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Total Project Cost: $750,528
Colorado Watershed

Restoration Program Request: 3375,264
Recommended amount: $145,000
Other CWCB Funding (WSRF): $50,000
Other Funding Amount: $325,264
Applicant Match: S0
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County/Counties:
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Boulder

South Platte

Drainage Basin:

The Boulder Watershed Collective (BWC)

Project Type(s): Planning
Project Category(Categories):

Watershed Restoration

Measurable Result: 300 acres of shovel ready forest
restoration projects; Updated Monitoring Plan and data
analysis reports for 2022-2025

recently completed a strategic planning process and identified three program areas. These areas
include Climate Adaptation and Resiliency, Watershed Restoration, and Community Engagement. The
Resilient Headwaters Planning project is at the intersection of these program areas and works to
achieve the vision of thriving social and ecological systems. The project strives to improve resiliency
through coordinated, collaborative, and cross-boundary forest restoration project planning.

The Resilient Headwaters project will continue robust stakeholder engagement to increase the pace

and scale of forest restoration.
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Engagement, coupled with comprehensive
project planning, will develop numerous,
strategic, shovel-ready forest restoration
projects. This planning project will allow
the BWC and partners to increase the
number of forested acres restored to build
a network of resilient forests across the
watershed. The project will also expand
the existing stream monitoring program
from the Fourmile watershed to the larger
Boulder Creek watershed and integrate
new priority sites.
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Coal Creek

This project will work to achieve the followin
1.
restoration projects.

g objectives:

Increase watershed resiliency through collaborative development of multi-objective forest

Increase BWC forest restoration projects to 300 acres per year.
Expand participation of private landowners in larger scale, cross-boundary forest restoration

nities (i.e. fire districts and small towns) in increasing

capacity to build resilience through outreach, planning, and project partnerships.

2.
3.
projects.
4. Assist with local agencies and commu
5.

within the Boulder Creek watershed.

Colorado Watershed

Improve watershed resiliency through expanded stream monitoring efforts into other areas

Restoration Program - Data Sheet
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PROJECT SUMMARY SHEET

Project Title Resilient Headwaters Planning Project
Location Boulder County: Boulder Creek watershed
Grant Request $375,264
Cash Match Funding $355,264
In-Kind Match Funding $20,000
Grant Type Watershed Restoration Grant (watershed protection & monitoring)
Name of Grantee Boulder Watershed Collective
Mailing Address 1740 Fourmile Canyon Drive, Boulder CO 80302
Position/Title Maya MacHamer- Director
Email maya@boulderwatershedcollective.org
Phone 303-817-2261

Project Description:

The Boulder Watershed Collective (BWC) recently completed a strategic planning process and identified
three program areas. These areas include Climate Adaptation and Resiliency, Watershed Restoration
and Community Engagement. The Resilient Headwaters Planning project is at the intersection of these
program areas and works to achieve our vision of thriving social and ecological systems. The project
strives to improve resiliency through coordinated, collaborative and cross-boundary forest restoration
project planning. This project will build upon community and forest restoration successes enabled by
previous CWRP and CWP funding from 2019 to 2021.

The Resilient Headwaters Project will continue robust stakeholder engagement to increase the pace and
scale of forest restoration. Engagement, coupled with comprehensive project planning, will develop
numerous, strategic, shovel ready forest restoration projects. This planning project will allow the BWC
and partners to increase the number of forested acres restored to build a network of resilient forests
across the watershed. The project will also expand the existing stream monitoring program from the
Fourmile watershed to the larger Boulder Creek watershed and integrate new priority sites.
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GRANT APPLICATION PROPOSAL

Qualifications Evaluation (Maximum of 20 points). Project sponsor and stakeholder involvement: The

BWC is the lead project sponsor and will provide project and financial management, grant compliance

and coordination. Other primary partners include those listed below. BWC will work with partners to

support unique, local priorities while also providing a vision for watershed scale impact.

Towns of Gold Hill & Nederland and Community of Coal Creek Canyon: These communities are

primary partners for this project. They each are committed to advancing the protection of their
residents, infrastructure and adjacent ecosystems. The communities provide partnership
through facilitating relationships, providing opportunities for outreach and engagement,
volunteering and providing match funding for projects. Nederland will be starting a Community
Wildfire Protection Plan (CWPP) update to identify projects and BWC will be a stakeholder in the
process.

Fire Districts: There are 11 fire districts within the Boulder Creek watershed all of which are
collaborating with BWC on aspects of community planning for wildfire and watershed
protection. Each district collaborates as their capacity, funding and resources allow. This ranges
from lending credibility and support for projects to active prioritization and planning to funding
contributions for restoration projects.

Colorado State Forest Service (CSFS), Natural Resource Conservation Service (NRCS) and Boulder
Valley and Longmont Conservation District (BVLCD): These agencies will partner in joint private
lands planning for forest restoration, coordinated outreach and community engagement, and

technical forestry assistance.
University of Colorado Masters of the Environment Program (MENV): BWC plans to host an

MENYV Capstone team for the third year. This team will build off of the previous team’s model
for community engagement to expand ‘Living With Fire’ engagement and planning into new
communities.

Boulder County: Boulder County Parks and Open Space is partnering for the development of an
App for the Take a Hike Program. This will allow collaborative ecosystem management

education in an engaging manner.

In-Kind and Cash Services:

Amount Match | Secured/ Agency Partner Description
Type Pending
$86,800 Cash Secured Colorado Water Plan Funding for forest/headwaters

community outreach and
communications
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$20,664 Cash Secured | Water Supply Reserve Funding for water quality monitoring
Fund (Metro RT) in South Boulder Creek
$123,800 | Cash Pending | Water Supply Reserve Funding for meadow assessment in
Account (SPBRT) forested headwaters, water quality
sampling and other monitoring
$10,000 Cash Pending | Town of Nederland Funding to be dedicated to a
Community Wildfire Protection Plan
update through a facilitated public
process
$59,000 Cash Pending | Action and Wildfire mitigation outreach and
Implementation for planning
Mitigation (AIM)
$20,000 In-Kind Pending University of Colorado Master of the Environment Capstone
Project: Forest Outreach &
Engagement
$50,000 Cash Pending FEMA/Boulder County FEMA Building Resilient
match Infrastructure and Communities;
Partnership and Capabilities grant for
forest and wildfire planning and
engagement
$5,000 Cash Pending | Boulder County Open Take A Hike app development

Space Foundation

Organizational Capability (Maximum of 30 points): History of Accomplishments and Partners: Since

2015, the BWC (formerly the Fourmile Watershed Coalition) has been awarded nearly 8 million dollars in
local, state and federal funds for stream and forest restoration, mine reclamation, and education and

outreach. All projects have been multi-objective and incorporated the priorities of multiple

stakeholders. Examples include:

1. Forest Restoration: Since 2019 BWC has developed and leveraged local, state and federal

funding for 191 acres of forest restoration (Gold Hill & Arkansas Mountain) across 30 privately

owned parcels with 250 additional acres in planning. These projects are being implemented in

partnership with agencies in the Boulder County Forest Collaborative, a group of wildfire

mitigation and suppression practitioners which is facilitated by the BWC. Partners include local
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fire districts, water providers, city and county of Boulder, state and federal forest services,
NRCS, Conservation District.

2. Gold Hill Collaboration on Wildfire and Forest Health: This project is an education, engagement
and community building pilot project aimed at developing community capacity to adapt to living
with wildfire. The project takes an integrated approach to increasing community safety and
watershed protection. This project is a partnership between the town of Gold Hill, Gold Hill Fire
District, CU Masters of the Environment, Boulder County Wildfire Partners, the NRCS and
Boulder Valley Conservation District.

3. Ingram Gulch Mine Reclamation: This project was completed in 2021 and included legacy mine

reclamation on two segments of intermittent stream in a burned and flooded upland watershed.
Construction included channel stabilization, floodplain connection, capping of mine waste and
revegetation. An immediate downstream reduction in arsenic levels was observed in surface
water samples. Partners included the EPA, BLM, State of Colorado, and multiple private
landowners.

4. Tolland Ranch Feasibility Study: This study is developing conceptual wetland and riparian
restoration designs within the South Boulder Creek headwaters and evaluating the potential to
raise threatened Greenback Cutthroat Trout for reintroduction into other streams. The project is
a partnership between Colorado Parks and Wildlife, Trout Unlimited, Denver Water and the Toll
family who owns the 3000-acre Tolland Ranch.

5. Sediment Source and Storage Study for Disaster Planning. This project was conceptualized by
CWCB, Watershed Science and Design and the BWC. The storymap assists with community
outreach, planning and prioritization of restoration projects.

Level of Staffing: The BWC has three full time and one part time staff. The Forest Program Manager will
dedicate 80% of their time to tasks 1 & 2 for three years. The focus on outreach and planning will yield
ongoing shovel ready forest restoration projects. The Communication and Engagement Coordinator will
spend 25% of their time each year supporting the Forest Program Manager with outreach and
communication needs. The Watershed Restoration Program Manager will dedicate 50% of their time to
monitoring. Monitoring includes the integration of water quality sampling, Rollins Pass Bioblitz and
meadow assessments. Funding has been applied for with a WSRF grant and is included in this proposal
as match funds. The Director will allocate 25% of time for planning and monitoring reporting. CU
undergraduate interns will be used to assist with summer monitoring tasks. A CU Masters of the
Environment Capstone team will be used to assist with forest related outreach.

Budget:

e Task1(5272,087) &: Task 2 ($236,436): Stakeholder Engagement & Planning: These tasks
include primary staff salary and fringe benefits for the Forest Program Manager and partial
salaries for the Communications & Education Coordinator and Director over three years. The
budget also includes an estimated $40,000 for app development, and funding for


https://www.boulderwatershedcollective.com/gold-hill-project
https://storymaps.arcgis.com/stories/a76eaa904aaa4c0f87feee151d36794c
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foresters/consultants to complete forest inventory and GIS. These costs are reasonable
compared to the past two years of work the BWC has completed related to forest restoration
planning & outreach.

Task 3 ($212,005): Monitoring: This task includes $67,541 to update the monitoring plan, refine
and expand the stream monitoring sites. This is substantially similar to costs for the past three
years of monitoring to be completed in 2021. The additional $144,464 match is for water quality
and meadow assessment tasks in WSRF grant match.

Task 4: Grant Administration: This task is less than 10% of the requested CWCB funds.

Schedule: This project will begin in May 2022 and go through May 2025. Forest outreach and planning

will be ongoing throughout the three years. Stream monitoring will occur each summer/fall season.

Interns will work during field season and the MENV Capstone team will be available for 2022-2023 with

subsequent teams potential available for the following years.

Proposal Effectiveness (50 points)- Plan Discussion:

1.

Memorandum of Understanding for Collaboration and Coordination to Improve Forest Health
and Reduce Wildfire Risk in Boulder County, Colorado (2020, attached):
The MOU established a collective vision for resilient forested ecosystems which includes

supporting water quality and quantity needs, habitat for robust and healthy flora and fauna and
sustained recreational access. The MOU calls for active management to enhance forest health
and reduce wildfire risk. The BWC is identified as a critical partner for community outreach and
engagement.

Sediment Source and Storage Study for Disaster Planning (2021): This study addresses potential

post fire sediment sources and depositional areas and prioritizes areas for within the Boulder
Creek watershed for protection and restoration. The study prioritizes areas for pre-wildfire
mitigation and meadow restoration to reduce wildfire risk and potential damage post fire.
Boulder County Community Wildfire Protection Plan (2011): Goals within the plan include: 1) to

reduce the number (prevention) and severity (mitigation) of future wildfires in Boulder County,
2) to unite all communities of Boulder County in a collaborative effort to reduce the negative
impacts of wildfire, 3) to help restore Boulder County forests to good health 4) engage residents
and empower communities in wildfire mitigation and preparedness.

Fourmile Watershed Coalition Monitoring Plan (attached). This plan provides strategies and

guidance for monitoring sites including suggested parameters and protocols.
Colorado Resiliency Framework (2020): The Framework assists in understanding risks from

natural hazard and understanding unique community needs. It provides strategies to build
collective capacity for adaptation and resiliency with a cross sector approach that includes
holistic natural resource and watershed management, as well as community building.

St Vrain Watershed Management Plan (2015): The Plan provides goals and objectives for

watershed health within the St Vrain Basin. Improving water quality is a primary goal with a


https://storymaps.arcgis.com/stories/a76eaa904aaa4c0f87feee151d36794c
https://www.bouldercounty.org/disasters/wildfires/mitigation/community-wildfire-protection-plan/
Colorado%20Resiliency%20Framework
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focus on E.Coli impairments in the plains reaches. Since Covid, E. Coli has become a concern in
headwater areas as well. Water quality and E. Coli sampling are part of the BWC monitoring
project.

7. Boulder County Environmental Sustainability Plan (2012): The plan calls for protecting,
improving, and ensuring watershed health to secure an enduring supply of high-quality source

water, while protecting the wildlife habitat, stream system functions, and aesthetics of the
natural environment. Goals within the plan include maintaining healthy in-stream flows as part
of riparian restoration efforts, planning and implementing landscape-scale forest treatments to
maintain healthy forests, reducing wildland fire impacts to source waters.

Multiple Objectives: The approach to this project integrates community and ecological systems. The

outreach task will ensure that community values are integrated into all project development. Each forest
restoration project will be attentive to integrating objectives including community protection, wildfire
and forest ecology, soil and water protection and enhancing wildlife and pollinator habitat by promoting
diverse native understory vegetation growth. Enhancing dynamic forested ecosystems through multi-
objective restoration projects. Specific objectives include:

1. Reduce risk from climate change and natural hazards through integrated ecosystem planning
and multi-objective projects. This includes using recently completed studies to prioritize
restoration planning that enhances forest and meadow systems.

2. Improve resiliency through coordinated, collaborative and cross-boundary project planning.
Increase BWC forest restoration projects from current acreage to 300 acres per year.

4. Expand participation of private landowners in larger scale, cross-boundary forest restoration
projects.

5. Assist local agencies and communities (ex: fire districts and small towns) in increasing capacity
to build resilience through outreach, planning and project partnerships.

6. Better understand watershed scale existing conditions through expanded stream monitoring
efforts.

Monitoring Plan:

For all wildfire and forest restoration planning and implementation there is a suite of data that is
collected across Front Range watershed groups as a part of the Northern Colorado Fireshed

Collaborative. These data include metrics tracking number of landowners contacted, site visits,
participation in projects, events held, attendees at events, etc. Implementation data collection includes
acres treated, biomass generated, and pre and post project forest inventory data of species and density.

Stream Field Monitoring: Since 2018 BWC has been monitoring stream restoration sites in the Fourmile
watershed. This project will continue monitoring of high priority sites within the Fourmile watershed
and expand the Fourmile Watershed Coalition Monitoring Plan to include new sites within the Boulder
Creek watershed. New sites will be added to the plan and include specific monitoring parameters and
protocols identified within the Plan.


https://nocofireshed.org/
https://nocofireshed.org/
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Scope of Work

GRANTEE and FISCAL AGENT (if different): Boulder Watershed Collective.
PRIMARY CONTACT: Maya MacHamer, Director

ADDRESS: 1740 Fourmile Canyon Drive, Boulder CO 80302

PHONE: 303-449-3333 (office), 303-817-2261 (cell)

PROJECT NAME: Resilient Headwaters Planning Project

GRANT AMOUNT: $370,264

INTRODUCTION AND BACKGROUND:

The Boulder Watershed Collective (BWC) recently completed a strategic planning process and identified
three program areas. These areas include Climate Adaptation and Resiliency, Watershed Restoration
and Community Engagement. The Resilient Headwaters Planning project is at the intersection of these
program areas and works to achieve our vision of thriving social and ecological systems. The project
strives to improve resiliency through coordinated, collaborative and cross-boundary project planning.
This project will build upon community and forest restoration successes enabled by previous CWRP and
CWP funding from 2019 to 2021.

The Resilient Headwaters Project will continue robust stakeholder engagement to increase the pace and
scale of forest restoration. Engagement, coupled with comprehensive project planning, will develop
numerous, strategic, shovel ready forest restoration projects. This planning project will allow the BWC
and partners to increase the number of forested acres restored to build a network of resilient forests
across the watershed. The project will also expand the existing stream monitoring program from the
Fourmile watershed to the larger Boulder Creek watershed and integrate new priority sites.

OBJECTIVES:

1. Increase watershed resiliency through collaborative development of multi-objective forest
restoration projects.

2. Increase BWC forest restoration projects from current acreage to 300 acres per year.

3. Expand participation of private landowners in larger scale, cross-boundary forest restoration
projects.

4. Assist local agencies and communities (ex: fire districts and small towns) in increasing capacity
to build resilience through outreach, planning and project partnerships.

5. Improve watershed resiliency through expanded stream monitoring efforts into other areas
within the Boulder Creek watershed.
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TASKS:
TASK 1: Stakeholder Engagement.

Description of Task: This task will continue the robust engagement BWC employs with agencies and
communities. Engagement and outreach are the backbone of all the watershed restoration work that
has been accomplished and is critical to scaling up impact. Community and private landowners are

important stakeholders. Engagement will 1) increase participation in forest/watershed restoration
projects, 2) create a network of resilient, engaged and active community members, 3) leverage the work
of partners (CSFS, NRCS, BVLCD) and, 4) contribute to a landscape scale network of resilient forests.

Sub-task 1.1: Agency engagement:

This task includes staff funding to continue facilitating the Boulder County Forest Collaborative,
participate in the Northern Colorado Fireshed Collaborative, and build capacity in local agencies
and fire districts.

Sub-task 1.2 Private lands site visits:

Private lands work is time consuming because many parcels are small acreage, but still
important to achieve contiguous forest restoration. BWC finds significant value in site visits with
private landowners for relationship building and project planning. Site visits are a primary task
for the Forest Program Manager.

Sub-task 1.2: Community meetings and events:

Attend and/or facilitate community meetings and engagement events which develop support
for forest restoration activities. These may include attending standing board meetings, hosting
field visits with foresters, facilitating the Wildfire Learning Network or other relevant events that
are requested by communities.

Sub-task 1.3: Take a Hike mobile app development.

This virtual, geo-referenced hiking experience is accessible on a mobile device and incorporates
photos, graphs, text and audio content for listeners. The Take a Hike format offers an engaging
way to Two Take a Hikes were completed in 2020 which highlighted forest restoration projects
with the City and County of Boulder. Over 6,000 users have accessed the hikes online. The hikes
allows users to independently visit natural areas that received mechanical thinning or prescribed
fire with an explanation of objectives, ecology, current conditions and other information from
the foresters who designed the projects. A third hike is completed highlighting watershed health
and function at Mud Lake outside Nederland.


https://cslc.colorado.edu/events-blog/take-a-hike-shanahan
https://www.bouldercounty.org/open-space/parks-and-trails/mud-lake/

| THE
m 80ULDER

WATERSHNED
Qéji/\;couecmvg

This task includes app development funds for Take A Hike to increase user function in areas
without cell service. A functional app would allow more inclusive usership, translation into
Spanish and broad application for development of Take a Hikes within headwater ecosystems.
The current system being used at Mud Lake is a podcast format. It requires familiarity with
offline technology that has dissuaded or confused participants from using the program. An app
would streamline the user interface and increase opportunities for engagement.

Method/Procedure:

Work with partners to refine project areas.

Conduct site visits with landowners.

Identify and record landowner values to be integrated into project development.
Develop and facilitate engagement events with neighborhoods and communities.
Hire app developer and work with partners to design the application.

vk wN e

Deliverable: Data tracking metrics for landowner engagement.
TASK 2: Planning & Project Development

Description of Task: Effective planning and project development is a critical component of the

implementation of successful restoration projects. This task supports policy developments at the local
and state level which focus resources on strategic prioritization, planning and funding of forest
restoration projects. These projects will increase community safety, reduce wildfire risk and enhance
ecosystem function. This task is a continuation of BWC’s coordinated planning and holistic watershed
management approach and builds upon recent successes to broaden efforts into other communities and
geographical areas. In the past two years BWC has conducted significant outreach, partnership
development and planning and is currently implementing a 100-acre forest restoration project. These
experiences have set the foundation for BWC to significantly scale up restoration planning so that future
years will have concurrent, efficient planning and implementation of multi-objective watershed
restoration projects. This task is intwined with Task 1 as project development is dependent upon the
participation of public and private landowners.

BWC will collaborate with partners in the Boulder County Forest Collaborative to identify new projects
within priority areas and leverage the expertise and relationships of diverse partners. BWC will work
closely with the CSFS, BVLCD and NRCS to build larger scale forest restoration projects across multiple
private land parcels which enhance previously completed or planned restoration on public lands.

BWC will be a primary partner in updating the Town of Nederland’s CWPP to advance risk reduction
activities. The greater Nederland area (and Barker Reservoir) was identified in the Sediment Source and
Storage Study as at risk of sediment deposition, without “sponge” areas and thus a priority for forest
restoration. A CWPP update was also a recommendation in the Community Planning Assistance for

Wildfire report that was recently completed.


https://cpaw.headwaterseconomics.org/wp-content/uploads/2021/02/FINAL-CPAW-Recommendations-Nederland-2020.pdf
https://cpaw.headwaterseconomics.org/wp-content/uploads/2021/02/FINAL-CPAW-Recommendations-Nederland-2020.pdf
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Method/Procedure:

Collaborate with partners to work develop projects within priority areas.
Define areas of operability and management units within project areas.
Develop maps for internal and external use.

Conduct pre-project forest inventory (with consultant/foresters).

vk wN e

Identify funding sources for each project (including landowners and local partners).

Deliverable: Multiple shovel ready forest restoration projects with a goal of 300 acres of forest
restoration completed each year. “Shovel ready” implies identification of project objectives, maps, pre-
project monitoring/inventory, defined management units and identified funding to enable
implementation.

TASK 3: Stream Monitoring

Description of Tasks: This task builds upon an existing stream monitoring and adaptive management

program. The goal of long-term monitoring plan is to assess whether completed projects are functioning
as designed and identify areas of improvement and ecological lift within the watershed. The primary
objectives within the monitoring plan are: (1) To monitor the long-term effectiveness of restoration
projects by tracking changes to stream health factors and key watershed functions over time; and (2) To
inform adaptive management decisions so that if needed, actions can be taken to keep project areas on
a trajectory toward watershed health and resilience. An additional goal will be to obtain baseline data in
previously unassessed sites.

The task includes continuation of monitoring of existing flood recovery sites and expansion of
monitoring locations to new sites within the Boulder Creek watershed. The preliminary sites have been
selected downstream of new hardrock mining activity or areas with increasing development and/or
recreation. Monitoring parameters and locations will be coordinated with Lefthand Watershed’s
Adaptive Management at Scale project. The existing Fourmile Watershed Coalition Monitoring Plan
(2019) will be updated to include new efforts.

This task incorporates water quality sampling, meadow assessments and a Rollins Pass Bioblitz (WSRF
match funds). These data collection activities will be integrated into the monitoring plan update.

Method/Procedure:

1. Planning
a. Finalize location specifics
b. Set seasonal schedules
c. Hire consultants for meadow assessment
d. Manage interns/volunteers



2.

3.
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Monitoring
a. Collect and compile data
Data Analysis and Reporting
a. Create results and trends report(s)
b. Marketing/outreach of results with stakeholders

Deliverable: Updated Monitoring Plan and data analysis reports for 2022-2025.

TASK 4: Grant Administration

Description of Task: Prepare all required financial and reporting documents to assure grant compliance.

Method/Procedure:

vk wN e

Review grant requirements,

Track financial expenditures and budgets,
Compile accurate reimbursement requests,
Prepare deliverables and reports,

Project close out.

Deliverable: Accurate and timely requests for reimbursement and reports.

List of Attachments:

Budget
Letters of Support:
e Colorado State Forest Service
e Boulder Valley and Longmont Conservation District
e Boulder County
e Boulder County Firefighters Association
Map of expanded Stream Monitoring Locations
Resumes
Boulder County Memorandum of Understanding outlining a shared vision of forest health and
wildfire risk reduction. Pertinent sections are highlighted.
Fourmile Watershed Coalition Monitoring Plan
*Maps of forest restoration planning areas within the Boulder Creek Watershed were too large
to attach and are available upon request.



