the area was not 
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classified/inventoried as a suitable spawning patch (contained coarse cobble and sand 
mix), nor was there spawning observed there.  During the 2010 spawning period, the 
area was walked and snorkeled, but no fish/redds were observed. 


6.3.2. Spawning Habitat Suitability Criteria 


All spawning observed within the study reach (148 redds) occurred at depths ranging 
from 1.0–5.28 feet, with a mean depth of 3.51 feet and at velocities ranging from 0.5–
3.5 ft/s, with a mean velocity of 1.9 ft/s.  Figure 6 shows frequency plots and percent of 
maximum frequency plots of the depth and velocity utilization for redband trout in the 
Spokane River in 2010. 


The majority of the velocity utilization occurred between about 0.5 and 3.0 ft/s, which is 
very close to the a priori velocity suitability categories used for the depth and velocity 
mapping (0.3–3.0 ft/s) (Table 3; Section 5.2.3).  That is, the velocity utilization was 
similar to that observed in other studies (Smith 1973; Bovee 1978; Raleigh et al. 1984; 
EA Engineering 1987; TRPA unpublished data; TRPA 2002a; TRPA 2002b; WDFW 
2004; Smith et al. 1987; TRPA 2004).


The spawning depth utilization (1.0–5.28 feet) in the Spokane River was deeper than 
has been typically observed in other studies for trout and salmonid spawning in general 
(Smith 1973; Bovee 1978; EA Engineering 1987; TRPA unpublished data; TRPA 2002a; 
TRPA 2002b; WDFW 2004; Smith et al. 1987; TRPA 2004), where depth utilization 
peaks are close to 1 foot deep and few redds are observed at depths greater than about 
3 feet (Figure 6).  Sometimes in other studies, during the development of spawning 
habitat suitability criteria, it has been assumed that deep water should remain suitable, 
even though no spawning observations exist in deep water (e.g., Smith et al. 1987) or 
because there was some limited documentation of deep water spawning (e.g., Orcutt et 
al. 1968).  In one report where suitability criteria were developed for rainbow trout using 
a variety of data sets, Raleigh (et al. 1984)2, deep water spawning suitability for rainbow 
trout was based on a single study (Hartman and Galbraith 1970) that documented the 
relatively deep water spawning habitat of the largest rainbow trout in the world (Gerrad 
rainbow trout).


The a priori depth categories used for mapping spawning habitat in this study were 0.0–
<0.3, 0.3–2.5, and >2.5 feet.  Both of the two deeper water categories were assumed to 
represent suitable spawning conditions; however, this was originally based on the 
concept that 0.3–2.5 feet was the typical depth at which rainbow trout would spawn and 
that fish might also be observed in water deeper than 2.5 feet.  The a priori category 
was “wrong” for deep water in the sense that a very large portion of the spawning in the 
Spokane River in 2010 occurred in depths greater than 2.5 feet, outside of the assumed 
0.3–2.5 feet category.  The deep water mapping category >2.5 feet, however, picked up 
this deep water spawning and the empirical spawning habitat mapping results are 


2 Raleigh et al. 1984 assumed relatively deep water was suitable for rainbow trout based on data in 
Hartman and Galbraith (1970) for Gerrard rainbow trout, the largest rainbow trout in the world (e.g., 
average about 17+ lbs).
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consistent with the “approach” that deep water does not limit trout spawning.  That is, 
deep water is suitable for spawning.  


6.3.3. Artificial Redds 


The artificial redd results included the survival and developmental stage of eggs/alevins 
and the physical variables measured at the redds during the 26 day installation period.


Survival and Developmental Stage 


The assessment of intragravel conditions on embryo survival suggests that the 
inventoried spawning patch habitat (i.e. the intragravel environment) was functional and 
exerted limited effect on incubating embryos.  Counts of live alevins from the W-V boxes 
indicated that survival rates over the period of intragravel assessment averaged 88% 
(Table 4).  The lowest survival in a W-V box was 64% and the highest was 98%.


The high survival for the artificial redds across all sites means that the physical 
conditions at the redds, including the variables that were measured (fine sediment 
intrusion, clod card dissolution, dissolved oxygen, temperature) were suitable for alevin 
development.  As a result, the relationships between survival and the measured 
independent variables was weak (Figures 7–10).  The relationships are, however, 
generally in the direction that would be expected.  For example the relationship with fine 
sediment that intruded into the W-V boxes in Figure 7 was weakly negative and likewise 
the relationship between clod card dissolution, a surrogate for intragravel flow rates, and 
survival was weakly positive (Figure 8). The trend with dissolved oxygen was weakly 
positive at Time 1 and virtually flat at Time 2 (Figure 9).  There was a weakly positive 
survival trend with average temperature (Figure 10).


Developmental stage of embryos was similar for all samples except for W-V Unit #3 at 
patch 70.65R (Table 4), which had the highest amount of fine sediment intrusion, the 
lowest mass loss of its associated clod card and low dissolved oxygen at both 
measurement times (Table 4).  Forty of the 41 live alevins at unit #3 had little absorption 
of their yolk.  While this unit exhibited only slightly less than average survival, the 
developmental state of the alevins was significantly less advanced in comparison to 
every other unit.  The fact that we detected values of explanatory variables out of range 
with the rest of the units and that they had a measureable, yet sub-lethal effect on 
incubating alevins, suggests that the methods we used to assess survival and 
developmental stage were sensitive to intragravel conditions within the streambed and 
that over the broad distribution of the inventoried sites sampled in the river, gravel 
conditions in the Spokane River were favorable for incubating salmonid embryos. 


Physical Variables 


At the time of installation of the W-V boxes water depths ranged from 2.5 to 0.6 feet 
(average 1.1 foot deep) and velocities of 2.54 to 0.12 feet per second (average 1.0 foot 
per second) (Table 4). The depths and velocities over the patch and the boxes varied 
over the deployment period as stage and flow fluctuated in the river.  Mass loss of the 
clod cards ranged from 3–100% with an average of 52.5%.  Fine sediment intrusion into 
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the WV-boxes ranged from 90.0–1.0 grams, average 30.9 grams. Dissolved oxygen at 
Time 1 ranged from 3.8 to 14.0 mg/l and average 8.8 mg/l and at Time 2 ranged from 
4.0–10.0 mg/l with an average of 8.3 mg/l.  Dissolved oxygen readings were 77% of 
surface water values on average.


Average temperature from the W-V boxes indicated a small range of variability 49.2 to 
52.9 F (average 50.8 F); however, there was a high degree of variability in the temporal 
pattern of temperature (Figure 10).  There were three distinct patterns of temperature 
fluctuation (Figure 11). Four of the sites appeared to track the surface water 
temperature closely, suggesting coupling of the intragravel environment and exchange 
with the river.  A second group represented by two sites, showed stable temperatures 
influenced by groundwater sources near the active channel.  Both of these sites were 
on the right bank in the vicinity of T.J. Meenach Springs. Temperature at one of these 
sites (70.13R) was depressed as stage increased on May 4, suggesting a flow induced 
coupling with surface water while the other site remained stable. The third group of two 
sites displayed temperature fluctuations intermediate to the ground water controlled 
group and the surface water controlled group.  This third group showed a stabilizing 
trend with ascending temperatures in May and a mildly fluctuating diurnal pattern within 
the range of the groundwater controlled group at the time of retrieval (Figure 11).


6.4. EFFECTIVE SPAWNING AND INCUBATION HABITAT


Characterization of effective habitat included both ranking of spawning patches and 
quantification of effective habitat.


6.4.1. Ranking of Spawning Patches 


The non-flow related quality rank of each spawning patch is shown in Table 3.  A total of 
12 patches were ranked 1a and 21 patches were ranked 1b.  The patches with a rank of 
1a or 1b are high quality patches with no non-flow related spawning limitations.  Rank 
1b sites are sites that have been differentiated from 1a sites because spawning was not 
observed (confirmed) at these patches in the two years (2003 or 2010) that spawning 
was studied in the river.  The rank 2 and 3 spawning patches are medium and low 
quality sites, respectively, with non-flow related deficiencies that are outlined in Table 3.  
These patches may be suitable spawning patches based on most of the physical 
conditions, but they are lower quality spawning patches than the rank 1 sites.  


6.4.2. Effective Habitat 


The effective habitat analysis included spawning habitat versus flow relationships and 
calculation of effective spawning and incubation habitat. 


Spawning Habitat Versus Flow Relationships 


Detailed spawning and incubation habitat versus discharge relationships for each of the 
individual spawning patches were presented in Section 6.2.3.  The cumulative amount 
of spawning habitat versus flow for four different groupings of spawning patches (rank 
1a, ranks 1a and 1b, ranks 1–2, and ranks 2–3)  are shown here in Figures 12, 13, 14 
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and 15, respectively.  The amount of spawning habitat for all four groupings increased 
steadily with increasing discharge from low flow up to approximately 11,000 cfs and 
then generally leveled off.  Based on historical hydrology, 66% of the time discharge 
during April (3rd week) is greater than 11,000 cfs and provides approximately maximum 
spawning habitat.  Even when spawning flows are as low as 6,000 cfs, which occurs 
less than 20% of the time (Figure 2a), approximately 50% of the maximum spawning 
habitat in the study reach is available (Figures 12–15).      


Approximately 67% of the total spawning habitat available in the study area is provided 
by patches with rank 1a, 90% for patches with rank 1a–1b, and 96% for patches with 
rank 1–2.  Very little habitat is provided by the patches with rank 2 or 3 (6% and 4%, 
respectively).


Effective Spawning and Incubation Habitat 


Effective spawning and incubation habitat matrices are shown for each of the four 
groupings of patch quality (rank 1a, ranks 1a and 1b, ranks 1–2, and ranks 2–3) in 
Tables 5, 6, 7, and 8, respectively.  The effective spawning and incubation tables  
provide a tool to assess and/or manage effective spawning and incubation habitat.  The 
effective spawning and incubation tables are used by looking up the flow that existed in 
the river at the time of spawning (e.g., median average daily flow during the 3rd week of 
April) and then looking up the habitat that would remain effective through the incubation 
period based on the lowest average daily flow during the incubation period (late April to 
early June).  Figure 16 shows a graphical version of the tables for initial spawning 
discharges of 15,000 cfs and 6,000 cfs for patches ranked 1–3.


Two examples of using the effective habitat tables are provided below: 


� During the 2010 spawning period (April 15 through April 21), flow in the Spokane 
River was approximately 6,000 cfs (Figure 2).  For the 1a and 1b ranked sites 
(Table 6), where the majority of the habitat exists, the initial amount of spawning 
habitat was 22,000 ft2, and because the flow never went below 6,000 cfs the 
through the incubation period in early June (Figure 2), the total effective 
spawning and incubation habitat was 22,000 ft2 (Table 6a).  If, however, the flow 
had dropped to 4,000 cfs during the incubation period, then 18,000 ft2, or 81% of 
the habitat would have remained as effective spawning and incubation habitat 
(Table 6). 


� During spawning studies in 2003, Spokane River flow during April spawning was 
approximately 11,500 cfs.  Flows then dropped to 5,850 cfs by May 29th (first 
observed emergence) (Parametrix 2003) and to approximately 4,500 cfs by mid-
June.  By interpolating the 11,000 and 12,000 cfs spawning habitat flow in Table 
6 and the ending incubation habitat flow results in the table, approximately 70% 
of the spawning habitat remained effective through the end of May and 58% of 
the spawning habitat would have remained effective through mid-June.
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The percent of the initial spawning habitat that would remain effective is generally 
similar for each of the quality groupings of patches (Tables 5, 6, 7, and 8) even though 
the total amount of effective habitat is different.  Using Table 6 (for patches with rank 1a 
and 1b) incorporates 90% of the total habitat and provides results similar to those 
obtained using one of the other groupings of spawning patches.  For example, using the 
analysis described above (6,000 cfs spawning flow goes to 4,000 cfs incubation flow), 
the percent of effective spawning and incubation habitat remaining is 81% using Table 6 
(rank 1 patches) and 82% based on using Table 7 (rank 1–2  patches). 


7.0 SUMMARY 


Lower Spokane River hydrology during the redband trout spawning and incubation 
period (April–June) was highly variable within years (range between spawning and 
incubation as high as 15,000 cfs) and between years (5,000 cfs to 25,000+ cfs spawning 
flows in April). 


A total of 58 spawning patches were identified and inventoried in the lower Spokane 
River study area (10 miles).  Most of the spawning patches were in the upper 4 miles of 
the study reach.  The largest concentration of spawning patches was in the T.J. 
Meenach Bridge area. 


Most spawning patches were watered over a wide range of discharges (e.g., average 
patch range was 4,600 cfs) (i.e., the individual patches consisted of a range of channel 
elevations).  The average discharge at which the majority of the patches/patch areas 
were inundated was approximately 8,000 cfs. 


The fine sediment content of the inventoried spawning patches was generally within the 
range that provides successful spawning (average 14.7% fine sediment <1 mm). 


Stage-discharge relationships and empirical depth/velocity habitat mapping provided 
hydrodynamic attributes over a wide range of discharges 1,000 cfs to 25,000 cfs.  This 
allowed spawning and incubation habitat to be quantified over a wide range of 
discharges (1,000 cfs–25,000 cfs). 


A total of 148 redband trout redds were located during the spawning season in 2010.  
The majority of the spawning occurred during the last two weeks of April, between April 
15 and April 27.  This spawning period timing is consistent with the April 10 to April 22 
period observed during studies in 2003 (Parametrix 2003).  A total of 130 redband trout 
redds were identified during the spawning season in 2003.  Fry emergence was first 
observed on May 29 in 2003 (Parametrix 2003).  In this report, we assume emergence 
occurs during the end of May and early June.  The water depth of spawning habitat 
utilized by redband trout in the lower Spokane River was unique.  Fish spawned in deep 
water habitat compared to other studies of salmonid spawning.  The average depth of 
spawning was 3.51 feet and redds were observed at water depths of 5.3 feet.  This may 
be a biological mechanism to protect redds against dewatering during incubation due to 
the natural highly variable flows (between and within years) that occur in the Spokane 
River.
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Artificial redds installed in spawning patches with a range of different quality rankings 
showed that intragravel survival was high (average 88%) in all of the patches.  
Generally, therefore, the inventoried patches provide good egg survival habitat.


Patch spawning quality was ranked high (rank 1), medium (rank 2), and low (rank 3) 
based on non-flow related attributes.  The rankings were used to identify the most 
important spawning patches and to allow grouping of patches for effective spawning 
and incubation habitat analyses.  Rank 1 sites (1a and 1b) provided the majority,  
approximately 90%, of the spawning habitat in the 58 surveyed patches.  Very little 
additional habitat was provided by the rank 2 (6%) and rank 3 (4%) sites.


The spawning habitat versus discharge relationship for all of the different quality 
groupings of spawning patches peaked at approximately 11,000 cfs.  At flows higher 
than 11,000 cfs there was little change in the total amount of spawning habitat versus 
flow relationship.  At lower flows the amount of habitat was lower (spawning habitat was 
positively related to discharge).  At lower flows, a relatively high percentage of the 
spawning habitat is available.  For example, at 6,000 cfs, 50% of the total spawning 
habitat is still available.   


Effective spawning and incubation habitat is the habitat that remains continually suitable 
throughout the spring spawning and incubation period.  Effective spawning and 
incubation habitat was quantified in 1,000 cfs increment tables of initial spawning 
discharge (1,000 to 25,000 cfs) and minimum flow during the incubation period (1,000 to 
25,000 cfs).  These tables provide an easy to use tool for assessing and/or managing 
effective spawning and incubation habitat.  The tables are used by looking up the 
amount of habitat that was available at the spawning discharge (third week of April) and 
then using the lowest flow occurring during the incubation period (for example, through 
the first week of June) to determine the amount or percent of habitat that remained 
effective.


In 2010, flows during April spawning were relatively stable at approximately 6,000 cfs.  
Flows throughout the incubation period remained above the spawning flow and 100% of 
the spawning habitat remained effective through the incubation period (flow did not drop 
below 6,000 until July).    During spawning studies in 2003, Spokane River flow during 
spawning in April was approximately 11,500 cfs then dropped to 5,850 cfs by May 29th


(first observed emergence) and approximately 4,500 cfs by mid-June.  Approximately, 
70% of the spawning habitat remained as effective spawning and incubation habitat 
through the end of May and 58% through mid-June in 2003.
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Depth/Velocity Bins Suitable for Spawning Suitable for Incubation


Depth (ft)
0.0 –<0.3 No Yes1


0.3–2.5 Yes Yes
>2.5 Yes Yes


 Velocity (ft/s)
0.0–<0.3 No Yes1


0.3–3.0 Yes Yes
>3.0 No Yes


1Only�if�the�depth�is�greater�than�0.0�ft�and�velocity�is�greater�than�0.0�ft/s.


Table 2. Empirical Spawning and Incubation Habitat Mapping Depth and 
Velocity Bins.
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Table 3.  Spawning Patch Details.


2010 2003 < 11,000
11,000 - 
17,000 > 17,000 < 5,000


5,000 - 
10,000 > 10,000


Monroe Street Bridge
73.74R 58 1a 12706 6 12 21 X * X X X
73.63R 57 1a 6586 13 11 3 X X X X X X
73.58L 56 1a 1069 7 14 3 X X X X X X


73.54R 55 2
Steep slope, surficial gravel, 
mixed with cobble/boulder 1691 13 14 * X X * X X


73.49L 54 3


Steep slope, surficial gravel, 
mixed with cobble/boulder, small 
size 214 16 14 * X X X X


Maple Street Bridge


73.43L 53 3
Surficial gravel, mixed with 
cobble/boulder, small size 230 18 9 * X X X X X


73.25L 52 1a 9403 17 4 18 X X X X X X
73.18R 51 1b 1393 16 14 X X X X X X


-- -- -- -- -- -- 27 -- -- --


72.73L 50 3
Steep slope, surficial gravel, high 
% fines 334 32 12 * X X * X X


72.71L 49 3 Steep slope 602 19 15 * X X X X
72.67L 48 2 High % fines 661 32 13 * X X X X
72.56L 47 3 Surficial gravel, high % fines 547 39 2 * X X * X X
72.53L 46 1a 700 16 7 11 X X X X X X


72.47L 45 2 Small size 212 2 6 X * X X X
72.42R 44 1a 3744 0 16 27 X X X X X
72.24R 43 2 High % fines 960 27 11 X X X * X X


Hangman (Latah) 
Creek


72.19R 42 1b 1883 5 10 X X X X X X
71.74L 41 1b 288 3 14 * * X X
71.71L 40 1b 474 4 11 * X X X X
71.69L 39 1b 1068 6 17 X X X * X X
71.66L 38 2 Large substrate 304 9 25 X X X * X X


-- -- -- -- -- -- 4 -- -- --
71.52R 37 1a 2130 19 6 11 * X X X X
71.3L 36 1b 2441 9 9 * * X


71.26L 35 1b 1765 14 5 X X * X
71.23L 34 1b 264 5 16 * X X X X


70.88R 33 2
mixed with cobble/boulder, 
woody vegetation, narrow 572 15 7 X X X


70.83R 32 2 High % fines, woody vegetation 339 25 4 12 X X * X
70.77R 31 1b 1206 11 11 X X X * X X
70.65R 30 2 Located in back eddie 402 17 7 X X X X X X
70.39L 29 1b 421 16 6 X X X X X
70.35L 28 1b 622 12 12 X * * X X


70.28R 27 3
Steep slope, surficial gravel, 
mixed with cobble/boulder 359 15 17 * X X * X X


70.27L 26 1b 355 12 30 * X X X X


70.26R 25 3
Steep slope, surficial gravel, 
mixed with cobble/boulder 290 7 18 * X X X X


70.25L 24 1a 646 11 25 5 X X * * X X
70.2L 23 1a 1617 12 19 4 X X X X X X


70.18R 22 3
mixed with cobble/boulder, small 
size 208 11 15 X X * X


70.17L 21 1b 340 21 8 X X X X


70.14L 20 2
High % fines, mixed with 
cobble/boulder 542 25 5 * * X X


T.J. Meenach Springs
70.13R 19 1a 2000 12 11 2 52 X X X * X X
70.06L 18 1b 1306 15 8 X3 X X X
70.04R 17 1a  1068 16 11 3 X X X X X X
70.03L 16 1b 1624 19 10 X3 X X X


-- -- -- -- -- -- 3 -- -- --
69.96L 15 2 Large substrate, small size 214 3 28 X X X X
69.96R 14 1b 1076 13 6 X X X * X X
69.92L 13 1b 1688 20 7 X X * X X
69.92R 12 1b 415 20 7 X3 * X X
69.91L 11 1b 292 11 8 X X X X
69.89L 10 1b 346 8 11 * X X X
69.87L 9 1a 269 17 14 6 X X X X X X


T.J. Meenach Bridge
69.79R 8 3 Steep slope, high % fines 630 24 5 * X X X X
69.77R 7 1a 965 12 8 6 X X X X X X
69.72R 6 1b 1973 10 10 X X X * X X
68.35L 5 1a 9821 22 5 50 21 X X X X X X
68.34L 4 1b 1023 13 17 X X * X


67.78L 3 2
Large substrate, mixed with 
cobble/boulder 599 9 19 * X X X


Treatment Plant
Bowl and Pitcher Park
Swinging Bridge


65.39R 2 3
Steep slope, surficial gravel, high 
% fines, boulder 1126 23 11 X4 * X X


65.38R 1 3 Steep slope, high % fines 267 32 12 X4 * X
1Spawning habitat throughout this flow range (X) and spawning habitat occurs in a portion of this flow range (*).
2Redd observed in the San Souci Area. No detailed coordinates were available. 
3No flow or spawning habitat in this side channel at flows < 15,000 cfs. At higher flow the spawning patch would become usable.
4No spawning habitat observed at flow < 15,000 cfs.  At higher flows this spawning patch is likely not usable.


Number of Observed 
Redds


Patch
Number


Sandifur Memorial Bridge


% < 1 mm 
fines


Spawning Patch ID 
(River Mile and Bank)


Area (sq. 
ft.)


Reasons for Site Rank
Less Than 1


Incubation Habitat Flow Range 
(cfs)1


Downriver
Road


Peaceful
Valley


San Souci


Lower San 
Souci


Site
Rank


Upper San 
Souci


Spawning Habitat Flow Range 
(cfs)1


Site
Location D50
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Figure 1. Technical Study Plan Objectives and Study Elements.
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Figure 2a.  Spokane River Average Daily Flow Data (1980 – 2010) Measured at the Spokane River Near Spokane, 
WA (USGS Gage 12422500).


Figure 2b.  Spokane River Flow Data (March 1 - August 1, 2010) Measured at the Spokane River Near Spokane, 
WA (USGS Gage 12422500).
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Figure 4.  Percent Fine Sediment (top) and Mean Particle Size (bottom) at the 
58 Spawning Patch Locaitons.
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Figure 5.  Comparison of Average Daily Discharge Measured at the Spokane River Near Spokane, WA (USGS Gage 
12422500) and Total Daily Redd Counts for the 2010 Spawning Surveys.
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Figure 6.  Observed 2010 Redband Trout Depth and Velocity Spawning Frequency 
(top) and Percent of Maximum Frequency (bottom) (n = 148 redds).
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Figure 7.  Artificial Redd Percent Survival Versus Fine Sediment Intrusion.
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Figure 8.  Artificial Redd Percent Survival Versus Percent Clod Card Dissolution.
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Figure 9.  Artificial Redd Percent Survival Versus Dissolved Oxygen (Day 18 and Day 27).
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Figure 10. Artificial Redd Percent Survival Versus Average Temperature.
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Figure 11. Water Temperature at Artificial Redd Study Sites.
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Figure�12.��Amount�(ft2/1000�ft)�(top)�and�Percent�(bottom)�of�Effective�Spawning�
Habitat�in�Spawning�Patches�Ranked�1a.
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Figure�13.��Amount�(ft2/1000�ft)�(top)�and�Percent�(bottom)�of�Effective�Spawning�
Habitat�in�Spawning�Patches�Ranked�1a���1b.
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Figure�14.��Amount�(ft2/1000�ft)�(top)�and�Percent�(bottom)�of�Effective�Spawning�
Habitat�in�Spawning�Patches�Ranked�1���2.
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Figure�15.��Amount�(ft2/1000�ft)�(top)�and�Percent�(bottom)�of�Effective�Spawning�
Habitat�in�Spawning�Patches�Ranked�1���3.
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Figure�16.��Total�Spawning�Habitat�(black�line)�and�the�Effective�Spawning�Habitat�
(red�line)�at�Initial�Spawning�Flows�of�15,000�cfs�(top)�and�6,000�cfs�(bottom)�in�
Spawning�Patches�Ranked�1���3.��Following�the�Effective�Habitat�Line�(red)�from�
Right�to�Left�Shows�the�Amount�of�Spawning�Habitat�that�Remains�Effective�at�
Different�Minimum�Flows�during�the�Incubation�Period.�
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1.0 GENERAL


Survival of many species of salmonids has been well studied from egg deposition 
in the redd environment through emergence of alevins into the stream using a 
wide range of approaches and methods (Harsbarger and Porter 1982, Sowden 
and Power 1985, Hoffman 1986, Garret and Bennett 1996, Argent and Flebbe 
1999, Hendrick et. al. 2005, Zimmermann and LaPointe 2005, Radtke 2008).  
However, many of these methods are difficult to apply in a large river through a 
period of highly variable flow conditions due to the difficulty of installation and 
retrieval of sample devices as artificial redds, and the risk of potential loss of 
these devices.  Careful consideration of experimental approaches and methods 
led us to use modified Whitlock-Vibert (W-V) boxes (Whitlock 1979) as the basic 
artificial redd unit coupled with the use of eyed triploid rainbow trout eggs.  We 
used eyed triploid rainbow trout eggs to avoid stock transfer issues and because 
the egg size (approximately 5 mm diameter) was relatively close to that of 
redband trout.  Because egg size strongly influences oxygen transfer to the 
developing eggs and alevin size, we assumed that the comparable size of the 
triploid rainbow trout eggs in our artificial redds should approximate similar rates 
of oxygen transfer and alevin size of that of redband trout.  Based on this key 
condition we concluded that the response of the triploid eggs to the intragravel 
environment in spawning patches of the Spokane River would be similar to that 
of the native redband trout. 