Colorado Water Conservation Board

Budget and Schedule

Prepared Date: 11/2/21

Name of Applicant: Boulder Watershed Collective

Name of Water Project: Resilient Headwaters Planning Project
Project Start Date: 5/1/22

Project End Date: 5/31/25

TI\?Sk Task Description Task Start Date Task End CWCB Cash Match In-Kl_nd Total
0. Date Request Funding
$1 Outreach 5/1/2022 5/31/2025 $110,287 $141,800 $20,000 $272,087
2 Planning 5/1/2022 5/31/2025 $167,436 $69,000 $236,436
3 Monitoring 5/1/2022 5/31/2025 $67,541 $144,464 $212,005
4 Grant Administration 5/1/2022 5/31/2025 $30,000 $30,000
$0
$0
$0
Total $375,264 $355,264 $20,000 $750,528

Page 1 of 1

*Match sources are identified in the project proposal.
* A detailed budget will be available.




COLORADO STATE
FOREST SERVICE

COLORADO STATE UNIVERSITY

Boulder Field Office
5625 Ute Highway
Longmont, CO 80503
303-823-5774

November 2, 2021

Chris Sturm

Colorado Water Conservation Board
1313 Sherman Street, Room 718
Denver, CO 80203

RE: Letter of Support for the Boulder Watershed Collective’s Resilient Headwaters Project.

Dear Mr. Sturm,

The Colorado State Forest Service, Boulder Field Office, is writing in support of the Boulder Watershed Collective’s
Resilient Headwaters grant application.

The mission of the Colorado State Forest Service (CSFS) is to achieve stewardship of Colorado's diverse forest
environments for the benefit of present and future generations. The CSFS focuses on improving forest health and
providing wildfire hazard mitigation strategies through technical assistance and outreach to private property owners,
local cooperators, and county agencies. In support of the mission, CSFS is collaborating with numerous local, state and
federal partners to assist in achieving the collective goal of increased cross-boundary restoration.

Investing funds to develop local capacity for planning, outreach, and project development is a critical component of
successful project implementation. The Boulder Watershed Collective has demonstrated that they are capable of
building strong relationships within the community and leveraging those relationships to develop forest and watershed
restoration projects. These skills are invaluable as we collectively work to increase the pace and scale of forest
restoration across the landscape. Funding support will allow the Boulder Watershed Collective to continue to partner
with the CSFS and other partners on collaborative planning and implementation of forest restoration projects.

Forests are important components of healthy headwaters and have a significant effect on water quantity and water
quality. Supporting local watershed groups to engage with the public and coordinate project planning will help protect
headwater resources.

Thank you for your consideration.

Sincerely,

Ben Pfohl
Supervisory Forester



Board of County Commissioners

November 1, 2021

Chris Sturm

Colorado Water Conservation Board
1313 Sherman

Denver, CO 80202

RE: Letter of Support for the Boulder Watershed Collective’s Resilient Headwaters Project
Dear Mr. Sturm:

Boulder County would like to express our support for the Boulder Watershed Collective’s Resilient
Headwaters Project. The project will support outreach, education and planning for forest restoration
project development to support watershed health and contribute to landscape scale, cross-boundary
forest restoration.

Boulder County supports forest restoration and wildfire mitigation throughout the county in
numerous ways. The Boulder County Wildfire Partners program assists private landowners with
defensible space and home hardening through grant funds and technical assistance and Boulder
County supports two local community forestry sort yards. Additionally, Boulder County Parks and
Open Space completes thinning and prescribed burning on many acres of county Open Space lands
each year. Recently, Boulder County has been very focused on strengthening local and statewide
partnerships to expand opportunities for cross-jurisdictional forest restoration projects that will better
protect our community and increase forest resiliency.

In 2020 Boulder County and twelve other agencies signed a Memorandum of Understanding for
Collaboration and Coordination to Reduce Wildfire Risk and Improve Forest Health (MOU). The
Boulder Watershed Collective plays an important role in implementing the vision of the MOU
through community engagement, coordination of diverse partners and the integration of private lands
into restoration planning. This project will support the collective vision of MOU partners while also
planning for new or expanded state and federal funding sources available to reduce wildfire risk. The
planning portions of this project will focus on the development of multi-objective forest restoration
projects that protect and enhance a wide array of ecosystem services including water resources,
wildlife, soil and long-term carbon sequestration.

We are pleased to provide this letter of support for the Resilient Headwaters Project grant
application.

Matt Jones, Chair
Board of County Commissioners

Matt Jones County Commissioner  Claire Levy County Commissioner Marta Loachamin County Commissioner

Boulder County Courthouse ¢ 1325 Pearl Street « Boulder, Colorado 80302 « Tel: 303.441.3500 ¢ Fax: 303.441.4525
Mailing Address: P.O. Box 471 « Boulder, CO 80306 « www.BoulderCounty.org « commissioners@bouldercounty.org
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Longmont and

Boulder Valley
v Conservation Districts
November 2, 2021

Chris Sturm

Colorado Water Conservation Board
1313 Sherman Street

Denver, CO 80202

Dear Mr. Sturm,

The Boulder Valley & Longmont Conservation Districts (BVLCD) are supportive of the grant request
submitted by the Boulder Watershed Collective (BWC) for funding to support the Resilient Headwaters
Planning Project. This project will provide needed capacity and planning funds to expand forest
restoration planning activities that will decrease community wildfire risk and increase watershed
protection.

The Conservation District Supervisors have identified five natural resource priorities and goals one of
which is Forest Health and Watershed Management. To protect our communities and ecosystems
across the Northern Front Range, we need to restore the health of our forests. After a century of fire
suppression, our forests are overcrowded and stressed. And in our dry Colorado landscape, denser
forests are prone to higher chances of severe wildfire, insect infestations and other negative impacts for
wildlife. To return our forests to their natural condition, we need to reduce tree density through active
forest management practices. By actively managing our forests, we can reduce fire risk, promote native
plants and wildlife habitats, and build ecological resilience.

To support this goal the BVLCD has recently hired three conservation foresters to work with private
landowners and the Natural Resource Conservation Service to develop forest restoration projects on
private lands. The addition of the foresters greatly increases the BVLCD’s abilities to work with the BWC
and other partners on cross boundary forest restoration planning.

Recently, Conservation District staff has been working with the BWC and multiple landowners on a 100-
acre restoration project. This project has served as a pilot project for collaborative, community scale
project planning and implementation. With this foundation the BWC, BVLCD and other partners are
poised to move forward with numerous other projects.

Funding support for planning and capacity building is a critical component of reaching the goal of
increasing the pace of landscape scale forest restoration. Thank you for considering this request.

Sincerely,

Vanesaa Wel racken

Vanessa McCracken
District Manager



bcfla

boulder county firefighters association

www.BoCoFire.org

November 2, 2021

RE: Letter of Support for Boulder Watershed Collective Resilient Headwaters grant
application.

Dear Grant Reviewer:

The Boulder County Fire Fighters Association (BCFFA) supports the collaborative efforts of the
Boulder Watershed Collective to increase forest restoration project through community
outreach and planning efforts.

The BCFFA was a signatory to the 2020 Memorandum of Understanding for Collaboration and
Coordination to Reduce Wildfire Risk and Improve Forest Health. All associated fire districts
are committed to supporting the MOU and this project will enable that effort to continue.The
BCFFA supports this project as a demonstration of how multi-objective, multi-agency
partnerships can significantly increase on the ground wildfire mitigation across a broad
landscape.

The BCFFA represent a collaboration of mountain fire chiefs from western Boulder County and
the Boulder County Cooperators, the training arm of the organization. Together we have a
joint mission to provide safe and effective all-hazard training and a forum for the open
discussion of emergency response. As such, wildfire risk reduction and forest health and
resiliency are extremely important to our organization.

The BCFFA fully supports these efforts to focus time and energy on forest and watershed
health, education and wildfire risk reduction planning. Please strongly consider this funding
request as it would greatly benefit our communities.

Sincerely,
1Pt

Bret Gibson

President

Boulder County Fire Fighters Association
501(c)(3) Non-Profit EIN 84-1287461




MAYA MACHAMER
maya@boulderwatershedcollective.org — 3180 17th Street, Boulder, Colorado, 80304 —(303)817-2261

Dynamic, results-driven professional with experience in effective program development and
implementation. Articulate and influential communication skills, serving as a valuable coordinator,
liaison, and advocate. Proven track record of completing set objectives within time and budget
parameters. Expertise encompass: program planning and implementation, project management,
creative problem solving and conflict resolution, relationship building and community outreach,
research, data collection, analysis, and reporting, grant writing and compliance.

Employment History

Director, Boulder Watershed Collective 2015-Present

e Planning and implementing disaster recovery projects including stream restoration, mine
reclamation and forest health projects.

e Obtaining and managing 7.3 million dollars in disaster recovery funds; primarily state and
federal funding including CWCB, DOLA and EWP funds.

e Organizational and program development, community engagement and education.

Project and Volunteer Coordinator, Long Term Flood Recovery Group (Boulder, Co) 2014- 2015

e Planned and managed volunteer interior construction projects and outdoor landscape repair
projects for flood affected Boulder County residents.
e Created systems to facilitate the delivery of needed assistance.

Emergency Management Intern, Office of Emergency Management (Boulder, CO) 2009 - 2010

e Provided direct support for Emergency Management and Preparedness operations by
responding to public inquires, organizing public outreach activities, preparing documents and
researching information.

e Provided Logistical support in the Emergency Operations Center during the Fourmile Fire.

Paramedic, Denver Health Paramedics (Denver, CO) 2006 — 2013

e Effectively responded to emergency calls providing emergency medical services and
administering pre-hospital advanced life support.

e Received a Certificate of Appreciation in recognition of life-saving tactics in May of 2009.

e Awarded Employee of the Year in 2010.

Disaster Medical Assistance Team Member (DMAT), Colorado 2010-2013
e On-call to provide national and international disaster medical assistance.

Education
Master’s Degree in Public Administration with a concentration in Emergency Management
University of Colorado at Denver, 2012.
Bachelor’s Degree Sociology with a certificate in Peace and Conflict Studies
University of Colorado at Boulder, 2000



Nathaniel E. Goeckner

11841 Ridge Parkway, #315, Broomfield, CO 80021
Telephone: (262) 853-8140 Email: Nathaniel.goeckner@colorado.edu

EDUCATION:
e MENV.--Masters of the Environment, University of Colorado Boulder,
Sustainability Planning and Policy

e B.S.--University of Wisconsin-Stevens Point, WI
Major: Natural Resource Management Minor: Sustainable Energy
Foreign exchange: La Trobe University, Melbourne, AUS

WORK EXPERIENCE:

Boulder Watershed Collective, Boulder, CO September 2020-Current
Forest Projects Manager and Saws and Slaws Outreach & Project Coordinator

Educational Engagement:

e Increasing stakeholder knowledge related to forest health and dialogue between the public
and land managers regarding forest management objectives and restoration.

e Increasing landowner and community support for forest restoration projects.

e Increasing community understanding of wildfire’s ecological benefits and impacts on
watershed and water system health at the landscape level.

e Created innovative forms of outreach and engagement — podcast A Wild Watershed, and
educational Take a Hike series, Virtual Webinar Series, Promotional and Outreach Videos

Landowner Outreach:

e Increasing community protection from wildfire via increased participation in existing wildfire
mitigation and restoration programs.

e Coordinating and facilitating forest treatment with landowners

e Facilitating a better understanding in local perceptions of wildfire risk, forest treatment, and
understanding of forest health.

e (Citizen Scientists Bird Monitoring Program

o Surveying breeding bird populations to see the effects of thinning treatments on
species richness, diversity, trends, etc.

Boulder County Forest Collaborative, Boulder, CO November2019-September 2020
Graduate Consultant

e Facilitate collaboration across, private, county, city and national land ownerships.

e Detail fire mitigation risk in the Fourmile watershed though collaborative GIS mapping

e Community outreach, education regarding wildlife mitigation and prescribed fire’s role on
our landscape

e Literature review of existing collaboratives, policies, funding, stakeholders, and
management objectives

City of Boulder, Boulder, CO April 2019-November2019
Group Lead-Volunteer Services and Horticulturalist

e Lead groups of volunteers for community stewardship projects. Coordinating schedules,
permitting and logistics. Data entry, facilitated meetings, teamwork, event planning.

(Work Experience Continued Page 2)


mailto:Nathaniel.goeckner@colorado.edu

e Performed community education and outreach programs. Facilitated a safe and effective
work environment. Represented the City of Boulder at events and with community
members.

Blue River Forestry and Tree Care, Boulder, CO October 2018-March2019
Arborist/Grounds man

e (Cleaned and maintained chainsaws, heavy equipment, climbing equipment.
e Pruned and manicured trees in safe and effective manner. Applied herbicide and fertilizer.

e Safely operated woodchippers, winches, chainsaws, utility buckets and other heavy-duty
power tools

Bureau of Land Management, Twin Falls, ID May 2018-August 2018

Recreation and Wilderness Park Ranger
e Performed maintenance and preservation of recreation sites, campsites, and restroom sites
e Monitored, navigated and marked wilderness boundaries within field office
e Inventoried roads using Arc Map - ESRI and GPS via data collector. Orientated and traversed
wilderness area.

University of Wisconsin-Stevens Point, Stevens Point, WI June 2017-August2017

Karner blue butterfly Research Technician
e Inventoried Endangered Karner blue butterfly for Wisconsin Department of Natural
Resources, installed linear transects for population counting via GIS, performed daily
weather measurements, and habitat documentation and indexing.
e Recorded detailed notes on spreadsheets of butterfly counts and population trends.

High Desert District Helitack Bureau of Land Management, Rawlins, WY May 2015 — August 2015

Helicopter Crewmember Trainee
e Assisted with helicopter missions including cargo net missions, water bucket work,
crewmember shuttling, completed helispot clearing and improvement, Initial Attack.

Certifications:

- Fire Fighter I/Hazardous Material Operations, NFPA 1001 - Chapter 5, NFPA 472 - Chapters 4,5,6.2,6.6; State of Wisconsin

- S-130, Firefighter Training; S-190, Introduction to Wildland Fire Behavior; I-100, Introduction to ICS; and L-180,
Human Factors in the Wildland Fire Service

- Qualified Firefighter Type 2; S-271 Helicopter Crewmember; Helicopter Crewmember Trainee

- S-212 Wildland Fire Chainsaws; Faller 3 Certified

REFERENCES:
e Maya MacHamer, Co-Founder and Director
Boulder Watershed Collective
303-449-3333

e Jody Dickson, Director
Saws and Slaws
jody@dickson.org

e Cesar Gellido, Founder
Saws and Slaws
cgellido@gmail.com



tel:3034493333
mailto:%20%20%20%20%20%20%20%20%20jody@dickson.org
file:///C:/Users/Maya/Downloads/cgellido@gmail.com

Clark Rider, Sustainable Transportation Specialist
University of Colorado Boulder
clark.rider@colorado.edu
303-735-7874

Lydia Lawhon, Lead Environmental Policy Specialization Instructor
University of Colorado Boulder
lydia.lawhon@colorado.edu

Cassy Bohnet, Volunteer Services Coordinator
City of Boulder
720-456-8069, BohnetC@bouldercolorado.gov

Nathan Jayo, Recreation Planner
Bureau of Land Management
208-735-2074, njayo@blm.gov
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Erin R. Fried

M.A. in Ecology and Evolutionary Biology, University of Colorado at Boulder
Email: Erin.fried@colorado.edu; Cell: (303) 817-9893

Education

2009 Colorado State University 2019 University of Colorado, Boulder
B.S., Psychology M.S., Ecology and Evolutionary Biology
B.A., (cum laude), Performing Arts Cumulative GPA: 4.0

Cumulative GPA: 3.73

Bibliography

Publications

Fried, E., Martin, A., Esler, A, Tran, A., & Corwin, L. (2020). Design-based learning for a sustainable future: student
outcomes resulting from a biomimicry curriculum in an evolution course. Evolution: Education and
Outreach, 13(1), 1-22.

Schroeter, I., Forrester, C., Brigham, L., Fried, E., Grabenstein, K., Karban, C., McDermott, M. (2018). Diverging from the

Dogma: A Call to Train Creative Thinkers in Science. Bulletin of the Ecological Society of America. doi:
10.1002/bes2.1463

Professional Experience

Education, Outreach & Event Coordination

2020-21 Research and Outreach Coordinator, The Center for Sustainable Landscapes and Communities, University of CO
Education and outreach to encourage communication and land stewardship across researchers, passionate
residents, organizations and students in Boulder.

2020-21 Pedagogy Adjunct Instructor, Learning Assistance Program, University of Colorado, Boulder
Collaboratively revised curriculum and taught one-two sections of undergraduate pedagogy course/semester
(the “act and art of teaching”) as part of the Learning Assistant Alliance Program; class consisted of
~23/section students over 5 months.

2020 Environmental Science Adjunct Instructor, Front Range Community College, Westminster
Created and taught active learning and project-based learning for one section of undergraduate environmental
science lecture and lab course, consisting of 23 students over 5 months, 6 hours per week of teaching.

2017 & 19 Ecology Teaching Assistant, CU Boulder
Revised curriculum and taught two sections of undergraduate ecology lab courses for in-field experiences,
consisting of ~28 students/semester over 5 months, 6 hours per week of teaching/semester.

2018 & 17 Evolution Guest Lecturer and Lead Researcher, CU Boulder & Dawson High School
Developed biomimicry curriculum to fit into an upper-division Evolution course and taught this curricula for two
weeks in two sections consisting of 64 students each.

2015-2016 Energy Behavior Change Team, Energy Outreach Colorado
Taught workshops on energy conservation and efficiency for non-profits and conducted in-home energy
assessments for low-income individuals. Assisted 7-14 non-profit projects every 3 months and visited over 50
homes throughout Colorado.

2012-2015 Dance Teacher, Outreach & Program Coordinator, The Aspire Project
Provided program support/outreach and lead dance classes for diverse underserved populations for 20-30
hours/week for 3 % years old to adults. Organized bi-annual community events for 300+ people.



2014  Storm Water Outreach Education Specialist, Environmental Service Department, The City of Gresham, Oregon
Educated residents on ecological impacts of storm water roof run-off, disconnecting downspouts and planting
rain gardens for eligible residents. Visited 200 homes in 4 months.

Grant Writing

2012-2015 Primary Grant Writer, The Aspire Project
Raised over 540,000 in 2014-2015 in support of capital campaigns and services for low-income families in
Portland, Oregon. Wrote 8 grants every 12 months.

Video Production

2012-2014 Videographer, Thumbs Up Video Production
Helped film 3 documentaries and assisted in editing 2 documentaries.

Research Experience

January 2020 — Dec 2020

Social Science Lead Research Consultant, The Nature Conservancy — Colorado Chapter
Case study investigation (53 interviews) in collaboration with The Nature Conservancy and Dr. Amanda Carrico
(ENVS, CU) investigating the drivers of agricultural land management in the Southern High Plains regions to
inform conservation strategies.

June 2017 — Sept 2019

Research Lead on Thesis, Ecology and Evolutionary Biology, University of Colorado, Boulder
Research in collaboration with Dr. Corwin and Dr. Martin investigating the influences of a novel bio-inspired
design curriculum to inspire actions. Collected qualitative data and converted to quantitative measures to
analyze how the curricula influenced student’s ability to apply scientific discovery to societal environmental and
climate action.

January 2018 — May 2019

Research Assistant, Community College Bio INSITES Network, University of Colorado, Boulder
Created and analyzed quantitative data from surveys conducted in collaboration with Dr. Lisa Corwin and Jeff
Schinske. Investigated the efficacy of a nation-wide community college network to increase CC biology education
research. This research is part of a National Science Foundation grant (NSF RCN-UBE #1730130).

June 2016- Aug 2017

Research Coordinator, Environmental Studies, University of Colorado, Boulder
Research facilitated under Dr. Amanda Carrico’s Behavioral and Environmental Research Team.
Conducted quantitative analysis on survey data to investigate psychological processes that influence decision
making around environmental behavior (e.g. data management on Sri Lanka Environmental and Agriculture
Decision Making Survey, surveys of hikers using open space trail systems in CO).

December 2016- May 2017

Research Coordinator, Ecology and Evolutionary Biology, University of Colorado, Boulder
Research facilitated under Dr. Lisa Corwin interviewing 15 undergraduate students, to understand the learning
outcomes and personal barriers when learning and participating in evolutionary based courses.

June 2016- Sept 2016

Research Assistant, Renewable and Sustainable Energy Program, University of Colorado, Boulder
Research facilitated under Adam Reed (JD) conducting literature analysis on current hybrid photovoltaic/solar
thermal technologies for application in a solar district heating ground loop technology system.



Scholarships, Honors & Awards

2019  CourseSource Writing Studio Workshop, CourseSource Journal (~$1,000 for travel to workshop)

2017  Chancellor’s Graduate Award, Center for STEM Learning, University of Colorado (~$20,000 in research funds)
2016  Non-Traditional Student Scholarship, University of Colorado at Boulder ($850)

2009 Bachelor of Arts Cum Laude, Colorado State University

Outreach and Service

Volunteerism

2019 Center for Sustainable Landscapes and Communities Member, Boulder, CO

2019 Leadership for Environmental Sustainability Course Teaching help, CU Boulder, CO
2018-2019 Undergraduate Outreach Committee, CU Boulder, CO

2018 Climate Change and Evolution Outreach Committee, CU Boulder, CO

2018 Wildlands Restoration Volunteer, Louisville, CO

2018 Boulder Bear Coalition Member, Boulder CO

2014-2015 Sustainable Overlook Member, Portland OR

Invited Workshops
2015 North Portland Neighborhood Sustainability Summit: Equity Issues in North Portland Neighborhoods

Skills

Qualitative Analysis — Conducting interviews, codebook development, survey implementation, Nvivo, Qualtrics
Quantitative Analysis —MS Excel, R Statistical Program (R, R Studio, R Markdown), Stata, SPS
Video Software — Apple Final Cut Pro 4 Editing Software, Apple Final Cut Pro 7 Editing Software

Presentations and Posters

Fried E, Corwin LA, Martin A, Esler A, Varnai M. (2018) Practicing Divergent Thinking in an Undergraduate Evolution
Course through Biomimicry. Society for the Advancement of Biology Education Research annual conference
2018, Minneapolis, MN (Poster)

Fried E, Corwin LA, Martin A, Varnai M. (2018) Divergence and Design in an Evolution Course. Discipline Based Education
Research Seminar Series through the Center for STEM Learning at University of Colorado, Boulder 2017-2018, Boulder,
CO (Presentation)

Schinske, J., Corwin, L. Fried, E. (2019) Who's Asking the Questions in BER? A Network Approach to Empowering
Community College BER Investigators. Gordan Conference, 2019 (Presentation).