The experiment was a nested design, stratified at the highest level by a spawning 
patch quality strata (high, medium, and low quality) that was assigned based on 
factors including channel location and gravel composition.  We installed three W-
V boxes in each of three gravel patches in each of the three quality strata (27 W-
V installations in total) and collected data for four independent variables (fines 
intruding into the W-V box, dissolved oxygen in the W-V box at two different 
times during incubation, water temperature, and dissolution rates of gypsum 
cylinders as surrogate for intragravel flow rate) against which survival at 
projected yolk sac absorption was compared.  


2.0 W-V BOXES 


We modified W-V boxes by removing the panel separating the egg chamber and 
the nursery chamber and affixing window screen to the inside of all box surfaces.  
The window screen openings were slightly larger than 1 x 1 mm.  This 
modification was necessary to prevent the escape of alevins after hatching.  
Each box was filled with a core gravel mixture approximating the D50 particle size 
for the combined spawning gravel analysis (8-16 mm).  Each box was also fitted 
with a ¼ inch diameter plastic tube that ran the length of the box and was 
fastened to the opposite end with a stainless steel screw threaded into the end of 
the tube from outside the box.  The portion of the tube inside the W-V box was 
perforated to facilitate the withdrawal of a water sample from directly within the 
area of the developing eggs and alevins during the period of streambed burial. 
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After filling with gravel the boxes were shaken to shift gravels and fill voids within 
the boxes including around and under the water sampling tube (see image 
below).


Boxes were buried in the streambed within the patches approximately 3-5 feet 
apart and at a depth of 6-8 inches under the streambed surface to approximate 
the depth of redband trout egg pockets (DeVries 1997).  Depressions were 
constructed in the streambed with a shovel and all boxes were buried on April 21 
or 22, 2010.  The boxes were held in place as they were covered with the 
excavated stream bed gravels.  After burial was complete, the water sampling 
tube was filled with water, plugged and weighted down to the streambed by 
placing a rock on top of it.  The rock kept the tube from floating in the current and 
made it less visible from the stream surface, a precaution against potential 
vandalism.  All W-V boxes were retrieved on May 17 or 18 for determination of 
embryo survival. 


3.0 EGG SOURCE 


Triploid rainbow trout eggs were obtained from the Troutlodge Hatchery near 
Orting, WA and transported on ice to Spokane by vehicle the day preceding 
placement in the W-V boxes.  At the time of placement into the W-V boxes the 
eggs were eyed and had a cumulative Celsius temperature unit value of 245, 
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meaning they would hatch within approximately 8-10 days depending on the 
temperature environment of their exact location in the river.  We projected the 
time to full yolk sac absorption based on assumed incubation temperatures and 
developmental rates obtained from Troutlodge to maximize exposure to 
intragravel conditions before retrieval.  Planning for the retrieval of the W-V 
boxes balanced the desire to maximize their exposure to intragravel conditions 
with the risk of confining the alevins beyond the time when they would normally 
be emerging into the stream and the potential concomitant stress and mortality 
that might cause.  W-V boxes were each allotted 50 eggs.  Eggs were placed into 
the W-V boxes while the open boxes were partially submerged.  The boxes were 
gently shaken to facilitate the settling of eggs into the interstices of the gravel 
matrix.  After the eggs were placed in the boxes, the top of the gravel matrix was 
capped with slightly smaller gravels (approximately 4-8 mm average diameter) to 
approximate the cover gravels over an egg pocket and the box lid was snapped 
shut.


4.0 DISSOLVED OXYGEN 


The plastic tubes connected to the W-V boxes were filled with water by gentle 
suction from a 100 ml syringe and plugged as the final step in W-V box 
installation.  Two water samples were taken from the W-V boxes for field analysis 
of dissolved oxygen at 19 and 24 days following burial in the streambed, on May 
10 or 11 and May 17 or 18 respectively.  Sixty milliliter water samples were 
withdrawn for analysis after a volume of water equal to the tube volume, based 
on its inside diameter and total length to the W-V box (~17 ml), was withdrawn 
and discarded.  Water was gradually withdrawn (~0.5 ml/sec) into the syringe to 
avoid pulling water into the incubation chamber from outside the artificial redd 
environment.  Samples were immediately processed per instructions for field 
titration using a HACH Model OX-2P Dissolved Oxygen Test Kit.  


5.0 GYPSUM CYLINDERS (CLOD CARDS) 


Clod cards (Doty 1971, Petticrew and Kalff 1991, Leonetti 1997, Thompson and 
Glenn 1991, Porter et. al. 2000) were used to assess intragravel flow rates at the 
site of each W-V box.  Clod cards were made of commercially available plaster of 
Paris (gypsum) poured into molds made from ABS pipe and had a 3/16 inch eye 
bolt placed in the center during production to provide an attachment point.  Each 
cylinder measured 1.5 inches in diameter by 4 inches long and was oven dried 
for 48 hr at 105 degrees Fahrenheit and weighed to the nearest 0.1 gram.  A clod 
card was inserted into the gravel approximately 12-18 inches lateral to each W-V 
box with a pipe and driver inserter prior egg box placement.  Each clod card had 
a string attached to the eye bolt for retrieval that was allowed to trail over the 
streambed in the current. Upon retrieval of clod cards on May 10 or 11 (19-20 
days post installation), they were dried as above and reweighed to determine the 
mass loss during the period of deployment. 
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6.0 TEMPERATURE


We attached a temperature data logger (Onset Tidbit brand) to one box in each
patch to record intragravel temperatures.  We assumed that the temperatures 
recorded for the one box would be representative of temperatures for the other 
two boxes in the patch.  Surface water temperatures were recorded upstream 
from the Spokane City wastewater treatment plant.
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Figure C-1.  Patch 65.38R Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 98.5 1.5 51
16 63.0 35.6 1250


8 41.6 21.4 752
4 35.2 6.4 224
2 32.8 2.4 84
1 31.7 1.2 42


0.5 29.4 2.2 78
0.25 17.2 12.3 431
Pan --- 17.2 604
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Figure C-2.  Patch 65.39R Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 88.7 11.3 441
16 60.1 28.6 1121


8 43.0 17.1 668
4 32.0 11.0 431
2 25.8 6.2 242
1 23.3 2.5 99


0.5 20.2 3.1 123
0.25 8.8 11.4 446
Pan --- 8.8 343
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Figure C-3.  Patch 67.78L Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 60.5 39.5 1364
16 46.9 13.6 469


8 38.5 8.4 288
4 32.6 5.9 202
2 22.3 10.4 358
1 8.6 13.7 471


0.5 1.2 7.5 257
0.25 0.2 0.9 32
Pan --- 0.2 8
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Figure C-4.  Patch 68.34L Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 81.1 18.9 989


31.5 59.2 21.8 1142
16 49.3 9.9 519


8 43.0 6.3 329
4 38.3 4.7 247
2 27.3 11.0 575
1 12.6 14.7 769


0.5 4.2 8.4 440
0.25 0.9 3.3 174
Pan --- 0.9 45
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Figure C-5.  Patch 68.35L Gravel Size and Percentage (n=6).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 92.0 8.0 1951
16 69.5 22.5 5460


8 55.9 13.5 3284
4 46.6 9.3 2260
2 36.9 9.7 2365
1 21.8 15.0 3652


0.5 6.4 15.5 3750
0.25 1.1 5.3 1277
Pan --- 1.1 267


24266Total


68.35L


0
10
20
30
40
50
60
70
80
90


100


0.25 0.5 1 2 4 8 16 31.5 63 125


Particle Size (mm)


C
um


ul
at


iv
e 


Fr
eq


ue
nc


y 
(%


 F
in


er
)


0


5


10


15


20


25


Si
ze


 C
la


ss
 F


re
qu


en
cy


 
(%


)


February 2011 C-1







Figure C-6.  Patch 69.72R Gravel Size and Percentage (n=3).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 90.7 9.3 1136
16 65.9 24.8 3034


8 45.5 20.4 2487
4 32.3 13.2 1613
2 19.9 12.4 1516
1 9.6 10.3 1256


0.5 4.7 5.0 605
0.25 2.0 2.7 326
Pan --- 2.0 243
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Figure C-7.  Patch 69.77R Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 88.5 11.5 485
16 71.5 17.0 720


8 50.3 21.2 895
4 32.8 17.6 742
2 20.4 12.3 522
1 11.7 8.8 370


0.5 5.3 6.4 270
0.25 2.5 2.7 116
Pan --- 2.5 107
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Figure C-8.  Patch 69.79R Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 88.7 11.3 440
16 70.9 17.8 694


8 59.6 11.3 439
4 47.4 12.2 475
2 37.9 9.6 373
1 24.4 13.4 524


0.5 11.3 13.1 510
0.25 6.7 4.6 179
Pan --- 6.7 262
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Figure C-9.  Patch 69.87L Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 90.2 9.8 445
16 57.3 33.0 1500


8 31.1 26.1 1190
4 22.1 9.0 410
2 18.7 3.4 154
1 16.6 2.1 97


0.5 8.4 8.2 375
0.25 1.9 6.5 296
Pan --- 1.9 85
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Figure C-10.  Patch 69.89L Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 92.1 7.9 350
16 64.1 28.0 1240


8 42.3 21.7 960
4 32.1 10.3 455
2 21.0 11.1 490
1 8.3 12.7 563


0.5 0.8 7.5 331
0.25 0.1 0.7 31
Pan --- 0.1 3
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Figure C-11.  Patch 69.91L Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 96.0 4.0 127
16 74.1 21.8 685


8 50.9 23.2 729
4 36.2 14.7 461
2 20.8 15.4 482
1 10.6 10.2 321


0.5 4.2 6.4 201
0.25 1.0 3.2 99
Pan --- 1.0 32
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Figure C-12.  Patch 69.92R Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 83.8 16.2 580
16 66.5 17.3 617


8 51.7 14.8 528
4 41.6 10.1 362
2 27.5 14.2 506
1 19.6 7.9 281


0.5 16.3 3.3 119
0.25 8.9 7.4 263
Pan --- 8.9 319
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Figure C-13.  Patch 69.92L Gravel Size and Percentage (n=2).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 97.3 2.7 191
16 71.8 25.4 1783


8 52.5 19.3 1356
4 41.7 10.8 759
2 29.5 12.2 857
1 20.4 9.1 636


0.5 10.2 10.2 715
0.25 2.4 7.8 549
Pan --- 2.4 165
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Figure C-14.  Patch 69.96R Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 100.0 0.0 0
16 87.7 12.3 575


8 60.9 26.8 1250
4 41.2 19.7 920
2 24.9 16.3 759
1 12.6 12.3 572


0.5 5.8 6.9 320
0.25 2.3 3.5 163
Pan --- 2.3 106
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Figure C-15.  Patch 69.96L Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 89.7 10.3 435


31.5 57.1 32.6 1370
16 21.9 35.2 1480


8 14.1 7.9 331
4 10.0 4.1 173
2 5.6 4.3 183
1 2.7 2.9 124


0.5 1.4 1.3 53
0.25 0.3 1.1 48
Pan --- 0.3 11
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Figure C-16.  Patch 70.03L Gravel Size and Percentage (n=3).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 83.9 16.1 2091
16 60.1 23.8 3091


8 46.5 13.6 1765
4 37.6 8.9 1156
2 29.9 7.6 988
1 19.4 10.6 1371


0.5 5.7 13.7 1778
0.25 1.0 4.7 604
Pan --- 1.0 133
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Figure C-17.  Patch 70.04R Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 86.8 13.2 592
16 63.2 23.7 1063


8 42.4 20.7 931
4 30.8 11.6 522
2 23.2 7.7 344
1 16.4 6.8 304


0.5 8.8 7.6 341
0.25 2.3 6.5 293
Pan --- 2.3 102
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Figure C-18.  Patch 70.06L Gravel Size and Percentage (n=3).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 79.8 20.2 3383
16 64.1 15.7 2635


8 49.2 14.9 2502
4 38.4 10.8 1813
2 26.9 11.5 1930
1 15.0 11.9 1998


0.5 4.6 10.4 1744
0.25 1.1 3.5 585
Pan --- 1.1 184
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Figure C-19.  Patch 70.13R Gravel Size and Percentage (n=4).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 91.1 8.9 1565
16 63.4 27.7 4876


8 41.5 21.9 3853
4 29.8 11.8 2070
2 20.4 9.4 1662
1 11.7 8.7 1529


0.5 4.3 7.4 1302
0.25 1.2 3.1 548
Pan --- 1.2 206
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Figure C-20.  Patch 70.14L Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 98.2 1.8 63
16 76.1 22.1 786


8 56.1 20.0 712
4 46.3 9.9 351
2 36.6 9.6 342
1 24.7 11.9 425


0.5 8.2 16.5 586
0.25 1.2 7.0 249
Pan --- 1.2 44
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Figure C-21.  Patch 70.17L Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 98.4 1.6 64
16 76.6 21.8 853


8 50.5 26.0 1018
4 40.2 10.4 405
2 31.6 8.6 335
1 21.2 10.4 405


0.5 8.3 12.9 505
0.25 1.8 6.5 256
Pan --- 1.8 70
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Figure C-22.  Patch 70.18R Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 69.8 30.2 970
16 51.5 18.3 590


8 37.7 13.8 445
4 27.1 10.6 340
2 17.4 9.6 310
1 10.6 6.8 219


0.5 7.3 3.4 108
0.25 3.7 3.6 115
Pan --- 3.7 119
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Figure C-23.  Patch 70.20L Gravel Size and Percentage (n=3).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 87.3 12.7 2200


31.5 64.1 23.2 4030
16 45.6 18.5 3215


8 34.3 11.3 1955
4 26.8 7.5 1300
2 19.5 7.3 1265
1 11.9 7.7 1335


0.5 3.2 8.7 1510
0.25 0.8 2.4 417
Pan --- 0.8 131
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Figure C-24.  Patch 70.25L Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 61.2 38.8 2360
16 39.1 22.1 1345


8 32.4 6.7 405
4 27.1 5.3 325
2 21.3 5.8 350
1 10.8 10.5 638


0.5 1.9 8.9 540
0.25 0.3 1.6 100
Pan --- 0.3 18
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Figure C-25.  Patch 70.26R Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 79.3 20.7 797


31.5 63.6 15.7 605
16 46.9 16.6 641


8 34.0 12.9 498
4 26.3 7.7 297
2 18.0 8.3 321
1 6.9 11.1 428


0.5 2.6 4.3 164
0.25 1.6 1.0 38
Pan --- 1.6 62
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Figure C-26.  Patch 70.27L Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 79.3 20.7 1250


31.5 51.3 28.0 1690
16 37.0 14.3 860


8 25.7 11.4 685
4 19.6 6.0 365
2 16.2 3.4 205
1 12.4 3.8 232


0.5 3.3 9.0 545
0.25 0.4 3.0 179
Pan --- 0.4 23
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Figure C-27.  Patch 70.28R Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 86.0 14.0 681
16 46.1 39.8 1935


8 29.5 16.7 810
4 23.0 6.5 316
2 18.7 4.3 209
1 15.1 3.5 172


0.5 12.6 2.5 122
0.25 6.2 6.4 311
Pan --- 6.2 301
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Figure C-28.  Patch 70.35L Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 80.2 19.8 1075
16 57.2 23.0 1250


8 42.3 14.9 810
4 32.2 10.1 550
2 20.7 11.5 625
1 12.4 8.4 454


0.5 3.8 8.6 465
0.25 0.8 3.0 164
Pan --- 0.8 43
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Figure C-29.  Patch 70.39L Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 92.3 7.7 365
16 66.3 26.0 1230


8 54.4 11.8 560
4 46.0 8.4 395
2 29.0 17.0 805
1 16.5 12.5 592


0.5 3.2 13.3 630
0.25 0.5 2.6 124
Pan --- 0.5 25
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Figure C-30.  Patch 70.65R Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 91.3 8.7 302
16 67.8 23.5 815


8 53.6 14.2 493
4 40.6 13.0 452
2 26.6 14.0 485
1 17.4 9.2 318


0.5 7.6 9.8 340
0.25 1.2 6.4 221
Pan --- 1.2 43
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Figure C-31.  Patch 70.77R Gravel Size and Percentage (n=2).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 93.1 6.9 549


31.5 79.7 13.4 1077
16 59.1 20.6 1646


8 44.4 14.7 1179
4 33.5 10.9 873
2 21.8 11.8 942
1 10.7 11.0 883


0.5 2.8 8.0 639
0.25 0.5 2.2 177
Pan --- 0.5 44
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Figure C-32.  Patch 70.83R Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 90.7 9.3 386
16 64.4 26.3 1089


8 56.4 7.9 328
4 50.2 6.3 259
2 40.6 9.5 395
1 24.6 16.0 663


0.5 10.6 14.0 578
0.25 3.3 7.3 302
Pan --- 3.3 138
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Figure C-33.  Patch 70.88R Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 98.5 1.5 49
16 74.2 24.3 804


8 52.5 21.7 718
4 37.7 14.8 489
2 25.9 11.8 390
1 15.3 10.5 348


0.5 6.1 9.2 305
0.25 2.4 3.7 122
Pan --- 2.4 80
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Figure C-34.  Patch 71.23L Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 85.5 14.5 531
16 50.0 35.6 1305


8 33.3 16.6 610
4 22.0 11.3 415
2 12.3 9.8 358
1 4.8 7.4 273


0.5 2.3 2.5 91
0.25 0.8 1.6 58
Pan --- 0.8 28
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Figure C-35.  Patch 71.26L Gravel Size and Percentage (n=2).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 97.7 2.3 175
16 79.0 18.7 1430


8 62.5 16.5 1265
4 47.0 15.5 1188
2 29.7 17.3 1321
1 14.3 15.5 1185


0.5 8.0 6.3 483
0.25 2.4 5.5 423
Pan --- 2.4 186
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Figure C-36.  Patch 71.30L Gravel Size and Percentage (n=2).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 90.2 9.8 784
16 66.3 23.8 1898


8 48.0 18.3 1461
4 34.7 13.3 1061
2 21.1 13.6 1085
1 9.1 12.0 956


0.5 5.1 4.0 316
0.25 2.0 3.1 246
Pan --- 2.0 160
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Figure C-37.  Patch 71.52R Gravel Size and Percentage (n=2).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 92.2 7.8 676
16 73.4 18.8 1615


8 55.3 18.1 1555
4 44.1 11.3 969
2 30.7 13.4 1155
1 19.3 11.4 983


0.5 8.0 11.2 966
0.25 1.6 6.4 555
Pan --- 1.6 138
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Figure C-38.  Patch 71.66L Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 90.5 9.5 423


31.5 57.6 32.9 1461
16 39.4 18.2 810


8 31.3 8.1 362
4 25.7 5.5 246
2 19.9 5.8 259
1 9.4 10.5 468


0.5 2.2 7.2 321
0.25 0.5 1.6 73
Pan --- 0.5 23
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Figure C-39.  Patch 71.69L Gravel Size and Percentage (n=2).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 80.2 19.8 2034


31.5 71.3 8.9 915
16 44.0 27.3 2813


8 27.8 16.2 1663
4 20.9 7.0 719
2 14.3 6.6 676
1 6.3 8.0 827


0.5 2.0 4.3 438
0.25 0.7 1.3 136
Pan --- 0.7 70
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Figure C-40.  Patch 71.71L Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 80.1 19.9 655
16 62.2 17.9 590


8 40.6 21.6 712
4 24.9 15.7 517
2 11.6 13.3 439
1 3.6 8.0 265


0.5 0.5 3.0 100
0.25 0.1 0.4 14
Pan --- 0.1 3
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Figure C-41.  Patch 71.74L Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 76.1 23.9 853
16 53.9 22.3 796


8 27.4 26.5 948
4 17.5 9.8 352
2 7.5 10.0 358
1 3.2 4.4 156


0.5 0.8 2.4 86
0.25 0.2 0.5 19
Pan --- 0.2 8
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Figure C-42.  Patch 71.91R Gravel Size and Percentage (n=2).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 92.8 7.2 486
16 72.8 20.1 1362


8 27.6 45.2 3070
4 14.8 12.8 868
2 8.5 6.3 425
1 4.9 3.6 244


0.5 1.9 3.0 206
0.25 0.4 1.5 101
Pan --- 0.4 28
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Figure C-43.  Patch 72.24R Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 96.6 3.4 122
16 62.8 33.8 1210


8 43.0 19.8 711
4 36.3 6.7 240
2 31.5 4.8 172
1 26.9 4.6 165


0.5 17.7 9.2 329
0.25 5.2 12.6 450
Pan --- 5.2 185
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Figure C-44.  Patch 72.42R Gravel Size and Percentage (n=2).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 90.5 9.5 690
16 48.5 41.9 3031


8 16.5 32.0 2310
4 4.3 12.2 885
2 1.6 2.7 197
1 0.5 1.1 81


0.5 0.2 0.3 19
0.25 0.1 0.1 7
Pan --- 0.1 7
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Figure C-45.  Patch 72.47L Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 95.7 4.3 158
16 79.1 16.6 618


8 59.7 19.4 720
4 39.4 20.3 755
2 17.0 22.4 831
1 1.9 15.1 560


0.5 0.2 1.7 64
0.25 0.1 0.1 4
Pan --- 0.1 2
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Figure C-46.  Patch 72.53L Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 91.9 8.1 302
16 77.7 14.2 530


8 52.9 24.9 930
4 35.5 17.3 648
2 25.9 9.6 360
1 16.0 9.9 370


0.5 5.3 10.8 402
0.25 0.9 4.3 162
Pan --- 0.9 35
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Figure C-47.  Patch 72.56L Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 90.7 9.3 468
16 74.7 16.0 803


8 64.0 10.7 540
4 56.3 7.6 384
2 48.6 7.8 390
1 39.4 9.1 459


0.5 20.9 18.5 930
0.25 6.1 14.9 748
Pan --- 6.1 305
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Figure C-48.  Patch 72.67L Gravel Size and Percentage (n=2).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 97.3 2.7 171
16 63.1 34.1 2127


8 39.6 23.6 1470
4 35.4 4.1 257
2 34.1 1.4 85
1 32.4 1.7 105


0.5 25.1 7.3 455
0.25 9.0 16.1 1004
Pan --- 9.0 560
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Figure C-49.  Patch 72.71L Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 100.0 0.0 0
16 53.2 46.8 1659


8 23.4 29.8 1058
4 20.5 2.9 102
2 19.9 0.6 21
1 18.8 1.1 38


0.5 12.2 6.6 233
0.25 3.8 8.4 299
Pan --- 3.8 135
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Figure C-50.  Patch 72.73L Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 78.2 21.8 898


31.5 70.2 7.9 326
16 55.3 15.0 616


8 44.8 10.5 432
4 41.4 3.4 139
2 37.0 4.4 181
1 31.7 5.3 216


0.5 23.6 8.2 336
0.25 7.3 16.2 668
Pan --- 7.3 302
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Figure C-51.  Patch 73.18R Gravel Size and Percentage (n=1).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 95.3 4.7 178
16 55.4 39.9 1507


8 36.6 18.8 709
4 30.1 6.5 245
2 23.8 6.3 239
1 15.6 8.2 311


0.5 7.1 8.5 322
0.25 1.5 5.6 211
Pan --- 1.5 56
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Figure C-52.  Patch 73.25L Gravel Size and Percentage (n=3).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 95.0 5.0 564
16 78.3 16.7 1886


8 63.2 15.0 1694
4 50.3 12.9 1453
2 28.0 22.4 2519
1 17.1 10.9 1223


0.5 5.9 11.2 1264
0.25 1.5 4.4 492
Pan --- 1.5 174


11269Total


73.25L


0
10
20
30
40
50
60
70
80
90


100


0.25 0.5 1 2 4 8 16 31.5 63 125


Particle Size (mm)


C
um


ul
at


iv
e 


Fr
eq


ue
nc


y 
(%


 
Fi


ne
r)


0


5


10


15


20


25


Si
ze


 C
la


ss
 F


re
qu


en
cy


 (%
)


February 2011 C-1







Figure C-53.  Patch 73.43L Gravel Size and Percentage (n=2).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 100.0 0.0 0
16 81.0 19.0 370


8 46.6 34.4 672
4 31.4 15.3 298
2 23.8 7.5 147
1 17.9 5.9 116


0.5 10.6 7.3 143
0.25 4.7 5.9 115
Pan --- 4.7 91
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Figure C-54.  Patch 73.49L Gravel Size and Percentage (n=2).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 79.1 20.9 403
16 53.6 25.4 490


8 38.2 15.5 298
4 28.7 9.5 183
2 21.0 7.6 147
1 15.7 5.3 103


0.5 9.4 6.3 121
0.25 3.1 6.3 122
Pan --- 3.1 59


1926Total


73.49L


0
10
20
30
40
50
60
70
80
90


100


0.25 0.5 1 2 4 8 16 31.5 63 125


Particle Size (mm)


C
um


ul
at


iv
e 


Fr
eq


ue
nc


y 
(%


 
Fi


ne
r)


0


5


10


15


20


25


30


Si
ze


 C
la


ss
 F


re
qu


en
cy


 (%
)


February 2011 C-1







Figure C-55.  Patch 73.54R Gravel Size and Percentage (n=2).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 86.3 13.7 790
16 55.0 31.3 1800


8 36.2 18.8 1080
4 24.7 11.5 662
2 17.9 6.8 392
1 12.7 5.2 300


0.5 7.9 4.8 279
0.25 4.1 3.7 215
Pan --- 4.1 238
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Figure C-56.  Patch 73.58L Gravel Size and Percentage (n=2).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 100.0 0.0 0


31.5 89.5 10.5 199
16 55.8 33.7 640


8 29.8 26.1 495
4 20.0 9.8 186
2 12.8 7.2 136
1 6.7 6.2 117


0.5 2.2 4.5 85
0.25 0.5 1.7 32
Pan --- 0.5 10
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Figure C-57.  Patch 73.63R Gravel Size and Percentage (n=3).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 94.1 5.9 612


31.5 88.1 5.9 612
16 63.8 24.3 2503


8 35.9 27.9 2877
4 20.2 15.6 1609
2 16.3 3.9 401
1 13.4 3.0 304


0.5 8.4 5.0 510
0.25 3.2 5.2 535
Pan --- 3.2 332
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Figure C-58.  Patch 73.74R Gravel Size and Percentage (n=6).


Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)


125 100.0 0.0 0
63 98.0 2.0 380


31.5 84.4 13.6 2533
16 59.2 25.2 4686


8 36.3 22.9 4267
4 21.9 14.4 2676
2 12.4 9.6 1783
1 6.0 6.4 1197


0.5 1.7 4.3 801
0.25 0.4 1.3 235
Pan --- 0.4 73
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Table D-1.  Spawning Patch Details.


a b
Stage at 


Zero Flow Avg Max Min
Monroe Street Bridge 73.88


73.74R 73.74 Right 58 342.0 2.5 1730.5 3204 11387 0
73.63R 73.63 Right 57 15.2 3.1 1727.8 3399 9017 1395
73.58L 73.58 Left 56 388.1 1.8 1724.6 1362 2631 765
73.54R 73.54 Right 55 847.7 1.5 1718.2 7005 10868 4113
73.49L 73.49 Left 54 801.4 1.5 1722.5 6757 10769 4554


Maple Street Bridge 73.45
73.43L 73.43 Left 53 850.6 1.4 1718.4 1324 1666 1102
73.25L 73.25 Left 52 167.8 2.0 1716.1 4372 9434 847
73.18R 73.18 Right 51 288.6 1.8 1716.5 2278 2806 1302


-- 73.10 Right -- -- -- -- -- -- --
72.73L 72.73 Left 50 488.3 1.8 1715.4 8443 11227 6194
72.71L 72.71 Left 49 84.4 2.6 1718.2 7879 13908 3247
72.67L 72.67 Left 48 565.4 1.9 1716.0 10285 17493 6398
72.56L 72.56 Left 47 343.1 1.9 1711.7 6574 8560 3870
72.53L 72.53 Left 46 375.6 1.9 1713.7 0 0 0


Sandifur Memorial Bridge 72.46
72.47L 72.47 Left 45 324.5 1.8 1710.1 407 1244 169
72.42R 72.42 Right 44 48.0 2.6 1708.2 0 459 0
72.24R 72.24 Right 43 71.6 2.6 1705.6 6596 10820 1515


Hangman (Latah) Creek 72.20
72.19R 71.91 Right 42 243.5 1.9 1702.3 4067 6610 1081
71.74L 71.74 Left 41 50.0 2.4 1697.6 5213 5587 4773
71.71L 71.71 Left 40 134.5 2.1 1697.7 6453 7524 5323
71.69L 71.69 Left 39 607.1 1.6 1698.6 3086 5498 2235
71.66L 71.66 Left 38 68.1 2.3 1695.5 2682 3924 2028
71.52R 71.52 Right 37 233.5 1.9 1694.9 4827 5843 3724
71.3L 71.30 Left 36 316.3 1.8 1693.9 14084 16915 8535


71.26L 71.26 Left 35 50.0 2.3 1686.9 10587 11835 9233
71.23L 71.23 Left 34 495.3 1.5 1690.8 7197 7999 6434
70.88R 70.88 Right 33 51.6 2.4 1681.7 13135 15857 10854
70.83R 70.83 Right 32 416.2 1.7 1686.7 10225 10835 9472
70.77R 70.77 Right 31 151.9 2.1 1684.9 5727 8149 4111
70.65R 70.65 Right 30 174.3 2.0 1684.5 1860 2345 1484
70.39L 70.39 Left 29 787.3 1.6 1687.7 2469 2640 2316
70.35L 70.35 Left 28 213.9 2.2 1684.0 5019 6599 3745
70.28R 70.28 Right 27 822.9 1.6 1686.8 6078 10194 3530
70.27L 70.27 Left 26 1000.0 1.5 1686.8 14523 26110 8192
70.26R 70.26 Right 25 1000.0 1.6 1683.7 8986 13910 3842
70.25L 70.25 Left 24 629.0 1.6 1684.9 6668 8239 4251
70.2L 70.20 Left 23 207.1 2.0 1680.8 2721 5917 1045


70.18R 70.18 Right 22 99.5 2.4 1684.0 8345 8708 7484
70.17L 70.17 Left 21 122.6 2.2 1677.8 9060 11610 5509
70.14L 70.14 Left 20 40.1 2.6 1681.0 7494 8306 6239


T.J. Meenach Springs 70.13
70.13R 70.13 Right 19 90.1 2.4 1685.3 5543 7273 3114
70.06L 70.06 Left 18 300.0 2.9 1679.4 1611 5193 422
70.04R 70.04 Right 17 50.0 2.6 1678.2 6377 16435 982
70.03L 70.03 Left 16 300.0 2.8 1685.5 1701 2523 634
69.96L 69.96 Left 15 1000.0 1.5 1675.9 0 0 0
69.96R 69.96 Right 14 250.0 2.2 1674.2 6800 8649 4013
69.92L 69.92 Left 13 250.0 2.2 1677.0 4649 5832 3836
69.92R 69.92 Right 12 250.0 2.2 1677.7 3917 6665 2320
69.91L 69.91 Left 11 250.0 2.0 1675.7 2990 3396 2540
69.89L 69.89 Left 10 50.0 2.3 1671.9 2124 2683 1667
69.87L 69.87 Left 9 250.0 2.4 1681.0 601 842 480


T.J. Meenach Bridge 69.81
69.79R 69.79 Right 8 250.0 2.2 1676.0 10251 19156 2891
69.77R 69.77 Right 7 250.0 2.1 1674.3 1513 3147 608
69.72R 69.72 Right 6 250.0 1.9 1671.1 6630 12376 2964
68.35L 68.35 Left 5 250.0 1.8 1661.2 1009 3176 135
68.34L 68.34 Left 4 250.0 1.8 1661.1 7197 8634 6383
67.78L 67.78 Left 3 250.0 2.1 1658.5 422 485 349


Treatment Plant 67.50 - 67.00
Bowl and Pitcher Park 66.50 - 65.80
Swinging Bridge 66.03


65.39R 65.39 Right 2 250.0 1.8 1626.2 7892 12114 5884
65.38R 65.38 Right 1 250.0 1.8 1627.5 9207 11397 7890
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Figure D-1.  Spawning Patch Stage Discharge Relationship at Patch 1 (65.38R) 
(top), Patch 2 (65.39R) (middle), and Patch 3 (67.78L) (bottom).
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Figure D-2.  Spawning Patch Stage Discharge Relationship at Patch 4 (68.34L) 
(top), Patch 5 (68.35L) (middle), and Patch 6 (69.72R) (bottom).
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Figure D-3.  Spawning Patch Stage Discharge Relationship at Patch 7 (69.77R) 
(top), Patch 8 (69.79R) (middle), and Patch 9 (69.87L) (bottom).
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Figure D-4.  Spawning Patch Stage Discharge Relationship at Patch 10 (69.89L) 
(top), Patch 11 (69.91L) (middle), and Patch 12 (69.92R) (bottom).
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Figure D-5.  Spawning Patch Stage Discharge Relationship at Patch 13 (69.92L) 
(top), Patch 14 (69.96R) (middle), and Patch 15 (69.96L) (bottom).
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Figure D-6.  Spawning Patch Stage Discharge Relationship at Patch 16 (70.03L) 
(top), Patch 17 (70.04R) (middle), and Patch 18 (70.06L) (bottom).
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Figure D-7.  Spawning Patch Stage Discharge Relationship at Patch 19 (70.13R) 
(top), Patch 20 (70.14L) (middle), and Patch 21 (70.17L) (bottom).
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Figure D-8.  Spawning Patch Stage Discharge Relationship at Patch 22 (70.18R) 
(top), Patch 23 (70.2L) (middle), and Patch 24 (70.25L) (bottom).
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Figure D-9.  Spawning Patch Stage Discharge Relationship at Patch 25 (70.26R) 
(top), Patch 26 (70.27L) (middle), and Patch 27 (70.28R) (bottom).
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Figure D-10.  Spawning Patch Stage Discharge Relationship at Patch 28 (70.35L) 
(top), Patch 29 (70.39L) (middle), and Patch 30 (70.65R) (bottom).
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Figure D-11.  Spawning Patch Stage Discharge Relationship at Patch 31 (70.77R) 
(top), Patch 32 (70.83R) (middle), and Patch 33 (70.88R) (bottom).
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Figure D-12.  Spawning Patch Stage Discharge Relationship at Patch 34 (71.23L) 
(top), Patch 35 (71.26L) (middle), and Patch 36 (71.3L) (bottom).
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Figure D-13.  Spawning Patch Stage Discharge Relationship at Patch 37 (71.52R) 
(top), Patch 38 (71.66L) (middle), and Patch 39 (71.69L) (bottom).
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Figure D-14.  Spawning Patch Stage Discharge Relationship at Patch 40 (71.71L) 
(top), Patch 41 (71.74L) (middle), and Patch 42 (71.91R) (bottom).
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Figure D-15.  Spawning Patch Stage Discharge Relationship at Patch 43 (72.24R) 
(top), Patch 44 (72.42R) (middle), and Patch 45 (72.47L) (bottom).
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Figure D-16.  Spawning Patch Stage Discharge Relationship at Patch 46 (72.53L) 
(top), Patch 47 (72.56L) (middle), and Patch 48 (72.67L) (bottom).
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Figure D-17.  Spawning Patch Stage Discharge Relationship at Patch 49 (72.71L) 
(top), Patch 50 (72.73L) (middle), and Patch 51 (73.18R) (bottom).
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Figure D-18.  Spawning Patch Stage Discharge Relationship at Patch 52 (73.25L) 
(top), Patch 53 (73.43L) (middle), and Patch 54 (73.49L) (bottom).
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Figure D-19.  Spawning Patch Stage Discharge Relationship at Patch 55 (73.54R) 
(top), Patch 56 (73.58R) (middle), and Patch 57 (73.63R) (bottom).
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Figure D-20.  Spawning Patch Stage Discharge Relationship at Patch 58 (73.74R).
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Figure E-19. Empirical Depth and Velocity Mapping at Patch 55 (73.54R) (top), 
Patch 56 (73.58R) (middle), and Patch 57 (73.63R) (bottom). 


Figure E-20. Empirical Depth and Velocity Mapping at Patch 58 (73.74R). 







Figure E-1.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 1 (65.38R) (top), Patch 2 (65.39R) 
(middle), and Patch 3 (67.78L) (bottom).
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Figure E-2.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 4 (68.34L) (top), Patch 5 (68.35L) 
(middle), and Patch 6 (69.72R) (bottom).
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Figure E-3.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 7 (69.77R) (top), Patch 8 (69.79R) 
(middle), and Patch 9 (69.87L) (bottom).
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Figure E-4.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 10 (69.89L) (top), Patch 11 (69.91L) 
(middle), and Patch 12 (69.92R) (bottom).
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Figure E-5.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 13 (69.92L) (top), Patch 14 (69.96R) 
(middle), and Patch 15 (69.96L) (bottom).
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Figure E-6.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 16 (70.03L) (top), Patch 17 (70.04R) 
(middle), and Patch 18 (70.06L) (bottom).
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Figure E-7.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 19 (70.13R) (top), Patch 20 (70.14L) 
(middle), and Patch 21 (70.17L) (bottom).
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Figure E-8.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 22 (70.18R) (top), Patch 23 (70.2L) 
(middle), and Patch 24 (70.25L) (bottom).
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Figure E-9.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 25 (70.26R) (top), Patch 26 (70.27L) 
(middle), and Patch 27 (70.28R) (bottom).
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Figure E-10.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 28 (70.35L) (top), Patch 29 (70.39L) 
(middle), and Patch 30 (70.65R) (bottom).
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Figure E-11.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 31 (70.77R) (top), Patch 32 (70.83R) 
(middle), and Patch 33 (70.88R) (bottom).
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Figure E-12.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 34 (71.23L) (top), Patch 35 (71.26L) 
(middle), and Patch 36 (71.3L) (bottom).
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Figure E-13.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 37 (71.52R) (top), Patch 38 (71.66L) 
(middle), and Patch 39 (71.69L) (bottom).
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Figure E-14.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 40 (71.71L) (top), Patch 41 (71.74L) 
(middle), and Patch 42 (71.91R) (bottom).
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Figure E-15.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 43 (72.24R) (top), Patch 44 (72.42R) 
(middle), and Patch 45 (72.47L) (bottom).
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Figure E-16.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 46 (72.53L) (top), Patch 47 (72.56L) 
(middle), and Patch 48 (72.67L) (bottom).
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Figure E-17.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 49 (72.71L) (top), Patch 50 (72.73L) 
(middle), and Patch 51 (73.18R) (bottom).
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Figure E-18.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 52 (73.25L) (top), Patch 53 (73.43L) 
(middle), and Patch 54 (73.49L) (bottom).
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Figure E-19.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 55 (73.54R) (top), Patch 56 (73.58R) 
(middle), and Patch 57 (73.63R) (bottom).
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Figure E-20.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 58 (73.74R).
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1.0 INTRODUCTION  

Avista Corporation (Avista) owns and operates the Spokane River Hydroelectric Project 
in eastern Washington and northern Idaho.  On June 18, 2009, the Federal Energy 
Regulatory Commission (FERC) issued a new License (License) for the Spokane River 
Hydroelectric Project (FERC order 2009).  Paragraph E of the License incorporated the 
Washington Department of Ecology (Ecology) Certification Conditions Under Section 
401 of the Federal Clean Water Act (Issued on May 8, 2009 and amended on May 11, 
2009).  These conditions can be found in Appendix B of the License.  The purpose of 
this study is to comply with conditions in section 5.3 (D) 2 (a, b, and c) of the License 
Appendix B, which state the following specific to native rainbow, or redband trout 
(Oncorhynchus mykiss) in the lower Spokane River: 

1. Quantify the quality and quantity of trout spawning habitat: determine the most 
productive and least productive spawning areas by developing quality strata at all 
flow/discharge elevations. 

2. Quantify spawn to emergence success: determine survival from egg to 
emergence by strata using artificial redd construction.  Correlate egg-to-
emergence survival for each stratum with corresponding flow/discharge and 
include velocity, depth, and temperature as variables. 

3. Quantify redd dewatering at different flow/discharge elevations for each habitat 
quality stratum. 

Avista consulted with the Washington Department of Fish and Wildlife (WDFW) and 
Ecology to select a study approach and contract team to conduct a two year Lower 
Spokane River (Monroe Street Dam to the Nine Mile Dam Pool) redband trout spawning 
study.  Field work began in the fall of 2009 and concluded in early summer of 2010.  
Avista met with and provided WDFW and Ecology with an overview of preliminary draft 
results in late 2010.  This report provides the final results of the study. 

2.0 STUDY OBJECTIVES  

The objectives of the spawning habitat study were as follows: 

� Spatially map the quantity and quality of spawning gravel along the entire length 
of the study reach (Monroe Street Dam to Nine Mile Reservoir);

� Use empirical data to quantify spawning habitat and redd dewatering over a wide 
range of flows;

� Use artificial redds to assess the survival of eggs in different quality strata 
spawning patches and correlate survival with physical variables; and 

� Develop a predictive spawning habitat and fry emergence model (effective 
habitat model) that can estimate the quantity and quality of spawning habitat over 
a wide range of flows. 
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Figure 1 includes the study objectives and elements and where information developed 
for this study is documented.  It also shows where information developed is 
documented.

3.0 STUDY ELEMENTS 

Study elements were initiated in fall 2009 and were completed in early 2011.  They 
include the following:

� Historical hydrology review; 

� Spawning patch inventory of the entire study area; 

� Physical characterization of spawning patches, including delineation of patch 
polygons, characterization of patch elevations, and bulk gravel sampling; 

� Hydrodynamic characterization of spawning patches, including development of 
stage-discharge relationships and empirical mapping of spawning habitat depths 
and velocities over a wide range of flows;  

� Biological spawning characterization, including spawning surveys, habitat 
suitability criteria development, and artificial redd evaluation of selected 
spawning patches of differing quality; and 

� Development of effective spawning and incubation habitat relationships over a 
wide range of flows based on spawning patch quality strata.

4.0 STUDY AREA 

The study area is the approximately 10 mile free-flowing reach of the lower Spokane 
River from Monroe Street Dam, near River Mile (RM) 74 downstream to the Nine Mile 
Dam Pool near RM 64 in eastern Washington (Map 1).   Hangman Creek, or Latah 
Creek as it is sometimes called, is the only tributary entering the study area (RM 72.2). 

5.0 STUDY APPROACH 

The study approach for the historical hydrology review, spawning patch 
characterization, biological spawning characterization, and effective spawning and 
incubation habitat quantification is provided below. 

5.1. HYDROLOGY REVIEW

The historical hydrology (1980–2010) for the Spokane River at Spokane WA USGS 
Gage (No.12422500) (USGS Spokane River Gage) was plotted for each day (daily 
average flow in cubic feet per second (cfs)) and for the mean, median, 20% 
exceedance, and 80% exceedance daily discharges.  The Spokane River Gage is 
located in the upper portion of the study area (RM72.82, Map 1).  Historical hydrology is 
discussed in terms of typical Avista operations and Avista’s capability to manipulate flow 
at the Upper Falls and Monroe Street hydroelectric developments (HED). 
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The historical hydrology data and stage-discharge data (USGS gage, NHC 2003) in the 
study reach was also used to guide the spawning patch inventory.  The 20% 
exceedance discharge during spawning (April) (i.e., 80% of the time flows are less than 
this flow) was approximately 17,000 cfs.  Based on the historic stage-discharge data, 
17,000 cfs related to a stage approximately 6 feet above base flow in the river during 
the spawning patch inventory (approximately 1,200 cfs).  A stage of approximately 6 
feet above the base flow was, therefore, used to guide the upper elevation of spawning 
site inventory (see below).

5.2. SPAWNING PATCH CHARACTERIZATION

The spawning patch characterization consisted of inventorying spawning patches, 
quantifying physical attributes, and quantifying hydrodynamic attributes. 

5.2.1. Inventory 

All potential spawning sites within the study reach were identified during base flow 
conditions using a step-wise approach.  An initial reconnaissance trip was conducted on 
September 8–10, 2009.  Observations of potential spawning habitat were made directly 
on aerial photographs to develop a comprehensive inventory of specific locations likely 
to contain spawning habitat.  The reconnaissance involved walking both river banks, 
walking all side channels, and floating the wetted channel of the entire 10 mile river 
reach between the Monroe Street Dam and the Nine Mile Pool in an open-frame 
cataraft to inspect the channel substrate.  This initial reconnaissance identified all areas 
of contiguous gravel exhibiting physical characteristics similar to previously identified 
spawning locations (Parametrix 2003) and within 6 feet vertical feet of the base flow 
elevations (approximately 1,200 cfs).

The potential of each of the preliminarily identified redband trout spawning locations 
was then assessed from September 16–19, 2009, based on surficial particle size, 
general gravel composition, overall patch dimensions, and channel location.  Each 
potential spawning area was either accepted or rejected based on this assessment.  
The criteria for selecting suitable gravel patches are discussed below.  All areas that 
were accepted were assigned an identification number (patch ID), sketched on a field 
datasheet, flagged, and delineated on the aerial photos to assist in reoccupation of the 
patch on subsequent visits.

Surficial Particle Size 

Although there is no definitive particle size statistic universally considered suitable for 
trout spawning, the fisheries literature indicates that most trout spawning occurs in the 
medium to coarse gravel size range (based on the Udden-Wentworth scale) of 8–64 
mm (Kondolf and Wolman 1993; Reiser and Bjornn 1979; Grost et al. 1991).  Initially, 
Wolman pebble counts (Wolman 1954) were tested for characterizing study sites, 
however, pebble counts were not considered satisfactory for delineating the study sites.  
The best approach was a visual delineation of spawning patches based on the gravel 
characteristics of known spawning areas.  Therefore, for this study, the portion of each 
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potential spawning area with a dominant surficial particle size range 8–64 mm (b axis) 
was delineated visually to create each spawning patch polygon.

Gravel Composition 

Only potential spawning sites with the percentage of surface fines less than 
approximately 40% were considered suitable for spawning (e.g., Bjornn and Reiser 
1991) in the inventory phase of the project.  For successful reproduction, spawning 
gravels must be sufficiently free of interstitial fine sediment to provide adequate 
exchange of oxygenated water to the embryos, removal of metabolic waste, and permit 
emergence of alevins.

Potential spawning sites with large imbricated cobble substrates, isolated boulders or 
high density dense woody vegetation (e.g., willows) that were arranged in such a way 
within the gravel patch to preclude fish from spawning were excluded from 
consideration.

Patch Dimensions 

A minimum spawning patch size of 5 ft2 was used as a cutoff for selecting gravel 
patches.  In practice, most of the smaller size patches exhibited other undesirable 
conditions as identified above and only larger sites (e.g., 200+ ft2) ultimately were 
incorporated into the inventory.

Channel Location 

Potential spawning patches that were higher than 6 ft above the base flow 
(approximately 1,200 cfs) were deemed to have limited spawning value (based on the 
historical hydrology review).  Also, potential spawning patches that were on steep 
slopes (e.g., >30%) or that were located in slack water areas (areas without velocity at 
spawning flows) were excluded from consideration as potential spawning sites. 

5.2.2. Physical Attributes 

The physical attributes of the spawning patches were characterized by delineating 
spawning patch polygons, conducting patch elevation surveys, and by collecting bulk 
gravel samples. 

Spawning Patch Polygons 

The spatial extent of each potential gravel patch was mapped using a combination of 
field methods and GIS software.  In the field, an initial series of patch widths were 
recorded at 6 foot intervals along a transect that followed the down-valley axis of each 
patch using a 150-foot open reel tape measure. This tape also provided a scale for 
photo documentation of the patch orientation and particle size.  Each gravel patch 
perimeter was then delineated using a dense trace of GPS points using a Trimble 
GeoXT sub-meter accurate GPS unit.  These GPS point traces were then uploaded into 
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GIS software (ESRI Arc 9) and overlain on top of high resolution aerial photography1,
providing a reference for accurately delineating the perimeter of each gravel patch and 
its relative position in the river channel.  A polygon for each gravel patch perimeter was 
digitized using GIS software based on the GPS waypoint information, aerial 
photographic features, field maps, and measured transect distances.  The resulting 
polygon layer was used to quantify the area of each polygon.  The polygon layer was 
also used for subsequent field activities (surveying elevations, mapping depths and 
velocities) through the production of field maps that overlaid gravel patch polygon 
outlines on aerial photographs.   