Catherine Price
5898 Fourmile Canyon Drive, Boulder, CO 80302
903-235-7754  catherinehprice@gmail.com

Education & Certification
Southern Methodist University Dallas, Texas August 2002—May 2006
Bachelor of Arts, Corporate Communications and Public Affairs

The Yoga Institute Houston, Texas March 2008—December 2010
Certified Yoga Instructor
Owned and operated Cat Price Yoga - 2010

Professional Roles
Grants Manager Boulder, Colorado
Fourmile Watershed Coalition

«  Work with internal Fire District and Watershed Coalition staff to determine funding needs and
budget

« Track, report, and monitor grant funds, submitting requests for reimbursements and advance
payments, awareness and adherence to State and Federal compliance requirements, and
monitoring payments of contractors and consultants

« Manage multiple complex grants and oversee the timely completion of financial reports to funders

e Support Outreach, Project Management, Marketing and Fundraising, Organizational Development,
and General Administrative Tasks

Project Management Consultant Shreveport, Louisiana
Sheer Technology, LLC

« Manage client engagements for business process evaluations, technical application selection and
integration, website builds and redesigns, and marketing collateral creation

« Lead sales and marketing initiatives for Sheer Technology, including work order proposal writing,
RFP bid fulfillments, as well as campaign content and materials production

« Explore and analyze procedural tasks and/or challenges providing in-depth deliverables, such as
assessment reports and business or functional requirement documents

« Provide business and technical project management for a variety of industries
(i.e. accounting/financial firms, medical technology companies, lobby/advocacy groups)

Director of Communications Dallas, Texas
Mary Crowley Cancer Research Centers
« Managed public relations and marketing efforts
= Coordinated with PR firm to arrange interviews, develop text for services offered and emergent
developments in research, and advise concepts for marketing opportunities
« Planned and executed internal and external events
= International Conference on Gene Therapy of Cancer (2005—2007)
= 100+ researchers and physicians convene to discuss the latest breakthroughs in cancer
therapy research in a 3-day forum
= Fundraising and Auxiliary events, Board meetings, partnership presentations, media events
« Linked patients and physicians with the center
= Created monthly open trial cards for network sites and referring physicians
= Fielded and directed contacts with prompt service
« Assisted Development Director with grant submissions and funding request applications
= Created development materials for targeted audiences and mass distribution

Personal Profile
Character & Employee Strengths
« Amiable, independent, and detail oriented
« Excellent organizational, computer, and communication skills
« Experience in Microsoft Office, Adobe Contribute, WordPress and similar platforms, Google Earth,
custom-built applications and programs, Sage ACT, Photoshop, and social networking forums

Interests & Activities
« Creativity and innovation
« Architecture and interior design
« Travel, yoga, and outdoor recreation
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1.0 INTRODUCTION

In September 2013, heavy rains fell on the Front Range of Colorado for five consecutive days,
causing catastrophic flooding and significant damage to public and private property and
infrastructure. Rivers and streams throughout the region overtopped their banks, reclaimed
historic floodplains, transported tons of water and sediment, carried homes and cars
downstream, and left much of the landscape denuded of vegetation. Boulder and Larimer
Counties were among 18 counties that were part of the Presidential Disaster Declaration on
September 24, 2013. Nearly all of the watersheds along the Front Range were impacted by the
devastating floods, including the Big Thompson River Watershed in Larimer County and the
Fourmile Creek Watershed in Boulder County.

Along with several other coalitions, the Big Thompson Watershed Coalition (BTWC) and the
Fourmile Watershed Coalition (FWC) formed in the wake of the flood to spearhead recovery
efforts in their watersheds. In the span of five years, these coalitions brought communities and
local stakeholders together; created master plans to identify and prioritize needs; secured
federal, state, and local funding to complete flood recovery projects; and implemented dozens
of river rehabilitation projects within their watersheds.

Careful and consistent monitoring of these projects can be useful in evaluating whether the
flood recovery projects have achieved their stated goals and led to reach-scale improvements.
Monitoring can also help to determine whether interim actions may be taken to adaptively
manage these projects toward meeting their objectives and positively impacting their river
corridors. This document is designed to support the BTWC and FWC in their efforts to monitor
the effectiveness of flood recovery projects implemented in their respective watersheds in
response to the September 2013 Front Range floods.
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2.0 MONITORING PLAN GOALS AND METHODS

The Big Thompson Watershed Coalition and the Fourmile Watershed Coalition share a vision of
watershed health and resilience for their respective watersheds. This monitoring plan is meant
to help guide the coalitions in assessing areas of improvement and ecological lift within their
watersheds.

The primary goals of this monitoring plan are:

(1) To monitor the long-term effectiveness of flood recovery projects by tracking changes to
stream health factors and key watershed functions over time; and

(2) To inform adaptive management decisions so that if needed, actions can be taken to
keep project areas on a trajectory toward watershed health and resilience.

Because flood recovery projects were conceived, designed, permitted, and implemented in
extremely short timeframes, limited post-flood and pre-project monitoring data were collected.
In addition, project design reports often lacked detailed information about project goals and
objectives. While retrospective interviews may be conducted with project designers and
engineers to gather more information about specific project goals, this monitoring plan will not
assume any specific project objectives or create quantitative performance standards or
management triggers. Rather, it will guide the coalitions in assessing positive, neutral, or
negative trends in stream health factors as a way to determine whether reaches are on a
trajectory toward watershed health and resilience, and to assess whether identified project-
specific objectives are being met. Recommendations made in this monitoring plan also consider
the limited resources of the coalition to conduct monitoring activities at multiple project sites.

2.1 LEFT HAND WATERSHED CONCEPTUAL MODEL AND KEY WATERSHED
FUNCTIONS

The Left Hand Watershed Center’s (LHWC, formerly Lefthand Watershed Oversight Group)
adaptive management guide (Building Watershed Resilience through Adaptive Management,
Appendix A) provides a useful and relatively detailed conceptual model that can be used as a
resource to understand and define their vision of watershed health and resilience. The
conceptual model includes illustrations and descriptions of different watershed zones (canyons,
alluvial fan, high plains) through time (pre-flood, post-flood, restoration, desired potential
future condition), depicting how the watershed has changed over time and illustrating a
trajectory toward resilience. The model proposes to track the trajectory toward resilience
through monitoring of key watershed functions, identified in LHWC’s monitoring documents as:

- Flow Regime (water quantity, timing, and floodplain connection);

- Stream Form (physical stream channel, including channel dimensions, gradient, and
lateral and bank stability);

- Sediment Regime (sediment, including bed structure, sources, and transport); and

- Ecological Community (aquatic and riparian habitat and biological communities).
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Performance standards and management triggers are listed in LHWC’s documents and may be
used by BTWC and FWC to help quantify or determine whether adaptive management actions
are warranted at a particular time. While many of these triggers are qualitative, they can still be
used to assess trends and trajectories toward watershed health and resilience.

2.2 CWCB FLOOD RECOVERY MONITORING PROGRAM

A number of the project sites in both the Big Thompson and Fourmile watersheds are part of the
Colorado Water Conservation Board’s (CWCB) flood recovery monitoring program. The CWCB
prioritized 27 of more than 100 flood recovery projects as high-priority reaches where detailed
baseline data were collected in 2017 and 2018 (as soon as practicable after project completion)
to track changes and future progress. In particular, 4 projects in the Big Thompson watershed
sponsored by BTWC (West Creek, Fox Creek, North Fork, and Jasper Lake), and 2 projects in the
Fourmile watershed sponsored by FWC (Wall Street and Ingram Gulch), or almost 30 percent of
projects from each watershed, are included in the CWCB monitoring program.

The CWCB flood recovery monitoring program uses baseline and future monitoring data to
understand stream health trends and to evaluate the goal of enhancing watersheds and stream
corridors. The program applied the Colorado Stream Health Assessment Framework (COSHAF), a
Colorado-specific tool that uses 11 variables to evaluate the key factors that determine the
health and resilience of a stream reach, to ensure that all relevant aspects of stream health are
considered, and to serve as a guide for determining which monitoring parameters are most
relevant. Upward or downward trends in stream health factors are tracked using selected
parameters, indicators, and observations made during future monitoring efforts. COSHAF
identifies the following 11 variables as key factors that determine the health and resilience of a
stream reach:

- Flow Regime (amount and timing of water supply);

- Sediment Regime (amount, timing, and type of sediment supply);

- Water Quality (physicochemical properties of water);

- Landscape (buffer capacity and aquatic and terrestrial habitat connectivity);

- Floodplain Connectivity (frequency, extent, and duration of floodplain saturation or
inundation);

- Riparian Condition (riparian habitat condition, including vegetation structure and
diversity);

- Organic Materials (supply of wood and detritus to the reach);

- Morphology (reach morphology including stream evolutionary state, planform,
dimension, and profile);

- Stability (ability of the reach to maintain form via resistance, dynamic equilibrium, and
resilience);

- Physical Structure (physical habitat including water depth, velocity, structural
components, and substrate); and

- Biotic Structure (community and trophic structure of the organisms in the reach).

Of the 11 variables, the first 4 are watershed-scale and the remaining 7 are reach-scale. Because
rehabilitation and recovery projects were completed at a reach scale, monitoring activities and
selected parameters focus largely on the 7 reach-scale factors. Methods used in the CWCB flood
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recovery monitoring program are described in detail in their Flood Recovery Monitoring
Methods report (Appendix B).

2.3 BTWC/FWC PROJECTS AND MONITORING METHODS

This document serves as a plan for monitoring 14 flood recovery projects in the Big Thompson
Watershed and 7 flood recovery projects in the Fourmile Watershed. The projects addressed in
this plan are listed in Table 1.

Table 1. BTWC and FWC Flood Recovery Projects

Included in

Project Name Waterbody CWCB Monitoring Program?

Big Thompson River Watershed

West Creek West Creek Yes
Fox Creek Fox Creek Yes
North Fork North Fork Big Thompson Yes
Waltonia Big Thompson River
Mountain Shadows 1 Big Thompson River
Mountain Shadows 2 Big Thompson River
Moodie Big Thompson River
Cedar Cove Big Thompson River
Jasper Lake Big Thompson River Yes
Sylvan Dale Ranch Big Thompson River

City of Loveland Water

Treatment Plant Big Thompson River

Wild Natural Area (& Big Thompson River
Neighbors)/Reach 28
Rossum-Wilson Big Thompson River
Rist-Goss Diversion Big Thompson River
Fourmile Creek Watershed
Sunset Pond Fourmile Creek
Wall Street Fourmile Creek Yes
Ingram Gulch Ingram Gulch Yes
Upper Ingram Ingram Gulch and gullies
Black Swan Fourmile Creek
Logan Mill Fourmile Creek

Lower Fourmile Bank

. . Fourmile Creek
Protection Projects

Building from the LHWC and CWCB monitoring frameworks, this monitoring plan will provide a
guide for monitoring each of the projects listed in Table 1. Section 3 of this monitoring plan will
identify and describe a range of monitoring parameters and methods that are useful for
assessing stream health. Parameters are grouped into physical, chemical, biological, and “other”
categories. These parameters relate directly to the key watershed functions identified by LHWC,
as well as the stream health factors used in the COSHAF model.
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Sections 4 (Big Thompson Watershed) and 5 (Fourmile Watershed) of the monitoring plan will
contain a sub-section for each of the projects listed in Table 1. These sections will describe each
flood recovery project, list its stated goals and objectives, and inventory and document project
details. Based on that information, the plan will identify the parameters and methods from
Section 3 that may be useful in assessing the condition of the project reach, including
recommended frequencies and specific locations to the extent possible.

For projects included in the CWCB monitoring program, baseline information from those
monitoring efforts should be used to assess trends. For projects not included in the CWCB’s
program, limited baseline data will be available, but data should still be evaluated regularly to
assess whether positive, neutral, or negative trends are being observed for stream health
factors and/or key watershed functions.

While this monitoring plan is designed to track improvements or declines in reach-scale stream
corridor health and resilience over time, particularly as they relate to specific project goals, the
plan also intends to serve as a tool to inform adaptive management decisions. If data and
observations show that parameters related to a particular stream health factor or watershed
function are worsening over time, watershed coalitions can intervene and initiate actions to
alleviate those conditions. For example:

- If cross-section surveys show incision and disconnection of the primary channel from
the floodplain, the constructed bankfull benches may not be inundated every 1.5 to 2
years as intended. Floodplain wetness, inundation levels, riparian plant species, and
cross-sectional channel dimensions would then be checked, and adaptive management
treatments related to reconnecting the floodplain may be initiated to remedy the
condition.

- If photo points and SVAP assessments show dry-up points or extremely shallow sections
of the main channel where flow is spread out across the channel and water depths are
too shallow to support aquatic life during times of low flow, cross-sectional channel
dimensions would be checked and adaptive management treatments, including channel
shaping, installation of a low-flow channel, or thalweg definition may be implemented.

The monitoring plan can also produce information that will prove helpful to project designers.
For example, if design engineers or geomorphologists expected a component of their design to
function a certain way and monitoring illustrates that something different is occurring, useful
information for the design of future projects may be gleaned. Some examples include
expectations about plant survival, floodplain bench or overflow channel activation (i.e., at what
flow or recurrence interval is an area expected to be wet), success and persistence of pool scour
mechanisms, and functionality of installed structures. This type of information can be shared
with project designers, and may also be used to inform adaptive management decisions and
actions.
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3.0 MONITORING PARAMETERS

This section describes the suite of potential physical, chemical, biological, and other monitoring
parameters available for use at the flood recovery project sites. Links to applicable existing
methods, approaches, and/or Standard Operating Procedures (SOP) are provided to the extent
possible. In the appropriate section, each parameter is described, potential reasons for its use
are identified, and links or suggestions for suitable methods are provided.

3.1 PHYSICAL PARAMETERS

Physical surveys are conducted to document how the physical project area moves, shifts, and
changes over time. Physical parameters that may be monitored include cross-section and
longitudinal profile surveys, substrate surveys, surveys of installed structures, and surveys of
aquatic habitat features. Each survey type is described in more detail below.

3.1.1 Cross-Section Surveys

Cross-section (XS) surveys are linear arrays of station-elevation data measured perpendicular to
the channel across the stream, riparian area, and floodplain. Elevations are plotted at stations
(particularly grade breaks) across specific project cross-sections to see how ground height has
changed over time as a result of aggradation, degradation, and other geomorphic processes.

Repeat cross-section surveys with a common datum and coordinate system are a powerful tool
for tracking changes at a project site over time. They enable detection of geomorphic change
that might occur as a result of flood scour, bed-material aggradation, or lateral channel
migration (USGS 2015, CWCB 2013), and allow for tracking changes in channel dimensional
shape and size, migration, bank erosion, lateral accretion, bed scour, incision, deposition, and
other processes. Cross-section surveys can also be used to calculate channel dimension
parameters (e.g., cross-sectional area, width, depth, width-to-depth ratio, bank height)
(Beardsley and Johnson 2018).

To collect cross-section data, the elevation at each station across the XS is recorded relative to
control points on the site. Established control points have a set location and elevation, and
therefore increase the accuracy of the survey and allow for survey work to be relocated by
future parties despite changes that may have occurred to the channel, banks, or floodplain. XS
surveys may be conducted using any appropriate survey gear, including tape and rod, laser level,
survey-grade Global Positioning System (GPS), and total station. Where possible, XS end points
should be marked with capped rebar pins, and their locations should be recorded on a GPS
device so that they can be located in the future. A detailed SOP produced by the CWCB that may
be referenced when completing cross-section surveys is provided in Appendix C.

The ideal time to conduct cross-section surveys is during fall when water levels are low and
significant geomorphic change is unlikely. Unless a major spring runoff event or flood has
occurred, it may not be cost-effective or a good use of time to conduct cross-section surveys
annually. Photo points (discussed in Section 3.4.1) are an effective way to document changes
from year to year and can be reviewed to decide whether investing in cross-section surveys is
worthwhile. If flows stay near bankfull even during spring runoff, cross-section surveys are only
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recommended every 3-5 years. If flows are higher, these surveys may be conducted more
frequently. At least one member of the survey team should have technical training or
experience to ensure accurate surveys that include an appropriate level of detail.

3.1.2  Longitudinal Profiles

Longitudinal profile surveys are elevation profiles measured along the project area from
upstream to downstream in order to track changes in bed elevation and grade breaks.
Elevations are plotted at stations (particularly grade breaks) along the vertical profile of a
project area to see how the local topography has changed over time as a result of geomorphic
processes.

The purpose of the longitudinal profile survey is to capture the topographic variability of the
streambed and floodplain, as well as significant channel-formed features (CWCB 2013, USGS
2015). These surveys are useful in characterizing the average slopes and depths of bed features
such as riffles, pools, glides, runs, step-pools, and cascades. They show the range of channel
gradients, spacing and length of channel features, type and distribution of grade controls, and
pool scour depths. Longitudinal profile surveys are particularly useful in assessing whether a
headcut is moving up a channel, whether the channel is becoming incised, how the size of
habitat features (e.g., riffles, pools) is changing, whether habitat features are migrating, whether
pools are being appropriately scoured or filling in, and other related questions.

Longitudinal surveys define the downstream slope or grade, and are typically measured at the
thalweg (i.e., deepest part of the channel), but may also include the left and right edge of water,
left and right banks, tops of gravel bars, levees, and terrace scarps (CWCB 2013). Data should be
recorded at locations where changes in elevation occur (e.g., riffle crest, riffle tail, pool, pool
tailout, headcut), and can also be documented at other areas of interest (e.g., bars, islands, side
channels, eroding banks, berms, in-channel structures). As with cross-section surveys, the
elevation at each station is recorded relative to established control points at the site. A detailed
SOP produced by CWCB that may be referenced when completing longitudinal profile surveys is
provided in Appendix C.

Longitudinal profiles may be conducted to measure vertical stability as time and budget allow.
They can be particularly useful in areas where conveyance, sedimentation, or pool depth are
concerns. Gathering longitudinal profile data may also be warranted in canyon locations where
room for cross-section surveys is especially limited. In general, these are recommended on a
case-by-case basis to answer particular questions or evaluate specific project goals. If
conducted, they only need be repeated every 3-5 years or during the low-flow period following
a significant flow event. As with XS surveys, at least one individual involved in the longitudinal
profile survey should have technical training or experience to ensure accurate and appropriately
detailed surveys.

3.1.3  Thalweg Depth Measurement

A well-defined thalweg, or deepest portion of the channel, is important for survival of aquatic
biota during times of low flow. A common objective of many flood recovery rehabilitation
projects is definition of a low-flow channel for the benefit of resident aquatic species. Repeating
measurements of thalweg depth provide an indication of the quality of low-flow habitat
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provided by the project, and indirectly measure of the stability of the constructed low-flow
channel.

A thalweg survey consists of measuring the depth of the thalweg at regular intervals throughout
a project reach and computing the average depth. Specifically, thalweg depth should be
measured using a range pole, stadia rod, or similar measuring stick at regular intervals
depending on the length of the project reach (a total of approximately 50 measurements should
be targeted). Depths measurements should be recorded, and an average thalweg depth
computed. Comparison of average depths over time will provide information on habitat,
stability, and persistence of a well-defined low-flow channel. Performing thalweg surveys is
recommended during low flows, and these surveys must be conducted during comparable flows
from year to year (e.g., every fall).

3.1.4  Substrate Surveys

Substrate surveys are conducted to characterize the composition of the streambed and banks by
quantifying the size of bed material, and are generally done using a standard Wolman pebble
count procedure (Wolman 1954). Pebble counts are used as a monitoring tool particularly in
areas where fine sediment loading and fish spawning habitat availability are primary concerns.
These data are relatively easy to collect, and provide information about gross changes to
streambed composition.

Procedures for conducting Wolman pebble counts are provided in Appendix D. In general, bed
substrates are sampled at riffle features on regular intervals (e.g., heel-toe or short steps) across
the active stream bed in a zig-zag pattern. The diameters of the intermediate axis of at least 100
particles along the transect are measured using a standard ruler or gravelometer, and classified
into Wentworth class sizes (gradations of sand, gravel, cobbles, and boulders) to yield a grain-
size distribution for the sampled riffle.

Substrate samples can also be conducted on point bars to provide information about newly
deposited material. Recording the median (D50) and maximum (Dmax or D100) particle sizes
can provide useful information about stream power, competency, and the relative size of
material being transported and deposited. A rapid method for point bar assessments developed
by TJ Burr at NRCS is outlined in Appendix E (Rapid Point Bar Assessment Method). This method
involves visually assessing the downstream third of the selected point bar; measuring the
intermediate axis of at least ten particles that represent the average particle size on the point
bar and averaging those measurements to determine the D50; measuring the intermediate axis
of the largest 3 particles on the point bar and identifying the largest one as the D100/Dmax; and
documenting the site.

At flood recovery project sites, pebble counts are recommended in areas where sedimentation
is a concern, or at locations where project designers were intending to achieve a specific
average bed material size. Point bar samples are useful in areas where project designs were
driven significantly by sediment transport, or where project designers seek to verify their
substrate sizing. Pebble counts and point bar assessments can easily be conducted by capable
volunteers, landowners, or citizen scientists with little training. They are most effectively
performed in low-flow conditions.
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3.1.5  Structure Surveys

Structures installed as components of each flood recovery project may be monitored to ensure
that the feature or structure is serving its intended function. However, it is important to note
that while the qualitative and quantitative surveys of installed structures described in this
section can be used as a tool to inform adaptive management decisions and actions, they are
not a component of monitoring overall stream health. Conditions related to key watershed
functions or stream health factors should be assessed independent of whether the installation
of specific structures was meant to improve these conditions.

Structure surveys do not provide or substitute for an assessment of basic stream health factors
to determine whether a project reach or stream segment is on a trajectory toward watershed
health and resilience. Approaches to assessing and monitoring river health generally do not
include assessments of specific installed structures. Rather, information gathered about the
structure and function of a particular reach may provide insight into whether the intended goals
of the structures (and of the overall project) are being met. A failing “structure” in and of itself is
not detrimental if its intended functions are still being met, or if overall watershed health is still
on a positive trajectory. Structures are often intended or expected to degrade over time, and
the stream is expected to adjust naturally. The intention of many restoration actions is to “kick-
start” or set the system up for recovery, rather than installing features that persist through time
or are meant to be final products.

Photo points (discussed in Section 3.4.1) are useful tools for documenting changes in structures
over time, but some more quantitative methods can also be employed. The CWCB’s Measurable
Results Program (MRP) provides an in-channel structure assessment field form that allows an
evaluator to rank the relative stability of the area surrounding the installed structure and to
assess the condition of the structure itself (CWCB 2016a). The form also helps the evaluator
determine the causes of impairment by listing and defining possible causes. This procedure may
be used to assess constructed in-channel structures such as cross vanes and J-hooks. This SOP
for Assessment of In-Channel Structures is provided in Appendix F.

In general, walking a project site and visually inspecting the installed grade control, bank
protection, and other structures, specifically looking for items such as significant movement of
structural components, signs of erosion, other divergences from post-construction appearance,
or potential for unintended consequences, is recommended if resources are available. In lieu of
filling out a formal form or checklist, photo documentation and/or narrative descriptions could
be shared with project designers to obtain their input on whether adaptive management actions
may be warranted.

Structure surveys should be performed in low-flow conditions where as much of the structure is
as exposed as possible, but observing them at high flows can also be useful because more
substantial flows have the greatest impacts on geomorphic change and stream form. Structures
can be documented by citizen scientists, volunteers, or local landowners, but documentation
should be reviewed and structures should be formally assessed by coalition staff or landowners
who are familiar with the particular structure and its intended functions.



Big Thompson and Fourmile Watershed Monitoring Plan December 2019

3.1.6  Aquatic Habitat Feature Surveys

Aquatic habitat features, or facet types, are combinations of water depth and velocity that
define different habitat features in a stream during low-flow conditions. The four facets are:

- Riffle (fast, shallow) (or cascade, defined as very fast and shallow);
- Run (fast, deep);

- Pool (slow, deep); and

- Glide (slow, shallow).

Occurrence of varying depth and velocity patterns is an important feature of habitat diversity
and quality. The presence of all four of these patterns in a high-gradient stream relates to the
stream’s ability to support and maintain a stable aquatic environment for resident aquatic
species through all their life stages (Barbour et al. 1999). Furthermore, hydraulic diversity
interacts with bedforms to influence bed material sorting processes that contribute to diversity
in benthic habitat as well (Cluer and Thorne 2013). Aquatic habitat feature surveys are a useful
and relatively easy tool for monitoring habitat variability, and are recommended for reaches
where enhanced aquatic habitat was a primary or secondary objective.

The frequently cited and implemented EPA Rapid Bioassessment Protocol, Barbour et al. (1999),
recommends 0.5 m (1.64 ft) as the depth criterion (less than 1.6 ft is considered shallow, greater
than 1.6 ft is considered deep) and 0.3 m/sec (0.98 ft/sec) as the velocity criterion (less than 1
ft/sec is considered slow, greater than 1 ft/sec is considered fast) for all high-gradient streams.
CWCB’s monitoring team used 1 ft as the depth criterion and 1 ft/sec as the velocity criterion
(Beardsley and Johnson 2018). For consistency and ease of implementation, CWCB criteria are
recommended for flood recovery projects, but the depth criterion of 1 ft may be reduced for
Fourmile Creek, Fox Creek, or other small tributaries.