Patch Elevation Surveys 

The relative elevation of each gravel patch was surveyed in order to tie all patches to 
stage-discharge relationships and facilitate the subsequent analysis of stage based 
suitable spawning area.  Field crews conducted initial elevation surveys between 
September 22 and October 2, 2009.  Two permanent elevation monuments were 
established along the riverbank in the vicinity of each patch.  Monuments consisted of 
¼” X ¾” rock anchor nails in large boulders, concrete footings, or bedrock outcroppings.  
All monuments were installed at elevations that would permit reoccupation at relatively 
high river stage. Elevation surveys were conducted using a Topcon automatic self-
leveling laser mounted to a tripod at a central location where the entire patch was 
visible, including both monuments.  All elevations were recorded to the nearest 
hundredth of a foot.

During elevation surveys, patch topography and variation in surface elevation was 
characterized by measuring the relative elevation at five locations on each gravel patch, 
including the upstream and downstream patch edge, river- and bank-ward edges, and 
the patch center.  In addition, the water surface elevation was surveyed from a bearing 
approximately perpendicular to the patch long axis extending riverward from one of the 
monuments.

Bulk gravel sampling 

Gravel composition at each patch was assessed via bulk gravel samples.  Bulk gravel 
samples were taken using a standard number 2 round-point shovel, following methods 
outlined by Schuett-Hames et al. (1996).  The majority of the gravel samples were 
collected in 2009 between September 29 and October 2, at or near base flow 
conditions, in order to minimize the need for in-water sampling.

Bulk samples were collected at random locations across each gravel patch.  Between 
one and six individual samples per patch were collected, depending upon relative patch 
size.  In total, 91 individual gravel samples were collected across all 58 potential 
spawning areas for subsequent analysis.  During sampling, the locations of all bulk 
gravel sample sites were recorded using a handheld GPS unit. 

1 Digital aerial photography was obtained from the City of Spokane.  The photographs had a pixel size of 0.5 feet. 
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Individual bulk samples were collected by working the shovel into the patch substrate 
perpendicular to the channel bed to a depth of between 6 and 8 inches. This sample 
depth corresponds to estimates and observations of rainbow trout egg pocket depth 
(DeVries 1997).  Once at the desired depth, the shovel was gently rocked back to near 
parallel with the stream bed and the sample was removed and placed in a zip-lock bag.  
When samples were collected from inundated sites, a portable stilling well constructed 
of four ¼-inch aluminum foldable aluminum panels was used to reduce velocities 
around the sample site (Schuett-Hames et al. 1996).  Although arguments have been 
presented for the inclusion of large or dominant particle sizes within bulk gravel samples 
(Kondolf 2000), samples that contained dominant clasts comprising an estimated 1% or 
more total sample weight were rejected, and a new sample was collected.

Each gravel sample was dried on small tarps (1 m2) in the sun, and subsequently 
processed through a standard series of 9 sieves and into a pan (openings in mm: 0.25, 
0.5, 1, 2, 4, 8, 16, 31.5, 63).  All litter and extraneous materials were removed from the 
sample prior to determining the mass for each particle size class.  The total mass (in 
grams) for each of the resulting 10 size categories (including the pan) was measured 
using a set of Pesola scales in order to calculate the mass fraction for each sieve class, 
a quantitative measure of gravel composition.  Plots and tables displaying the gravel 
size composition using the combined bulk samples for each patch were developed.

Summarized literature data regarding fine sediment effects on spawning success 
(Kondolf 1993; 2000) were used to help rank the quality of spawning patches (Section 
5.4.1).  Gravels with approximately 22% or less fines (<1mm) prior to construction of 
redds have relatively high survivorship (emergence) (50% or greater) (Kondolf 1993, 
Kondolf 2000).

5.2.3. Hydrodynamic Attributes 

Hydrodynamic attributes collected at each spawning patch included stage-discharge 
relationships and empirical maps (polygons) of spawning habitat depth and velocity over 
a wide range of flows. 

Stage-Discharge Relationships 

Water surface elevations were surveyed at each patch during five separate periods, 
spanning a wide range of river discharges.  Survey methods followed the same protocol 
as described for the patch elevation surveys (see above).  Discharge was obtained from 
the USGS Spokane River Gage.  Water surface elevation was surveyed perpendicular 
to the center of the patch at a location on the same compass bearing as used during the 
initial patch elevation surveys.  Water surface elevations were typically surveyed during 
the same field visits as the empirical depth and velocity mapping activities (Table 1; also 
see below). 



February 2011 7

Stage-discharge regressions were developed at each spawning patch.  Regressions 
were based on the empirical water surface elevation (WSEL) data, discharge (Q) and 
the best fit stage-of-zero-flow (SZF): 

 WSEL = A (Q) B + SZF        (1) 
 where: 
 A and B = Empirical constants 

Empirical Spawning Depth and Velocity Mapping 

The portion of each spawning patch suitable for spawning/incubation relative to 
discharge was quantified by mapping suitable depths and velocities for spawning 
redband trout.  The mapping was done at four different discharges spaced over a wide 
range (Table 1).  Because the suitable depths and velocities for redband trout spawning 
in the Spokane River were unknown at the beginning of the work, literature data were 
used to develop depth and velocity categories (bins) for empirical mapping, Table 2 
(Bovee 1978; Raleigh et al. 1984; EA Engineering 1987; TRPA unpublished data; TRPA 
2002a; TRPA 2002b; WDFW 2004; Smith et al. 1987; TRPA 2004).  The depth and 
velocity bins were later confirmed with empirical data from redband trout spawning 
observations in the Spokane River (see Section 5.3.2).  

Empirical depth and velocity mapping at gravel patches consisted of drawing the wetted 
edge of the river and the boundaries between the different depth and velocity categories 
onto large scale field maps (aerial photographs) and recording a series of handheld 
GPS waypoints.  On each visit, the depth and velocity category boundaries were 
identified through several iterative steps, beginning with an initial visual assessment of 
depth and velocity patterns over the entire patch.  Then, a series of depth and velocity 
measurements were made across the patch to accurately identify boundaries between 
depth and velocity categories.  Water velocity was measured at approximately six-
tenths of the total depth using a Swoffer model 2100 current velocity meter and wading 
rod.  Depth and velocity were recorded at the point of measurement directly onto the 
aerial photographs, facilitating the subsequent task of drawing suitable depth and 
velocity boundaries and assessing suitable spawning areas.  Depth and velocity 
polygons were subsequently digitized from the aerial photos using GIS software, 
enabling the calculation of habitat areas for both depth and velocity.  Each subsequent 
flow-based habitat mapping effort used a set of new field maps, which included the 
digitized depth and velocity polygons from the previous mapping effort for reference.  

After the empirical mapping data were collected, a continuous relationship between 
spawning/incubation habitat area (see habitat categories in Table 2) and discharge was 
created for each patch between the discharges of 1,000 and 25,000 cfs.  The 
relationship was created by plotting the spawning/incubation area measurements 
versus discharge and then developing a piecewise-linear relationship to 
interpolate/extrapolate the data.
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5.3. BIOLOGICAL SPAWNING CHARACTERIZATION

The biological spawning characterization methods including spawning surveys, 
development of spawning habitat suitability criteria, and monitoring of artificial redds are 
discussed below. 

5.3.1. Spawning Surveys 

The period of peak redband trout spawning activity within the study reach has been 
previously documented to occur during mid to late April, with fry emerging sometime 
between late May and early June (Parametrix 2003).  An initial set of spawning surveys 
was conducted during the first week of April in 2010 to determine the onset of redband 
trout spawning activity.  Subsequent to this initial set of spawning surveys, three 
additional rounds of surveys were conducted between April 12 and April 27 to obtain a 
complete count of all observable redds within the study reach through the spawning 
period (Table 1).

During each round of spawning surveys, the entire study reach was assessed including 
all gravel patches identified previously as suitable and numerous inter-patch areas. 
Based on previous work, special attention was paid to areas with documented 
spawning, as well as bars and islands exhibiting willow growth and other areas of 
reduced velocity and potential gravel deposition (Parametrix 2003).  

Several visual observation methods were used to accurately identify redds and 
spawning adult trout over gravel patches.  Water clarity was excellent during all of the 
spawning surveys (visibility was approximately 10–15 ft).  For gravel patches along 
accessible shoreline areas and in relatively shallow water, observation by either 
snorkeling or wading over the patch was used.  For gravel patches in deeper water, 
observations were made from an open-frame cataraft and by snorkeling.

All redds were identified by visual observation and were counted only if there was a 
distinct area of disturbed, clean gravel characterized by a microtopography that included 
at least one definite pit and tailspill (Burner 1951).  After each redd was visually 
observed and counted, its location was marked on a large-scale (1:628.2) aerial 
photograph.  In addition, each redd location was recorded using a Garmin GPSmap 
60CSx handheld GPS unit.  In order to avoid repeat counts, each redd was marked with 
a gravel-filled biodegradable bag inscribed with the date, gravel patch ID, and redd 
number.  Redd marker bags were then tied-off with biodegradable orange flagging and 
placed on the tailspill of each newly documented redd.   

During spawning surveys, all shallow test digging was noted, but was not included in the 
total redd count. The presence of short “strings” or “chains” of redds that were likely 
constructed by the same fish were counted as a single redd unless multiple fish were 
observed on-site, or if excavated gravels were deposited over an existing tailspill or 
previously placed redd marker bag.  The presence of all fish within the vicinity of each 
redd was noted on the field data sheets and a determination of the sex of each 
individual was made where possible.  
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Microhabitat characteristics, including depth and mean water column velocity, were 
measured for all newly constructed redds that were identified during each round of 
spawning surveys.  Mean water column velocity (ft/s) was measured at 0.6 depth of the 
water column above each redd using a Swoffer model 2100 current velocity meter and 
wading rod.  Depth and velocity measurements were collected at the upstream end of 
each redd pit.

Formal spawning surveys were concluded following the April 27 survey.  No new redds 
or spawning fish were observed within the study reach during the May 4 hydrodynamic 
mapping surveys.  A final survey of the study reach was conducted on May 11, following 
a period of unanticipated high flow, to note any redds that may have been constructed 
during the period of increased discharge. 

5.3.2. Spawning Habitat Suitability Criteria 

Redband trout spawning habitat suitability criteria for depth and mean column velocity 
were developed using the depths and velocities observed at the spawning redds in 
2010.  The frequency of observations in 0.5 ft depth and 0.5 ft/s velocity bins was 
plotted.  Both the frequency and the percent of maximum frequency were plotted.

5.3.3. Artificial Redds 

Survival to emergence of redband trout eggs within spawning gravel patches was 
assessed using modified Whitlock-Vibert (W-V) (Whitlock 1979) boxes and eyed triploid 
rainbow trout eggs.  The spawning patches were visually categorized a priori into three 
potentially different quality strata (high, medium, and low) to test for differential survival 
of eggs.   The quality strata were determined from the quality of the gravels (e.g., 
percent fines), the position of the patch in the channel (elevation, slack water, etc.), and 
experience of the biologists based on observations in previous salmonid spawning 
studies.  Three spawning patches from each of the strata (nine patches total) were 
selected for monitoring (see Section 6.3.3).  Three W-V boxes were installed in each of 
the selected patches (27 artificial redds in total).  Four independent physical variables 
(fine sediment intruding into the W-V box, dissolved oxygen in the W-V box at two 
different times during incubation, water temperature, and dissolution rates of gypsum 
cylinders, a surrogate for intragravel flow rate) were monitored at the patches during the 
experiments.

The W-V redd boxes were populated with 50 eyed triploid rainbow trout eggs each, 
were installed April 21–22, 2010 and retrieved on May 17–18, 2010.  Two water 
samples were taken from the boxes for field analysis of dissolved oxygen at 19 and 27 
days following burial in the streambed.  Gypsum cylinders (clod cards) of equal size (1.5 
inches in diameter and 4 inches long) and weight were installed with each W-V box and 
retrieved 19–20 days post installation.  These clod cards were dried and weighed to 
determine the mass loss during the period of deployment.  Fine sediment that intruded 
into the W-V box gravels was dried and weighed.  A temperature data logger (Onset 
Tidbit brand) was attached to one box in each patch to record intragravel temperatures.  
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Surface water temperatures were recorded upstream from the Spokane City wastewater 
treatment plant (data courtesy of City of Spokane).

Following retrieval of the W-V redd boxes (27 days after installation) counts of live 
alevins were used to determine the survival rate over the period of intragravel burial and 
compared for each of the artificial redds.  The survival rates were then correlated with 
the physical parameters collected at the site.  In addition to the assessment of survival, 
the live embryos at the end of the study were categorized into four developmental 
stages (i.e., fully absorbed yolk sac with complete ventral soft tissue suture, partially 
absorbed yolk with incomplete ventral suture - two grades, and hatchlings with little to 
no yolk sac absorption).  This was done to capture any potentially sub-lethal effects of 
gravel patch quality on embryos.  Details of the experimental methods are provided in 
Appendix A. 

5.4. EFFECTIVE SPAWNING AND INCUBATION HABITAT

Effective spawning and incubation habitat refers to the spawning habitat that remains 
continually suitable throughout the spring spawning and incubation period.  The habitat 
must be suitable both for spawning during the spawning period and must remain 
suitable through the incubation period until alevins emerge from the gravels and into the 
river.  Spawning habitat is that habitat provided during the spawning period.  Incubation 
habitat is that habitat provided during the incubation period.  Effective spawning and 
incubation habitat was quantified by ranking the spawning patches into quality strata 
and calculating effective habitat based on the beginning and ending river discharges,  
where the beginning discharge is the discharge during  the spawning period and the 
ending discharge is the lowest discharge in the spawning and incubation period (see 
Section 6.3.1 for the spawning period). 

5.4.1. Ranking of Spawning Patches 

Spawning patches were ranked into quality strata based on non-flow related criteria.  
The criteria were as follows: whether or not trout spawning was observed at the site 
during the 2003 or 2010 spawning surveys, gravel quality, patch size, and patch 
location and local channel characteristics (see below).  The ranking allowed effective 
spawning and incubation habitat to be calculated, for example, on all spawning patches 
combined and/or for only selected patches of similar non-flow related quality rankings.  
By separating the patch ranking from hydrology and hydraulics, the approach allowed 
hydrology and hydraulics to be assessed independently to determine which patches (of 
different non-flow quality) were suitable for spawning in different water year types or 
hydrology scenarios.  The quality ranking was as follows: 

� Rank 1a – High quality spawning patches with an area 250 ft2 or greater and 
observed spawning (2003 or 2010). 

� Rank 1b – High quality spawning patches with an area 250 ft2 or greater and no 
observed limitations (e.g., excess fines), but no observed spawning during both 
years (and river discharges) when spawning was studied (2003 or 2010). 



February 2011 11

� Rank 2 – Medium quality spawning patches with one or more observed spawning 
limitations.  Limitations included percentage of fines (<1mm) greater than 22% 
(potential low egg survival), small patch size (less than 250 ft2), surficial gravel 
deposits (relatively thin gravel layer), and/or spawning patches with channel 
characteristics that likely result in low spawning quality (interspersed cobbles and 
boulders, steep slopes, excessive woody vegetation).

� Rank 3 – Low quality spawning patches with relatively severe spawning 
limitations related to the following: percentage of fines (<1mm) greater than 22% 
(potential low egg survival), small patch size (less than 250 ft2), surficial gravel 
deposits (relatively thin gravel layer), and/or spawning patches with channel 
characteristics that likely result in low spawning quality (interspersed cobbles and 
boulders, steep slopes, excessive woody vegetation). 

5.4.2. Effective Habitat 

The spawning and incubation habitat area versus flow relationships developed for each 
spawning patch (Section 5.2.3) were used to calculate effective habitat for each patch 
and for all patches combined as follows.  A matrix of beginning and ending flows was 
partitioned from 1,000 cfs to 25,000 cfs, in 1,000 cfs increments.  The amount of 
spawning habitat (area and percent) that was suitable at the beginning flow was 
quantified for each patch and for all patches combined.  The amount of that beginning 
spawning habitat that remained wetted at the ending flow was also quantified.  The 
amount of the spawning habitat that remained wetted at the ending discharge (through 
incubation) was the effective habitat. 

Tables of effective habitat were developed for all patches combined and for patches that 
had a rank quality of 1a, 1a–1b, 1–2, and 1–3.  The tables were designed so the 
beginning discharge could be selected and then the amount and/or percent of habitat 
remaining at the ending discharge could be selected.  An interactive Microsoft Excel 
spreadsheet tool was also developed so that the change in effective habitat with 
different beginning and ending discharges could be easily visualized.   

6.0 RESULTS 

6.1. HYDROLOGY REVIEW

Previous studies indicate that redband trout in the lower Spokane River typically spawn, 
incubate, and emerge from gravel redds between about the second week of April and 
then end of May and early June (Parametrix, 2003).  The historical hydrology (1980–
2010) shows that for spawning in April to be successful fish must spawn in hydraulically 
stable areas that will not scour or dewater until alevins emerge in early-June (Figure 
2a).  Hydrology in the Spokane River during the spawning and incubation period was 
highly variable between years and within years as measured at the USGS Spokane 
River Gage.  The flows during the April spawning period (last three weeks in April; 
Section 6.3 below) ranged from approximately 5,000 to 25,000+ cfs and during the 
emergence period (e.g., first half of June), the flows ranged from about 2,000 to 25,000+
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cfs (between year variability).  The average, median, and 20% exceedance flows in 
April and June were similar; however, actual flows in individual years were typically 
much more variable (Figure 2a).  Based on the flows during individual years, the 
difference between the spawning flow and the emergence flow (within year variability) 
ranged from a few cfs to greater than 15,000 cfs.

In 2010, flows during April spawning were relatively stable at approximately 6,000 cfs.  
Flows then increased to nearly 17,000 cfs in May with considerable variation in flows 
occurring (Figure 2b).  Flows remained above the spawning flow through the incubation 
(early June) and throughout June.  In early July (well after the emergence period), flows 
began dropping rapidly and reached 1,600 cfs by the end of the month.  This hydrology 
is consistent with previous discussions that rapid changes in discharge are a normal 
and natural occurrence in the Spokane River (i.e., the river is naturally flashy) (Avista 
and Parametrix, 2004).  For example, during spawning studies in 2003, Spokane River 
flow on April 19, 2003 was between 11,000 and 12,000 cfs then dropped to 5,850 cfs by 
May 29th (first observed emergence) and to 4,500 cfs by mid-June.

The majority of the flow fluctuation that occurs in the lower Spokane River is natural.  
The Upper Falls and Monroe Street HEDs are operated as run-of-river projects; 
meaning water flowing into the reservoirs is essentially equal to the water being 
discharged from the HEDs, and the reservoir water levels change little (FERC 2007).  
The Upper Falls and Monroe Street HEDs have very little storage (800 acre feet and 30 
acre feet respectively) and are not operated as storage or power peaking projects.  
Therefore, the Upper Falls and Monroe Street HEDs have limited ability to manipulate 
discharge.

6.2. SPAWNING PATCH CHARACTERIZATION

The spawning patch characterization consisted of inventorying spawning patches, 
quantifying physical attributes, and quantifying hydrodynamic attributes. 

6.2.1. Inventory 

The spawning patch inventory identified 58 separate gravel patches in the 10 mile long 
study reach (Maps 2, 3 and 4; Table 3).  The spawning patches were concentrated in 
the upper 4 miles of the reach (RM 69.7–73.7) with the largest concentration of 
spawning patches near the T.J. Meenach Bridge (RM 70) (primarily upstream of the 
bridge) (Map 3). Each spawning patch was assigned a unique identification number 
(Patch ID) that related to its specific location by river mile and left (L) or right (R) bank 
looking downstream (example patch 73.58L).

6.2.2. Physical Attributes 

The physical attribute data for the spawning patches included spawning patch polygons, 
patch elevation surveys, and bulk gravel samples. 
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Spawning Patch Polygons 
The spawning patches are shown in Maps 2–4 and can be seen in detail along with site 
photographs in the interactive electronic map in Appendix B (see electronic file).  The 
spawning patch average size was 1,488 ft2 (median of 638 ft2) and the range was 208 
ft2 to 12,706 ft2.  Figure 3 shows the size distribution for the patches from upstream to 
downstream order (also see Table 3). 

Patch Elevation Surveys  

Patch elevations were combined with the stage-discharge relationships at each 
spawning patch (Section 6.2.3) to relate the elevations to discharge.  Figure 3 shows 
the average, minimum, and maximum discharge elevation of all of the patches.  Many of 
the patches are inundated over a wide range of discharges (i.e., various portions of the 
patch are inundated at different flows).  The maximum range of patch inundation was 
approximately 18,000 cfs and the average range was about 4,600 cfs.  Based on 
average elevation of the patches, the majority of the patches were cumulatively 
inundated by about 8,000 cfs (Figure 3).

Bulk Gravel Sampling 

Fine sediment (<1 mm) concentration in the majority of the spawning patches was low 
enough to provide high survivorship for incubating eggs and emerging alevins (Figure 4; 
Table 3), typically less than the 22% of <1 mm fines prior to redd construction as 
identified by Kondolf (1993; 2000).  The average percent of fines for all of the patches 
combined was 14.7%, while the maximum percentage was 39.4%.  The average D50 
particle size (median particle size of the bulk samples) of all the patches combined was 
relatively small, 11.7 mm (maximum 30.1 mm) (Figure 4; Table 3).  Appendix C 
provides detailed substrate composition for all of the spawning patches. 

6.2.3. Hydrodynamic Attributes 

Hydrodynamic attributes collected at each spawning patch included stage-discharge 
relationships and empirical maps (polygons) of spawning habitat depth and velocity.

Stage-Discharge Relationships 

Stage-discharge relationships (regressions) were developed for each spawning patch 
from 1,000 cfs to 25,000 cfs.  The data used to create the relationships were based on 
empirical stage-discharge measurements over a range of flows from 1,280 to 16,500 
cfs.  Five stage-discharge data pairs were collected at all patches except one (70.28R), 
where four stage-discharge data pairs were collected.  The stage-discharge 
relationships are continuous and can be used over a wider range of flows than 1,000 to 
25,000 cfs, but they are most accurate in the 1,000 to 25,000 cfs range.  The empirical 
data and plots of the stage-discharge regressions are shown in Appendix D.  Table D1 
shows the regression coefficients for each patch (see Equation 1, Section 5.2.3). 
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Empirical Spawning Depth and Velocity Mapping 

The empirical depth and velocity mapping data were used to create piecewise-linear 
relationships of both spawning and incubation (wetted) habitat from 1,000 to 25,000 cfs 
(Appendix E).  The empirical data used to create the relationships were based on four 
empirical mapping data sets collected within the following ranges of flow 2,980–3,810 
cfs, 6,170–6,600 cfs,  8,320–10,200 cfs, and 11,140–16,500 cfs (Table 1).  The data 
sets spanned the range of flows from 3,100 to 16,500 cfs.  The relationships are 
continuous and represent an interpolation of the empirical data within the measured flow 
range (3,100 to 16,500 cfs) and an extrapolation of the data outside the measured flow 
range.  The relationships are most accurate over the range of flows near the measured 
data (e.g., 2,000 to 20,000 cfs range) and less accurate the farther the extrapolations 
are from the measured data.

At two sites (69.87L and 70.39L), the empirical flow/habitat measurement at one flow 
appeared to be anomalous from the measurements at other flows.  Likely this occurred 
either due to unique hydraulics at the flow (e.g., a log creating a flow deflection) or the 
way the field crew interpreted the habitat.  At these two locations, the piecewise 
relationship did not use that data point (see Figures in Appendix E). 

Spawning Habitat 

A summary of the discharge range at which individual patches exhibit spawning habitat 
(Appendix E) is provided in Table 3.  Three flow ranges were used, <11,000 cfs, 11,000 
cfs–17,000 cfs, >17,000 cfs.   These flow ranges were based on the average April flows 
(3rd week) (1980–2010) at three exceedance values, <33%, 33%–66%, and >66%, 
respectively.

Incubation Habitat 

A summary is also provided in Table 3 of the discharge range, at which individual 
patches exhibit incubation habitat (Appendix E).  The flow ranges are based on the 
same exceedance flow values used above (<33%, 33%–66%, and >66%), but for the 
2nd week in June (1980–2010).  The flow ranges are <5,000 cfs, 5,000 cfs–10,000 cfs, 
>10,000 cfs).

6.3. BIOLOGICAL SPAWNING CHARACTERIZATION

Biological spawning characterizations included spawning surveys, spawning habitat 
suitability criteria, and artificial redds. 

6.3.1. Spawning Surveys 

A total of 148 redband trout redds were observed during the 2010 spawning surveys.  
The first spawning was observed on April 7 (individuals and evidence of redd 
construction).  The peak of the spawning occurred the third and fourth weeks in April  
2010 (April 15 through 28) (Figure 5), with essentially all spawning completed by April 
27.  The flow during this period was approximately 6,000 cfs.  During post-spawning 
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verification in early May, five additional redds were located.  These were created during 
a period of high flow, sometime between May 5 and May 10. 

A total of 141 redds were documented at 12 of the 58 (21%) gravel patches within the 
study reach (Table 3; Maps 2, 5 and 6; Appendix B [see electronic file]).  The majority of 
spawning (109 redds or 74%) in 2010 occurred at four primary sites:  

� Riverbend Bar 68.35L (50 redds, 34% of total),

� Along the right bank immediately downstream of Sandifur Memorial Bridge 
72.42R (27 redds, 18% of total),

� Along the left bank upstream of Sandifur Memorial Bridge 72.53L (11 redds, 7%).

� Along the right bank downstream of the Monroe Street HED 73.74R (21 redds, 
14% of total), and

The other eight sites with redds contained from 2–6 redds (1–4%) of the spawning at 
each of the sites, or a total of 32 redds (Table 3; Maps 2, 5 and 6; Appendix B [see 
electronic file]).  In addition, seven redds were observed at two off-patch locations: 
along the left-bank upstream of T.J. Meenach Bridge (RM 70.00) (three redds) and 
along the right bank at Upper San Soucci (RM 71.56) (four redds).  The off-patch 
locations were in lower quality habitat than the inventoried patches.  For example, RM 
71.56 location had coarse surface gravels and the RM 70.00 location consisted of 
predominantly sand and small gravel substrate that had been deposited around the 
base of several willow trees. 

The spawning patches where spawning occurred in 2010 were good spawning sites in 
the sense that they provided stable spawning and incubation habitat over a wide range 
of flows.  The sites provided spawning habitat and incubation habitat from about 10,000 
cfs down to 3,000 cfs or lower (Appendix B [see electronic file]). In 2010, the lowest flow 
during the incubation period was about 6,750 cfs (higher than the spawning flow) 
(Figure 2b); therefore, spawning sites that provided incubation over a wide range of 
flows were not required.  However, if the hydrology would have been different, e.g., 
lower flows occurring at the end of the incubation period like occurs in many years, the 
spawning sites would have maintained good incubation conditions. 

There were several spawning patches where spawning was observed historically in 
2003 (Parametrix 2003), but few or no redds were observed in 2010.  These sites 
include 70.13R, 71.52 right bank (not an inventoried patch), 73.10R, and 73.25L.  In 
2003 the flows during the spawning period were much higher (about 11,000–12,000 cfs) 
than in 2010 (~6,000 cfs).  The spawning habitat analysis (Section 6.2.3) shows that 
these sites did not provide spawning habitat at 6,000 cfs (year 2010), but would have 
had good habitat at the higher flows, 11,000+ cfs, present in 2003.  In addition, to the 
flow difference in 2003 versus 2010, at least one site appeared to have changed in 
physical nature since 2003.  The 71.52 right bank location, documented with historical 
spawning in 2003, was given special attention in 2010, but the area was not 
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classified/inventoried as a suitable spawning patch (contained coarse cobble and sand 
mix), nor was there spawning observed there.  During the 2010 spawning period, the 
area was walked and snorkeled, but no fish/redds were observed. 

6.3.2. Spawning Habitat Suitability Criteria 

All spawning observed within the study reach (148 redds) occurred at depths ranging 
from 1.0–5.28 feet, with a mean depth of 3.51 feet and at velocities ranging from 0.5–
3.5 ft/s, with a mean velocity of 1.9 ft/s.  Figure 6 shows frequency plots and percent of 
maximum frequency plots of the depth and velocity utilization for redband trout in the 
Spokane River in 2010. 

The majority of the velocity utilization occurred between about 0.5 and 3.0 ft/s, which is 
very close to the a priori velocity suitability categories used for the depth and velocity 
mapping (0.3–3.0 ft/s) (Table 3; Section 5.2.3).  That is, the velocity utilization was 
similar to that observed in other studies (Smith 1973; Bovee 1978; Raleigh et al. 1984; 
EA Engineering 1987; TRPA unpublished data; TRPA 2002a; TRPA 2002b; WDFW 
2004; Smith et al. 1987; TRPA 2004).

The spawning depth utilization (1.0–5.28 feet) in the Spokane River was deeper than 
has been typically observed in other studies for trout and salmonid spawning in general 
(Smith 1973; Bovee 1978; EA Engineering 1987; TRPA unpublished data; TRPA 2002a; 
TRPA 2002b; WDFW 2004; Smith et al. 1987; TRPA 2004), where depth utilization 
peaks are close to 1 foot deep and few redds are observed at depths greater than about 
3 feet (Figure 6).  Sometimes in other studies, during the development of spawning 
habitat suitability criteria, it has been assumed that deep water should remain suitable, 
even though no spawning observations exist in deep water (e.g., Smith et al. 1987) or 
because there was some limited documentation of deep water spawning (e.g., Orcutt et 
al. 1968).  In one report where suitability criteria were developed for rainbow trout using 
a variety of data sets, Raleigh (et al. 1984)2, deep water spawning suitability for rainbow 
trout was based on a single study (Hartman and Galbraith 1970) that documented the 
relatively deep water spawning habitat of the largest rainbow trout in the world (Gerrad 
rainbow trout).

The a priori depth categories used for mapping spawning habitat in this study were 0.0–
<0.3, 0.3–2.5, and >2.5 feet.  Both of the two deeper water categories were assumed to 
represent suitable spawning conditions; however, this was originally based on the 
concept that 0.3–2.5 feet was the typical depth at which rainbow trout would spawn and 
that fish might also be observed in water deeper than 2.5 feet.  The a priori category 
was “wrong” for deep water in the sense that a very large portion of the spawning in the 
Spokane River in 2010 occurred in depths greater than 2.5 feet, outside of the assumed 
0.3–2.5 feet category.  The deep water mapping category >2.5 feet, however, picked up 
this deep water spawning and the empirical spawning habitat mapping results are 

2 Raleigh et al. 1984 assumed relatively deep water was suitable for rainbow trout based on data in 
Hartman and Galbraith (1970) for Gerrard rainbow trout, the largest rainbow trout in the world (e.g., 
average about 17+ lbs).
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consistent with the “approach” that deep water does not limit trout spawning.  That is, 
deep water is suitable for spawning.  

6.3.3. Artificial Redds 

The artificial redd results included the survival and developmental stage of eggs/alevins 
and the physical variables measured at the redds during the 26 day installation period.

Survival and Developmental Stage 

The assessment of intragravel conditions on embryo survival suggests that the 
inventoried spawning patch habitat (i.e. the intragravel environment) was functional and 
exerted limited effect on incubating embryos.  Counts of live alevins from the W-V boxes 
indicated that survival rates over the period of intragravel assessment averaged 88% 
(Table 4).  The lowest survival in a W-V box was 64% and the highest was 98%.

The high survival for the artificial redds across all sites means that the physical 
conditions at the redds, including the variables that were measured (fine sediment 
intrusion, clod card dissolution, dissolved oxygen, temperature) were suitable for alevin 
development.  As a result, the relationships between survival and the measured 
independent variables was weak (Figures 7–10).  The relationships are, however, 
generally in the direction that would be expected.  For example the relationship with fine 
sediment that intruded into the W-V boxes in Figure 7 was weakly negative and likewise 
the relationship between clod card dissolution, a surrogate for intragravel flow rates, and 
survival was weakly positive (Figure 8). The trend with dissolved oxygen was weakly 
positive at Time 1 and virtually flat at Time 2 (Figure 9).  There was a weakly positive 
survival trend with average temperature (Figure 10).

Developmental stage of embryos was similar for all samples except for W-V Unit #3 at 
patch 70.65R (Table 4), which had the highest amount of fine sediment intrusion, the 
lowest mass loss of its associated clod card and low dissolved oxygen at both 
measurement times (Table 4).  Forty of the 41 live alevins at unit #3 had little absorption 
of their yolk.  While this unit exhibited only slightly less than average survival, the 
developmental state of the alevins was significantly less advanced in comparison to 
every other unit.  The fact that we detected values of explanatory variables out of range 
with the rest of the units and that they had a measureable, yet sub-lethal effect on 
incubating alevins, suggests that the methods we used to assess survival and 
developmental stage were sensitive to intragravel conditions within the streambed and 
that over the broad distribution of the inventoried sites sampled in the river, gravel 
conditions in the Spokane River were favorable for incubating salmonid embryos. 

Physical Variables 

At the time of installation of the W-V boxes water depths ranged from 2.5 to 0.6 feet 
(average 1.1 foot deep) and velocities of 2.54 to 0.12 feet per second (average 1.0 foot 
per second) (Table 4). The depths and velocities over the patch and the boxes varied 
over the deployment period as stage and flow fluctuated in the river.  Mass loss of the 
clod cards ranged from 3–100% with an average of 52.5%.  Fine sediment intrusion into 
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the WV-boxes ranged from 90.0–1.0 grams, average 30.9 grams. Dissolved oxygen at 
Time 1 ranged from 3.8 to 14.0 mg/l and average 8.8 mg/l and at Time 2 ranged from 
4.0–10.0 mg/l with an average of 8.3 mg/l.  Dissolved oxygen readings were 77% of 
surface water values on average.

Average temperature from the W-V boxes indicated a small range of variability 49.2 to 
52.9 F (average 50.8 F); however, there was a high degree of variability in the temporal 
pattern of temperature (Figure 10).  There were three distinct patterns of temperature 
fluctuation (Figure 11). Four of the sites appeared to track the surface water 
temperature closely, suggesting coupling of the intragravel environment and exchange 
with the river.  A second group represented by two sites, showed stable temperatures 
influenced by groundwater sources near the active channel.  Both of these sites were 
on the right bank in the vicinity of T.J. Meenach Springs. Temperature at one of these 
sites (70.13R) was depressed as stage increased on May 4, suggesting a flow induced 
coupling with surface water while the other site remained stable. The third group of two 
sites displayed temperature fluctuations intermediate to the ground water controlled 
group and the surface water controlled group.  This third group showed a stabilizing 
trend with ascending temperatures in May and a mildly fluctuating diurnal pattern within 
the range of the groundwater controlled group at the time of retrieval (Figure 11).

6.4. EFFECTIVE SPAWNING AND INCUBATION HABITAT

Characterization of effective habitat included both ranking of spawning patches and 
quantification of effective habitat.

6.4.1. Ranking of Spawning Patches 

The non-flow related quality rank of each spawning patch is shown in Table 3.  A total of 
12 patches were ranked 1a and 21 patches were ranked 1b.  The patches with a rank of 
1a or 1b are high quality patches with no non-flow related spawning limitations.  Rank 
1b sites are sites that have been differentiated from 1a sites because spawning was not 
observed (confirmed) at these patches in the two years (2003 or 2010) that spawning 
was studied in the river.  The rank 2 and 3 spawning patches are medium and low 
quality sites, respectively, with non-flow related deficiencies that are outlined in Table 3.  
These patches may be suitable spawning patches based on most of the physical 
conditions, but they are lower quality spawning patches than the rank 1 sites.  

6.4.2. Effective Habitat 

The effective habitat analysis included spawning habitat versus flow relationships and 
calculation of effective spawning and incubation habitat. 

Spawning Habitat Versus Flow Relationships 

Detailed spawning and incubation habitat versus discharge relationships for each of the 
individual spawning patches were presented in Section 6.2.3.  The cumulative amount 
of spawning habitat versus flow for four different groupings of spawning patches (rank 
1a, ranks 1a and 1b, ranks 1–2, and ranks 2–3)  are shown here in Figures 12, 13, 14 
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and 15, respectively.  The amount of spawning habitat for all four groupings increased 
steadily with increasing discharge from low flow up to approximately 11,000 cfs and 
then generally leveled off.  Based on historical hydrology, 66% of the time discharge 
during April (3rd week) is greater than 11,000 cfs and provides approximately maximum 
spawning habitat.  Even when spawning flows are as low as 6,000 cfs, which occurs 
less than 20% of the time (Figure 2a), approximately 50% of the maximum spawning 
habitat in the study reach is available (Figures 12–15).      

Approximately 67% of the total spawning habitat available in the study area is provided 
by patches with rank 1a, 90% for patches with rank 1a–1b, and 96% for patches with 
rank 1–2.  Very little habitat is provided by the patches with rank 2 or 3 (6% and 4%, 
respectively).

Effective Spawning and Incubation Habitat 

Effective spawning and incubation habitat matrices are shown for each of the four 
groupings of patch quality (rank 1a, ranks 1a and 1b, ranks 1–2, and ranks 2–3) in 
Tables 5, 6, 7, and 8, respectively.  The effective spawning and incubation tables  
provide a tool to assess and/or manage effective spawning and incubation habitat.  The 
effective spawning and incubation tables are used by looking up the flow that existed in 
the river at the time of spawning (e.g., median average daily flow during the 3rd week of 
April) and then looking up the habitat that would remain effective through the incubation 
period based on the lowest average daily flow during the incubation period (late April to 
early June).  Figure 16 shows a graphical version of the tables for initial spawning 
discharges of 15,000 cfs and 6,000 cfs for patches ranked 1–3.

Two examples of using the effective habitat tables are provided below: 

� During the 2010 spawning period (April 15 through April 21), flow in the Spokane 
River was approximately 6,000 cfs (Figure 2).  For the 1a and 1b ranked sites 
(Table 6), where the majority of the habitat exists, the initial amount of spawning 
habitat was 22,000 ft2, and because the flow never went below 6,000 cfs the 
through the incubation period in early June (Figure 2), the total effective 
spawning and incubation habitat was 22,000 ft2 (Table 6a).  If, however, the flow 
had dropped to 4,000 cfs during the incubation period, then 18,000 ft2, or 81% of 
the habitat would have remained as effective spawning and incubation habitat 
(Table 6). 

� During spawning studies in 2003, Spokane River flow during April spawning was 
approximately 11,500 cfs.  Flows then dropped to 5,850 cfs by May 29th (first 
observed emergence) (Parametrix 2003) and to approximately 4,500 cfs by mid-
June.  By interpolating the 11,000 and 12,000 cfs spawning habitat flow in Table 
6 and the ending incubation habitat flow results in the table, approximately 70% 
of the spawning habitat remained effective through the end of May and 58% of 
the spawning habitat would have remained effective through mid-June.
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The percent of the initial spawning habitat that would remain effective is generally 
similar for each of the quality groupings of patches (Tables 5, 6, 7, and 8) even though 
the total amount of effective habitat is different.  Using Table 6 (for patches with rank 1a 
and 1b) incorporates 90% of the total habitat and provides results similar to those 
obtained using one of the other groupings of spawning patches.  For example, using the 
analysis described above (6,000 cfs spawning flow goes to 4,000 cfs incubation flow), 
the percent of effective spawning and incubation habitat remaining is 81% using Table 6 
(rank 1 patches) and 82% based on using Table 7 (rank 1–2  patches). 

7.0 SUMMARY 

Lower Spokane River hydrology during the redband trout spawning and incubation 
period (April–June) was highly variable within years (range between spawning and 
incubation as high as 15,000 cfs) and between years (5,000 cfs to 25,000+ cfs spawning 
flows in April). 

A total of 58 spawning patches were identified and inventoried in the lower Spokane 
River study area (10 miles).  Most of the spawning patches were in the upper 4 miles of 
the study reach.  The largest concentration of spawning patches was in the T.J. 
Meenach Bridge area. 

Most spawning patches were watered over a wide range of discharges (e.g., average 
patch range was 4,600 cfs) (i.e., the individual patches consisted of a range of channel 
elevations).  The average discharge at which the majority of the patches/patch areas 
were inundated was approximately 8,000 cfs. 

The fine sediment content of the inventoried spawning patches was generally within the 
range that provides successful spawning (average 14.7% fine sediment <1 mm). 

Stage-discharge relationships and empirical depth/velocity habitat mapping provided 
hydrodynamic attributes over a wide range of discharges 1,000 cfs to 25,000 cfs.  This 
allowed spawning and incubation habitat to be quantified over a wide range of 
discharges (1,000 cfs–25,000 cfs). 

A total of 148 redband trout redds were located during the spawning season in 2010.  
The majority of the spawning occurred during the last two weeks of April, between April 
15 and April 27.  This spawning period timing is consistent with the April 10 to April 22 
period observed during studies in 2003 (Parametrix 2003).  A total of 130 redband trout 
redds were identified during the spawning season in 2003.  Fry emergence was first 
observed on May 29 in 2003 (Parametrix 2003).  In this report, we assume emergence 
occurs during the end of May and early June.  The water depth of spawning habitat 
utilized by redband trout in the lower Spokane River was unique.  Fish spawned in deep 
water habitat compared to other studies of salmonid spawning.  The average depth of 
spawning was 3.51 feet and redds were observed at water depths of 5.3 feet.  This may 
be a biological mechanism to protect redds against dewatering during incubation due to 
the natural highly variable flows (between and within years) that occur in the Spokane 
River.
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Artificial redds installed in spawning patches with a range of different quality rankings 
showed that intragravel survival was high (average 88%) in all of the patches.  
Generally, therefore, the inventoried patches provide good egg survival habitat.

Patch spawning quality was ranked high (rank 1), medium (rank 2), and low (rank 3) 
based on non-flow related attributes.  The rankings were used to identify the most 
important spawning patches and to allow grouping of patches for effective spawning 
and incubation habitat analyses.  Rank 1 sites (1a and 1b) provided the majority,  
approximately 90%, of the spawning habitat in the 58 surveyed patches.  Very little 
additional habitat was provided by the rank 2 (6%) and rank 3 (4%) sites.

The spawning habitat versus discharge relationship for all of the different quality 
groupings of spawning patches peaked at approximately 11,000 cfs.  At flows higher 
than 11,000 cfs there was little change in the total amount of spawning habitat versus 
flow relationship.  At lower flows the amount of habitat was lower (spawning habitat was 
positively related to discharge).  At lower flows, a relatively high percentage of the 
spawning habitat is available.  For example, at 6,000 cfs, 50% of the total spawning 
habitat is still available.   

Effective spawning and incubation habitat is the habitat that remains continually suitable 
throughout the spring spawning and incubation period.  Effective spawning and 
incubation habitat was quantified in 1,000 cfs increment tables of initial spawning 
discharge (1,000 to 25,000 cfs) and minimum flow during the incubation period (1,000 to 
25,000 cfs).  These tables provide an easy to use tool for assessing and/or managing 
effective spawning and incubation habitat.  The tables are used by looking up the 
amount of habitat that was available at the spawning discharge (third week of April) and 
then using the lowest flow occurring during the incubation period (for example, through 
the first week of June) to determine the amount or percent of habitat that remained 
effective.

In 2010, flows during April spawning were relatively stable at approximately 6,000 cfs.  
Flows throughout the incubation period remained above the spawning flow and 100% of 
the spawning habitat remained effective through the incubation period (flow did not drop 
below 6,000 until July).    During spawning studies in 2003, Spokane River flow during 
spawning in April was approximately 11,500 cfs then dropped to 5,850 cfs by May 29th

(first observed emergence) and approximately 4,500 cfs by mid-June.  Approximately, 
70% of the spawning habitat remained as effective spawning and incubation habitat 
through the end of May and 58% through mid-June in 2003.
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Depth/Velocity Bins Suitable for Spawning Suitable for Incubation

Depth (ft)
0.0 –<0.3 No Yes1

0.3–2.5 Yes Yes
>2.5 Yes Yes

 Velocity (ft/s)
0.0–<0.3 No Yes1

0.3–3.0 Yes Yes
>3.0 No Yes

1Only�if�the�depth�is�greater�than�0.0�ft�and�velocity�is�greater�than�0.0�ft/s.

Table 2. Empirical Spawning and Incubation Habitat Mapping Depth and 
Velocity Bins.
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Table 3.  Spawning Patch Details.

2010 2003 < 11,000
11,000 - 
17,000 > 17,000 < 5,000

5,000 - 
10,000 > 10,000

Monroe Street Bridge
73.74R 58 1a 12706 6 12 21 X * X X X
73.63R 57 1a 6586 13 11 3 X X X X X X
73.58L 56 1a 1069 7 14 3 X X X X X X

73.54R 55 2
Steep slope, surficial gravel, 
mixed with cobble/boulder 1691 13 14 * X X * X X

73.49L 54 3

Steep slope, surficial gravel, 
mixed with cobble/boulder, small 
size 214 16 14 * X X X X

Maple Street Bridge

73.43L 53 3
Surficial gravel, mixed with 
cobble/boulder, small size 230 18 9 * X X X X X

73.25L 52 1a 9403 17 4 18 X X X X X X
73.18R 51 1b 1393 16 14 X X X X X X

-- -- -- -- -- -- 27 -- -- --

72.73L 50 3
Steep slope, surficial gravel, high 
% fines 334 32 12 * X X * X X

72.71L 49 3 Steep slope 602 19 15 * X X X X
72.67L 48 2 High % fines 661 32 13 * X X X X
72.56L 47 3 Surficial gravel, high % fines 547 39 2 * X X * X X
72.53L 46 1a 700 16 7 11 X X X X X X

72.47L 45 2 Small size 212 2 6 X * X X X
72.42R 44 1a 3744 0 16 27 X X X X X
72.24R 43 2 High % fines 960 27 11 X X X * X X

Hangman (Latah) 
Creek

72.19R 42 1b 1883 5 10 X X X X X X
71.74L 41 1b 288 3 14 * * X X
71.71L 40 1b 474 4 11 * X X X X
71.69L 39 1b 1068 6 17 X X X * X X
71.66L 38 2 Large substrate 304 9 25 X X X * X X

-- -- -- -- -- -- 4 -- -- --
71.52R 37 1a 2130 19 6 11 * X X X X
71.3L 36 1b 2441 9 9 * * X

71.26L 35 1b 1765 14 5 X X * X
71.23L 34 1b 264 5 16 * X X X X

70.88R 33 2
mixed with cobble/boulder, 
woody vegetation, narrow 572 15 7 X X X

70.83R 32 2 High % fines, woody vegetation 339 25 4 12 X X * X
70.77R 31 1b 1206 11 11 X X X * X X
70.65R 30 2 Located in back eddie 402 17 7 X X X X X X
70.39L 29 1b 421 16 6 X X X X X
70.35L 28 1b 622 12 12 X * * X X

70.28R 27 3
Steep slope, surficial gravel, 
mixed with cobble/boulder 359 15 17 * X X * X X

70.27L 26 1b 355 12 30 * X X X X

70.26R 25 3
Steep slope, surficial gravel, 
mixed with cobble/boulder 290 7 18 * X X X X

70.25L 24 1a 646 11 25 5 X X * * X X
70.2L 23 1a 1617 12 19 4 X X X X X X

70.18R 22 3
mixed with cobble/boulder, small 
size 208 11 15 X X * X

70.17L 21 1b 340 21 8 X X X X

70.14L 20 2
High % fines, mixed with 
cobble/boulder 542 25 5 * * X X

T.J. Meenach Springs
70.13R 19 1a 2000 12 11 2 52 X X X * X X
70.06L 18 1b 1306 15 8 X3 X X X
70.04R 17 1a  1068 16 11 3 X X X X X X
70.03L 16 1b 1624 19 10 X3 X X X

-- -- -- -- -- -- 3 -- -- --
69.96L 15 2 Large substrate, small size 214 3 28 X X X X
69.96R 14 1b 1076 13 6 X X X * X X
69.92L 13 1b 1688 20 7 X X * X X
69.92R 12 1b 415 20 7 X3 * X X
69.91L 11 1b 292 11 8 X X X X
69.89L 10 1b 346 8 11 * X X X
69.87L 9 1a 269 17 14 6 X X X X X X

T.J. Meenach Bridge
69.79R 8 3 Steep slope, high % fines 630 24 5 * X X X X
69.77R 7 1a 965 12 8 6 X X X X X X
69.72R 6 1b 1973 10 10 X X X * X X
68.35L 5 1a 9821 22 5 50 21 X X X X X X
68.34L 4 1b 1023 13 17 X X * X

67.78L 3 2
Large substrate, mixed with 
cobble/boulder 599 9 19 * X X X

Treatment Plant
Bowl and Pitcher Park
Swinging Bridge

65.39R 2 3
Steep slope, surficial gravel, high 
% fines, boulder 1126 23 11 X4 * X X

65.38R 1 3 Steep slope, high % fines 267 32 12 X4 * X
1Spawning habitat throughout this flow range (X) and spawning habitat occurs in a portion of this flow range (*).
2Redd observed in the San Souci Area. No detailed coordinates were available. 
3No flow or spawning habitat in this side channel at flows < 15,000 cfs. At higher flow the spawning patch would become usable.
4No spawning habitat observed at flow < 15,000 cfs.  At higher flows this spawning patch is likely not usable.

Number of Observed 
Redds

Patch
Number

Sandifur Memorial Bridge

% < 1 mm 
fines

Spawning Patch ID 
(River Mile and Bank)

Area (sq. 
ft.)

Reasons for Site Rank
Less Than 1

Incubation Habitat Flow Range 
(cfs)1

Downriver
Road

Peaceful
Valley

San Souci

Lower San 
Souci

Site
Rank

Upper San 
Souci

Spawning Habitat Flow Range 
(cfs)1

Site
Location D50
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Figure 1. Technical Study Plan Objectives and Study Elements.
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Figure 2a.  Spokane River Average Daily Flow Data (1980 – 2010) Measured at the Spokane River Near Spokane, 
WA (USGS Gage 12422500).