In the detailed method used by CWCB and described in Appendix B, reaches were delineated
into segments by walking the reach during low-flow conditions and marking transition points
with a GPS. Stream segments are generalized across their width to allow for a coarse delineation
that represents the dominant facet type for each segment. Depths and velocities may be
measured using a stadia rod and current meter, respectively, but the experience of the CWCB
monitoring team allowed them to visually estimate these parameters (classifications can be
verified if needed). At project locations where baseline facet delineations have been completed,
the CWCB monitoring team recommends that future surveyors look for obvious changes to
baseline delineations to detect change rather than remapping project reaches in order to reduce
error from different observers (Beardsley and Johnson 2018). Revisiting these facet delineations
can be useful in tracking changes to habitat feature sizes and locations over time or seeing if the
percentages of these features change significantly over time. This level of detail is useful for
comparing reaches or for documenting major geomorphic changes.

A simpler, but still quantitative, method for surveying aquatic habitat involves recording the
number of each facet type present within the project reach. This may be the preferred option in
reaches that are especially long or non-wadeable, or if a sub-meter GPS unit is not available.
Revisiting the site in the future and repeating the feature count will still provide a coarse
assessment of aquatic habitat and help check to ensure that aquatic habitat diversity is being
maintained over time. When using this method, the observer should consider making notes
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about the locations or attributes of certain features that might be useful to reference during
future surveys (e.g., largest pool approximately 50 ft upstream of downstream end of site,
longest riffle approximately 100 ft long under bridge). This simple method is referred to as the
“rapid” method for aquatic habitat feature surveys in the project-specific monitoring sections
(Sections 4 and 5).

Finally, the USFS Stream Inventory Handbook contains a method for inventorying aquatic
ecosystems by channel unit (USFS 2016, provided in Appendix G). Using this method for a
project reach or sub-reach can provide useful and detailed information about habitat types
including size and depth. It is particularly applicable in small streams like Fourmile Creek, where
the depth criteria specified above may not be met. The method involves parsing the channel
into channel units based on velocity and turbulence, and measuring the length, wetted width,
average depth, and maximum depth of each channel unit. This is a relatively precise way to
track changes to pool habitat in small streams, and will also verify whether aquatic habitat
diversity is being maintained over time. A modified field form to use when applying this method
is provided in Appendix H.

Regardless of method, aquatic habitat surveys are easier and safer during low-flow periods. For
comparability across years, they should also be conducted during similar flow rates (i.e., similar
timing) each year. Experienced observers can conduct these surveys more efficiently, but citizen
scientists or volunteers can also perform the surveys with some training.

3.1.7  Pool Area Mapping

Pool area is an important limiting factor for fish habitat. Therefore, if habitat is a primary project
objective, pool area mapping may be the best and most objective tool for assessing aquatic
habitat (as opposed to measuring the deepest location in a pool or tracking the size of individual
pools). Using a handheld GPS during low-flow conditions, the CWCB monitoring team quantified
pool area by delineating the pool perimeter (areas that are deeper than 1.5 ft plus the depth of
the nearest downstream grade control feature are located within the perimeter of the pool)
(Beardsley and Johnson 2018). This objective depth measurement is called the “residual pool
depth” (RPD) and can be repeated in future surveys. More details for this method, as well as
example mapping products, are provided in Appendix B. Pool area in small streams can also be
quantified when the USFS channel inventory method (Appendix G) is applied. RPD and pool area
are best delineated during low-flow conditions.

3.2 CHEMICAL PARAMETERS

Aquatic organism and stream substrate chemistry monitoring are beyond the scope of this
monitoring plan and are not typical components of river restoration project monitoring.
However, information about water quality is pertinent to the characterization of stream habitat.
A combination of information about physical characteristics and water quality provide insight
into a stream’s capacity to support a healthy aquatic community, and about the presence of
stressors (both chemical and non-chemical) to the aquatic ecosystem (Barbour et al. 1999). The
sub-sections below discuss water quality monitoring at flood recovery sites.
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3.2.1 Water Quality Parameters

Certain water quality measurements can be important for assessing stream health, particularly
some standard parameters that can be measured in situ with a handheld water quality
instrument that provides instantaneous results. Water quality meters should always be
calibrated per manufacturer’s instructions for reliable readings. Relevant water quality
parameters include:

- Temperature: Water temperature can be recorded using a standard water quality meter
or a thermometer. The ranges of many aquatic species are limited by temperature, so
this parameter is important to measure from a habitat perspective. Shading from the
riparian canopy, good hyporheic exchange with local groundwater, and seepage from
spring-fed tributaries (in some cases) contribute to lower temperatures that support the
cool- and cold-water fish species present in Colorado streams and rivers. Water
temperature is recorded in degrees Celsius or Fahrenheit.

- Turbidity: Water clarity can be limited as a result of high levels of total suspended solids
(TSS) in the water column. High TSS can be associated with reach-scale channel
instability that produces elevated levels of fine sediment from bed scour and bank
erosion (Cluer and Thorne 2013). Streams often show some turbidity after storm events,
so prior weather conditions should be noted, especially if turbidity readings are high.
Turbidity is generally recorded in NTU (Nephelometric Turbidity Unit).

- Dissolved Oxygen (DO): Dissolved oxygen is the amount of free oxygen present in the
water column, and is important for the survival of fish and other aquatic species. To
ensure accurate readings when using a water quality meter to record DO, the meter
must be suspended in the water column and out of direct contact with the stream bed,
which is sometimes difficult in shallow streams. DO is typically measured in micrograms
per liter (ug/L).

- Conductivity: Conductivity is a measure of water’s capability to pass electrical flow,
which is related to the number of ions (i.e., dissolved salts) in the water. The ranges of
some aquatic species, including fish and benthic macroinvertebrates, are limited by
conductivity. This parameter is particularly important to record in areas with a history of
mining. Conductivity is typically measured in micromhos per centimeter (umhos/cm) or
micro Siemens per centimeter (uS/cm).

- pH: pH measurements indicate the level of acidity in the water. On a scale from 0 to 14,
lower numbers indicate high acidity, pH 7 is neutral, and higher numbers indicate water
that is more basic. Like conductivity, the ranges of many aquatic species are limited by
pH, and this measurement is important in areas with a history of mining. pH is unitless.

In addition to recording water quality parameters using a meter, the water’s appearance should
also be documented. A visual assessment can be made to assess turbidity if a meter is not
available. Oily sheens or odd smells should be recorded as well, although these may be natural.
Water that is discolored or cloudy should be noted also, as different hues may be visual
indicators of low pH (e.g., metal precipitates in acidic streams such as iron (orange), manganese
(black), or aluminum (white)).
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3.2.2 Water Chemistry Monitoring

Water chemistry is important to watershed health and resilience, particularly in locations with
legacy mining, but water chemistry monitoring and recommendations are beyond the scope of
this monitoring plan. However, both the Fourmile and Big Thompson watersheds have some
water quality data available that may be reviewed and used to supplement other monitoring
activities.

The Fourmile Watershed Coalition has partnered with Trout Unlimited (TU) to sample water
chemistry at several locations on Fourmile Creek and its tributaries, some of which are proximal
to flood recovery project sites. This information should be used where available to provide
additional information about stream health at or near project locations. Sites were sampled in
summer 2017 and 2018 for a suite of metals, and water quality parameters were recorded as
well. TU produced reports summarizing sampling results, with more detailed information
regarding parameters that exceeded water quality standards.

Similarly, the Big Thompson Watershed Forum regularly collects water quality data, including
metals, nutrients, and water quality parameters, on the Big Thompson River and some of its
tributaries. Some of their sites are near or within flood recovery project boundaries, and data
may be used where locations coincide to provide additional information about stream health at
or near project locations. The Forum produces an Annual Water Quality Report summarizing the
results of their data collection efforts each year. They also recently installed a temporary real-
time USGS monitoring station in the Jasper Lake project reach to measure temperature,
conductivity, pH, and turbidity at 15-minute intervals during winter 2017-2018.

3.3 BIOLOGICAL PARAMETERS

Biological monitoring is important for documenting the ecological condition of the project area
(in-stream, riparian, and upland regions). The most critical component of biological monitoring
at all flood recovery project sites is vegetation monitoring, as vegetation is important for both
the structural and ecological integrity of a stream corridor. Benthic macroinvertebrate and fish
species and populations may also be assessed and tracked over time to provide additional
information about the health of resident aquatic communities, and as indicators for overall
stream condition.

3.3.1 Vegetation Monitoring

The importance of healthy and functional riparian areas cannot be overstated, particularly to
kick-start recovery of flood-affected areas. Riparian areas provide many critical functions for
maintaining healthy and resilient stream ecosystems, including providing physical roughness
that slows water velocities and mitigates the impacts of flood flows; increasing bank stability
through root system cohesiveness; hosting a diversity of riparian plants, animals, and microbes
though provision of moisture, micro- and macro-topography, micro-climates, and healthy soil
conditions; filtering surface runoff; shading the stream corridor to lower water temperatures for
the benefit of aquatic species; contributing large wood to stream channels, which provides
habitat, in-stream cover, pool creation, and sediment trapping; adding organic matter to the
stream corridor; and creating off-channel habitats like backwaters, wetlands, and side channels
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that act as refugia for fish and other aquatic species. Well-established and connected riparian
areas also link stream corridor and upland ecological processes.

The ideal time for vegetation monitoring is in late summer or early fall during the peak growing
season, before the onset of senescence. Numerous methodologies exist for monitoring riparian
(and upland) vegetation, and most are contingent upon the evaluator’s ability to correctly
identify native and non-native plant species. In an effort to provide some quantitative
vegetation monitoring options while still allowing for evaluators who may not have in-depth
knowledge of plant identification, three different methods are described in the sub-sections
below.

CWCB’s monitoring team has implemented a guild-based approach to vegetation monitoring,
meaning that herbaceous plants were grouped by functional guild (e.g., grasses, sedges, forbs,
mixed ruderal species) instead of by species, and shrubs were identified to either genus or
species. LHWC’s monitoring approach is a modified version of the CWCB methodology, where
dominant and non-native vegetation are recorded by species, and several additional companion
measurements are made for each plot. AlpineEco’s approach also considers the CWCB
methodology, but focuses on quantitative assessments of vegetative cover and qualitative
assessments of other variables that may affect the overall success of the site.

3.3.1.1 CWCB Vegetation Transect Surveys

The CWCB vegetation monitoring method consists of evaluating plots placed along transects
(Beardsley and Johnson 2018). Depending on the site layout, plots are either placed
perpendicular to the stream channel (coincident with XS transects) or parallel to the channel (at
locations with only a narrow riparian bench). Details about the monitoring method are provided
in Appendix B and summarized here.

Transect endpoints are marked with capped rebar pins and locations are recorded with a GPS. A
tape measure is stretched between the end pins, and monitoring occurs from the landward
extent of the floodplain to the edge of water during baseflow conditions. At sites with a narrow
riparian bench, monitoring occurs from upstream to downstream. The tape measure defines the
center of the plot, with 2 meters on each side of the tape creating the plot (so that plots are 4
meters wide). The length of the plots along the transect vary, and are determined by breaks in
vegetation composition. The following data are recorded at each plot: dominant and
subdominant herbaceous functional “guild” (e.g., grasses, sedges, forbs, mixed ruderal species);
percent herbaceous coverage; dominant and subdominant shrub genus (e.g., willow) or species
(e.g., coyote willow); percent shrub coverage; and number and type of individual shrubs.

The CWCB method for monitoring riparian and upland vegetation is useful for evaluators with
limited plant identification knowledge. It is adaptable to many different site configurations, and
is worth repeating at sites that are already part of the CWCB monitoring program. Creating plots
that are coincident with XS transects allows for vegetation composition and development to be
analyzed in relation to floodplain position and elevation.
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3.3.1.2 LHW(C Riparian Condition Monitoring

LHWC’s riparian condition monitoring procedures are a modification of CWCB’s vegetation
transect survey methods described in the preceding sub-section (LWOG 2018). The complete
methodology is provided in Appendix | and summarized here.

Transects are placed perpendicular to the channel, with transect endpoints extending beyond
project boundaries, marked with capped rebar pins, and GPS coordinates recorded.
Approximately 3 plots measuring 6 feet by 12 feet should be placed along the transect on each
side of the channel (for a total of 6 plots). Zones will likely be channel edge, floodplain, and
upland, with potential additions such as terrace or vegetated island. The center point on the
transect tape should be recorded, with the plot boundaries extending 6 feet upstream and
downstream of the tape, and 3 feet toward and away from the channel. Placing removable pin
flags on plot corners is recommended for visualizing plot boundaries. The following parameters
should be measured at each plot: dominant species (220% cover, species identification); native
biodiversity (number of native species); woody species age class diversity (number of age
classes, e.g., seedling, sapling, mature, dead); percent cover of herbaceous species; percent
cover of woody species; non-native species (species identification, percent cover, and instances
of State-listed noxious weeds); and percent cover of bare ground.

The LHWC methodology has several important components for monitoring flood recovery
projects that may be incorporated even if the CWCB method is selected. The methodology
includes success criteria for each of the parameters recorded, which may be helpful to
document trends and trajectories for watershed health. This methodology specifies monitoring
similar transects and plots at an unmodified control location and a restoration project location.
For the purposes of this monitoring plan, transects may be placed only at flood recovery project
locations.

3.3.1.3 AlpineEco Flood Recovery Vegetation Monitoring

AlpineEco’s flood recovery vegetation monitoring procedures consider CWCB’s vegetation
transect survey methods described in the preceding sub-section, but focus on quantitatively
measuring vegetative cover and qualitatively assessing other variables that may affect the
overall success of the site. The complete methodology is provided in Appendix J and
summarized here. A field form to use when applying this method is provided as Appendix K.

Transects are established perpendicular to the channel, and two methodologies are
implemented to estimate overall vegetation and overall ground cover: a modified Daubenmire
method (BLM 1999) to estimate herbaceous vegetation cover using 0.5 x 0.5 meter quadrats at
5-ft intervals on the downstream side of the transect, and the line-intercept method (BLM 1999)
to estimate woody plant cover (shrubs and trees) along the transect. Information about the
general ecological condition of the site is recorded during a general site reconnaissance, or
“wandering transect.” The wandering transect qualitatively assesses other variables that may
affect the overall success of the site, such as presence of volunteer plants, problem bare areas,
insect infestations, human or animal use, formation of problem rills or gullies.
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3.3.2  Benthic Macroinvertebrate Community Monitoring

Benthic macroinvertebrates are excellent indicators of the condition of lotic aquatic systems
because macroinvertebrates are found in almost all freshwater environments, have a small
home range, are relatively easy to sample and identify, and the different taxonomic groups
show varying degrees of sensitivity to pollution and other stressors (CDPHE 2016a, Barbour et al.
1999).

The Colorado Department of Public Health and Environment (CDPHE) monitors streams
throughout the state for assessment and protection of water resource quality. Their principal
indicator is a multi-metric index (MMI) based on direct benthic macroinvertebrate sample data.
By using five to six equally weighted metrics, the MMI combines measures of diversity,
abundance, pollution tolerance, community structure, and other factors to generate a
normalized score of 0-100 for each sample. Scores may then be compared to reference
threshold scores for one of three generalized Colorado biotypes (mountains, transition, plains).
The SOP used by CDPHE for benthic macroinvertebrate sampling (CDPHE 2016a) is provided in
Appendix L. Detailed procedures for sample collection, processing, and preservation are
provided in the SOP, and sending the samples to a reputable laboratory for taxonomic
identification is recommended.

Other indicators used to supplement the MMI in assessing the health of the benthic community
are the Shannon-Wiener Diversity Index (SDI) and the Hilsenhoff Biotic Index (HBI). The SDI is a
mathematical measure of species diversity within a given community. For benthic
macroinvertebrates, values range from 0-5, and higher values indicate higher species diversity
(MacArthur 1965). The HBI reveals the relative abundance of pollution-tolerant species. Scores
range from 0-10, where a higher value indicates more pollution-tolerant species are present
(Hilsenhoff 1987). In “grey” areas where the MMI alone is not sufficient, the SDI and HBI can
also be compared to attainment and impairment threshold values.

Benthic macroinvertebrate community monitoring is a useful tool for monitoring flood recovery
project sites, particularly if pre-project data are available. Macroinvertebrates can be monitored
at any time of year, but low-flow conditions are preferred for ease of sample collection using a
kick-net in wadeable streams. Macroinvertebrate community samples should ideally be
collected and analyzed every 1-2 years if possible. Sampling can be conducted by coalition staff,
or staff can train responsible and dedicated citizen scientists, volunteers, or landowners to
collect samples.

3.3.3  Fish Population Monitoring

Fish population monitoring, typically conducted via electrofishing surveys, are used to
determine fish species types, population estimates, relative species and age class distribution,
abundance, size, and other metrics related to the health of the fishery. Existing data collected by
Colorado Parks and Wildlife (CPW) should be used where available to supplement other
available biological data (refer to CPW’s website for a brief summary of fish survey methods:
CPW Fishery Management).

CPW has been conducting electrofishing surveys at several locations on the Big Thompson River
since before the 2013 flood, and has continued to collect data annually in the years following
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the flood event. Some of the survey locations are near flood recovery project sites, and those
data can be used to inform reach-scale stream health assessments.

Aside from anecdotal information stating healthy populations of brook trout and brown trout in
the upper canyon, limited fish species and population data are currently available for Fourmile
Creek. However, fish population data were collected for the first time in summer 2019 at several
locations, and will useful in assessing the aquatic condition of Fourmile Creek.

3.4 OTHER PARAMETERS

In addition to the monitoring parameters listed in previous sections, several other tools can be
used to gather important data about the effectiveness of flood recovery projects and help
evaluate reach-scale stream health and resilience. These include detailed photographic
documentation, qualitative visual assessments and observations (particularly the Stream Visual
Assessment Protocol developed by the NRCS), and discharge data. These parameters are
described in more detail in the sub-sections below.

3.4.1 Photo Points

A “photo point” is a photograph taken at an established location and direction with the
intention of recapturing the image from the same place repeatedly over time. Photo point
documentation is arguably one of the most valuable tools available for long-term monitoring.
Photo points provide a qualitative record of changes to stream and riparian parameters, and can
also be used to verify mapped parameters and make quantitative measurements (Beardsley and
Johnson 2018). Locations should be selected to capture features of interest in the stream,
floodplain, and riparian area. Professional judgement based on project goals and objectives, as
well as site-specific information in Sections 4 and 5 of this monitoring plan, should be used to
establish photo point locations in the field (CWCB 2016b).

Detailed documentation of exact photo point location and direction is essential to capturing
adequate information for resurveying each photo station. Several ways to accomplish this are
listed below, and application of more than one of these techniques is recommended:

- Indicating photo point locations on a field map (ideally a high resolution, large scale,
aerial orthophotograph printed on waterproof or laminated paper);

- Marking the location with an accurate GPS device;

- Recording the direction that the camera was pointed for the photograph in relation to
true north;

- Installing wooden or metal stakes or other physical monuments, if possible;

- Taking detailed notes regarding photo point locations;

- Including an obvious landmark or permanent reference point in the photo (e.g.,
building, bridge, highway mile marker, road sign, large tree, or other permanent
landscape features);

- Avoiding locations that will soon be obscured by growing vegetation; and

- Bringing historical photos along to the site when recapturing the image for as close a
directional and locational replica as possible.

17



Big Thompson and Fourmile Watershed Monitoring Plan December 2019

Additional professional tips regarding effective photo point documentation provided by the
CWCB’s monitoring team (Beardsley and Johnson 2018) include:

- Broader photos from high vantage points are usually most valuable for long-term
monitoring, unless the photo’s purpose is to track a specific feature (e.g., particular
pool, bank line, installed structure);

- Panoramic photos can be effective, but beware of automatic image distortions on
cameras and smart phones;

- Take photos in decent lighting conditions to eliminate glare and shadowing (optimal
conditions are usually high noon on a clear day); and

- Consider repeating photos at various times of year to capture different project elements
and seasonally dependent attributes of the reach (e.g., phenology, vegetation
development, stream stage, floodplain or overflow channel activation).

Some additional notes regarding file management and photo documentation are provided
below:

- Labeling photos either within their file names or in a companion photo log spreadsheet
(as soon after taking photos as possible) is a good way to accurately document photo
locations;

- Using a white board or similar signage to document photo locations is another common
way to ensure accurate documentation and attribution; and

- Cellular phone or iPad applications also have documentation features (in particular, the
“Context Camera” app on the iPhone records site name, location, date, time, and
bearing).

For reference, a detailed SOP for collection of stream restoration monitoring photographs
developed by the CWCB’s MRP is provided in Appendix M (CWCB 2016b). Another valuable
resource is the CWCB’s monitoring methods report (Beardsley and Johnson 2018, Appendix B).

3.4.2 Qualitative Visual Assessments

Numerous qualitative rapid visual assessment tools exist for ranking observations of stream and
floodplain features and condition. Because many of the flood recovery projects in the Big
Thompson and Fourmile watersheds that are part of this monitoring plan were funded by the
NRCS EWP Program, the Stream Visual Assessment Protocol developed by the NRCS and
adapted for Colorado streams and rivers is recommended for use here. In addition, pre-project
SVAP assessments have been conducted for many of these projects.

The SVAP2 uses 16 stream assessment elements to derive a comprehensive score for stream
health based on this rapid qualitative tool. Elements are scored based on descriptions in the
guidance document, available here: Stream Visual Assessment Protocol (SVAP2) and provided as
Appendix N (NRCS 2017). Guidance document descriptions are summarized in the field form
developed by Alba Watershed Consulting (Appendix O), but the guidance document should
accompany observers in the field and should be consulted for clarifications or when questions
arise. It provides definitions of terms and details about items to look for when conducting the
assessment, and helps different evaluators reach more similar conclusions. The 16 stream
assessment elements addressed in the SVAP2 are:
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- Channel condition (stream shape and channel evolution model (CEM) stage);

- Hydrologic alteration (degree to which hydrology and stream flow conditions differ from
natural or unregulated flow patterns);

- Bank condition (level of streambank stability);

- Riparian area quantity (amount of natural vegetation coverage along the assessment
reach and associated floodplain);

- Riparian area quality (health of riparian community in terms of composition, diversity,
age structure, and native species);

- Canopy cover and stream shading (percentage of shading by vegetation);

- Water appearance (degree of water clarity or turbidity);

- Nutrient enrichment (level of algal growth in the channel);

- Manure or human waste presence (livestock access or presence of waste discharge
pipes);

- Pools (assessment of pool quantity and quality for aquatic habitat);

- Barriers to aquatic species movement (classification of barriers to movement of aquatic
organisms);

- Fish habitat complexity (quantification of available habitat features for fish);

- Aquatic invertebrate habitat complexity (quantification of available habitat features for
macroinvertebrates);

- Aquatic invertebrate community (ranking of diversity and tolerance level of resident
macroinvertebrate species);

- Riffle embeddedness (degree to which gravel and cobble substrates are surrounded by
fine sediment); and

- Salinity (level of salts in the water, scored only in cases of suspected elevated salinity
levels).

NRCS recommends that the SVAP2 assessment be conducted during low-flow conditions when
habitat features are most likely to be visible. Conducting the assessment during or within 5 days
after a precipitation event should be avoided. Because rankings are somewhat subjective and
can vary based on the observations and conclusions of different evaluators, completing the
assessment in groups of two people and/or having the same evaluator(s) repeat the assessment
in future years is suggested when possible.

Annual inspections are required for projects funded by the NRCS EWP Program to assess flood
recovery project status. The EWP inspection form templates and supporting information are
provided in Appendix P.

3.4.3 Flow Data

Discharge data are useful for flood recovery monitoring to determine whether designed low-
flow and bankfull cross-sectional channel dimensions are appropriate, and whether expected
floodplain bench and side/overflow channel activation flow rates and recurrence intervals are
accurate or need to be reassessed.

The best site-specific flow data are derived from direct use of a current meter (e.g., Marsh

McBirney, Hach 950, SonTek FlowTracker) and wading rod at the project site. An SOP for
measuring stream discharge using a current meter developed by CDPHE’s Water Quality Control
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Division (CDPHE 2016b) is provided in Appendix Q. However, USGS, Colorado Division of Water
Resources (DWR), or other gauging stations can be used as a proxy if they are located in close
proximity to project reaches, with no tributaries, inflows, or diversions between the gauging
station and the project location. If no gauging station exists in relatively close proximity, a staff
gauge may be installed to develop a stage-discharge rating curve, where discharge rates are
associated with stream height. With enough points on the curve (i.e., enough direct discharge
measurements associated with staff gauge height), a staff gauge reading alone can be used to
estimate discharge rates. A field form for recording flow measurements is provided as Appendix
R.