Figure 2b.  Spokane River Flow Data (March 1 - August 1, 2010) Measured at the Spokane River Near Spokane, 
WA (USGS Gage 12422500).
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Figure 4.  Percent Fine Sediment (top) and Mean Particle Size (bottom) at the 
58 Spawning Patch Locaitons.
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Figure 5.  Comparison of Average Daily Discharge Measured at the Spokane River Near Spokane, WA (USGS Gage 
12422500) and Total Daily Redd Counts for the 2010 Spawning Surveys.
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Figure 6.  Observed 2010 Redband Trout Depth and Velocity Spawning Frequency 
(top) and Percent of Maximum Frequency (bottom) (n = 148 redds).
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Figure 7.  Artificial Redd Percent Survival Versus Fine Sediment Intrusion.
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Figure 8.  Artificial Redd Percent Survival Versus Percent Clod Card Dissolution.
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Figure 9.  Artificial Redd Percent Survival Versus Dissolved Oxygen (Day 18 and Day 27).
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Figure 10. Artificial Redd Percent Survival Versus Average Temperature.
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Figure 11. Water Temperature at Artificial Redd Study Sites.
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Figure�12.��Amount�(ft2/1000�ft)�(top)�and�Percent�(bottom)�of�Effective�Spawning�
Habitat�in�Spawning�Patches�Ranked�1a.
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Figure�13.��Amount�(ft2/1000�ft)�(top)�and�Percent�(bottom)�of�Effective�Spawning�
Habitat�in�Spawning�Patches�Ranked�1a���1b.
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Figure�14.��Amount�(ft2/1000�ft)�(top)�and�Percent�(bottom)�of�Effective�Spawning�
Habitat�in�Spawning�Patches�Ranked�1���2.
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Figure�15.��Amount�(ft2/1000�ft)�(top)�and�Percent�(bottom)�of�Effective�Spawning�
Habitat�in�Spawning�Patches�Ranked�1���3.
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Figure�16.��Total�Spawning�Habitat�(black�line)�and�the�Effective�Spawning�Habitat�
(red�line)�at�Initial�Spawning�Flows�of�15,000�cfs�(top)�and�6,000�cfs�(bottom)�in�
Spawning�Patches�Ranked�1���3.��Following�the�Effective�Habitat�Line�(red)�from�
Right�to�Left�Shows�the�Amount�of�Spawning�Habitat�that�Remains�Effective�at�
Different�Minimum�Flows�during�the�Incubation�Period.�
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1.0 GENERAL

Survival of many species of salmonids has been well studied from egg deposition 
in the redd environment through emergence of alevins into the stream using a 
wide range of approaches and methods (Harsbarger and Porter 1982, Sowden 
and Power 1985, Hoffman 1986, Garret and Bennett 1996, Argent and Flebbe 
1999, Hendrick et. al. 2005, Zimmermann and LaPointe 2005, Radtke 2008).  
However, many of these methods are difficult to apply in a large river through a 
period of highly variable flow conditions due to the difficulty of installation and 
retrieval of sample devices as artificial redds, and the risk of potential loss of 
these devices.  Careful consideration of experimental approaches and methods 
led us to use modified Whitlock-Vibert (W-V) boxes (Whitlock 1979) as the basic 
artificial redd unit coupled with the use of eyed triploid rainbow trout eggs.  We 
used eyed triploid rainbow trout eggs to avoid stock transfer issues and because 
the egg size (approximately 5 mm diameter) was relatively close to that of 
redband trout.  Because egg size strongly influences oxygen transfer to the 
developing eggs and alevin size, we assumed that the comparable size of the 
triploid rainbow trout eggs in our artificial redds should approximate similar rates 
of oxygen transfer and alevin size of that of redband trout.  Based on this key 
condition we concluded that the response of the triploid eggs to the intragravel 
environment in spawning patches of the Spokane River would be similar to that 
of the native redband trout. 

The experiment was a nested design, stratified at the highest level by a spawning 
patch quality strata (high, medium, and low quality) that was assigned based on 
factors including channel location and gravel composition.  We installed three W-
V boxes in each of three gravel patches in each of the three quality strata (27 W-
V installations in total) and collected data for four independent variables (fines 
intruding into the W-V box, dissolved oxygen in the W-V box at two different 
times during incubation, water temperature, and dissolution rates of gypsum 
cylinders as surrogate for intragravel flow rate) against which survival at 
projected yolk sac absorption was compared.  

2.0 W-V BOXES 

We modified W-V boxes by removing the panel separating the egg chamber and 
the nursery chamber and affixing window screen to the inside of all box surfaces.  
The window screen openings were slightly larger than 1 x 1 mm.  This 
modification was necessary to prevent the escape of alevins after hatching.  
Each box was filled with a core gravel mixture approximating the D50 particle size 
for the combined spawning gravel analysis (8-16 mm).  Each box was also fitted 
with a ¼ inch diameter plastic tube that ran the length of the box and was 
fastened to the opposite end with a stainless steel screw threaded into the end of 
the tube from outside the box.  The portion of the tube inside the W-V box was 
perforated to facilitate the withdrawal of a water sample from directly within the 
area of the developing eggs and alevins during the period of streambed burial. 
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After filling with gravel the boxes were shaken to shift gravels and fill voids within 
the boxes including around and under the water sampling tube (see image 
below).

Boxes were buried in the streambed within the patches approximately 3-5 feet 
apart and at a depth of 6-8 inches under the streambed surface to approximate 
the depth of redband trout egg pockets (DeVries 1997).  Depressions were 
constructed in the streambed with a shovel and all boxes were buried on April 21 
or 22, 2010.  The boxes were held in place as they were covered with the 
excavated stream bed gravels.  After burial was complete, the water sampling 
tube was filled with water, plugged and weighted down to the streambed by 
placing a rock on top of it.  The rock kept the tube from floating in the current and 
made it less visible from the stream surface, a precaution against potential 
vandalism.  All W-V boxes were retrieved on May 17 or 18 for determination of 
embryo survival. 

3.0 EGG SOURCE 

Triploid rainbow trout eggs were obtained from the Troutlodge Hatchery near 
Orting, WA and transported on ice to Spokane by vehicle the day preceding 
placement in the W-V boxes.  At the time of placement into the W-V boxes the 
eggs were eyed and had a cumulative Celsius temperature unit value of 245, 
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meaning they would hatch within approximately 8-10 days depending on the 
temperature environment of their exact location in the river.  We projected the 
time to full yolk sac absorption based on assumed incubation temperatures and 
developmental rates obtained from Troutlodge to maximize exposure to 
intragravel conditions before retrieval.  Planning for the retrieval of the W-V 
boxes balanced the desire to maximize their exposure to intragravel conditions 
with the risk of confining the alevins beyond the time when they would normally 
be emerging into the stream and the potential concomitant stress and mortality 
that might cause.  W-V boxes were each allotted 50 eggs.  Eggs were placed into 
the W-V boxes while the open boxes were partially submerged.  The boxes were 
gently shaken to facilitate the settling of eggs into the interstices of the gravel 
matrix.  After the eggs were placed in the boxes, the top of the gravel matrix was 
capped with slightly smaller gravels (approximately 4-8 mm average diameter) to 
approximate the cover gravels over an egg pocket and the box lid was snapped 
shut.

4.0 DISSOLVED OXYGEN 

The plastic tubes connected to the W-V boxes were filled with water by gentle 
suction from a 100 ml syringe and plugged as the final step in W-V box 
installation.  Two water samples were taken from the W-V boxes for field analysis 
of dissolved oxygen at 19 and 24 days following burial in the streambed, on May 
10 or 11 and May 17 or 18 respectively.  Sixty milliliter water samples were 
withdrawn for analysis after a volume of water equal to the tube volume, based 
on its inside diameter and total length to the W-V box (~17 ml), was withdrawn 
and discarded.  Water was gradually withdrawn (~0.5 ml/sec) into the syringe to 
avoid pulling water into the incubation chamber from outside the artificial redd 
environment.  Samples were immediately processed per instructions for field 
titration using a HACH Model OX-2P Dissolved Oxygen Test Kit.  

5.0 GYPSUM CYLINDERS (CLOD CARDS) 

Clod cards (Doty 1971, Petticrew and Kalff 1991, Leonetti 1997, Thompson and 
Glenn 1991, Porter et. al. 2000) were used to assess intragravel flow rates at the 
site of each W-V box.  Clod cards were made of commercially available plaster of 
Paris (gypsum) poured into molds made from ABS pipe and had a 3/16 inch eye 
bolt placed in the center during production to provide an attachment point.  Each 
cylinder measured 1.5 inches in diameter by 4 inches long and was oven dried 
for 48 hr at 105 degrees Fahrenheit and weighed to the nearest 0.1 gram.  A clod 
card was inserted into the gravel approximately 12-18 inches lateral to each W-V 
box with a pipe and driver inserter prior egg box placement.  Each clod card had 
a string attached to the eye bolt for retrieval that was allowed to trail over the 
streambed in the current. Upon retrieval of clod cards on May 10 or 11 (19-20 
days post installation), they were dried as above and reweighed to determine the 
mass loss during the period of deployment. 
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6.0 TEMPERATURE

We attached a temperature data logger (Onset Tidbit brand) to one box in each
patch to record intragravel temperatures.  We assumed that the temperatures 
recorded for the one box would be representative of temperatures for the other 
two boxes in the patch.  Surface water temperatures were recorded upstream 
from the Spokane City wastewater treatment plant.
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Figure C-1.  Patch 65.38R Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 98.5 1.5 51
16 63.0 35.6 1250

8 41.6 21.4 752
4 35.2 6.4 224
2 32.8 2.4 84
1 31.7 1.2 42

0.5 29.4 2.2 78
0.25 17.2 12.3 431
Pan --- 17.2 604
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Figure C-2.  Patch 65.39R Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 88.7 11.3 441
16 60.1 28.6 1121

8 43.0 17.1 668
4 32.0 11.0 431
2 25.8 6.2 242
1 23.3 2.5 99

0.5 20.2 3.1 123
0.25 8.8 11.4 446
Pan --- 8.8 343
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Figure C-3.  Patch 67.78L Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 60.5 39.5 1364
16 46.9 13.6 469

8 38.5 8.4 288
4 32.6 5.9 202
2 22.3 10.4 358
1 8.6 13.7 471

0.5 1.2 7.5 257
0.25 0.2 0.9 32
Pan --- 0.2 8
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67.78L
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Figure C-4.  Patch 68.34L Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 81.1 18.9 989

31.5 59.2 21.8 1142
16 49.3 9.9 519

8 43.0 6.3 329
4 38.3 4.7 247
2 27.3 11.0 575
1 12.6 14.7 769

0.5 4.2 8.4 440
0.25 0.9 3.3 174
Pan --- 0.9 45
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Figure C-5.  Patch 68.35L Gravel Size and Percentage (n=6).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 92.0 8.0 1951
16 69.5 22.5 5460

8 55.9 13.5 3284
4 46.6 9.3 2260
2 36.9 9.7 2365
1 21.8 15.0 3652

0.5 6.4 15.5 3750
0.25 1.1 5.3 1277
Pan --- 1.1 267
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Figure C-6.  Patch 69.72R Gravel Size and Percentage (n=3).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 90.7 9.3 1136
16 65.9 24.8 3034

8 45.5 20.4 2487
4 32.3 13.2 1613
2 19.9 12.4 1516
1 9.6 10.3 1256

0.5 4.7 5.0 605
0.25 2.0 2.7 326
Pan --- 2.0 243
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Figure C-7.  Patch 69.77R Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 88.5 11.5 485
16 71.5 17.0 720

8 50.3 21.2 895
4 32.8 17.6 742
2 20.4 12.3 522
1 11.7 8.8 370

0.5 5.3 6.4 270
0.25 2.5 2.7 116
Pan --- 2.5 107
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Figure C-8.  Patch 69.79R Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 88.7 11.3 440
16 70.9 17.8 694

8 59.6 11.3 439
4 47.4 12.2 475
2 37.9 9.6 373
1 24.4 13.4 524

0.5 11.3 13.1 510
0.25 6.7 4.6 179
Pan --- 6.7 262
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Figure C-9.  Patch 69.87L Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 90.2 9.8 445
16 57.3 33.0 1500

8 31.1 26.1 1190
4 22.1 9.0 410
2 18.7 3.4 154
1 16.6 2.1 97

0.5 8.4 8.2 375
0.25 1.9 6.5 296
Pan --- 1.9 85
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Figure C-10.  Patch 69.89L Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 92.1 7.9 350
16 64.1 28.0 1240

8 42.3 21.7 960
4 32.1 10.3 455
2 21.0 11.1 490
1 8.3 12.7 563

0.5 0.8 7.5 331
0.25 0.1 0.7 31
Pan --- 0.1 3
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Figure C-11.  Patch 69.91L Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 96.0 4.0 127
16 74.1 21.8 685

8 50.9 23.2 729
4 36.2 14.7 461
2 20.8 15.4 482
1 10.6 10.2 321

0.5 4.2 6.4 201
0.25 1.0 3.2 99
Pan --- 1.0 32

3137Total
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Figure C-12.  Patch 69.92R Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 83.8 16.2 580
16 66.5 17.3 617

8 51.7 14.8 528
4 41.6 10.1 362
2 27.5 14.2 506
1 19.6 7.9 281

0.5 16.3 3.3 119
0.25 8.9 7.4 263
Pan --- 8.9 319
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Figure C-13.  Patch 69.92L Gravel Size and Percentage (n=2).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 97.3 2.7 191
16 71.8 25.4 1783

8 52.5 19.3 1356
4 41.7 10.8 759
2 29.5 12.2 857
1 20.4 9.1 636

0.5 10.2 10.2 715
0.25 2.4 7.8 549
Pan --- 2.4 165
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Figure C-14.  Patch 69.96R Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 100.0 0.0 0
16 87.7 12.3 575

8 60.9 26.8 1250
4 41.2 19.7 920
2 24.9 16.3 759
1 12.6 12.3 572

0.5 5.8 6.9 320
0.25 2.3 3.5 163
Pan --- 2.3 106
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Figure C-15.  Patch 69.96L Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 89.7 10.3 435

31.5 57.1 32.6 1370
16 21.9 35.2 1480

8 14.1 7.9 331
4 10.0 4.1 173
2 5.6 4.3 183
1 2.7 2.9 124

0.5 1.4 1.3 53
0.25 0.3 1.1 48
Pan --- 0.3 11
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Figure C-16.  Patch 70.03L Gravel Size and Percentage (n=3).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 83.9 16.1 2091
16 60.1 23.8 3091

8 46.5 13.6 1765
4 37.6 8.9 1156
2 29.9 7.6 988
1 19.4 10.6 1371

0.5 5.7 13.7 1778
0.25 1.0 4.7 604
Pan --- 1.0 133
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Figure C-17.  Patch 70.04R Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 86.8 13.2 592
16 63.2 23.7 1063

8 42.4 20.7 931
4 30.8 11.6 522
2 23.2 7.7 344
1 16.4 6.8 304

0.5 8.8 7.6 341
0.25 2.3 6.5 293
Pan --- 2.3 102
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Figure C-18.  Patch 70.06L Gravel Size and Percentage (n=3).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 79.8 20.2 3383
16 64.1 15.7 2635

8 49.2 14.9 2502
4 38.4 10.8 1813
2 26.9 11.5 1930
1 15.0 11.9 1998

0.5 4.6 10.4 1744
0.25 1.1 3.5 585
Pan --- 1.1 184
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Figure C-19.  Patch 70.13R Gravel Size and Percentage (n=4).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 91.1 8.9 1565
16 63.4 27.7 4876

8 41.5 21.9 3853
4 29.8 11.8 2070
2 20.4 9.4 1662
1 11.7 8.7 1529

0.5 4.3 7.4 1302
0.25 1.2 3.1 548
Pan --- 1.2 206
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Figure C-20.  Patch 70.14L Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 98.2 1.8 63
16 76.1 22.1 786

8 56.1 20.0 712
4 46.3 9.9 351
2 36.6 9.6 342
1 24.7 11.9 425

0.5 8.2 16.5 586
0.25 1.2 7.0 249
Pan --- 1.2 44
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70.14L
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Figure C-21.  Patch 70.17L Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 98.4 1.6 64
16 76.6 21.8 853

8 50.5 26.0 1018
4 40.2 10.4 405
2 31.6 8.6 335
1 21.2 10.4 405

0.5 8.3 12.9 505
0.25 1.8 6.5 256
Pan --- 1.8 70
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70.17L
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Figure C-22.  Patch 70.18R Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 69.8 30.2 970
16 51.5 18.3 590

8 37.7 13.8 445
4 27.1 10.6 340
2 17.4 9.6 310
1 10.6 6.8 219

0.5 7.3 3.4 108
0.25 3.7 3.6 115
Pan --- 3.7 119
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Figure C-23.  Patch 70.20L Gravel Size and Percentage (n=3).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 87.3 12.7 2200

31.5 64.1 23.2 4030
16 45.6 18.5 3215

8 34.3 11.3 1955
4 26.8 7.5 1300
2 19.5 7.3 1265
1 11.9 7.7 1335

0.5 3.2 8.7 1510
0.25 0.8 2.4 417
Pan --- 0.8 131
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70.20L
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Figure C-24.  Patch 70.25L Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 61.2 38.8 2360
16 39.1 22.1 1345

8 32.4 6.7 405
4 27.1 5.3 325
2 21.3 5.8 350
1 10.8 10.5 638

0.5 1.9 8.9 540
0.25 0.3 1.6 100
Pan --- 0.3 18
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Figure C-25.  Patch 70.26R Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 79.3 20.7 797

31.5 63.6 15.7 605
16 46.9 16.6 641

8 34.0 12.9 498
4 26.3 7.7 297
2 18.0 8.3 321
1 6.9 11.1 428

0.5 2.6 4.3 164
0.25 1.6 1.0 38
Pan --- 1.6 62
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Figure C-26.  Patch 70.27L Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 79.3 20.7 1250

31.5 51.3 28.0 1690
16 37.0 14.3 860

8 25.7 11.4 685
4 19.6 6.0 365
2 16.2 3.4 205
1 12.4 3.8 232

0.5 3.3 9.0 545
0.25 0.4 3.0 179
Pan --- 0.4 23
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Figure C-27.  Patch 70.28R Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 86.0 14.0 681
16 46.1 39.8 1935

8 29.5 16.7 810
4 23.0 6.5 316
2 18.7 4.3 209
1 15.1 3.5 172

0.5 12.6 2.5 122
0.25 6.2 6.4 311
Pan --- 6.2 301
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70.28R
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Figure C-28.  Patch 70.35L Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 80.2 19.8 1075
16 57.2 23.0 1250

8 42.3 14.9 810
4 32.2 10.1 550
2 20.7 11.5 625
1 12.4 8.4 454

0.5 3.8 8.6 465
0.25 0.8 3.0 164
Pan --- 0.8 43
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70.35L
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Figure C-29.  Patch 70.39L Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 92.3 7.7 365
16 66.3 26.0 1230

8 54.4 11.8 560
4 46.0 8.4 395
2 29.0 17.0 805
1 16.5 12.5 592

0.5 3.2 13.3 630
0.25 0.5 2.6 124
Pan --- 0.5 25
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Figure C-30.  Patch 70.65R Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 91.3 8.7 302
16 67.8 23.5 815

8 53.6 14.2 493
4 40.6 13.0 452
2 26.6 14.0 485
1 17.4 9.2 318

0.5 7.6 9.8 340
0.25 1.2 6.4 221
Pan --- 1.2 43
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Figure C-31.  Patch 70.77R Gravel Size and Percentage (n=2).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 93.1 6.9 549

31.5 79.7 13.4 1077
16 59.1 20.6 1646

8 44.4 14.7 1179
4 33.5 10.9 873
2 21.8 11.8 942
1 10.7 11.0 883

0.5 2.8 8.0 639
0.25 0.5 2.2 177
Pan --- 0.5 44
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Figure C-32.  Patch 70.83R Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 90.7 9.3 386
16 64.4 26.3 1089

8 56.4 7.9 328
4 50.2 6.3 259
2 40.6 9.5 395
1 24.6 16.0 663

0.5 10.6 14.0 578
0.25 3.3 7.3 302
Pan --- 3.3 138
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70.83R
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Figure C-33.  Patch 70.88R Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 98.5 1.5 49
16 74.2 24.3 804

8 52.5 21.7 718
4 37.7 14.8 489
2 25.9 11.8 390
1 15.3 10.5 348

0.5 6.1 9.2 305
0.25 2.4 3.7 122
Pan --- 2.4 80
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Figure C-34.  Patch 71.23L Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 85.5 14.5 531
16 50.0 35.6 1305

8 33.3 16.6 610
4 22.0 11.3 415
2 12.3 9.8 358
1 4.8 7.4 273

0.5 2.3 2.5 91
0.25 0.8 1.6 58
Pan --- 0.8 28
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Figure C-35.  Patch 71.26L Gravel Size and Percentage (n=2).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 97.7 2.3 175
16 79.0 18.7 1430

8 62.5 16.5 1265
4 47.0 15.5 1188
2 29.7 17.3 1321
1 14.3 15.5 1185

0.5 8.0 6.3 483
0.25 2.4 5.5 423
Pan --- 2.4 186
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Figure C-36.  Patch 71.30L Gravel Size and Percentage (n=2).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 90.2 9.8 784
16 66.3 23.8 1898

8 48.0 18.3 1461
4 34.7 13.3 1061
2 21.1 13.6 1085
1 9.1 12.0 956

0.5 5.1 4.0 316
0.25 2.0 3.1 246
Pan --- 2.0 160
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Figure C-37.  Patch 71.52R Gravel Size and Percentage (n=2).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 92.2 7.8 676
16 73.4 18.8 1615

8 55.3 18.1 1555
4 44.1 11.3 969
2 30.7 13.4 1155
1 19.3 11.4 983

0.5 8.0 11.2 966
0.25 1.6 6.4 555
Pan --- 1.6 138
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Figure C-38.  Patch 71.66L Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 90.5 9.5 423

31.5 57.6 32.9 1461
16 39.4 18.2 810

8 31.3 8.1 362
4 25.7 5.5 246
2 19.9 5.8 259
1 9.4 10.5 468

0.5 2.2 7.2 321
0.25 0.5 1.6 73
Pan --- 0.5 23
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Figure C-39.  Patch 71.69L Gravel Size and Percentage (n=2).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 80.2 19.8 2034

31.5 71.3 8.9 915
16 44.0 27.3 2813

8 27.8 16.2 1663
4 20.9 7.0 719
2 14.3 6.6 676
1 6.3 8.0 827

0.5 2.0 4.3 438
0.25 0.7 1.3 136
Pan --- 0.7 70
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Figure C-40.  Patch 71.71L Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 80.1 19.9 655
16 62.2 17.9 590

8 40.6 21.6 712
4 24.9 15.7 517
2 11.6 13.3 439
1 3.6 8.0 265

0.5 0.5 3.0 100
0.25 0.1 0.4 14
Pan --- 0.1 3
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Figure C-41.  Patch 71.74L Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 76.1 23.9 853
16 53.9 22.3 796

8 27.4 26.5 948
4 17.5 9.8 352
2 7.5 10.0 358
1 3.2 4.4 156

0.5 0.8 2.4 86
0.25 0.2 0.5 19
Pan --- 0.2 8

3576Total
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Figure C-42.  Patch 71.91R Gravel Size and Percentage (n=2).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 92.8 7.2 486
16 72.8 20.1 1362

8 27.6 45.2 3070
4 14.8 12.8 868
2 8.5 6.3 425
1 4.9 3.6 244

0.5 1.9 3.0 206
0.25 0.4 1.5 101
Pan --- 0.4 28
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Figure C-43.  Patch 72.24R Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 96.6 3.4 122
16 62.8 33.8 1210

8 43.0 19.8 711
4 36.3 6.7 240
2 31.5 4.8 172
1 26.9 4.6 165

0.5 17.7 9.2 329
0.25 5.2 12.6 450
Pan --- 5.2 185

3584Total
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Figure C-44.  Patch 72.42R Gravel Size and Percentage (n=2).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 90.5 9.5 690
16 48.5 41.9 3031

8 16.5 32.0 2310
4 4.3 12.2 885
2 1.6 2.7 197
1 0.5 1.1 81

0.5 0.2 0.3 19
0.25 0.1 0.1 7
Pan --- 0.1 7

7227Total
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Figure C-45.  Patch 72.47L Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 95.7 4.3 158
16 79.1 16.6 618

8 59.7 19.4 720
4 39.4 20.3 755
2 17.0 22.4 831
1 1.9 15.1 560

0.5 0.2 1.7 64
0.25 0.1 0.1 4
Pan --- 0.1 2
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Figure C-46.  Patch 72.53L Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 91.9 8.1 302
16 77.7 14.2 530

8 52.9 24.9 930
4 35.5 17.3 648
2 25.9 9.6 360
1 16.0 9.9 370

0.5 5.3 10.8 402
0.25 0.9 4.3 162
Pan --- 0.9 35

3739Total
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Figure C-47.  Patch 72.56L Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 90.7 9.3 468
16 74.7 16.0 803

8 64.0 10.7 540
4 56.3 7.6 384
2 48.6 7.8 390
1 39.4 9.1 459

0.5 20.9 18.5 930
0.25 6.1 14.9 748
Pan --- 6.1 305

5027Total

72.56L
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Figure C-48.  Patch 72.67L Gravel Size and Percentage (n=2).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 97.3 2.7 171
16 63.1 34.1 2127

8 39.6 23.6 1470
4 35.4 4.1 257
2 34.1 1.4 85
1 32.4 1.7 105

0.5 25.1 7.3 455
0.25 9.0 16.1 1004
Pan --- 9.0 560

6234Total

72.67L
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Figure C-49.  Patch 72.71L Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 100.0 0.0 0
16 53.2 46.8 1659

8 23.4 29.8 1058
4 20.5 2.9 102
2 19.9 0.6 21
1 18.8 1.1 38

0.5 12.2 6.6 233
0.25 3.8 8.4 299
Pan --- 3.8 135

3545Total
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Figure C-50.  Patch 72.73L Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 78.2 21.8 898

31.5 70.2 7.9 326
16 55.3 15.0 616

8 44.8 10.5 432
4 41.4 3.4 139
2 37.0 4.4 181
1 31.7 5.3 216

0.5 23.6 8.2 336
0.25 7.3 16.2 668
Pan --- 7.3 302

4114Total

72.73L
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Figure C-51.  Patch 73.18R Gravel Size and Percentage (n=1).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 95.3 4.7 178
16 55.4 39.9 1507

8 36.6 18.8 709
4 30.1 6.5 245
2 23.8 6.3 239
1 15.6 8.2 311

0.5 7.1 8.5 322
0.25 1.5 5.6 211
Pan --- 1.5 56
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Figure C-52.  Patch 73.25L Gravel Size and Percentage (n=3).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 95.0 5.0 564
16 78.3 16.7 1886

8 63.2 15.0 1694
4 50.3 12.9 1453
2 28.0 22.4 2519
1 17.1 10.9 1223

0.5 5.9 11.2 1264
0.25 1.5 4.4 492
Pan --- 1.5 174
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Figure C-53.  Patch 73.43L Gravel Size and Percentage (n=2).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 100.0 0.0 0
16 81.0 19.0 370

8 46.6 34.4 672
4 31.4 15.3 298
2 23.8 7.5 147
1 17.9 5.9 116

0.5 10.6 7.3 143
0.25 4.7 5.9 115
Pan --- 4.7 91
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Figure C-54.  Patch 73.49L Gravel Size and Percentage (n=2).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 79.1 20.9 403
16 53.6 25.4 490

8 38.2 15.5 298
4 28.7 9.5 183
2 21.0 7.6 147
1 15.7 5.3 103

0.5 9.4 6.3 121
0.25 3.1 6.3 122
Pan --- 3.1 59

1926Total
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Figure C-55.  Patch 73.54R Gravel Size and Percentage (n=2).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 86.3 13.7 790
16 55.0 31.3 1800

8 36.2 18.8 1080
4 24.7 11.5 662
2 17.9 6.8 392
1 12.7 5.2 300

0.5 7.9 4.8 279
0.25 4.1 3.7 215
Pan --- 4.1 238
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Figure C-56.  Patch 73.58L Gravel Size and Percentage (n=2).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 100.0 0.0 0

31.5 89.5 10.5 199
16 55.8 33.7 640

8 29.8 26.1 495
4 20.0 9.8 186
2 12.8 7.2 136
1 6.7 6.2 117

0.5 2.2 4.5 85
0.25 0.5 1.7 32
Pan --- 0.5 10
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Figure C-57.  Patch 73.63R Gravel Size and Percentage (n=3).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 94.1 5.9 612

31.5 88.1 5.9 612
16 63.8 24.3 2503

8 35.9 27.9 2877
4 20.2 15.6 1609
2 16.3 3.9 401
1 13.4 3.0 304

0.5 8.4 5.0 510
0.25 3.2 5.2 535
Pan --- 3.2 332

10295Total

73.63R
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Figure C-58.  Patch 73.74R Gravel Size and Percentage (n=6).

Particle size Percent Finer Size Class Frequency Sample Mass Retained
(mm) (%) (%)  (g)

125 100.0 0.0 0
63 98.0 2.0 380

31.5 84.4 13.6 2533
16 59.2 25.2 4686

8 36.3 22.9 4267
4 21.9 14.4 2676
2 12.4 9.6 1783
1 6.0 6.4 1197

0.5 1.7 4.3 801
0.25 0.4 1.3 235
Pan --- 0.4 73
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Table D-1.  Spawning Patch Details.

a b
Stage at 

Zero Flow Avg Max Min
Monroe Street Bridge 73.88

73.74R 73.74 Right 58 342.0 2.5 1730.5 3204 11387 0
73.63R 73.63 Right 57 15.2 3.1 1727.8 3399 9017 1395
73.58L 73.58 Left 56 388.1 1.8 1724.6 1362 2631 765
73.54R 73.54 Right 55 847.7 1.5 1718.2 7005 10868 4113
73.49L 73.49 Left 54 801.4 1.5 1722.5 6757 10769 4554

Maple Street Bridge 73.45
73.43L 73.43 Left 53 850.6 1.4 1718.4 1324 1666 1102
73.25L 73.25 Left 52 167.8 2.0 1716.1 4372 9434 847
73.18R 73.18 Right 51 288.6 1.8 1716.5 2278 2806 1302

-- 73.10 Right -- -- -- -- -- -- --
72.73L 72.73 Left 50 488.3 1.8 1715.4 8443 11227 6194
72.71L 72.71 Left 49 84.4 2.6 1718.2 7879 13908 3247
72.67L 72.67 Left 48 565.4 1.9 1716.0 10285 17493 6398
72.56L 72.56 Left 47 343.1 1.9 1711.7 6574 8560 3870
72.53L 72.53 Left 46 375.6 1.9 1713.7 0 0 0

Sandifur Memorial Bridge 72.46
72.47L 72.47 Left 45 324.5 1.8 1710.1 407 1244 169
72.42R 72.42 Right 44 48.0 2.6 1708.2 0 459 0
72.24R 72.24 Right 43 71.6 2.6 1705.6 6596 10820 1515

Hangman (Latah) Creek 72.20
72.19R 71.91 Right 42 243.5 1.9 1702.3 4067 6610 1081
71.74L 71.74 Left 41 50.0 2.4 1697.6 5213 5587 4773
71.71L 71.71 Left 40 134.5 2.1 1697.7 6453 7524 5323
71.69L 71.69 Left 39 607.1 1.6 1698.6 3086 5498 2235
71.66L 71.66 Left 38 68.1 2.3 1695.5 2682 3924 2028
71.52R 71.52 Right 37 233.5 1.9 1694.9 4827 5843 3724
71.3L 71.30 Left 36 316.3 1.8 1693.9 14084 16915 8535

71.26L 71.26 Left 35 50.0 2.3 1686.9 10587 11835 9233
71.23L 71.23 Left 34 495.3 1.5 1690.8 7197 7999 6434
70.88R 70.88 Right 33 51.6 2.4 1681.7 13135 15857 10854
70.83R 70.83 Right 32 416.2 1.7 1686.7 10225 10835 9472
70.77R 70.77 Right 31 151.9 2.1 1684.9 5727 8149 4111
70.65R 70.65 Right 30 174.3 2.0 1684.5 1860 2345 1484
70.39L 70.39 Left 29 787.3 1.6 1687.7 2469 2640 2316
70.35L 70.35 Left 28 213.9 2.2 1684.0 5019 6599 3745
70.28R 70.28 Right 27 822.9 1.6 1686.8 6078 10194 3530
70.27L 70.27 Left 26 1000.0 1.5 1686.8 14523 26110 8192
70.26R 70.26 Right 25 1000.0 1.6 1683.7 8986 13910 3842
70.25L 70.25 Left 24 629.0 1.6 1684.9 6668 8239 4251
70.2L 70.20 Left 23 207.1 2.0 1680.8 2721 5917 1045

70.18R 70.18 Right 22 99.5 2.4 1684.0 8345 8708 7484
70.17L 70.17 Left 21 122.6 2.2 1677.8 9060 11610 5509
70.14L 70.14 Left 20 40.1 2.6 1681.0 7494 8306 6239

T.J. Meenach Springs 70.13
70.13R 70.13 Right 19 90.1 2.4 1685.3 5543 7273 3114
70.06L 70.06 Left 18 300.0 2.9 1679.4 1611 5193 422
70.04R 70.04 Right 17 50.0 2.6 1678.2 6377 16435 982
70.03L 70.03 Left 16 300.0 2.8 1685.5 1701 2523 634
69.96L 69.96 Left 15 1000.0 1.5 1675.9 0 0 0
69.96R 69.96 Right 14 250.0 2.2 1674.2 6800 8649 4013
69.92L 69.92 Left 13 250.0 2.2 1677.0 4649 5832 3836
69.92R 69.92 Right 12 250.0 2.2 1677.7 3917 6665 2320
69.91L 69.91 Left 11 250.0 2.0 1675.7 2990 3396 2540
69.89L 69.89 Left 10 50.0 2.3 1671.9 2124 2683 1667
69.87L 69.87 Left 9 250.0 2.4 1681.0 601 842 480

T.J. Meenach Bridge 69.81
69.79R 69.79 Right 8 250.0 2.2 1676.0 10251 19156 2891
69.77R 69.77 Right 7 250.0 2.1 1674.3 1513 3147 608
69.72R 69.72 Right 6 250.0 1.9 1671.1 6630 12376 2964
68.35L 68.35 Left 5 250.0 1.8 1661.2 1009 3176 135
68.34L 68.34 Left 4 250.0 1.8 1661.1 7197 8634 6383
67.78L 67.78 Left 3 250.0 2.1 1658.5 422 485 349

Treatment Plant 67.50 - 67.00
Bowl and Pitcher Park 66.50 - 65.80
Swinging Bridge 66.03

65.39R 65.39 Right 2 250.0 1.8 1626.2 7892 12114 5884
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Figure D-1.  Spawning Patch Stage Discharge Relationship at Patch 1 (65.38R) 
(top), Patch 2 (65.39R) (middle), and Patch 3 (67.78L) (bottom).
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Figure D-2.  Spawning Patch Stage Discharge Relationship at Patch 4 (68.34L) 
(top), Patch 5 (68.35L) (middle), and Patch 6 (69.72R) (bottom).
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Figure D-3.  Spawning Patch Stage Discharge Relationship at Patch 7 (69.77R) 
(top), Patch 8 (69.79R) (middle), and Patch 9 (69.87L) (bottom).
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Figure D-4.  Spawning Patch Stage Discharge Relationship at Patch 10 (69.89L) 
(top), Patch 11 (69.91L) (middle), and Patch 12 (69.92R) (bottom).
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Figure D-5.  Spawning Patch Stage Discharge Relationship at Patch 13 (69.92L) 
(top), Patch 14 (69.96R) (middle), and Patch 15 (69.96L) (bottom).

Patch�13�(69.92L)

1678

1680

1682

1684

1686

0 5000 10000 15000 20000 25000
Discharge�(cfs)

St
ag
e�
(ft
)

Empirical�Stage�Data Patch�Elevations Stage�Discharge�Regression

Patch�14�(69.96R)

1674

1676

1678

1680

1682

1684

0 5000 10000 15000 20000 25000
Discharge�(cfs)

St
ag
e�
(ft
)

Empirical�Stage�Data Patch�Elevations Stage�Discharge�Regression

Patch�15�(69.96L)

1672
1674
1676
1678
1680
1682
1684
1686

0 5000 10000 15000 20000 25000
Discharge�(cfs)

St
ag
e�
(ft
)

Empirical�Stage�Data Patch�Elevations Stage�Discharge�Regression

February 2011 D-5



Figure D-6.  Spawning Patch Stage Discharge Relationship at Patch 16 (70.03L) 
(top), Patch 17 (70.04R) (middle), and Patch 18 (70.06L) (bottom).
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Figure D-7.  Spawning Patch Stage Discharge Relationship at Patch 19 (70.13R) 
(top), Patch 20 (70.14L) (middle), and Patch 21 (70.17L) (bottom).
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Figure D-8.  Spawning Patch Stage Discharge Relationship at Patch 22 (70.18R) 
(top), Patch 23 (70.2L) (middle), and Patch 24 (70.25L) (bottom).
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Figure D-9.  Spawning Patch Stage Discharge Relationship at Patch 25 (70.26R) 
(top), Patch 26 (70.27L) (middle), and Patch 27 (70.28R) (bottom).
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Figure D-10.  Spawning Patch Stage Discharge Relationship at Patch 28 (70.35L) 
(top), Patch 29 (70.39L) (middle), and Patch 30 (70.65R) (bottom).
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Figure D-11.  Spawning Patch Stage Discharge Relationship at Patch 31 (70.77R) 
(top), Patch 32 (70.83R) (middle), and Patch 33 (70.88R) (bottom).
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Figure D-12.  Spawning Patch Stage Discharge Relationship at Patch 34 (71.23L) 
(top), Patch 35 (71.26L) (middle), and Patch 36 (71.3L) (bottom).
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Figure D-13.  Spawning Patch Stage Discharge Relationship at Patch 37 (71.52R) 
(top), Patch 38 (71.66L) (middle), and Patch 39 (71.69L) (bottom).
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Figure D-14.  Spawning Patch Stage Discharge Relationship at Patch 40 (71.71L) 
(top), Patch 41 (71.74L) (middle), and Patch 42 (71.91R) (bottom).
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Figure D-15.  Spawning Patch Stage Discharge Relationship at Patch 43 (72.24R) 
(top), Patch 44 (72.42R) (middle), and Patch 45 (72.47L) (bottom).
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Figure D-16.  Spawning Patch Stage Discharge Relationship at Patch 46 (72.53L) 
(top), Patch 47 (72.56L) (middle), and Patch 48 (72.67L) (bottom).
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Figure D-17.  Spawning Patch Stage Discharge Relationship at Patch 49 (72.71L) 
(top), Patch 50 (72.73L) (middle), and Patch 51 (73.18R) (bottom).
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Figure D-18.  Spawning Patch Stage Discharge Relationship at Patch 52 (73.25L) 
(top), Patch 53 (73.43L) (middle), and Patch 54 (73.49L) (bottom).
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Figure D-19.  Spawning Patch Stage Discharge Relationship at Patch 55 (73.54R) 
(top), Patch 56 (73.58R) (middle), and Patch 57 (73.63R) (bottom).
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Figure D-20.  Spawning Patch Stage Discharge Relationship at Patch 58 (73.74R).
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Figure E-18. Empirical Depth and Velocity Mapping at Patch 52 (73.25L) (top), 
Patch 53 (73.43L) (middle), and Patch 54 (73.49L) (bottom). 
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Figure E-1.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 1 (65.38R) (top), Patch 2 (65.39R) 
(middle), and Patch 3 (67.78L) (bottom).
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Figure E-2.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 4 (68.34L) (top), Patch 5 (68.35L) 
(middle), and Patch 6 (69.72R) (bottom).
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Figure E-3.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 7 (69.77R) (top), Patch 8 (69.79R) 
(middle), and Patch 9 (69.87L) (bottom).
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Figure E-4.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 10 (69.89L) (top), Patch 11 (69.91L) 
(middle), and Patch 12 (69.92R) (bottom).
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Figure E-5.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 13 (69.92L) (top), Patch 14 (69.96R) 
(middle), and Patch 15 (69.96L) (bottom).
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Figure E-6.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 16 (70.03L) (top), Patch 17 (70.04R) 
(middle), and Patch 18 (70.06L) (bottom).
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Figure E-7.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 19 (70.13R) (top), Patch 20 (70.14L) 
(middle), and Patch 21 (70.17L) (bottom).
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Figure E-8.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 22 (70.18R) (top), Patch 23 (70.2L) 
(middle), and Patch 24 (70.25L) (bottom).
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Figure E-9.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 25 (70.26R) (top), Patch 26 (70.27L) 
(middle), and Patch 27 (70.28R) (bottom).
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Figure E-10.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 28 (70.35L) (top), Patch 29 (70.39L) 
(middle), and Patch 30 (70.65R) (bottom).
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Figure E-11.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 31 (70.77R) (top), Patch 32 (70.83R) 
(middle), and Patch 33 (70.88R) (bottom).
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Figure E-12.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 34 (71.23L) (top), Patch 35 (71.26L) 
(middle), and Patch 36 (71.3L) (bottom).
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Figure E-13.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 37 (71.52R) (top), Patch 38 (71.66L) 
(middle), and Patch 39 (71.69L) (bottom).
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Figure E-14.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 40 (71.71L) (top), Patch 41 (71.74L) 
(middle), and Patch 42 (71.91R) (bottom).
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Figure E-15.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 43 (72.24R) (top), Patch 44 (72.42R) 
(middle), and Patch 45 (72.47L) (bottom).
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Figure E-16.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 46 (72.53L) (top), Patch 47 (72.56L) 
(middle), and Patch 48 (72.67L) (bottom).
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Figure E-17.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 49 (72.71L) (top), Patch 50 (72.73L) 
(middle), and Patch 51 (73.18R) (bottom).
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Figure E-18.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 52 (73.25L) (top), Patch 53 (73.43L) 
(middle), and Patch 54 (73.49L) (bottom).
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Figure E-19.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 55 (73.54R) (top), Patch 56 (73.58R) 
(middle), and Patch 57 (73.63R) (bottom).
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Figure E-20.  Empirical Mapping Data and Piece-wise Linear Relationships of the 
Percent Spawnable and Percent Wet at Patch 58 (73.74R).
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From: Rachael Paschal Osborn
To: rachael.langer@rco.wa.gov; Connolly, Rebecca (RCO); Haws, Dan (RCO)
Subject: Comments re Spokane River whitewater park
Date: Monday, June 06, 2011 7:25:24 AM
Attachments: CELP to RCFB (6-6-11).pdf

Dear Recreation & Conservation Office --

Attached please find comments of the Center for Environmental Law & Policy
supporting the RCFB's termination of the grant for the proposed Spokane
River whitewater park.

The letter references an Avista study of redband trout spawning in the
vicinity of the proposed park.  I have requested an electronic copy of
that study and will forward it as soon as I receive it.  That could be
today, or it could be later this week.

I would appreciate acknowledgement that this message and attachment have
been received at the RCO (electronic communications sometimes go awry).
Please don't hesitate to call if I can furnish more information.

~ Rachael Osborn
509-209-2899

--
Executive Director
Center for Environmental Law & Policy

mailto:rosborn@celp.org
mailto:rachael.langer@rco.wa.gov
mailto:Rebecca.Connolly@rco.wa.gov
mailto:Dan.Haws@rco.wa.gov



 


 


CLEAN, FLOWING WATERS FOR THE WEST 


 
 
June 6, 2011 
 
Washington State Recreation & Conservation Funding Board 
c/o Washington Recreation & Conservation Office 
P.O. Box 40917 
Olympia, WA 98504-0917 
 
 Re:  Spokane River Whitewater Park  
 
Dear Members of the Funding Board: 
 
Thank you for the opportunity to provide input regarding the proposal to reinstate the 
terminated RCO grant for the Spokane River Whitewater Park.  The Center for 
Environmental Law & Policy (CELP) is a membership-based non-profit organization 
dedicated to promoting the public interest in the freshwater resources of Washington State.  
Among other projects, we advocate for flow restoration and protection of natural values of 
the Spokane River, including water quality and fisheries habitat. 
 
CELP opposes reinstatement of the RCO grant for the reasons set forth below.  CELP has 
previously provided comments to the City of Spokane regarding the proposed determination 
of non-significance and scoping for the environmental impact statement.  While we have not 
previously directly opposed the whitewater park, our position has recently changed because 
of new information concerning fisheries resources in the vicinity of the proposed facility.  We 
now oppose development of a whitewater park in the free-flowing reach of the Spokane 
River downstream of Monroe Street dam. 
 


(1) The proposed whitewater park should not be built in and near important 
wild redband trout spawning grounds. 


 
In June 2009, Avista Corp. received a new license to operate its dams on the Spokane 
River.  The license requires Avista to conduct many studies, including a survey of trout 
spawning beds in the free-flowing reach of the Spokane River between Monroe Street dam 
and Nine Mile dam.  That survey was published in final form in March 2011 and is being 
provided to the RCFB under separate cover.   
 
The spawning survey identified numerous redband trout spawning nests or redds in the 
reach of river where the whitewater park is proposed to be located.  The most active 
spawning area was located in the north bank curve of the river directly adjacent to and 
downstream of the proposed whitewater park structure. 
 
As a follow-up to the spawning survey, the Washington Department of Fish & Wildlife will 
conduct population assessments for the Monroe-Nine Mile reach.  Past redband population 
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assessments for the Spokane River have indicated substantial declines in wild trout 
numbers, a matter of serious concern.  The spawning survey’s identification of healthy trout 
redds in this location indicate that this is an important habitat area for production of wild 
trout and should be maintained in pristine condition.   
 
It is not appropriate to build or locate a whitewater park structure in the middle of Spokane 
River wild trout spawning grounds.   
 


(2) The City of Spokane has not obtained “control and tenure” of the Spokane 
River bed. 


 
As a requirement to receive RCO grant funds, the City of Spokane was required to 
demonstrate “control and tenure” of the bed and banks of the Spokane River where the 
whitewater park is to be located.  To do this, the City must obtain an aquatic lands lease 
from the Washington Department of Natural Resources (DNR). The City has been unable to 
do so.  DNR has indicated reluctance to issue a lease to the City for this reach of the river, 
due in part to failure to obtain requested information. 
 
There are very few free-flowing reaches in the Spokane River.  The 100-mile long Spokane 
River is inundated throughout its length by eight dams.  Post Falls, Upper Falls, Monroe, 
Nine Mile, Long Lake and Lower Falls dams are owned by Avista Corp.   Upriver Dam is 
owned by the City of Spokane, and Grand Coulee Dam (which inundates the lower portion of 
the river that discharges into the Columbia) is owned by the U.S. Bureau of Reclamation.  
The free-flowing reach proposed for the park has important public values because of its 
location adjacent to City-owned natural areas and because of the aquifer springs that 
discharge into the river, creating cold-water habitat for salmonid fisheries (discussed 
above).   
 


(3) The City of Spokane has not resolved issues concerning ownership, liability 
for, and maintenance of the proposed whitewater park. 


 
The whitewater park proposal has been promoted as a project of Friends of the Falls, a local 
organization that created a “master plan” proposal for the “Great Gorge” area of the 
Spokane River where the whitewater park would be located.  The idea, as we understand it, 
was for Friends of the Falls to obtain private and public funding for study and construction of 
the park, then turn these funds over to the City of Spokane.  However, there remain two 
outstanding questions regarding future operations. 
 
First, what funding is available for maintenance of the whitewater park?  Presumably a 
structure subject to river hydraulics that range seasonally between 20,000 cfs (up to 40,000 
cfs in heavy runoff years) and 850 cfs during the summer low flow period will require 
routine inspection, maintenance and repair.  A source of funding for these critical needs has 
never been identified.  Given City budget cuts, including for essential services, it seems 
unlikely that general funds would be available to pay for these activities. 
 
Second, whitewater parks are inherently dangerous and present substantial liability issues 
for the owner-operator.  Whether the City of Spokane could prudently assume liability for 
the proposed Spokane River whitewater park is an unresolved question.   
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Conclusion 
 
In sum, CELP opposes construction of a whitewater park in the middle of important 
spawning grounds for wild redband trout of the Spokane River.  We support the RCFB’s 
termination of the grant to the City of Spokane to conduct an environmental impact study of 
the whitewater park project.  With new information, it is clear that a whitewater park cannot 
successfully be built or mitigated for in the proposed location.   
 
Please do not hesitate to contact me if you have further questions. 
 
Yours very truly, 


 
Rachael Paschal Osborn 
Executive Director 
rosborn@celp.org / 509-209-2899 
 
 
Cc: 
 
Rachael Langer, RCO Deputy Director 
Rachael.langer@rco.wa.gov 
 
Rebecca Connolly, Board Liaison  
Rebecca.Connolly@rco.wa.gov    
 
Dan Haws, RCO Project Manager 
Dan.haws@rco.wa.gov  
 
Leroy Eadie, Director, City of Spokane Parks & Recreation 
leadie@spokanecity.org  
 
Nancy Lopez, Department of Natural Resources 
Nancy.lopez@dnr.wa.gov 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



mailto:Rosborn@celp.org
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CLEAN, FLOWING WATERS FOR THE WEST 

 
 

June 6, 2011 
 

Washington State Recreation & Conservation Funding Board 

c/o Washington Recreation & Conservation Office 
P.O. Box 40917 

Olympia, WA 98504-0917 
 

 Re:  Spokane River Whitewater Park  
 

Dear Members of the Funding Board: 
 

Thank you for the opportunity to provide input regarding the proposal to reinstate the 

terminated RCO grant for the Spokane River Whitewater Park.  The Center for 
Environmental Law & Policy (CELP) is a membership-based non-profit organization 

dedicated to promoting the public interest in the freshwater resources of Washington State.  
Among other projects, we advocate for flow restoration and protection of natural values of 

the Spokane River, including water quality and fisheries habitat. 
 