To determine flow rates for floodplain inundation and overflow or side channel activation, flow
should be measured or recorded during spring runoff or other periods of high flow. At locations
close to stream gauges, pin flags or photographs can be used to record high water marks, and
those marks can then be associated with peak discharge rates for the season. Wetted width of
the channel during high flow at discrete locations can also be measured. At locations for which
stage-discharge rating curves have been developed, the height of water at the staff gauge
should be recorded during peak flow for the season. If inundation of floodplain benches or
overflow channels is observed, flow should be measured or recorded to associate discharge
rates with recurrence intervals for inundation. Where possible, flagging, photo documentation,
wetted width, and other observations should be recorded at or near as-built cross-section
locations so that inundation levels may be tied to modeling results by the project engineer.

Several stream gauges operated by USGS, Colorado DWR, Bureau of Reclamation (BOR), and
Northern Water (NCWCD) exist in the Big Thompson watershed that can provide discharge data
in close proximity to project locations. However, the tributary streams West Creek and Fox
Creek do not have associated stream gauges. The following existing gauges provide discharge
data for the remaining project locations in the Big Thompson watershed:

- North Fork Big Thompson River at Drake (operated jointly by BOR and NCWCD) — North
Fork project;

- Big Thompson River Below Lake Estes (operated jointly by BOR and NCWCD) — Waltonia,
Mountain Shadows 1, and Mountain Shadows 2 projects;

- Big Thompson River Above Canyon Mouth at Cedar Cove (operated by DWR) — Moodie,
Cedar Cove, Jasper Lake, Sylvan Dale Ranch, and City of Loveland WTP projects; and

- Big Thompson River at Loveland (operated by USGS) — Wild Natural Area (&
Neighbors)/Reach 28, Rossum-Wilson, and Rist-Goss diversion projects.

Fourmile Canyon has one existing stream gauge, Fourmile Creek at Orodell (operated by USGS),
that can provide discharge data for projects in the lower canyon (Lower Fourmile Bank
Protection projects). Two additional gauges expected to be installed in 2020 by the Pine Brook
Water District near the Poorman Fire Station, and by USGS at the Logan Mill Road bridge.

If resources are available, discharge can be measured at or near project locations that lack
established stream gauges, and stage-discharge rating curves can be developed over time.
Recommendations for measuring or estimating discharge rates at or near specific project
locations are provided in the project-specific sub-sections in Sections 4 and 5 of this monitoring
plan.
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4.0 BIGTHOMPSON WATERSHED FLOOD RECOVERY PROJECTS

The Big Thompson watershed sustained considerable damage as a result of extreme flooding in
the past 50 years, with the catastrophic flood of 1976 in the Big Thompson Canyon and the
more recent Front Range flood in 2013 across the watershed. Federal, state, and local funding
was secured by the Big Thompson Watershed Coalition after the 2013 flood to complete 14
flood recovery projects in the years following the flood: Glen Haven (West Creek and Fox Creek),
North Fork, Waltonia, Mountain Shadows 1, Mountain Shadows 2, Moodie, Cedar Cove, Jasper
Lake, Sylvan Dale Ranch, City of Loveland Water Treatment Plant, Wild and Natural Area (&
Neighbors)/Reach 28, Rossum-Wilson, and Rist-Goss Diversion. Monitoring plans for each of the
coalition projects are provided in the sections that follow. A summary of monitoring parameters
by project is provided in Table 2. While this matrix may be used for reference, it should not
supplement the details provided in the monitoring plan sections of this report.

Colorado Department of Transportation (CDOT), Central Federal Lands (CFL), and other entities
also completed several additional flood recovery projects within the watershed, mainly involving
roadway reconstruction and restoration of adjacent river reaches. Although project-specific
monitoring plans were not developed for those projects as part of this effort, similar monitoring
parameters may be used to evaluate those project areas as desired.

In addition, although “unrestored” sites are not identified in this plan, it is recommended that if
possible, similar monitoring parameters be applied to such areas in both the canyon section and
the plains section of the Big Thompson watershed in order to collect comparable data from sites
that were impacted by flooding, but left untreated.

4.1 WEST CREEK

The West Creek project rehabilitated approximately 1.5 miles of damaged stream corridor along
West Creek outside the town of Glen Haven. Three streams converge near Glen Haven: West
Creek, Fox Creek, and the North Fork of the Big Thompson River. The 2013 flood resulted in
extensive damage along these tributaries and at their confluence, where massive amounts of
water and sediment were transported through narrow constricted canyons.

On West Creek, major portions of adjacent CR 43 were damaged or destroyed, along with many
access bridges and culvert crossings. Several homes and summer cabins were compromised as
well, as much of the infrastructure in this area was built on the floodplain in the river’s natural
path. The channel and floodplain experienced widening, channel migration, bank erosion,
removal of riparian vegetation, and deposition of sediment at locations along the West Creek
corridor. Following the flood, state and federal agencies initiated emergency measures to
rebuild the impacted communities and regain home access, but did not address many of the
long-term issues. The West Creek project sought to re-establish a functional stream corridor to
repair the damage caused by the flood and ensuing emergency efforts. The project removed
sediment and debris, stabilized failing streambanks, re-established and revegetated floodplains,
and redirected the creek away from critical structures.
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4.1.1

Site Details

This section provides details about the Glen Haven West Creek site, project, and surroundings
for reference during future monitoring events.

Project Details:

Funding Source(s) — NRCS EWP Program (with local match from CWCB and Larimer
County)

Design engineer(s) — TJ Burr, NRCS

Construction oversight engineer(s) — TJ Burr, NRCS

Construction contractor — American Civil Constructors and Dietzler Construction
Vegetation designer — NRCS with technical assistance from Great Ecology

Vegetation contractor — Western States Reclamation

Construction dates — October 6, 2016 — January 27, 2017 (planting completed May 31,
2017)

Select design flow(s) — Bankfull flow (130 cfs — upper reach; 140 cfs — lower reach)
Select activation flow(s) — NA

River System Information:

Position in watershed — Canyon

Adjacent restoration projects — none upstream of project; CR43 road/river construction
downstream of project (downstream of confluence with Fox Creek)

Fish passage barriers — Multiple private culverts within the project area may pose fish
barriers

Diversion structures — No diversion structures upstream or downstream

Nearest flow gauge — None on West Creek, but stage-discharge rating curve is available
for use by measuring stage height at the Silver Horn Springs Court culvert

Restoration Methods:

Seeding methods — 3 zones (bankfull bench, floodplain, upland), broadcast and hand-
raked (refer to schematic diagram in Appendix S for more information)

Planting zones — 3 zones (linear on creek side of bankfull bench, floodplain, and upland),
(refer to schematic diagram in Appendix S for more information)

Willow installation method(s) — Willows and cottonwoods installed by hand using rebar
and mallet. Willows installed after heavy construction/grading activities

Topsoil — Topsoil was expected to be generated on Fox Creek for use on West Creek, but
this never materialized so no topsoil was added

Erosion control — Used a combination of coir fabric, coconut matting, hydromulch, and
wood straw. Hydromluch did not work well, so woodstraw was reapplied in late May
2017 to areas with no grass emergence that had been previously hydromulched.
Irrigation — None

Stakeholder Information:

Percent public/private land — 5% public, 95% private

Number of private landowners — 50 (approximate)

Public land agencies — Some parcels owned by Larimer County; USFS land located in
surrounding areas but not within project boundaries
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Post-Construction Inspections/Site Visits:

4.1.2

The CWCB monitoring team visited the West Creek project site on October 24, 2017,
after the project had already experienced one spring runoff event, to collect baseline
data at the site. Data collection efforts were focused in 2 project sub-sections:
approximately Station 28+00 to 32+00 (Pod 1, 4 transects), and approximately Station
64+00 to 70+00 (Pod 2, 3 transects). At each pod, the team conducted cross-section
surveys, vegetation transect surveys, aquatic habitat facet delineation, pool area
mapping (where applicable), photo points, wood counts, and test banks.

The CWCB monitoring team returned to West Creek on October 4, 2018 and collected
vegetation transect and photo point data at the baseline locations.

TJ Burr conducted several post-construction follow-up visits (5/4/2017, 8/30/2018,
10/4/2018). He conducted cross-section surveys from Station 51+30 to 56+21 on May 4,
2017. He summarized observations from his visit on August 30, 2018 in an email to Rob
Molacek on 8/31/2018. He also visited the site on October 4, 2018 to repeat cross-
section surveys from Station 51+30 to 56+21.

BTWC visited the site for annual inspection visits in August 2017 and July 2018, and
summarized findings in a memorandum and PowerPoint document submitted to the
State on January 25, 2019.

Great Ecology completed an assessment of vegetation survivorship in May 2018 on
behalf of the State. Findings for West Creek are as follows: willow survivorship (88%),
cottonwood survivorship (35%), container survivorship (79%), seed cover river left
(45%), seed cover river right (55%). The accompanying report noted that there was a
difference between seed cover on river left and river right and noticeable difference
between cover within Zone 2 and Zone 3 areas, with Zone 3 cover generally higher on
both sides of the stream. Cottonwood mortality may be due to its installation in Zones 1
and 2.

Larimer County Department of Natural Resources visited the site in 2018 to assess and
manage noxious weeds. Refer to Appendix T for details regarding weed presence and
management at West Creek.

The CWCB monitoring team visited West Creek on June 15, 2019 to collect photo point
data at the baseline locations.

The CWCB monitoring team returned to West Creek on September 5, 2019 and used a
drone to collect aerial imagery and generate a digital terrain model (DTM) via
photogrammetry. They also collected vegetation transect, photo point, and wood count
data at the baseline locations. Photo points were revisited on September 27, 2019.

Project Goals and Monitoring Questions

The West Creek project’s Basis of Design Report lists the following primary objectives:

(1)
(2)
(3)
(4)

Stabilize streambanks to protect against additional damage to existing infrastructure;
Establish cover on critically eroding land;

Reduce threats to life or property; and

Restore the discharge capacity of the stream to pre-flood levels where feasible and
possible.

Anticipated ancillary benefits from the project were also listed in the Basis of Design Report, as

follows:
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(5) Improve water quality from the reduction of sediment loading caused by bank erosion;

(6) Enhance riparian habitat from planting, revegetation, and reconnection of stream to
floodplain;

(7) Improve fish habitat from additional vegetation, improved water quality, and better
habitat complexity; and

(8) Lower the base flood level.

Finally, additional monitoring goals and questions based on project review and conversations
with design and field engineers include:

(9) Improve fish habitat with deeper pools, more pools, riparian vegetation, and increased
refugia from summer heat and winter ice;

(10)Increase the quantity and size of fish;

(11)Restore natural stream “landscape” for aesthetics to be enjoyed by landowners and
visitors;

(12)Restore natural variability with habitat boulders, toe wood, in-stream structures,
meander patterns, etc.; and

(13)Track point bar development and measure particle size in point bars to gain information
about sediment transport.

4.1.3  Applicable Monitoring Parameters

Based on the project goals, objectives, and additional monitoring questions described in Section
4.1.2, the following monitoring parameters are recommended for the West Creek flood recovery
project. Unless otherwise noted, most of these monitoring activities can and should be
conducted in the late summer/early fall timeframe, during baseflow conditions before the
growing season ends. Measuring discharge during high flows and associating discharge
measurements with inundation levels, as well as reoccupying a subset of established photo
point locations, are the monitoring parameters that would benefit from visits in both spring and
fall seasons.

Physical surveys — Cross-section surveys are being conducted by the CWCB monitoring team and
the design engineer at several sub-reaches along this project reach. Data are accessible and
available, and are continuing to be repeated as needed. Therefore, no additional physical
surveys are recommended at the West Creek project site. For completeness, the approximate
locations of existing surveys are listed here:

- Approximately Station 28+00 to 32+00 (CWCB monitoring team Pod 1, 4 transects)

- Station 51+30 to 56+21 (NRCS design engineer)

- Approximately Station 64+00 to 70+00 (CWCB monitoring team Pod 2, 3 transects)
Surveying cross-sections at these locations addresses project/monitoring goals (1), (4), (6), and

(8).

Substrate surveys — To ensure that excessive sedimentation is not occurring at the project site,
substrate surveys are suggested but not required if resources are available. If conducted, pebble
counts should be performed at 2-4 riffles within the project site (1-2 in the reach upstream of
Station 22+67 and 1-2 in the reach downstream of Station 22+67) to address project/monitoring
goal (5). In addition, point bar assessments should be conducted at 2 representative point bars
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to address project/monitoring goal (13). For reference, Tables 4 and 5 of the project’s Basis of
Design Report lists the following pre-construction substrate sizes: lower reach D50 (128 mm),
D84 (249 mm); upper reach D50 (100 mm), D84 (195 mm).

Structure surveys — Because individual installed structures do not relate directly to project or
monitoring goals, no formal structure surveys are recommended at the West Creek site.
However, structures can be opportunistically documented during annual inspections and/or
regular site visits. The log bank structure on river left at approximately Station 31+00 was noted
in the BTWC inspection report and should be documented on subsequent site visits (no formal
structure survey needs to be followed). The bank protection function was being maintained by
the structure, but significant deposition was noted, so the habitat function may be
compromised if sediment is not flushed by future flows.

Aguatic habitat feature surveys — Baseline aquatic habitat feature surveys were conducted by
the CWCB monitoring team at Pod 1 and Pod 2 in 2017, and will be revisited as needed in future
years. These surveys address project/monitoring goals (7) and (9). Presence of all types of
aquatic habitat features over time will help to evaluate the goal of increasing in-stream habitat
complexity. Because the CWCB monitoring team is conducting these surveys at select sub-
reaches, additional monitoring by the coalition is not necessary at this time.

Pool area mapping — The CWCB monitoring team conducted an RPD survey within both study
areas in 2017, and the pool near Station 31+00 was the only one that met the depth criteria
(greater than 1.5 feet). They will continue to revisit this measurement as needed. In addition to
this survey, counting pools and measuring their maximum depth over time can be a simple yet
guantitative way to address project/monitoring goal (9). Therefore, the number of pools at the
site should be recorded and the deepest point in each pool in the project area should be
measured using a range pole, stadia rod, or similar measurement device to evaluate the
effectiveness of natural and constructed scour mechanisms for maintaining pools. If resources
are limited, a subset of reaches can be designated for this parameter. For consistency in
temporal comparisons, depth measurements should always be conducted at approximately the
same time of year and relative flow (e.g., summer baseflow in August/September). Observations
of excessive sedimentation in the pools should be noted at each site visit as well.

Water quality parameters — Another way to address the project/monitoring goals (5), (7), and
(9) related to enhanced fish habitat is by measuring select water quality parameters. At West
Creek, temperature, dissolved oxygen, and turbidity are of the greatest interest. If DO and
turbidity meters are not available, measure temperature only. Water quality parameters should
be measured at a minimum of two locations, one in the upper reach and one in the lower reach
(boundary is at Station 22+67).

Vegetation surveys — Vegetation transect surveys are being conducted by the CWCB monitoring
team at Pod 1 and Pod 2. Data are accessible and available, and are continuing to be repeated as
needed. Therefore, no additional vegetation surveys are recommended at the West Creek
project site. Vegetation monitoring addresses project/monitoring goals (2), (6), (7), and (9).

Benthic _macroinvertebrate _community and fish population _monitoring — Benthic
macroinvertebrate community structure and diversity is an excellent proxy for aquatic health,
and one way to address project/monitoring goals (7) and (9) related to in-stream habitat is to
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assess the condition of the benthic community. Fish quantity, size, and distribution is a
parameter that would address project/monitoring goal (10). However, CPW does not currently
have any fish or macroinvertebrate monitoring sites on West Creek. Biological data collection at
West Creek may be cost- or resource-prohibitive, so project/monitoring goals (7) and (9) can
serve as proxy for goal (10), and all three goals can be addressed by other parameters (e.g.,
aquatic habitat feature surveys, pool area mapping, water quality parameters). If CPW begins to
collect data at West Creek, these data should be used to supplement the other sources.

Photo points — Photo points should be established for monitoring at the West Creek project site.
Consider occupying some of the NRCS (TJ Burr) and BTWC/CWCB (Shayna Jones/Kim Lennberg)
photos taken before and after construction and establishing them as permanent photo point
locations to create a longer photo record. Photo points can be used to inform most of the
project/monitoring goals, particularly (1), (2), (3), (6), (11), and (12).

Visual assessments — The SVAP assessment should be conducted annually to address many of
the project/monitoring goals, particularly (1), (2), (5), (6), (7), (9), and (12). Annual EWP
inspections should also be completed at the West Creek project site.

Flow — Discharge should be measured or estimated at the West Creek project because no
established stream gauges exist in relative proximity to the project site. If possible, installation
of a staff gauge and periodic measurement of discharge at a range of flows using a flow meter to
develop a stage-discharge rating curve is recommended. An alternative or complement to
installing a staff gauge is to measure the height of water at the center of the upstream side of
the CMP culvert at Silver Horn Springs Court. Discharge was measured at this location during
project design and construction, and a rating curve has been developed to associate water
height with discharge at that location. Flow should be measured during peak flows at spring
runoff if possible, and floodplain inundation levels should be associated with discharge (via pin
flags, photo documentation, and/or wetted width measurement) at a series of locations,
particularly at as-built or monitoring cross-sections where possible. These activities will address
project/monitoring goals (4), (6), and (8).

4.2 FOX CREEK

The Fox Creek project rehabilitated approximately 1.5 miles of damaged stream corridor along
Fox Creek outside the town of Glen Haven. The steep, narrow canyon containing Fox Creek was
inundated with floodwaters and sediment during the 2013 flood. Much of the infrastructure in
the canyon was damaged or destroyed, including homes, cabins, roadways, and culverts. Most
of the development in this canyon exists on the floodplain in the river’s natural path, including
13 stream crossings that provide access to private property. These crossings quickly became
clogged during the flood, redirecting and amplifying flood flows and causing damage within the
canyon, including significant erosion. Following the flood, state and federal agencies initiated
emergency measures to rebuild the impacted communities and regain home access, but did not
address many of the long-term issues.

The Fox Creek project attempted to accelerate the natural stream stabilization process during
the most frequent flow events by creating the long-term geomorphic and riparian conditions
expected for Fox Creek. It also eliminated two of the constricting stream crossings and
redesigned another two in an effort to reduce flood risks in the canyon.
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4.2.1

Site Details

This section provides details about the Glen Haven Fox Creek site, project, and surroundings for
reference during future monitoring events.

Project Details:

Funding Source(s) — NRCS EWP Program (with local match from CWCB and Larimer
County)

Design engineer(s) — Rob Molacek, NRCS

Construction oversight engineer(s) — Rob Molacek, NRCS

Construction contractor — American Civil Constructors

Vegetation designer — NRCS with technical assistance from Great Ecology

Vegetation contractor — Western States Reclamation

Construction dates — December 5, 2016 — April 3, 2017

Select design flow(s) — Bankfull flow (55 cfs); 25-year flow (180 cfs)

Select activation flow(s) — NA

River System Information:

Position in watershed — Canyon

Adjacent restoration projects — none upstream of project; several downstream of the
confluence with the North Fork of the Big Thompson River in Glen Haven

Fish passage barriers — Multiple private culverts within the project area may pose fish
barriers

Diversion structures — No diversion structures upstream or downstream

Nearest flow gauge — None on Fox Creek

Restoration Methods:

Seeding methods — 2 zones (riparian and upland), broadcast and hand-raked

Planting zones — 3 zones (linear on creek side of bankfull bench, floodplain, and upland)
Willow installation method(s) — Installed by hand after heavy construction/grading
activities

Topsoil — Yes (220 cubic yards generated from an onsite cut at Youth United property)
Erosion control — Coconut matting with hydromulch

Irrigation — None

Stakeholder Information:

Percent public/private land — 100% private
Number of private landowners — 50 (approximate)
Public land agencies — NA

Post-Construction Inspections/Site Visits:

The CWCB monitoring team visited the Fox Creek project site on October 24, 2017, after
the project had already experienced one spring runoff event, to collect baseline data at
the site. Data collection efforts were focused in 2 project sub-sections: approximately
Station 15+00 to 18+00 (Pod 1, 2 transects), and approximately Station 28+00 to 31+00
(Pod 2, 2 transects). At each pod, the team conducted cross-section surveys, vegetation
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4.2.2

transect surveys, aquatic habitat facet delineation, pool area mapping (although no
locations met the depth criteria), photo points, wood counts, and test banks.

The CWCB monitoring team returned to Fox Creek on October 4, 2018 and collected
vegetation transect and photo point data at the baseline locations.

Rob Molacek conducted a post-construction follow-up visit on June 25, 2018, and TJ
Burr visited on August 30, 2018 (observations summarized in an email to Rob Molacek
on August 31, 2018).

BTWC visited the site for annual inspection visits in July 2017 and August 2018, and
summarized findings in a memorandum and PowerPoint document submitted to the
State on January 25, 2019.

Great Ecology completed an assessment of vegetation survivorship in May 2018 on
behalf of the State. Findings for Fox Creek are as follows: willow survivorship (68%),
container survivorship (82%), seed cover (60%). The accompanying report noted that
vegetation throughout the site was robust, although willow stake survival was lower
compared to West Creek. Cottonwood stake survivorship was not observed during the
site visit.

Larimer County Department of Natural Resources visited the site in 2018 to assess and
manage noxious weeds. Refer to Appendix T for details regarding weed presence and
management at Fox Creek.

The CWCB monitoring team visited Fox Creek on September 5, 2019 to collect
vegetation transect, photo point, and pool area (although no locations met the depth
criteria) data at the baseline locations. Photo points were revisited on September 27,
2019.

Project Goals and Monitoring Questions

The project’s Basis of Design Report states that the primary goal of the Glen Haven Fox Creek
project was to decrease the flood, ecological, and geomorphic risk resulting from the 2013 flood
event. Specific project objectives were listed in the report as follows:

(1)
(2)
(3)
(4)

(5)

Create a stable step-pool channel section;

Remove debris and extensive sediment deposition to regain floodplain capacity;
Increase in-stream habitat complexity;

Rehabilitate vegetation that typically exists adjacent to the river and in the floodplain;
and

Reduce erosion along unstable creek banks.

Additional monitoring goals and questions based on project review and conversations with
design and field engineers include:

(6)
(7)

(8)

Accelerate the establishment of a new floodplain (with abandoned floodplain acting as a
terrace);

Continually evaluate the size and alignment of existing stream crossings to determine
if/now they increase/decrease floodwater elevations, improve/constrict passage of
debris, and support/inhibit aquatic passage and habitat;

Monitor large wood during a range of flow events to check for potential increase in
flood risk, particularly near stream crossings;
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(9) Track point bar development and measure particle size in point bars to gain information
about sediment transport;

(10)Measure water surface elevations near homes and other assets during high flow periods
and associate inundation levels with discharge rates;

(11)Monitor evidence of erosion through photo documentation to determine whether the
project reduced erosive conditions; and

(12)Evaluate the upper watershed above the project area to determine how it is recovering
relative to the project area and whether the large amount of debris in that area is
mobilizing.

4.2.3  Applicable Monitoring Parameters

Based on the project goals, objectives, and additional monitoring questions described in Section
4.2.2, the following monitoring parameters are recommended for the Fox Creek flood recovery
project. Unless otherwise noted, most of these monitoring activities can and should be
conducted in the late summer/early fall timeframe, during baseflow conditions before the
growing season ends. Measuring discharge during high flows and associating discharge
measurements with inundation levels, as well as reoccupying a subset of established photo
point locations, are the monitoring parameters that would benefit from visits in both spring and
fall seasons.

Physical surveys — Cross-section surveys are being conducted by the CWCB monitoring team at
two sub-reaches along this project reach. Data are accessible and available, and are continuing
to be repeated as needed. Therefore, no additional physical surveys are recommended at the
Fox Creek project site. For completeness, the approximate locations of existing surveys are listed
here:

- Approximately Station 15+00 to 18+00 (CWCB monitoring team Pod 1, 2 transects)

- Approximately Station 28+00 to 31+00 (CWCB monitoring team Pod 2, 2 transects)
Surveying cross-sections at these locations addresses project/monitoring goals (1), (2), (5), (6),
and (9).