CELP opposes reinstatement of the RCO grant for the reasons set forth below.  CELP has 
previously provided comments to the City of Spokane regarding the proposed determination 

of non-significance and scoping for the environmental impact statement.  While we have not 

previously directly opposed the whitewater park, our position has recently changed because 
of new information concerning fisheries resources in the vicinity of the proposed facility.  We 

now oppose development of a whitewater park in the free-flowing reach of the Spokane 
River downstream of Monroe Street dam. 

 
(1) The proposed whitewater park should not be built in and near important 

wild redband trout spawning grounds. 
 

In June 2009, Avista Corp. received a new license to operate its dams on the Spokane 

River.  The license requires Avista to conduct many studies, including a survey of trout 
spawning beds in the free-flowing reach of the Spokane River between Monroe Street dam 

and Nine Mile dam.  That survey was published in final form in March 2011 and is being 
provided to the RCFB under separate cover.   

 
The spawning survey identified numerous redband trout spawning nests or redds in the 

reach of river where the whitewater park is proposed to be located.  The most active 
spawning area was located in the north bank curve of the river directly adjacent to and 

downstream of the proposed whitewater park structure. 

 
As a follow-up to the spawning survey, the Washington Department of Fish & Wildlife will 

conduct population assessments for the Monroe-Nine Mile reach.  Past redband population 
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assessments for the Spokane River have indicated substantial declines in wild trout 

numbers, a matter of serious concern.  The spawning survey’s identification of healthy trout 
redds in this location indicate that this is an important habitat area for production of wild 

trout and should be maintained in pristine condition.   
 

It is not appropriate to build or locate a whitewater park structure in the middle of Spokane 

River wild trout spawning grounds.   
 

(2) The City of Spokane has not obtained “control and tenure” of the Spokane 
River bed. 

 
As a requirement to receive RCO grant funds, the City of Spokane was required to 

demonstrate “control and tenure” of the bed and banks of the Spokane River where the 
whitewater park is to be located.  To do this, the City must obtain an aquatic lands lease 

from the Washington Department of Natural Resources (DNR). The City has been unable to 

do so.  DNR has indicated reluctance to issue a lease to the City for this reach of the river, 
due in part to failure to obtain requested information. 

 
There are very few free-flowing reaches in the Spokane River.  The 100-mile long Spokane 

River is inundated throughout its length by eight dams.  Post Falls, Upper Falls, Monroe, 
Nine Mile, Long Lake and Lower Falls dams are owned by Avista Corp.   Upriver Dam is 

owned by the City of Spokane, and Grand Coulee Dam (which inundates the lower portion of 
the river that discharges into the Columbia) is owned by the U.S. Bureau of Reclamation.  

The free-flowing reach proposed for the park has important public values because of its 

location adjacent to City-owned natural areas and because of the aquifer springs that 
discharge into the river, creating cold-water habitat for salmonid fisheries (discussed 

above).   
 

(3) The City of Spokane has not resolved issues concerning ownership, liability 
for, and maintenance of the proposed whitewater park. 

 
The whitewater park proposal has been promoted as a project of Friends of the Falls, a local 

organization that created a “master plan” proposal for the “Great Gorge” area of the 

Spokane River where the whitewater park would be located.  The idea, as we understand it, 
was for Friends of the Falls to obtain private and public funding for study and construction of 

the park, then turn these funds over to the City of Spokane.  However, there remain two 
outstanding questions regarding future operations. 

 
First, what funding is available for maintenance of the whitewater park?  Presumably a 

structure subject to river hydraulics that range seasonally between 20,000 cfs (up to 40,000 
cfs in heavy runoff years) and 850 cfs during the summer low flow period will require 

routine inspection, maintenance and repair.  A source of funding for these critical needs has 

never been identified.  Given City budget cuts, including for essential services, it seems 
unlikely that general funds would be available to pay for these activities. 

 
Second, whitewater parks are inherently dangerous and present substantial liability issues 

for the owner-operator.  Whether the City of Spokane could prudently assume liability for 
the proposed Spokane River whitewater park is an unresolved question.   
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Conclusion 
 
In sum, CELP opposes construction of a whitewater park in the middle of important 

spawning grounds for wild redband trout of the Spokane River.  We support the RCFB’s 
termination of the grant to the City of Spokane to conduct an environmental impact study of 

the whitewater park project.  With new information, it is clear that a whitewater park cannot 

successfully be built or mitigated for in the proposed location.   
 

Please do not hesitate to contact me if you have further questions. 
 

Yours very truly, 

 
Rachael Paschal Osborn 

Executive Director 
rosborn@celp.org / 509-209-2899 

 

 
Cc: 

 
Rachael Langer, RCO Deputy Director 

Rachael.langer@rco.wa.gov 
 

Rebecca Connolly, Board Liaison  
Rebecca.Connolly@rco.wa.gov    

 

Dan Haws, RCO Project Manager 
Dan.haws@rco.wa.gov  

 
Leroy Eadie, Director, City of Spokane Parks & Recreation 

leadie@spokanecity.org  
 

Nancy Lopez, Department of Natural Resources 
Nancy.lopez@dnr.wa.gov 
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From: Zemek, Susan (RCO)
To: Connolly, Rebecca (RCO)
Subject: Spokane Whitewater Park
Date: Tuesday, May 31, 2011 10:08:18 AM

Hi Rebecca,
 
I received a call from a supporter of the Spokane Whitewater Park who asked that I pass along her
support for the park and the city’s request for an extension of its grant contract to the board. Her
name and contact information is below:
 
Heidi Peterson (not sure of spelling)
2321 W. Clark Ave.
Spokane WA 99201
509-869-7996
 
Susan Zemek
Communications Manager
Recreation and Conservation Office
1111 Washington ST SE
Olympia WA 98501
 
Mailing Address
PO Box 40917
Olympia WA 98504-0917

(360) 902-3081
TDD (360) 902-1996
susan.zemek@rco.wa.gov
 

mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=SUSANZ
mailto:Rebecca.Connolly@rco.wa.gov
mailto:susan.zemek@rco.wa.gov


From: Langen, Rachael (RCO)
To: George Renner
Subject: RE:
Date: Wednesday, May 25, 2011 11:26:05 AM

From: George Renner [mailto:grenner@mackinlittle.com] 
Sent: Tuesday, May 24, 2011 3:31 PM
To: Langen, Rachael (RCO)
Subject:
 

Dear Ms. Langen:

It is my understanding that a Recreation Conservation Funding Board is taking into consideration
rescinding the grant relating to the Spokane Whitewater Park (RCO#06-1967).   

I write to urge the Board to extend the grant for this project. The process of constructing the
Whitewater Park has been complex and measured, but the City of Spokane (through support of the
Mayor, City Council and Park Board) and Friends of the Falls are committed to seeing this project to
completion. The pace at which this project has progressed is a result of thoughtful consideration to
our environment, wildlife and neighborhoods and nothing more.        

The Spokane Whitewater Park is an important project to the City of Spokane and is fundamental to
Spokane’s economic development strategy.  As well, it enjoys widespread support from within the
Spokane community and is central to a larger vision; The Great Spokane River Gorge.  Please
reconsider rescinding the grant relating to the Spokane Whitewater park.

Respectfully,

 

George Renner

 

 

mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=RACHAELL
mailto:grenner@mackinlittle.com


From: Langen, Rachael (RCO)
To: Steve Salvatori
Subject: RE: Spokane Whitewater Park
Date: Wednesday, May 25, 2011 2:55:00 PM

From: Steve Salvatori [mailto:steve.s@salscott.com] 
Sent: Wednesday, May 25, 2011 1:51 PM
To: Langen, Rachael (RCO)
Subject: Spokane Whitewater Park
 
Washington State Recreation and Conservation Office
Rachael Langen, Deputy Director
PO Box 40917
Olympia, WA 98504 – 0917
 
 
Dear Ms. Langen:
 
It is my understanding that a Recreation Conservation Funding Board is taking into consideration
rescinding the grant relating to the Spokane Whitewater Park (RCO#06-1967).   
 
I write to urge the Board to extend the grant for this project. The process of constructing the
Whitewater Park has been complex and measured, but the City of Spokane (through support of the
Mayor, City Council and Park Board) and Friends of the Falls are committed to seeing this project to
completion. The pace at which this project has progressed is a result of thoughtful consideration to
our environment, wildlife and neighborhoods and nothing more.     
   
The Spokane Whitewater Park is an important project to the City of Spokane and is fundamental to
Spokane’s economic development strategy.  As well, it enjoys widespread support from within the
Spokane community and is central to a larger vision; The Great Spokane River Gorge.
 
Thank you for your consideration,
 
 

Steve Salvatori, Executive Director
Spokane Entrepreneurial Center, LLC
1406 N. River Vista St.
Spokane, WA  99224
509-944-0527 - Phone
steve.s@spokanecenter.biz - E Mail
 

mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=RACHAELL
mailto:steve.s@salscott.com
mailto:steve.s@spokanecenter.biz


From: Langen, Rachael (RCO)
To: Tim Sanger
Subject: RE: Spokane Whitewater Park
Date: Wednesday, May 25, 2011 10:10:06 AM

 

From: Tim Sanger [mailto:tsanger@nextit.com] 
Sent: Tuesday, May 24, 2011 3:25 PM
To: Langen, Rachael (RCO)
Subject: Spokane Whitewater Park
 
Rachel,
 
It is my understanding that a Recreation Conservation Funding Board is taking into
consideration rescinding the grant relating to the Spokane Whitewater Park (RCO#06-
1967).  
 
I write to urge the Board to extend the grant for this project. The process of constructing
the Whitewater Park has been complex and measured, but the City of Spokane (through
support of the Mayor, City Council and Park Board) and Friends of the Falls are committed
to seeing this project to completion.
 
The pace at which this project has progressed is a result of thoughtful consideration to our
environment, wildlife and neighborhoods and nothing more.        
The Spokane Whitewater Park is an important project to the City of Spokane and is
fundamental to Spokane’s economic development strategy.  As well, it enjoys widespread
support from within the Spokane community and is central to a larger vision; The Great
Spokane River Gorge.
 
Thank you for your consideration,
 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

Tim Sanger
Next IT Corporation
509.242.0769 [direct]
509.209.1032 [wireless]
FOLLOW US ON FACEBOOK & TWITTER
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

 

mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=RACHAELL
mailto:tsanger@nextit.com
http://www.nextit.com/
http://www.facebook.com/nextitcorp
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From: DENNIS A SEMB
To: Connolly, Rebecca (RCO)
Subject: RCO Grant
Date: Thursday, May 26, 2011 6:34:53 PM

Dear Ms. Connolly,
 
Would you please forward my letter below to the RCOFB for the regular meeting regarding
the appeal for extension of the RCO grant to the City of Spokane - White Water Park Project;
 
Members of the Recreational and Conservation Funding Board,
 
I am urging you to extend the RCO grant to the City of Spokane that was designated for
The Spokane River White Water Park project.
 
This project has the support of the City of Spokane, the local community and non-local
communities. Additionally, it would be a huge benefit to our community.  
 
Some of the benefits of the White Water Park would be:

- Attracting tourism to Spokane and to the state of Washington
-Providing safe recreation in an urban area - surfing, rafting, boogie boarding,

kayaking
-Providing the potential for adult and youth programs for these recreational activities
-Providing public access to a true natural wonder of the area
-Stabilizing the current, eroding river banks
-Removal of hazardous obstacles currently at the project site
-Provides a venue for national and international competition (free style white water

kayaking)
-Promotes awareness of outdoor resources and the river
-Creates a healthy environment for fish

 
If you have visited some of the nation's white water parks  -  Missoula  MT, Cascade
ID, Green River WY, Reno NV, Casper WY, Salida CO, Buena Vista CO, Glenwood Springs
CO to name just a few - you would realize first hand what a vital asset these parks have been
to these communities and a source of pride.  
 
Currently, Spokane (and the rest of the USA for that matter) needs something to be proud of.
 Give Spokane the opportunity to realize that pride by extending the RCO grant.  
 
I realize that money is short in the current Washington State Budget.  The grant would yield
so much more in return and not only in the dollar sense.  
 
 
Thank You,
 
 
Nannette Semb 5/26/11
Spokane, WA
 

mailto:sembda@msn.com
mailto:Rebecca.Connolly@rco.wa.gov


From: Semb, Dustin
To: Connolly, Rebecca (RCO)
Cc: Haws, Dan (RCO); Langen, Rachael (RCO)
Subject: Spokane Whitewater Park Grant
Date: Thursday, May 26, 2011 12:58:04 PM

Dear Ms. Connolly,

Would you please forward my letter below to the RCOFB for the May 27, 2011 
meeting regarding the appeal for extension of the RCO grant to the City of Spokane - 
White Water Park Project;

Members of the Recreational and Conservation Funding Board,

I ask you to extend the RCO grant of $530,000 to the City of Spokane that was 
designated for The Spokane River White Water Park project.

This project has the support of the City of Spokane, the local community and the 
Inland Empire as a whole. 

Some of the benefits of this project are:

- Manageable near water and on water recreation urban area near the downtown 
core.
- Improving public access to the Spokane River in a "Near Nature, Near Perfect 
community".
- Promoting a greater awareness of outdoor resources.
- Stabilization and cleanup of eroding riverbanks.
- Potential (likely) Venue for national and international kayak competitions, and 
publicity created by such events.
- Attracting tourism to Spokane and to the state of Washington.

Whitewater parks like those in;  Cascade ID, Missoula  MT, Green River WY, Casper 
WY, Reno NV, and Salida CO, have benefitted those communities in great ways. 
Economic is proven as well as community happiness.

Thank you for the time you have spent on this issue,

Dustin Semb
Eastern Washington University Outdoor Programs
EPIC Adventures/Eagle Outfitters
(509) 359-7910
dsemb@ewu.edu

P please consider the environment before printing this e-mail 
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From: Langen, Rachael (RCO)
To: Jen Snell
Subject: RE: Appeal for Spokane Whitewater Park
Date: Wednesday, May 25, 2011 12:22:59 PM

 

From: Jen Snell [mailto:jen.snell@hotmail.com] 
Sent: Tuesday, May 24, 2011 4:33 PM
To: Langen, Rachael (RCO)
Subject: Appeal for Spokane Whitewater Park
 
Dear Ms. Langen:

 

It is my understanding that a Recreation Conservation Funding Board is taking into
consideration rescinding the grant relating to the Spokane Whitewater Park (RCO#06-
1967).   

 

I write to urge the Board to extend the grant for this project. The process of constructing
the Whitewater Park has been complex and measured, but the City of Spokane (through
support of the Mayor, City Council and Park Board) and Friends of the Falls are committed
to seeing this project to completion. The pace at which this project has progressed is a
result of thoughtful consideration to our environment, wildlife and neighborhoods and
nothing more.        

 

The Spokane Whitewater Park is an important project to the City of Spokane and is
fundamental to Spokane’s economic development strategy.  As well, it enjoys widespread
support from within the Spokane community and is central to a larger vision; The Great
Spokane River Gorge.

 

Thank you for your consideration,

 

Jennifer

mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=RACHAELL
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From: Larry Swartz
To: Langen, Rachael (RCO); Haws, Dan (RCO); Connolly, Rebecca (RCO)
Subject: Spokane Whitewater Park
Date: Wednesday, May 25, 2011 6:07:49 PM

Please Extend the Grant for the Whitewater park in Spokane.

Thank you, 

Larry Swartz
509.879.1979
2911 W. Summit blvd
Spokane, WA 99201
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From: Langen, Rachael (RCO)
To: Turner V David
Cc: Haws, Dan (RCO)
Subject: RE: RCO grant to The City of Spokane regarding The Spokane River White Water Park
Date: Wednesday, May 25, 2011 12:24:43 PM

 

From: Turner V David [mailto:yaknski@yahoo.com] 
Sent: Tuesday, May 24, 2011 10:00 PM
To: Haws, Dan (RCO)
Cc: Langen, Rachael (RCO)
Subject: RCO grant to The City of Spokane regarding The Spokane River White Water Park
 
Mr. Haws and Ms. Langen,
 
I am urging you to reconsider extending the RCO grant of $530,000 to the City of
Spokane that was designated for The Spokane River White Water Park project.
 
This project has the support of the City of Spokane, the local community and non-
local communities and would be such a huge benefit to our area, something that we
can be proud of, utilize ...... a legacy.  
 
The benefits of the White Water Park as I see it are:
1) Attracting tourism to Spokane and to the state of Washington
2) Providing safe recreation in an urban area - surfing, rafting, boogie boarding,
kayaking
3) Providing the potential for adult and youth programs
4) Providing public access to a true natural wonder of the area
5) Stabilizing the current, eroding river banks
6) Removal of hazardous obstacles currently at the project site
7) Provides a venue for national and international competition (free style white water
kayaking)
8) Promotes awareness of outdoor resources
9) Promotes awareness of the river
10) Creates a healthy environment for fish
 
If you have visited some of the nation's white water parks  -  Missoula  MT, Cascade
ID, Green River WY, Reno NV, Casper WY, Salida CO, Buena Vista CO, Glenwood
Springs CO - you realize what a vital asset these parks have been to these
communities and a source of pride.  
 
Currently, Spokane (and the rest of the USA for that matter) needs something to be
proud of.  Give Spokane the opportunity to realize that pride by extending the RCO
grant.
 
If you aren't sure of what exactly a white water park is and how it's utilized by the
community it serves, please take 4.5 minutes of your time to watch the video I have
made:  http://isurfvideos.blogspot.com/2009/05/welcome-to-isurf.html
 

mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=RACHAELL
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Thank You,
 
 
David A. "Tige" Turner V
Spokane, WA
 



From: Langen, Rachael (RCO)
To: Stacy Vanderburg
Cc: Dan.Haws@rco.wagov
Subject: RE: Whitewater park Grant Extension
Date: Friday, May 27, 2011 7:58:53 AM

 

From: Stacy Vanderburg [mailto:vanderburgstacy@yahoo.com] 
Sent: Thursday, May 26, 2011 9:54 PM
To: Langen, Rachael (RCO)
Cc: Dan.Haws@rco.wagov
Subject: Whitewater park Grant Extension
 
I am writing in support of the Spokane Whitewater Park. I believe in investing in our
Washington State communities. My family and friends who live in and enjoy the
Inland Northwest kayak, participate in Bloomsday, Hoopfest and appreciate the First
Night event for our families enjoyment. We all look forward to the tradition of the Lilac
Parade, 4th of July Festival and Spokane's Pig Out In the Park over Labor Day
weekend.
 
Spokane is a special city, with a community that appreciates theater, arts,
entertainment and sporting events. As the largest city in Eastern Washington,
Spokane boasts of venues such as the Oprah House, the Spokane Arena,
Interplayers, the Civic Theater and the list goes on.
 
The addition of a Whitewater Park would only add to the attractiveness of the
Spokane community, generating tourism and economic growth.
 
Please reconsider and extend the grant concerning Spokane's Whitewater Park so
that we may continue developing Spokane as the "Gem of Eastern Washington."
 
Sincerely, Stacy Vanderburg 

mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=RACHAELL
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From: Kent Wales
To: Connolly, Rebecca (RCO)
Subject: White Water Park for the City of Spokane.
Date: Thursday, May 26, 2011 2:03:00 PM

Dear Mrs. Connolly,

I would ask you to reconsider your decision and grant an extension to the City of Spokane for the
funding for the Spokane Whitewater Park.  This would be a one of a kind attraction for the city of
Spokane and for Eastern Washington.  As I small business owner in the area I feel that the economic
development and tourism opportunity would help Spokane and the Downtown core.  I believe that by
denying the extension of this grant that you will kill the future hopes of a Whitewater Park in the
Downtown area of Spokane.

I am an avid kayaker and frequent user of the Spokane river.  This whitewater park would be a great
addition to the Spokane area.  I also believe that it would enhance the Spokane River, not detract from
it.  With more people using the resource, the added traffic to that area of the river will help naturally
police some of the vagrancy issues and that exist in the area of the proposed Whitewater Park.

Again I would ask you to reconsider your denial of extension of this grant for the City of Spokane
Whitewater Park.

Thank you for your consideration.

Make it a Great Day!

Kent Wales
kentwales@gmail.com

mailto:kentwales@gmail.com
mailto:Rebecca.Connolly@rco.wa.gov


From: Langen, Rachael (RCO)
To: West, Kevin P
Subject: RE: Please....
Date: Wednesday, May 25, 2011 9:56:40 AM

From: West, Kevin P [mailto:Kevin.P.West@morganstanleysmithbarney.com] 
Sent: Tuesday, May 24, 2011 3:23 PM
To: Langen, Rachael (RCO)
Subject: Please....
 
do not rescind the grant to Spokane Whitewater Park; our entire community is behind
this project; it's a winner for our community, for sure....
 

Kevin P. West 
Morgan Stanley Smith Barney LLC 
Senior Vice President - Wealth Management 
Financial Advisor 
Portfolio Manager 
Financial Planning Specialist 
Senior Investment Management Specialist

717 W. Sprague Avenue; Ste. 500 
Spokane, WA 99201

phn (509) 455 4995 
fax  (509) 838 8968 
toll free (800) 521 0509

kevin.p.west@mssb.com

Confidentiality Notice:  The information contained in this e-mail and any attachments may
be legally privileged and confidential.  If you are not an intended recipient, you are hereby
notified that any dissemination, distribution, or copying of this e-mail is strictly prohibited. 
If you have received this e-mail in error, please notify the sender and permanently delete the
e-mail and any attachments immediately.  You should not retain, copy or use this e-mail or
any attachment for any purpose, nor disclose all or any part of the contents to any other
person.

 

Important Notice to Recipients:
 

The sender of this e-mail is an employee of Morgan Stanley Smith Barney LLC. If you have received this communication in
error, please destroy all electronic and paper copies and notify the sender immediately. Erroneous transmission is not
intended to waive confidentiality or privilege.  Morgan Stanley Smith Barney reserves the right, to the extent permitted
under applicable law, to monitor electronic communications. This message is subject to terms available at the following
link: http://www.morganstanley.com/disclaimers/mssbemail.html.  If you cannot access this link, please notify us by reply
message and we will send the contents to you.  By messaging with Morgan Stanley Smith Barney you consent to the
foregoing.
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From: Langen, Rachael (RCO)
To: Pat Wright
Cc: Haws, Dan (RCO)
Subject: RE: Spokane White Water Park
Date: Wednesday, May 25, 2011 12:25:53 PM

From: Pat Wright [mailto:pawyak@mac.com] 
Sent: Tuesday, May 24, 2011 10:09 PM
To: Langen, Rachael (RCO); Haws, Dan (RCO)
Subject: Spokane White Water Park
 
I understand the $400,000 state grant to the (Spokane-based)
Fiends of the Falls for the Spokane White Water Park expired
5/1/11 and the state denied the appeal for an extension.  A
related grant to the City of Spokane by the Recreational
Conservation Office (RCO) is scheduled to expire on 6/30/11.
 I strongly support the project and want to add my voice
to appeal the extension of the grants.  I do not live in
Spokane – I live in the Tri-Cities.  I have contributed
hundreds of dollars in private donations to the Spokane
Whitewater Park and my Tri-Cities friends have contributed a
total of thousands of dollars.  The Spokane White Water Park
would provide us recreational opportunities that do not
currently exist in Washington State.  I travel to Idaho on a
regular basis to experience a similar capability.  Similar
Whitewater Parks in places like Denver, Reno, Missoula, and
many other western cities have had significantly
positive impacts to their communities.  Having a whitewater
park available in-state would be a valuable resource and I
would regularly travel to Spokane (contributing to the local
economy) if it were available.  
 

The whitewater park will:

Improve access to one of Spokanes most important assets,
our river.  
Provide economic value in the form of increased tourism
and recreational spending.
Provide a venue for Spokane to host regional and
national kayaking competitions.
Create a vibrant hub which ties together several of our

mailto:/O=WA.GOV/OU=SHAREDX/CN=RECIPIENTS/CN=RACHAELL
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citys great neighborhoods.  
Provide improved parking and rest rooms facilities for
all users within the High Bridge, Peoples
Park and Gorge area.
Provide an easily accessible place to teach young people
kayak, canoe and whitewater safety.
Increase safety for all river users by removing several
very large abandoned concrete bridge
piers.  

Please extend the grants.
 

Patrick A. Wright
107 Snake River Dr.
Burbank, WA 99323


	Additional Public Comment After 1st Publication
	SB
	Billig
	Sierra Club

	abrahamse
	bailey
	barbieri
	barrett
	bishopp
	brown
	cairns
	delaney
	durheim
	fleming
	freudenthal
	griffith
	hooper
	hubbell
	jamieson
	karpenko
	kkarpenko
	kuhn
	lambiotte
	larson
	maden
	maggio
	Mallory
	mason
	mccullough
	mckeon
	olgeirsson
	osborn1
	Spokane River Spawning Report 9_Feb2011

	osborn2
	CELP to RCFB (6-6-11)

	peterson
	renner
	salvatori
	sanger
	semb
	semb2
	snell
	swartz
	turner
	vanderburg
	wales
	west
	wright