Substrate surveys — Substrate surveys are recommended to ensure that excessive sedimentation
is not occurring in this reach. Pebble counts should be conducted at 2-3 riffles within the project
site to address project/monitoring goals (2) and (5). In addition, any new point bars that have
been created should be noted, and point bar assessments should be conducted at 2
representative point bars to address project/monitoring goal (9). For reference, the “Project
Area Morphological Characteristics” table on page 8 of the project’s Basis of Design Report lists
the following expected substrate sizes: active bed D50 (51 mm), active bed D84 (113 mm), point
bar D50 (24 mm), point bar D84 (99 mm), largest particle size to be moved (127 mm).

Structure surveys — Surveying the installed structures that contain woody material would
address project/monitoring goal (8). Key project structures, including woody bank stabilization
structures near Stations 9+49, 37+11, and 82+66, should be evaluated to determine whether
they are fulfilling their intended functions (to reduce water velocities and dissipate energy;
stabilize banks; provide cover; and direct flow away from the bank). In addition, these structures
should be inspected and documented to make sure they are intact, stable, and not in danger of
becoming dislodged or undermined in order to alleviate concerns of large wood blocking
downstream crossings.
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Aquatic habitat feature surveys — Baseline aquatic habitat feature surveys were conducted by
the CWCB monitoring team at Pod 1 and Pod 2 in 2017, and will be revisited as needed in future
years. These surveys address project/monitoring goals (1) and (3). Presence of all types of
aquatic habitat features over time will help to evaluate the goal of increasing in-stream habitat
complexity. Because the CWCB monitoring team is conducting these surveys at select sub-
reaches, additional monitoring by the coalition is not necessary at this time.

Vegetation surveys — Vegetation transect surveys are being conducted by the CWCB monitoring
team at Pod 1 and Pod 2. Data are accessible and available, and are continuing to be repeated as
needed. Therefore, no additional vegetation surveys are recommended at the Fox Creek project
site. Vegetation monitoring addresses project/monitoring goal (4).

Photo points — Photo points should be established for monitoring at the Fox Creek project site,
particularly at stream crossings and locations that were heavily eroded as a result of the 2013
flood. Consider occupying some of the NRCS (Rob Molacek) and BTWC/CWCB (Shayna
Jones/Kim Lennberg) photos taken before and after construction and establishing them as
permanent photo point locations to create a longer photo record. Photo points can be used to
inform most of the project/monitoring goals, particularly (3), (4), (5), (6), (7), and (11).

Visual assessments — The SVAP assessment should be conducted annually to address many of
the project/monitoring goals, particularly (2), (3), (4), and (7). In conjunction with photo
documentation, visual assessments should be made at each of the stream crossings as well,
particularly noting concerns about sedimentation, debris blockage, or fish passage at a range of
flows. To address project/monitoring goal (11) if time and budget allow, the upper watershed
above the Fox Creek project should be visited and assessed to evaluate its recovery compared to
the project area and to determine whether the large amount of debris in that area is mobilizing
downstream. Annual EWP inspections should also be completed at the Fox Creek project site.

Flow — Discharge should be measured or estimated at the Fox Creek project because no
established stream gauges exist in relative proximity to the project site. Installation of a staff
gauge and periodic measurement of discharge at a range of flows using a flow meter to develop
a stage-discharge rating curve is recommended, and staff gauge installation was completed on
June 3, 2019. The gauge was installed on the Youth United property just upstream of the new
NRCS-installed culvert at approximately Station 36+60. A rating curve is being developed to
associate water height with discharge at that location. Flow should be measured during peak
flows at spring runoff if possible, and floodplain inundation levels should be associated with
discharge (via pin flags, photo documentation, and/or wetted width measurement) at a series of
locations, particularly at as-built or monitoring cross-sections where possible. Water levels near
homes and other assets are particularly important to document as well. These activities will
address project/monitoring goals (2), (6), (7), and (10).

4.3 NORTH FORK

The North Fork project is located at the confluence of the North Fork and main stem of the Big
Thompson River near the Town of Drake. Set in a natural canyon opening, the North Fork of the
Big Thompson River reclaimed historic channel pathways and deposited large quantities of
sediment during the 2013 flood. Storm Mountain Bridge, at the upper end of the project, was
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flanked by flood flows as floodwaters occupied the northern and southern overbanks, burying
an old truck, filling buildings with sediment, and damaging or destroying other public and
private infrastructure such as campground buildings, private residences, a hotel, and a roadway
embankment. The Highway 34 bridge at the downstream end of the project was completely
blocked by sediment and debris. Restoring roads and bridges were the highest priority
immediately after the flood, but emergency measures executed without a holistic vision left the
reach severely degraded and in need of significant additional investment to repair.

The North Fork project sought to reduce the impacts of future moderate flood events on public
infrastructure, private properties, and businesses at this dynamic river confluence. Through the
approximately 2,100-foot project reach, sediment and debris were removed to improve flood
conveyance, streambanks were stabilized using innovative engineering techniques, and river
corridor restoration was attempted through native riparian revegetation and reintroduction of
large wood.

4.3.1 Site Details

This section provides details about the North Fork site, project, and surroundings for reference
during future monitoring events.

Project Details:
- Funding Source(s) — NRCS EWP Program (with local match from CWCB and Larimer

County)

- Design engineer(s) — Joe Juergensen, Muller Engineering

- Construction oversight engineer(s) — Michael Blazewicz, Round River Design, and Katie
Jagt, Watershed Science and Design

- Construction contractor — Connell Resources

- Vegetation designer — Great Ecology

- Vegetation contractor — Western States Reclamation

- Construction dates — February 1 — April 28, 2017

- Select design flow(s) — Bankfull flow (250 cfs), winter baseflow (8 cfs), summer baseflow
(60 cfs), 10-year flow (1,540 cfs)

- Select activation flow(s) — Overbank channel on river left just downstream of Storm
Mountain Bridge (designed to take 10% of flow (158 cfs) in a 10-year event)

River System Information:

- Position in watershed — Canyon

- Adjacent restoration projects — CR43 road/river construction upstream of project;
Drake project (completed by CDOT) on the main stem of the Big Thompson River just
downstream of the project (at the confluence of the North Fork and main stem)

- Fish passage barriers — No known barriers

- Diversion structures — No diversion structures upstream or downstream

- Nearest flow gauge — North Fork Big Thompson River at Drake (BTNFDRCO), at Storm
Mountain Bridge at upstream end of project area, jointly operated by Northern Water
and Bureau of Reclamation

Restoration Methods:
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Seeding methods — 4 zones (channel margin, bankfull bench, floodplain, upland),
broadcast and hand-raked

Planting zones — 4 zones plus 3 additional zones in upland areas for guidebanks/berms
Willow installation method(s) — several methods including fascines, staking by hand,
and staking with heavy equipment during grading work

Topsoil — Yes, generated from secondary channel onsite and amended

Erosion control — Coir fabric, coconut matting, and wood straw

Irrigation — None

Stakeholder Information:

Percent public/private land — 100% private
Number of private landowners — 4
Public land agencies — NA

Post-Construction Inspections/Site Visits:

4.3.2

The CWCB monitoring team visited the North Fork project site on October 4, 2017, after
the project had already experienced one spring runoff event, to collect baseline data at
the site. Data collection efforts were focused in 4 project sub-sections: approximately
Station 20+00 to 18+00 (Pod 1, 4 transects), approximately Station 14+50 to 13+80 (Pod
2, 2 transects), approximately Station 9+00 to 7+60 (Pod 3, 2 transects), and
approximately Station 5+00 to 2+60 (Pod 4, 4 transects). At each pod, the team
conducted cross-section surveys, vegetation transect surveys, aquatic habitat facet
delineation, pool area mapping (where applicable), photo points, and wood counts.

The CWCB monitoring team returned to the North Fork on October 4, 2018 and
collected vegetation transect and photo point data at the baseline locations.

BTWC visited the site for annual inspection visits in early summer 2017 and 2018, and
summarized findings in a memorandum and PowerPoint document submitted to the
State on January 25, 2019.

Great Ecology completed an assessment of vegetation survivorship in May 2018 on
behalf of the State. Findings for North Fork are as follows: willow stakes survivorship
(83%), willow fascine survivorship (85%), container survivorship (89%), seed cover
(50%). The accompanying report noted that vegetation was robust and survivorship was
exceptional across all treatments; no differences on river right/left or between zones.
Some willow stakes had been removed from the project site by those using the
campsites, and noxious weeds were present.

Larimer County Department of Natural Resources visited the site in 2018 to assess and
manage noxious weeds. Refer to Appendix T for details regarding weed presence and
management at North Fork.

The CWCB monitoring team visited the North Fork on June 15, 2019 to collect photo
point data at the baseline locations.

The CWCB monitoring team returned to the North Fork on September 7, 2019 and used
a drone to collect aerial imagery and generate a digital terrain model (DTM) via
photogrammetry. They also collected vegetation transect and photo point data at the
baseline locations. Photo points were revisited on October 21, 2019.

Project Goals and Monitoring Questions

The North Fork project’s Basis of Design Report lists the following primary objectives:

32



Big Thompson and Fourmile Watershed Monitoring Plan December 2019

(1) Stabilize streambanks to protect against additional damage to existing infrastructure;

(2) Establish cover on critically eroding land; and

(3) Restore the discharge capacity of the stream to pre-flood levels to the maximum extent
practical where feasible and possible.

Anticipated ancillary benefits from the project were also listed in the Basis of Design Report, as
follows:

(4) Improve water quality from the reduction of sediment loading caused by bank erosion;

(5) Enhance riparian habitat from the addition of vegetation; and

(6) Improve fish habitat from additional vegetation, improved water quality, and better
habitat complexity.

Finally, additional monitoring goals and questions based on project review and conversations
with design and field engineers include:

(7) Track depths of constructed pools in relation to their scour mechanism (size, width,
feature type) to provide information about the effectiveness of different control
features;

(8) Measure vegetation type and density at or near log revetments and track the erosion
and vegetation response as the logs degrade over time;

(9) Track sediment accumulation, as this confluence reach is susceptible to sediment
deposition;

(10)Note any signs of erosion and possible sources of sediment into the channel; and

(11)Verify design flows for floodplain benches and overflow channel.

4.3.3  Applicable Monitoring Parameters

Based on the project goals, objectives, and additional monitoring questions described in Section
4.3.2, the following monitoring parameters are recommended for the North Fork flood recovery
project. Unless otherwise noted, most of these monitoring activities can and should be
conducted in the late summer/early fall timeframe, during baseflow conditions before the
growing season ends. Associating discharge with inundation levels on floodplain benches and in
the overflow channel, as well as reoccupying a subset of established photo point locations, are
the monitoring parameters that would benefit from visits in both spring and fall seasons.

Physical surveys — Cross-section surveys are being conducted by the CWCB monitoring team at
four sub-reaches within the project area, with sufficient coverage across the project. Data are
accessible and available, and are continuing to be repeated as needed. Therefore, no additional
physical surveys are recommended at the North Fork project site. For completeness, the
approximate locations of existing surveys are listed here:

- Approximately Station 20+00 to 18+00 (CWCB monitoring team Pod 1, 4 transects)

- Approximately Station 14+50 to 13+80 (CWCB monitoring team Pod 2, 2 transects)

- Approximately Station 9+00 to 7+60 (CWCB monitoring team Pod 3, 2 transects)

- Approximately Station 5+00 to 2+60 (CWCB monitoring team Pod 4, 4 transects)
Surveying cross-sections at these locations addresses project/monitoring goals (1), (3), (7), and

(9).

33



Big Thompson and Fourmile Watershed Monitoring Plan December 2019

Substrate surveys — Substrate surveys are recommended to provide a measure of sedimentation
in this reach. Pebble counts should be conducted at 2-3 riffles within the project site to address
project/monitoring goals (9) and (10). Possible sources of any accumulating sediment that is
observed should be noted.

Structure surveys — Surveying the installed log revetments at the downstream end of the project
(approximately Station 1+00 to 4+20 on river left) addresses project/monitoring goal (8). These
woody bank stabilization structures should be evaluated to determine whether they are fulfilling
their intended functions, and vegetation type and density in the vicinity of the structures should
be recorded. The intended functions of these log revetments are to reduce water velocities and
dissipate energy; stabilize banks; create pools; provide cover; and direct flow away from the
bank. In addition, these structures should be inspected and documented to assess how they
degrade over time and associated vegetation and erosion responses. The live crib wall at
approximately Station 14+00 to 15+20 on river left should also be evaluated to address
project/monitoring goals (1), (2), (4), and (10). Prior to the project, this area was one of the most
severely eroded slopes in the area. The intended functions of the live crib wall with boulder toe
are to stabilize the bank, establish vegetation, and reduce erosion.

Aquatic habitat feature surveys — A baseline aquatic habitat feature survey for the entire project
area was conducted by the CWCB monitoring team in 2017, and will be revisited as needed in
future years. This survey addresses project/monitoring goal (6). Presence of all types of aquatic
habitat features over time will help to evaluate the goal of increasing in-stream habitat
complexity. Because the CWCB monitoring team is conducting this survey at the North Fork
project, additional monitoring by the coalition is not necessary at this time.

Pool area mapping — The CWCB monitoring team conducted a residual pool depth (RPD) survey
for the entire project site in 2017 for pools with a RPD greater than 1.5 feet, and mapped 14
pools within the project extent. They will continue to revisit this survey as needed. The RPD
survey addresses project/monitoring goal (7). In addition to pool area mapping, notes about the
size and type of scour mechanisms directly upstream of pools (size, type) should be recorded by
the coalition to provide information about the relative width of control features and their
impact on scour depth in the resulting pool at various flow rates. Because the CWCB monitoring
team is conducting these surveys throughout the project site, additional monitoring by the
coalition is not necessary at this time.

Water quality and chemistry — Measuring select water quality parameters addresses
project/monitoring goals (4) and (6). At the North Fork site, temperature, dissolved oxygen, and
turbidity are of the greatest interest because water quality goals relate to improved fish habitat
and reduced sedimentation. The Big Thompson Watershed Forum (BTWF) has an established
water quality monitoring location on the North Fork (site T10), and data including water quality
parameters, certain metals, and nutrients are collected by BTWF at least every other year at this
site. Review data collected by BTWF at this location to provide information about water quality
at the North Fork.

Vegetation surveys — Vegetation transect surveys are being conducted by the CWCB monitoring
team at all 12 cross-sections. Data are accessible and available, and are continuing to be
repeated as needed. Therefore, no additional vegetation surveys are recommended at the
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North Fork project site. Vegetation monitoring addresses project/monitoring goals (2), (5), and

(6).

Benthic _macroinvertebrate _and fish population monitoring — Benthic macroinvertebrate
community structure and diversity is an excellent proxy for aquatic health, and one way to
address project/monitoring goal (6) related to in-stream habitat is to assess the condition of the
benthic community. Fish quantity, size, and distribution is a parameter that would also address
project/monitoring goal (6). While CPW does not currently have any fish or macroinvertebrate
monitoring sites on the North Fork, they collect data at the confluence of the North Fork and the
main stem at Drake. These data should be reviewed and used to supplement the other data
sources related to in-stream habitat and aquatic health.

Photo points — Photo points should be established for monitoring at the North Fork project site.
Consider occupying some of the BTWC/CWCB (Shayna Jones/Kim Lennberg) photos taken before
and after construction and establishing them as permanent photo point locations to create a
longer photo record. Note that the CWCB monitoring team has established photo point
locations as well beginning in October 2017. Photo points can be used to inform most of the
project/monitoring goals, particularly (1), (2), (5), (6), (8), and (10).

Visual assessments — The SVAP assessment should be conducted annually to address many of
the project/monitoring goals, particularly (1), (2), (4), (5), and (6). Annual EWP inspections
should also be completed at the North Fork project site.

Flow — A stream gauge maintained cooperatively by Northern Water and the Bureau of
Reclamation, North Fork Big Thompson River at Drake (BTNFDRCO), is located at the Storm
Mountain Bridge at the upstream end of the project area. Floodplain inundation levels should
be associated with discharge (via pin flags, photo documentation, and/or wetted width
measurement) at a series of locations during high flow periods such as spring runoff, particularly
at as-built or monitoring cross sections where possible. Suggested cross sections for inundation
level monitoring are located at Stations 3+58 (P4XSC), 8+73 (P3XSA) 14456 (P2XSA), 17+85
(P1XSD), and 20+85 (refer to Appendix U for a map of the suggested cross-section locations).
The parenthetical cross section notations (e.g., P4XSC) are established CWCB long-term
monitoring cross sections marked with capped rebar pins. These activities will address
project/monitoring goals (3) and (11).

4.4 WALTONIA

The Waltonia community experienced a catastrophic flood in 1976, and again in 2013, causing
the Big Thompson River to overflow and flood. Damage from the 2013 flood included erosion
along the main channel and erosion and deposition in the isolated small floodplains that exist
through the upper canyon, including the Waltonia neighborhood. The area also experienced
damage from channel widening, bank erosion, channel shifting, and areas of sediment
deposition. As a result, large sections of roads were destroyed, bridges quickly clogged with
flood debris, and homes were lost or severely damaged. In the immediate aftermath of the
flood, restoring roads and bridges were high priorities. Some of the work completed in that
effort further impaired the river corridor by straightening and homogenizing the channel,
removing material from the channel to be used as fill and embankment armor for the road, and
armoring the banks with rock, absent of soil and vegetation.
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The Waltonia project rehabilitated approximately 2,250 feet of river corridor by re-establishing a
low-flow channel, reconnecting the floodplain, protecting and stabilizing streambanks,
excavating flood deposits, and revegetating the project area with native species. The project
aimed to provide a sustainable floodplain design to protect the safety of neighborhood residents
while enhancing habitat and improving river function and resilience.

4.4.1 Site Details

This section provides details about the Waltonia site, project, and surroundings for reference
during future monitoring events.

Project Details:
- Funding Source(s) — NRCS EWP Program (with local match from CWCB and the DOLA

CDBG-DR Watershed Implementation Grant Program)

- Design engineer(s) — Brad Florentin, Muller Engineering

- Construction oversight engineer(s) — Brad Florentin, Muller Engineering

- Construction contractor — Kiewit Infrastructure Company, Iron Woman Construction,
and FlyWater

- Vegetation designer — Great Ecology

- Vegetation contractor — Western States Reclamation

- Construction dates — October 2, 2017 — May 11, 2018

- Select design flow(s) — winter baseflow (25 cfs), summer baseflow (125 cfs), bankfull
flow (550 cfs), 10-year (960 cfs), 25-year (2,280 cfs), 50-year (3,960 cfs), 100-year (6,450
cfs), 500-year (15,690 cfs)

- Select activation flow(s) — NA

River System Information:

- Position in watershed — Canyon

- Adjacent restoration projects — Mountain Shadows 1 and 2 downstream of project;
CDOT reconstruction of US 34 within project boundaries

- Fish passage barriers — Olympus tunnel upstream

- Diversion structures — Olympus Tunnel (part of C-BT project) is located approximately 9
miles upstream; no other diversions until Dille Tunnel approximately 7.5 miles
downstream

- Nearest flow gauge — Big Thompson River Below Lake Estes (BTBLESCO) approximately
9 miles upstream of project area, jointly operated by Northern Water and Bureau of
Reclamation

Restoration Methods:

- Seeding methods — 4 zones (channel margin, bankfull bench, floodplain, upland),
broadcast seeding

- Planting zones — 4 zones

- Willow installation method(s) — Installed by hand with rebar and jackhammer for
especially difficult installation areas after heavy construction/grading was completed

- Topsoil added? — Approximately 2090 CY of imported topsoil added to project area

- Erosion control — Coir mat and hydromulch primarily, with small amount of coconut
blanket near power poles used as shown in as-builts
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- Irrigation — Western States conducted hand watering of container stock during one-year
warranty period

Stakeholder Information:
- Percent public/private land — 100% private (with small amount of CDOT right-of-way at
Waltonia Bridge)
- Number of private landowners — 12
- Public land agencies — CDOT

Post-Construction Inspections/Site Visits:
- BTWC visited the site in June and September 2018 to repeat photo points and conduct
an SVAP assessment. BTWC visited again in June 2019 for high-water inundation
monitoring.

4.4.2  Project Goals and Monitoring Questions

The Waltonia project’s Basis of Design Report lists the following primary objectives:

(1) Stabilize streambanks to protect against additional damage to existing infrastructure;

(2) Establish cover on critically eroding land; and

(3) Restore the discharge capacity of the stream to pre-flood levels to the maximum extent
practical where feasible and possible.

Anticipated ancillary benefits from the project were also listed in the Basis of Design Report, as
follows:

(4) Improve water quality from the reduction of sediment loading caused by bank erosion;

(5) Enhance riparian habitat from the addition of vegetation; and

(6) Improve fish habitat from additional vegetation, improved water quality, and better
habitat complexity.

Finally, additional monitoring goals and questions based on project review and conversations
with design and field engineers include:

(7) Verify design flows for floodplain benches.

4.4.3  Applicable Monitoring Parameters

Based on the project goals, objectives, and additional monitoring questions described in Section
4.4.2, the following monitoring parameters are recommended for the Waltonia flood recovery
project. Unless otherwise noted, most of these monitoring activities can and should be
conducted in the late summer/early fall timeframe, during baseflow conditions before the
growing season ends. Associating discharge with inundation levels on floodplain benches, as
well as reoccupying a subset of established photo point locations, are the monitoring
parameters that would benefit from visits in both spring and fall seasons.
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Physical surveys — Cross-section surveys are recommended to provide geomorphic information
to address project/monitoring goals (1) and (3). Suggested cross-section locations are Stations
915+58, 904+70, and 898+94 (refer to Appendix U for a map of the suggested locations).

Structure surveys — Formal surveys of particular structures are not required at Waltonia.
However, walking the site and visually inspecting the installed bank protection structures,
cobble bar stabilization structures, and boulder cascades, specifically looking for significant
shifting of structural components or signs of erosion, is recommended if resources are available.
In cases of uncertainty, photo documentation and/or narrative descriptions may be shared with
project designers to obtain input on whether adaptive management actions may be warranted.

Water quality and chemistry — Measuring select water quality parameters addresses
project/monitoring goals (4) and (6). At the Waltonia site, temperature, dissolved oxygen, and
turbidity are of the greatest interest because water quality goals relate to improved fish habitat
and reduced sedimentation. The Big Thompson Watershed Forum (BTWF) has an established
water quality monitoring location approximately 9 miles upstream of Waltonia just below
Olympus Dam (site M50), and another site approximately 2 miles downstream of Waltonia just
above Drake (site M60). Data including water quality parameters, certain metals, and nutrients
are collected by BTWF at these locations at least every other year. Review these data to provide
information about water quality at Waltonia; if water quality results at the two BTWF
monitoring locations are substantially different, efforts may be pursued to determine the
location and potential source(s) of changes in water quality along the Big Thompson corridor.

Vegetation surveys — To address project/monitoring goals (2), (5), and (6), vegetation transect
surveys should be conducted. These transects should be co-located with the three
recommended cross-section survey transects. The LHWC monitoring method is suggested here,
likely with fewer zones due to the narrow canyon setting, and with an option to follow the guild-
based methodology used by the CWCB monitoring team if non-woody vegetation cannot be
identified to the species level.

Fish population monitoring — Monitoring fish quantity, size, and distribution would address
project/monitoring goal (6). CPW conducts repeat electrofishing surveys at their Waltonia site
annually. Based on their data, the fishery appears to be recovering from the flood disturbance,
with population estimates of total trout (> 150mm) per mile almost returning to pre-flood
numbers by 2016. Full datasets should be requested from CPW, reviewed, and used to
supplement the other data sources related to in-stream habitat and aquatic health.

Photo points — Photo points should be established for monitoring at the Waltonia project site.
Consider occupying some of the BTWC/CWCB (Tracy Wendt/Kim Lennberg) or Muller
Engineering (Brad Florentin/Joe Juergensen) photos taken before and after construction and
establishing them as permanent photo point locations to create a longer photo record. Photo
points can be used to inform most of the project/monitoring goals, particularly (1), (2), (5), and

(6).

Visual assessments — The SVAP assessment should be conducted annually to address many of
the project/monitoring goals, particularly (1), (2), (4), (5), and (6). Annual EWP inspections
should also be completed at the Waltonia project site.
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Flow — A stream gauge maintained cooperatively by Northern Water and the Bureau of
Reclamation, Big Thompson River Below Lake Estes (BTBLESCO), is located approximately 9 miles
upstream of project area. Floodplain inundation levels should be associated with discharge (via
pin flags, photo documentation, and/or wetted width measurement) at a series of locations
during high flow periods such as spring runoff, particularly at useful hydraulic cross sections
where possible (refer to Appendix U for a map of the suggested cross-section locations).
Measuring inundation levels during high flow at Stations 915+58, 904+70, and 898+94 will
address project/monitoring goals (3) and (7).

4.5 MOUNTAIN SHADOWS 1

The Mountain Shadows community experienced a catastrophic flood in 1976, and again in 2013,
causing the Big Thompson River to overflow and flood. Damage from the 2013 flood included
erosion along the main channel and erosion and deposition in the isolated small floodplains that
exist through the upper canyon, including the Mountain Shadows 1 neighborhood (in the vicinity
of the Mountain Shadow Lane bridge and the Linger Longer cabin). The area also experienced
damage from channel widening, bank erosion, channel shifting, and areas of sediment
deposition. As a result, large sections of roads were destroyed, bridges quickly clogged with
flood debris, and homes were lost or severely damaged. In the immediate aftermath of the
flood, restoring roads and bridges were high priorities. Some of the work completed in that
effort further impaired the river corridor by straightening and homogenizing the channel,
removing material from the channel to be used as fill and embankment armor for the road, and
armoring the banks with rock, absent of soil and vegetation.

The Mountain Shadows 1 project rehabilitated approximately 2,050 feet of river corridor by re-
establishing a low-flow channel, reconnecting the floodplain, protecting and stabilizing
streambanks, excavating flood deposits, and revegetating the project area with native species.
The project aimed to provide a sustainable floodplain design to protect the safety of
neighborhood residents while enhancing habitat and improving river function and resilience.

4.5.1 Site Details

This section provides details about the Mountain Shadows 1 site, project, and surroundings for
reference during future monitoring events.

Project Details:
- Funding Source(s) — NRCS EWP Program (with local match from CWCB and the DOLA

CDBG-DR Watershed Implementation Grant Program)

- Design engineer(s) — Brad Florentin, Muller Engineering

- Construction oversight engineer(s) — Brad Florentin, Muller Engineering

- Construction contractor — Kiewit Infrastructure Company, Iron Woman Construction,
and FlyWater

- Vegetation designer — Great Ecology

- Vegetation contractor — Western States Reclamation

- Construction dates — October 2, 2017 — May 11, 2018

- Select design flow(s) — winter baseflow (25 cfs), summer baseflow (125 cfs), bankfull
flow (550 cfs), 10-year (960 cfs), 25-year (2,280 cfs), 50-year (3,960 cfs), 100-year (6,450
cfs), 500-year (15,690 cfs)

39



Big Thompson and Fourmile Watershed Monitoring Plan December 2019

Select activation flow(s) — NA

River System Information:

Position in watershed — Canyon

Adjacent restoration projects — Waltonia upstream of the project; Mountain Shadows 2
downstream of project; CDOT reconstruction of US 34 within project boundaries

Fish passage barriers — Olympus tunnel upstream

Diversion structures — Olympus Tunnel (part of C-BT project) is located approximately 9
miles upstream; no other diversions until Dille Tunnel approximately 7.5 miles
downstream

Nearest flow gauge — Big Thompson River Below Lake Estes (BTBLESCO) approximately
9 miles upstream of project area, jointly operated by Northern Water and Bureau of
Reclamation

Restoration Methods:

Seeding methods — 3 zones (bankfull bench, floodplain, upland); Linger Longer only had
2 zones (floodplain, upland), broadcast vs hydroseed

Planting zones — 4 zones (channel margin, bankfull bench, floodplain, upland); Linger
Longer only had 1 zone (floodplain)

Willow installation method(s) — Installed by hand with rebar and jackhammer for
especially difficult installation areas after heavy construction/grading was completed
Topsoil added? — Approximately 1000 CY of imported topsoil added to project area
Erosion control — Coir mat and hydromulch used in the main project area; hydromulch
only used at Linger Longer

Irrigation — Western States conducted hand watering of container stock during one-year
warranty period

Stakeholder Information:

Percent public/private land — 100% private
Number of private landowners — 6
Public land agencies — NA

Post-Construction Inspections/Site Visits:

4.5.2

BTWC visited the site in June and September 2018 to repeat photo points and conduct
an SVAP assessment. BTWC visited again in June 2019 for high-water inundation
monitoring.

Project Goals and Monitoring Questions

The Mountain Shadows 1 project’s Basis of Design Report lists the following primary objectives:

(1)
(2)
(3)

Stabilize streambanks to protect against additional damage to existing infrastructure;
Establish cover on critically eroding land; and

Restore the discharge capacity of the stream to pre-flood levels to the maximum extent
practical where feasible and possible.

Anticipated ancillary benefits from the project were also listed in the Basis of Design Report, as

follows:
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(4) Improve water quality from the reduction of sediment loading caused by bank erosion;

(5) Enhance riparian habitat from the addition of vegetation; and

(6) Improve fish habitat from additional vegetation, improved water quality, and better
habitat complexity.

Finally, additional monitoring goals and questions based on project review and conversations
with design and field engineers include:

(7) Verify design flows for floodplain benches.

4.5.3  Applicable Monitoring Parameters

Based on the project goals, objectives, and additional monitoring questions described in Section
4.5.2, the following monitoring parameters are recommended for the Mountain Shadows 1
flood recovery project. Unless otherwise noted, most of these monitoring activities can and
should be conducted in the late summer/early fall timeframe, during baseflow conditions before
the growing season ends. Associating discharge with inundation levels on floodplain benches, as
well as reoccupying a subset of established photo point locations, are the monitoring
parameters that would benefit from visits in both spring and fall seasons.

Physical surveys — Cross-section surveys are recommended to provide geomorphic information
to address project/monitoring goals (1) and (3). Suggested cross-section locations are Stations
881+42 and 864+86 (refer to Appendix U for a map of the suggested locations).

Structure surveys — Formal surveys of particular structures are not required at Mountain
Shadows 1. However, walking the site and visually inspecting the installed bank protection
structures, cobble bar stabilization structures, and boulder cascades, specifically looking for
significant shifting of structural components or signs of erosion, is recommended if resources
are available. In cases of uncertainty, photo documentation and/or narrative descriptions may
be shared with project designers to obtain input on whether adaptive management actions may
be warranted.

Water quality and chemistry — Measuring select water quality parameters addresses
project/monitoring goals (4) and (6). At the Mountain Shadows 1 site, temperature, dissolved
oxygen, and turbidity are of the greatest interest because water quality goals relate to improved
fish habitat and reduced sedimentation. The Big Thompson Watershed Forum (BTWF) has an
established water quality monitoring location approximately 9 miles upstream of Mountain
Shadows 1 just below Olympus Dam (site M50), and another site approximately 2 miles
downstream of Mountain Shadows 1 just above Drake (site M60). Data including water quality
parameters, certain metals, and nutrients are collected by BTWF at these locations at least every
other year. Review these data to provide information about water quality at Mountain Shadows
1; if water quality results at the two BTWF monitoring locations are substantially different,
efforts may be pursued to determine the location and potential source(s) of changes in water
quality along the Big Thompson corridor.

Vegetation surveys — To address project/monitoring goals (2), (5), and (6), vegetation transect
surveys should be conducted. These transects should be co-located with the two recommended
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cross-section survey transects. The LHWC monitoring method is suggested here, likely with
fewer zones due to the narrow canyon setting, and with an option to follow the guild-based
methodology used by the CWCB monitoring team if non-woody vegetation cannot be identified
to the species level.

Fish population monitoring — Monitoring fish quantity, size, and distribution would address
project/monitoring goal (6). CPW conducts repeat electrofishing surveys at their Waltonia site
annually. Based on their data, the fishery appears to be recovering from the flood disturbance,
with population estimates of total trout (> 150mm) per mile almost returning to pre-flood
numbers by 2016. Full datasets should be requested from CPW, reviewed, and used to
supplement the other data sources related to in-stream habitat and aquatic health.

Photo points — Photo points should be established for monitoring at the Mountain Shadows 1
project site. Consider occupying some of the BTWC/CWCB (Tracy Wendt/Kim Lennberg) or
Muller Engineering (Brad Florentin/Joe Juergensen) photos taken before and after construction
and establishing them as permanent photo point locations to create a longer photo record.
Photo points can be used to inform most of the project/monitoring goals, particularly (1), (2),
(5), and (6).

Visual assessments — The SVAP assessment should be conducted annually to address many of
the project/monitoring goals, particularly (1), (2), (4), (5), and (6). Annual EWP inspections
should also be completed at the Mountain Shadows 1 project site.

Flow — A stream gauge maintained cooperatively by Northern Water and the Bureau of
Reclamation, Big Thompson River Below Lake Estes (BTBLESCO), is located approximately 9 miles
upstream of project area. Floodplain inundation levels should be associated with discharge (via
pin flags, photo documentation, and/or wetted width measurement) at a series of locations
during high flow periods such as spring runoff, particularly at as-built cross sections where
possible (refer to Appendix U for a map of the suggested cross-section locations). Measuring
inundation levels during high flow at Stations 881+42 and 864+86 will address
project/monitoring goals (3) and (7).

4.6 MOUNTAIN SHADOWS 2

The Mountain Shadows 2 community experienced a catastrophic flood in 1976, and again in
2013, causing the Big Thompson River to overflow and flood. Damage from the 2013 flood
included erosion along the main channel and erosion and deposition in the isolated small
floodplains that exist through the upper canyon, including the Mountain Shadows 2
neighborhood. The area also experienced damage from channel widening, bank erosion,
channel shifting, and areas of sediment deposition. As a result, large sections of roads were
destroyed, bridges quickly clogged with flood debris, and homes were lost or severely damaged.
In the immediate aftermath of the flood, restoring roads and bridges were high priorities. Some
of the work completed in that effort further impaired the river corridor by straightening and
homogenizing the channel, removing material from the channel to be used as fill and
embankment armor for the road, and armoring the banks with rock, absent of soil and
vegetation.
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The Mountain Shadows 2 project rehabilitated 1,100 feet of river corridor by re-establishing a
low-flow channel, reconnecting the floodplain, protecting and stabilizing streambanks,
excavating flood deposits, and revegetating the project area with native species. The project
aimed to provide a sustainable floodplain design to protect the safety of neighborhood residents
while enhancing habitat and improving river function and resilience.

4.6.1 Site Details

This section provides details about the Mountain Shadows 2 site, project, and surroundings for
reference during future monitoring events.

Project Details:
- Funding Source(s) — NRCS EWP Program (with local match from CWCB and the DOLA

CDBG-DR Watershed Implementation Grant Program)

- Design engineer(s) — Brad Florentin, Muller Engineering

- Construction oversight engineer(s) — Brad Florentin, Muller Engineering

- Construction contractor — Kiewit Infrastructure Company, Iron Woman Construction,
and FlyWater

- Vegetation designer — Great Ecology

- Vegetation contractor — Western States Reclamation

- Construction dates — October 2, 2017 — May 11, 2018

- Select design flow(s) — winter baseflow (25 cfs), summer baseflow (125 cfs), bankfull
flow (550 cfs), 10-year (960 cfs), 25-year (2,280 cfs), 50-year (3,960 cfs), 100-year (6,450
cfs), 500-year (15,690 cfs)

- Select activation flow(s) — NA

River System Information:

- Position in watershed — Canyon

- Adjacent restoration projects — Waltonia and Mountain Shadows 1 upstream of the
project; CDOT reconstruction of US 34 within project boundaries

- Fish passage barriers — Olympus tunnel upstream

- Diversion structures — Olympus Tunnel (part of C-BT project) is located approximately 9
miles upstream; no other diversions until Dille Tunnel approximately 7.5 miles
downstream

- Nearest flow gauge — Big Thompson River Below Lake Estes (BTBLESCO) approximately
10 miles upstream of project area, jointly operated by Northern Water and Bureau of
Reclamation

Restoration Methods:

- Seeding methods — 4 zones (channel margin, bankfull bench, floodplain, upland),
broadcast seeding

- Planting zones — 4 zones

- Willow installation method(s) — Installed by hand with rebar and jackhammer for
especially difficult installation areas after heavy construction/grading was completed

- Topsoil added? — Approximately 615 CY of imported topsoil added to project area

- Erosion control — Mix of coir mat, coconut blanket, and hydromulch

- lrrigation — Western States conducted hand watering of container stock during one-year
warranty period
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Stakeholder Information:
- Percent public/private land — 100% private
- Number of private landowners — 3 (in 6 parcels)
- Public land agencies — NA

Post-Construction Inspections/Site Visits:
- BTWC visited the site in June and September 2018 to repeat photo points and conduct
an SVAP assessment. BTWC visited again in June 2019 for high-water inundation
monitoring.

4.6.2  Project Goals and Monitoring Questions

The Mountain Shadows 2 project’s Basis of Design Report lists the following primary objectives:

(1) Stabilize streambanks to protect against additional damage to existing infrastructure;

(2) Establish cover on critically eroding land; and

(3) Restore the discharge capacity of the stream to pre-flood levels to the maximum extent
practical where feasible and possible.

Anticipated ancillary benefits from the project were also listed in the Basis of Design Report, as
follows:

(4) Improve water quality from the reduction of sediment loading caused by bank erosion;

(5) Enhance riparian habitat from the addition of vegetation; and

(6) Improve fish habitat from additional vegetation, improved water quality, and better
habitat complexity.

Finally, additional monitoring goals and questions based on project review and conversations
with design and field engineers include:

(7) Verify design flows for floodplain benches.

4.6.3  Applicable Monitoring Parameters

Based on the project goals, objectives, and additional monitoring questions described in Section
4.6.2, the following monitoring parameters are recommended for the Mountain Shadows 2
flood recovery project. Unless otherwise noted, most of these monitoring activities can and
should be conducted in the late summer/early fall timeframe, during baseflow conditions before
the growing season ends. Associating discharge with inundation levels on floodplain benches, as
well as reoccupying a subset of established photo point locations, are the monitoring
parameters that would benefit from visits in both spring and fall seasons.

Physical surveys — Cross-section surveys are recommended to provide geomorphic information
to address project/monitoring goals (1) and (3). Suggested cross-section locations are Stations
836+60 and 830+82 (refer to Appendix U for a map of the suggested locations).
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Structure surveys — Formal surveys of particular structures are not required at Mountain
Shadows 2. However, walking the site and visually inspecting the installed bank protection
structures, cobble bar stabilization structures, and boulder cascades, specifically looking for
significant shifting of structural components or signs of erosion, is recommended if resources
are available. In cases of uncertainty, photo documentation and/or narrative descriptions may
be shared with project designers to obtain input on whether adaptive management actions may
be warranted.

Water quality and chemistry — Measuring select water quality parameters addresses
project/monitoring goals (4) and (6). At the Mountain Shadows 2 site, temperature, dissolved
oxygen, and turbidity are of the greatest interest because water quality goals relate to improved
fish habitat and reduced sedimentation. The Big Thompson Watershed Forum (BTWF) has an
established water quality monitoring location approximately 10 miles upstream of Mountain
Shadows 2 just below Olympus Dam (site M50), and another site approximately 1 mile
downstream of Mountain Shadows 2 just above Drake (site M60). Data including water quality
parameters, certain metals, and nutrients are collected by BTWF at these locations at least every
other year. Review these data to provide information about water quality at Mountain Shadows
2; if water quality results at the two BTWF monitoring locations are substantially different,
efforts may be pursued to determine the location and potential source(s) of changes in water
quality along the Big Thompson corridor.

Vegetation surveys — To address project/monitoring goals (2), (5), and (6), vegetation transect
surveys should be conducted. These transects should be co-located with the two recommended
cross-section survey transects. The LWOG monitoring method is suggested here, likely with
fewer zones due to the narrow canyon setting, and with an option to follow the guild-based
methodology used by the CWCB monitoring team if non-woody vegetation cannot be identified
to the species level.

Fish population monitoring — Monitoring fish quantity, size, and distribution would address
project/monitoring goal (6). CPW conducts repeat electrofishing surveys at their Waltonia site
annually. Based on their data, the fishery appears to be recovering from the flood disturbance,
with population estimates of total trout (> 150mm) per mile almost returning to pre-flood
numbers by 2016. Full datasets should be requested from CPW, reviewed, and used to
supplement the other data sources related to in-stream habitat and aquatic health.

Photo points — Photo points should be established for monitoring at the Mountain Shadows 2
project site. Consider occupying some of the BTWC/CWCB (Tracy Wendt/Kim Lennberg) or
Muller Engineering (Brad Florentin/Joe Juergensen) photos taken before and after construction
and establishing them as permanent photo point locations to create a longer photo record.
Photo points can be used to inform most of the project/monitoring goals, particularly (1), (2),
(5), and (6).

Visual assessments — The SVAP assessment should be conducted annually to address many of
the project/monitoring goals, particularly (1), (2), (4), (5), and (6). Annual EWP inspections
should also be completed at the Mountain Shadows 2 project site.

Flow — A stream gauge maintained cooperatively by Northern Water and the Bureau of
Reclamation, Big Thompson River Below Lake Estes (BTBLESCO), is located approximately 10
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miles upstream of project area. Floodplain inundation levels should be associated with discharge
(via pin flags, photo documentation, and/or wetted width measurement) at a series of locations
during high flow periods such as spring runoff, particularly at as-built cross sections where
possible (refer to Appendix U for a map of the suggested cross-section locations). Measuring
inundation levels during high flow at Stations 836+60 and 830+82 will address
project/monitoring goals (3) and (7).

4.7 MOODIE

Flood damage in the Big Thompson Canyon in 2013 occurred as a result of flows spilling out of
the river banks and into the overbanks. The flood flows caused heavy erosion to occur along the
banks of the Moodie reach, resulting in significant loss of property for several residences along
the right bank. In addition, portions of Highway 34 and the Moodie Street Bridge were washed
out (the Rose Hall Bridge, at the downstream end of the project reach, survived the flood). In
the immediate aftermath of the flood, restoring roads and bridges were high priorities. Rock
from the river channel was utilized to support and protect the road grade, the Moodie Street
Bridge was replaced with a temporary culvert crossing, and banks in front of residences were
temporarily stabilized with riprap. Some of the work completed in the emergency efforts further
impaired the river corridor.

The Moodie project spans approximately 1,300 feet of river corridor. CDOT designed and
implemented permanent roadway improvements along Highway 34, as well as a permanent
replacement structure for the Moodie Street Bridge. The CDOT project also constructed
improvements for the left river bank and the river bottom. The EWP project rehabilitated the
right river bank (where private residences exist) using toe rock and vegetation, and
implemented a seeding and planting plan for both the right bank and channel bottom.

4.7.1 Site Details

This section provides details about the Moodie site, project, and surroundings for reference
during future monitoring events.

Project Details:
- Funding Source(s) — NRCS EWP Program (with local match from CWCB) (note that the

majority of the project was completed by CDOT, with a small portion funded by the EWP
Program)

- Design engineer(s) — Joe Juergensen, Muller Engineering

- Construction oversight engineer(s) — Otak on behalf of Rocksol, who provided oversight
to the Kiewit team on all US 34/CDOT-led projects

- Construction contractor — Kiewit Infrastructure Company, Iron Woman Construction,
and FlyWater

- Vegetation designer — Great Ecology

- Vegetation contractor — Western States Reclamation

- Construction dates — February 25 — May 25, 2018

- Select design flow(s) —bankfull flow (650 cfs)

- Select activation flow(s) — NA

River System Information:

46



Big Thompson and Fourmile Watershed Monitoring Plan December 2019

- Position in watershed — Canyon

- Adjacent restoration projects — Drake project less than a mile upstream of the project;
CDOT reconstruction of US 34 and Moodie Street Bridge within project boundaries

- Fish passage barriers — Olympus tunnel upstream

- Diversion structures — Olympus Tunnel (part of C-BT project) upstream; no other
diversions until Dille Tunnel downstream

- Nearest flow gauge — Big Thompson River Above Canyon Mouth at Cedar Cove, CO
(BTABCMCO) approximately 5 miles downstream of project area, operated by the
Colorado Department of Water Resources

Restoration Methods:

- Seeding methods — 2 zones (floodplain and upland, many near-channel locations were
submerged at time of seeding and therefore not seeded as part of the EWP project)

- Planting zones — 2 zones (bankfull bench and floodplain)

- Willow installation method(s) — Installed by hand after grading was completed

- Topsoil added? — Approximately 615 CY of imported topsoil added to project area

- Erosion control — Mix of coir mat, coconut blanket, and hydromulch

- lrrigation — Hand-watered during one-year warranty period; unknown how often or how
much

Stakeholder Information:
- Percent public/private land — 100% private
- Number of private landowners — 7
- Public land agencies — NA

Post-Construction Inspections/Site Visits:

- In June 2019, BTWC, CDOT, Rocksol, Kiewit, Western States, and Great Ecology
conducted a one-year plant warranty walkthrough. Results of that walkthrough noted
observations that a total of 10 container plants had died and required replacement, and
25 willows required replacement. CDOT/Rocksol submitted an annual to EWP on June
24, 2019.

4.7.2  Project Goals and Monitoring Questions

The Moodie project’s Basis of Design Technical Memorandum lists the following primary
objectives:

(1) Stabilize streambanks to protect against additional damage to existing infrastructure;

(2) Establish cover on critically eroding land;

(3) Reduce threats to life or property; and

(4) Restore the discharge capacity of the stream to pre-flood levels to the maximum extent
practical where feasible and possible.

Anticipated ancillary benefits from the project were also listed in the Basis of Design Report, as
follows:

(5) Improve water quality from the reduction of sediment loading caused by bank erosion;
(6) Enhance riparian habitat from the addition of vegetation; and
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(7) Improve fish habitat from additional vegetation, improved water quality, and better
habitat complexity.

However, this monitoring plan is only considering the EWP-funded portion of the Moodie
project, which involved bank protection on river right and revegetation. Therefore, the plan
addresses portions of project/monitoring goals (1), (2), (3), (5), (6), and the vegetation
component of (7).

4.7.3  Applicable Monitoring Parameters

Based on the project goals, objectives, and additional monitoring questions described in Section
4.7.2, the following monitoring parameters are recommended for the Moodie flood recovery
project. Unless otherwise noted, most of these monitoring activities can and should be
conducted in the late summer/early fall timeframe, during baseflow conditions before the
growing season ends. If possible, reoccupying a subset of established photo point locations
would benefit from visits in both spring and fall seasons.

Structure surveys — Bank protection structures on river right should be inspected to address
project/monitoring goals (1) and (3). Prior to the project, severe erosion compromised nearby
residences and other structures. The intended functions of the bank protection structures are to
stabilize the bank and protect infrastructure. In cases of uncertainty, photo documentation
and/or narrative descriptions may be shared with project designers to obtain input on whether
adaptive management actions may be warranted.

Vegetation surveys — To address project/monitoring goals (2), (6), and (7), a vegetation transect
survey should be conducted near Station 767+09 (refer to Appendix V for location). The LHWC
monitoring method is suggested here, likely with fewer zones due to the narrow canyon setting,
and with an option to follow the guild-based methodology used by the CWCB monitoring team if
non-woody vegetation cannot be identified to the species level.

Photo points — Photo points should be established for monitoring at the Moodie project site.
Consider occupying some of the BTWC/CWCB (Shayna Jones/Kim Lennberg) photos taken before
and after construction and establishing them as permanent photo point locations to create a
longer photo record. Photo points can be used to inform most of the project/monitoring goals,
particularly (1), (2), (3), (6), and (7).

Visual assessments — The SVAP assessment should be conducted annually to address many of
the project/monitoring goals, particularly (1), (2), (3), (5), (6), and (7). Annual EWP inspections
should also be completed at the Moodie project site.

4.8 CEDAR COVE

The Cedar Cove reach of the Big Thompson River lies in a canyon pocket, where the steep
narrow canyon walls upstream open up and the valley flattens before constricting once again.
During large flood events, such as in 1976 and more recently in 2013, this reach functions to
store sediment and debris scoured from the canyon upstream. As the water slows and sediment
deposits, the river becomes unpredictable, choosing multiple channels and often claiming the
entire corridor.
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Cedar Cove experienced both river avulsion and significant aggradation as a result of the 2013
flood. The flood cut off access roads and severely damaged several homes in the reach.
Tragically, two lives were lost. After the flood, the pre-flood channel was re-excavated to restore
residential access and protect US Highway 34. While these emergency repairs offered some
short-term relief, they provided little long-term security and left the channel and floodplain in a
degraded state.

Ranked as one of the watershed’s highest priorities for improvements in the Master Plan, the
Cedar Cove project aimed to provide a robust, resilient, and sustainable river and floodplain
design. The primary project goals were to reduce the impact of future flooding, stabilize the
channel during multiple flow events, protect life and property, and create aquatic and riparian
habitat.

4.8.1 Site Details

This section provides details about the Cedar Cove site, project, and surroundings for reference
during future monitoring events.

Project Details:
- Funding Source(s) — NRCS EWP Program (with local match from CWCB and the DOLA

CDBG-DR Watershed Implementation Grant Program)

- Design engineer(s) — Randy Walsh, Stantec

- Construction oversight engineer(s) — TC Dinkins, Stantec

- Construction contractor — Kiewit and FlyWater

- Vegetation designer — Stantec

- Vegetation contractor — Western States Reclamation

- Construction dates — August 3 — November 16, 2017

- Select design flow(s) — low flow (30 cfs), bankfull flow (650 cfs), 10-year (2,116 cfs), 25-
year (4,538 cfs), 50-year (7,495 cfs), 100-year (11,803 cfs)

- Select activation flow(s) — NA

River System Information:

- Position in watershed — Canyon

- Adjacent restoration projects — Viestenz-Smith Mountain Park flood recovery project
approximately one mile upstream of project boundary; Highway 34 road/river
construction approximately 1-1.5 miles upstream; Jasper Lake flood recovery project
less than a mile downstream of project boundary

- Fish passage barriers — Dille tunnel/diversion approximately 1.5 miles downstream

- Diversion structures — Dille tunnel/diversion approximately 1.5 miles downstream

- Nearest staff gauge — Big Thompson River Above Canyon Mouth at Cedar Cove, CO
(BTABCMCO) just downstream of project area within the Jasper Lake project boundary,
operated by the Colorado Department of Water Resources

Restoration Methods:
- Seeding methods — 3 zones (lower riparian, upper riparian, upland), broadcast and
hand-raked
- Planting zones — 3 zones
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- Willow installation method(s) — Some willows installed as part of bank protection in soil
lifts and other floodplain sills/brush trenches. Other willows along upper riparian banks
installed by hand with rebar after grading was completed.

- Topsoil added? — Approximately 940 CY of imported topsoil added to project area

- Erosion control — Coir and jute mat, wood strand mulch

- lrrigation — Hand-watered during one-year warranty period; unknown how often or how
much (estimated once per month after initial watering)

Stakeholder Information:
- Percent public/private land — Approximately 40% public, 60% private
- Number of private landowners — 14
- Public land agencies — Larimer County, City of Loveland

Post-Construction Inspections/Site Visits:
- Stantec has a photo log of before/after photos.
- BTWC visited the site in November 2018 to repeat photo points. BTWC visited again in
June 2019 for high-water inundation monitoring.

4.8.2  Project Goals and Monitoring Questions

The Cedar Cove project’s Basis of Design Report lists very broad objectives, so the general EWP
objectives are listed here:

(1) Stabilize streambanks to protect against additional damage to existing infrastructure;

(2) Establish cover on critically eroding land;

(3) Improve floodplain capacity and connection;

(4) Improve water quality from the reduction of sediment loading caused by bank erosion;

(5) Enrich riparian habitat from the addition of topsoil, seeding, and vegetation; and

(6) Enhance aquatic habitat through improved vegetation, water quality, and habitat
complexity.

Additional monitoring goals and questions based on project review and conversations with
design and field engineers include:

(7) Establish a community of predominantly native species through revegetation of a
successional trajectory;

(8) Maintain geometry of the Honstein bend;

(9) Monitor the floodplain upstream of Honstein bend as an non-revegetated “contro
floodplain; and

(10)Verify design flows for floodplain benches.

|II

4.8.3  Applicable Monitoring Parameters

Based on the project goals, objectives, and additional monitoring questions described in Section
4.8.2, the following monitoring parameters are recommended for the Cedar Cove flood recovery
project. Unless otherwise noted, most of these monitoring activities can and should be
conducted in the late summer/early fall timeframe, during baseflow conditions before the
growing season ends. Measuring discharge during high flows and associating discharge
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measurements with inundation levels, as well as reoccupying a subset of established photo
point locations, are the monitoring parameters that would benefit from visits in both spring and
fall seasons.

Physical surveys — Cross-section surveys are recommended to provide geomorphic information
to address project/monitoring goals (1), (3), and (8). Permanent cross-section survey transects
are suggested at Stations 25+36, 31+29, 34+47, 46+81, and 47+84 (refer to Appendix V for a
map of the suggested cross-section locations).

Substrate surveys — A point bar assessment should be conducted at the Honstein bend point bar
to address project/monitoring goal (8). Collecting point bar samples at this location will provide
information about particle size movement within the project reach. Any excessive
sedimentation on the point bar should be noted.

Structure surveys — Because individual installed structures do not relate directly to project or
monitoring goals, no formal structure surveys are recommended at the Cedar Cove site.
However, structures can be opportunistically documented during annual inspections and/or
regular site visits. At approximately Station 25+36, the “woody debris toe protection” structure
on the outside of the Honstein bend, and the point bar on the inside of the bend, may be
monitored via photo point documentation and narrative descriptions to address
project/monitoring goal (8).

Aquatic habitat feature surveys — Presence of all types of aquatic habitat features over time will
help to evaluate the goal of increasing in-stream habitat complexity. The rapid method for
aquatic habitat feature surveys is recommended at Cedar Cove to address project/monitoring
goal (6).

Water quality and chemistry — Measuring select water quality parameters addresses
project/monitoring goals (4) and (6). At the Cedar Cove site, temperature, dissolved oxygen, and
turbidity are of the greatest interest because water quality goals relate to improved fish habitat
and reduced sedimentation. The Big Thompson Watershed Forum (BTWF) has an established
water quality monitoring within the Jasper Lake reach just downstream of Cedar Cove (site
M70). Data including water quality parameters, certain metals, and nutrients are collected by
BTWF at these locations at least every other year. Review these data to provide information
about water quality at Cedar Cove.

Vegetation surveys — To address project/monitoring goals (2), (5), (7), and (9), vegetation
transect surveys should be conducted. These transects should be co-located with 2-3 of the
recommended cross-section survey transects. The LHWC monitoring method is suggested here,
with an option to follow the guild-based methodology used by the CWCB monitoring team if
non-woody vegetation cannot be identified to the species level. In addition, the point bar on
river left at the upstream end of the project (approximately Station 16+00 to 22+00) received no
supplemental revegetation treatments as part of the Cedar Cove project. This floodplain bench
may be used as a control against which to compare success of supplemental vegetation.

Benthic _macroinvertebrate _community and fish _population _monitoring — Benthic
macroinvertebrate community structure and diversity is an excellent proxy for aquatic health,
and one way to address project/monitoring goals (4) and (6) related to in-stream habitat is to
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assess the condition of the benthic community. Fish quantity, size, and distribution is a
parameter that would also address project/monitoring goal (6). While no known
macroinvertebrate monitoring has been performed near Cedar Cove, CPW conducts repeat
electrofishing surveys at their Cedar Cove site annually. Based on their data, the fishery appears
to be recovering from the flood disturbance, with population estimates of total trout (> 6 in) per
mile slowly increasing, particularly re-stocked rainbow trout. Full datasets should be requested
from CPW, reviewed, and used to supplement the other data sources related to in-stream
habitat and aquatic health.

Photo points — Photo points should be established for monitoring at the Cedar Cove project site.
Consider occupying some of the Stantec (TC Dinkins/Randy Walsh) and BTWC/CWCB (Tracy
Wendt/Kim Lennberg) photos taken before and after construction and establishing them as
permanent photo point locations to create a longer photo record. Coordinates for established
Stantec photo point locations are provided in the file Cedar_Cove_Photo_Points.xlsx (provided
in Appendix V). Photo points can be used to inform most of the project/monitoring goals,
particularly (1), (2), (5), (7), (8), and (9).

Visual assessments — The SVAP assessment should be conducted annually to address many of
the project/monitoring goals, particularly (1), (2), (3), (4), (5), and (6). Annual EWP inspections
should also be completed at the Cedar Cove project site.

Flow — A stream gauge operated by the Colorado Department of Water Resources, Big
Thompson River Above Canyon Mouth at Cedar Cove, CO (BTABCMCO), is located just
downstream of project area within the Jasper Lake project boundary. Floodplain inundation
levels should be associated with discharge (via pin flags, photo documentation, and/or wetted
width measurement) at a series of locations during high flow periods such as spring runoff,
particularly at useful hydraulic cross sections where possible. Measuring inundation levels
during high flow at Stations 18+74, 25+36, 29+29, and 46+81 (Appendix V) will address
project/monitoring goals (3) and (10).

4.9 JASPER LAKE

Energized by the 2013 flood, the Big Thompson River through the Jasper Lake reach reclaimed
some of its former channel through the natural processes of widening and aggradation.
Structures built within the river corridor were impacted by the deposition of large amounts of
sediment and debris, and several homes, bridges, and private access roads were severely
damaged or destroyed.

Ranked as the watershed’s highest priority for improvements in the Master Plan, the Jasper Lake
project aimed to provide a robust, resilient, and sustainable river and floodplain design. The
purpose of the project was to protect vulnerable infrastructure located within the river corridor
from future flood damage while repairing and enhancing riparian and aquatic habitat.

4.9.1 Site Details

This section provides details about the Jasper Lake site, project, and surroundings for reference
during future monitoring events.
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Project Details:

Funding Source(s) — Senate Bill SB14-179, NRCS EWP Program (with local match from
CW(CB and the DOLA CDBG-DR Watershed Implementation Grant Program)

Design engineer(s) — Randy Walsh, Stantec

Construction oversight engineer(s) — TC Dinkins, Stantec

Construction contractor — RMC Construction

Vegetation designer — Stantec

Vegetation contractor — Research Services, LLC and RMC

Construction dates — March 7 — May 22, 2017

Select design flow(s) — low flow (30 cfs), bankfull flow (650 cfs), 10-year (2,693 cfs), 25-
year (5,582 cfs), 50-year (9,048 cfs), 100-year (14,020 cfs)

Select activation flow(s) — NA

River System Information:

Position in watershed — Canyon

Adjacent restoration projects — Cedar Cove flood recovery project less than one mile
upstream of project boundary; Highway 34 road/river construction directly downstream
of project; Sylvan Dale Guest Ranch flood recovery project approximately 3 miles
downstream of project

Fish passage barriers — Dille tunnel/diversion approximately 1.5 miles downstream
Diversion structures — Dille tunnel/diversion approximately 1.5 miles downstream
Nearest staff gauge — Big Thompson River Above Canyon Mouth at Cedar Cove, CO
(BTABCMCO) within the project boundary just downstream of the Jasper Lake Bridge,
operated by the Colorado Department of Water Resources

Restoration Methods:

Seeding methods — 3 zones (upland, riparian/mesic, and wetland)

Planting zones — 3 zones

Willow installation method(s) — All willows installed by hand after completion of
grading and heavy construction; willows deemed to be incorrectly installed during
warranty period; willows re-installed as part of warranty in fall 2017

Topsoil added? — Approximately 820 CY of imported topsoil added to project area
Erosion control — Coir fabric and wood straw

Irrigation — Hand-watered during one-year warranty period; unknown how often or how
much (estimated once per month)

Stakeholder Information:

Percent public/private land — Approximately 20% public, 80% private
Number of private landowners — 10
Public land agencies — Larimer County

Post-Construction Inspections/Site Visits:

The CWCB monitoring team visited the Jasper Lake project site on October 17, 2018,
after the project had already experienced two spring runoff events, to collect baseline
data at the site. The team conducted vegetation plot surveys, aquatic habitat facet
delineation, pool area mapping (where applicable), photo points, and wood counts.
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- BTWC visited the site for annual inspection visits in October 2017 and accompanied the
CWCB monitoring team in October 2018, and summarized findings in a memorandum
and PowerPoint document submitted to the State on January 25, 2019.

- Larimer County Department of Natural Resources visited the site in 2018 to assess and
manage noxious weeds. Refer to Appendix T for details regarding weed presence and
management at Jasper Lake.

- The CWCB monitoring team visited Jasper Lake on September 9, 2019 to collect
vegetation transect and photo point data at the baseline locations. Photo points were
revisited on October 21, 2019.

4.9.2  Project Goals and Monitoring Questions

The Jasper Lake project’s Basis of Design Report lists very broad objectives, so the general EWP
objectives are listed here:

(1) Stabilize streambanks to protect against additional damage to existing infrastructure;

(2) Establish cover on critically eroding land;

(3) Improve floodplain capacity and connection;

(4) Improve water quality from the reduction of sediment loading caused by bank erosion;

(5) Enrich riparian habitat from the addition of topsoil, seeding, and vegetation; and

(6) Enhance aquatic habitat through improved vegetation, water quality, and habitat
complexity.

Additional monitoring goals and questions based on project review and conversations with
design and field engineers include:

(7) Establish a community of predominantly native species through revegetation of a
successional trajectory;

(8) Create a point bar at Narrows Park that slowly aggrades over time;

(9) Monitor the first boulder cascade structure immediately downstream of the US 34
bridge; and

(10)Verify design flows for floodplain benches.

4.9.3  Applicable Monitoring Parameters

Based on the project goals, objectives, and additional monitoring questions described in Section
4.9.2, the following monitoring parameters are recommended for the Jasper Lake flood recovery
project. Unless otherwise noted, most of these monitoring activities can and should be
conducted in the late summer/early fall timeframe, during baseflow conditions before the
growing season ends. Measuring discharge during high flows and associating discharge
measurements with inundation levels, as well as reoccupying a subset of established photo
point locations, are the monitoring parameters that would benefit from visits in both spring and
fall seasons.

Physical surveys — Cross-section surveys are recommended to provide geomorphic information
to address project/monitoring goals (1), (3), and (8). Permanent cross-section survey transects
are suggested at Stations 1+64, 4+75, 11+02, and 17+80 (refer to Appendix V for a map of the
suggested cross-section locations).
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Substrate surveys — A point bar assessment should be conducted at the Narrows Park point bar
to address project/monitoring goal (8). Collecting point bar samples at this location will provide
information about particle size movement within the project reach and test the hypothesis that
the Narrows Park point bar will slowly aggrade over time. Photos should supplement the point
bar sample, and observations about sedimentation on the point bar should be noted.

Structure surveys — Because individual installed structures do not relate directly to project or
monitoring goals, no formal structure surveys are recommended at the Jasper Lake site.
However, structures can be opportunistically documented during annual inspections and/or
regular site visits. The first boulder cascade structure immediately downstream of the US 34
bridge at approximately Station 15+84 should be monitored closely via photo point
documentation and narrative descriptions to address project/monitoring goal (9). In particular,
the vane arm on river right was showing signs of scour on the downstream side of the structure
after construction.

Aguatic habitat feature surveys — Baseline aquatic habitat feature surveys were conducted by
the CWCB monitoring team in 2018, and will be revisited as needed in future years. These
surveys address project/monitoring goal (6). Presence of all types of aquatic habitat features
over time will help to evaluate the goal of increasing in-stream habitat complexity. Because the
CWCB monitoring team is conducting these surveys in the project reach, additional monitoring
by the coalition is not necessary at this time.

Pool area mapping — The CWCB monitoring team conducted an RPD survey in the project reach
in 2018, and two pools (one created by the boulder cascade at approximately Station 15+84 and
a small one near approximately Station 17+00) were the only pools that met the depth criteria
(greater than 1.5 feet). They will continue to revisit this measurement as needed. In addition to
this survey, counting pools and measuring their maximum depth over time can be a simple yet
guantitative way to address project/monitoring goal (6).

Water quality parameters — Measuring select water quality parameters addresses
project/monitoring goals (4) and (6). At the Jasper Lake site, temperature, dissolved oxygen, and
turbidity are of the greatest interest because water quality goals relate to improved fish habitat
and reduced sedimentation. The Big Thompson Watershed Forum (BTWF) has an established
water quality monitoring within the Jasper Lake reach (site M70). Data including water quality
parameters, certain metals, and nutrients are collected by BTWF at these locations at least every
other year. BTWF also recently installed a temporary real-time USGS monitoring station in the
Jasper Lake project reach to measure temperature, conductivity, pH, and turbidity at 15-minute
intervals during winter 2017-2018. Review these data to provide information about water
quality at Jasper Lake.

Vegetation surveys — Vegetation transect surveys are being conducted by the CWCB monitoring
team at three plots within the project reach (river right at approximately Station 4+00, river
right at approximately Station 11400, and river left at approximately Station 18+00). Data are
accessible and available, and are continuing to be repeated as needed. Therefore, no additional
vegetation surveys are recommended at the Jasper Lake project site. Vegetation monitoring
addresses project/monitoring goals (2), (5), and (7).
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Benthic macroinvertebrate  community and fish population monitoring - Benthic
macroinvertebrate community structure and diversity is an excellent proxy for aquatic health,
and one way to address project/monitoring goals (4) and (6) related to in-stream habitat is to
assess the condition of the benthic community. Fish quantity, size, and distribution is a
parameter that would also address project/monitoring goal (6). While no known
macroinvertebrate monitoring has been performed near Jasper Lake, CPW conducts repeat
electrofishing surveys within the Jasper Lake reach at their Narrows Park site annually. Based on
their data, the fishery appears to be recovering from the flood disturbance, with population
estimates of total trout (> 6 in) per mile slowly increasing over time. Full datasets should be
requested from CPW, reviewed, and used to supplement the other data sources related to in-
stream habitat and aquatic health.

Photo points — Photo points should be established for monitoring at the Jasper Lake project site.
Consider occupying some of the Stantec (TC Dinkins/Randy Walsh) and BTWC/CWCB (Tracy
Wendt/Kim Lennberg) photos taken before and after construction and establishing them as
permanent photo point locations to create a longer photo record. Coordinates for established
Stantec photo point locations are provided in the file Jasper_Lake_Photo_Points.xlsx (provided
in Appendix V). Photo points can be used to inform most of the project/monitoring goals,
particularly (1), (2), (5), (7), (8), and (9).

Visual assessments — The SVAP assessment should be conducted annually to address many of
the project/monitoring goals, particularly (1), (2), (3), (4), (5), and (6). Annual EWP inspections
should also be completed at the Jasper Lake project site.

Flow — A stream gauge operated by the Colorado Department of Water Resources, Big
Thompson River Above Canyon Mouth at Cedar Cove, CO (BTABCMCO), is located within the
Jasper Lake project boundary. Floodplain inundation levels should be associated with discharge
(via pin flags, photo documentation, and/or wetted width measurement) at a series of locations
during high flow periods such as spring runoff, particularly at useful hydraulic cross sections
where possible. Measuring inundation levels during high flow at Stations 4+75, 11+02, and
17+80 (Appendix V) will address project/monitoring goals (3) and (10).

4.10 SYLVAN DALE RANCH

The Sylvan Dale Guest Ranch (SDGR), located within the river corridor at the mouth of the Big
Thompson Canyon, was severely damaged by the massive 2013 flood. The force of the flood
waters and extensive sediment deposition scoured existing natural features, destroyed the
Ranch’s main lodge and several cabins, and severely damaged other Ranch infrastructure and
nearby county roads.

The SDGR project was used as a demonstration project to showcase river restoration techniques
at a small scale. Some components of the project included defining a low-flow channel to
concentrate water in the river for aquatic organisms during dry times; replicating natural
bedforms such as pools, riffles, glides, and point bars; placing boulder clusters in the active river
channel to enhance pools and improve aquatic habitat; grading to reconnect the channel with
its floodplain in order to improve conveyance of future flood waters and sediment; and
revegetation with native seeds and willows. A side channel habitat feature was also created as
part of this project.
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4.10.1 Site Details

This section provides details about the Sylvan Dale Guest Ranch site, project, and surroundings
for reference during future monitoring events.

Project Details:

Funding Source(s) — DOLA CDBG-DR Watershed Implementation Grant Program
Design engineer(s) — Troy Thompson, Ecological Resource Consultants

Construction oversight engineer(s) — James Koehler, Ecological Resource Consultants
Construction contractor — Tezak Heavy Equipment

Vegetation designer — ERC

Vegetation contractor — Western States Reclamation

Construction dates — March 16 — May 5, 2017

Select design flow(s) — 10-year (3,800 cfs), 100-year (15,450 cfs)

Select activation flow(s) — Side channel (10-year)

River System Information:

Position in watershed — Canyon mouth

Adjacent restoration projects — Jasper Lake flood recovery project approximately 3
miles upstream of project; Highway 34 road/river construction approximately 2 miles
upstream of project; City of Loveland Wastewater Treatment Plant flood recovery
project just downstream of project boundary

Fish passage barriers — Handy Ditch approximately 0.5 miles upstream of project; Home
Supply Ditch approximately 0.5 miles downstream of project; Southside, Louden, and
George Rist diversions approximately miles downstream of project

Diversion structures — Handy Ditch approximately 0.5 miles upstream of project; Home
Supply Ditch approximately 0.5 miles downstream of project; Southside, Louden, and
George Rist diversions approximately miles downstream of project

Nearest staff gauge — Big Thompson River Above Canyon Mouth at Cedar Cove, CO
(BTABCMCO) approximately 3 miles upstream of the project site, operated by the
Colorado Department of Water Resources

Restoration Methods:

Seeding methods — Hydroseed in all disturbance areas

Planting zones — None

Willow installation method(s) — NA

Topsoil added? — No

Erosion control — No erosion control used; work primarily completed in channel or
floodplain benches

Irrigation — No

Stakeholder Information:

Percent public/private land — 100% private
Number of private landowners — 2
Public land agencies — NA

Post-Construction Inspections/Site Visits:
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- None known as of the drafting of this report (fall 2019).

4.10.2 Project Goals and Monitoring Questions

The Sylvan Dale Guest Ranch project’s general objectives are listed here:

(1) Demonstrate river restoration techniques at a small scale;

(2) Reconnect floodplain and increase floodplain capacity through sediment removal and
grading;

(3) Enhance riparian and aquatic habitat;

(4) Establish cover on critically eroding land; and

(5) Stabilize streambanks to protect against additional damage to existing infrastructure.

Additional monitoring goals and questions based on project review and conversations with
design and field engineers include:

(6) Ensure that the diversion structure is functioning as intended (including monitoring
headgate at upstream end of project).

4.10.3 Applicable Monitoring Parameters

Based on the project goals, objectives, and additional monitoring questions described in Section
4.10.2, the following monitoring parameters are recommended for the Sylvan Dale Guest Ranch
flood recovery project. Unless otherwise noted, most of these monitoring activities can and
should be conducted in the late summer/early fall timeframe, during baseflow conditions before
the growing season ends. Reoccupying a subset of established photo point locations may benefit
from visits in both spring and fall seasons.

Physical surveys — Cross-section surveys are recommended to provide geomorphic information
to address project/monitoring goals (2) and (5). Permanent cross-section survey transects are
suggested at approximately Stations 17+00 (within a riffle) and 15+00 (at the downstream end
of the constructed pool).

Structure surveys — Because individual installed structures do not relate directly to project or
monitoring goals, no formal structure surveys are recommended at the SDGR site. However,
structures can be opportunistically documented during annual inspections and/or regular site
visits. The head gate in the diversion side channel should be monitored closely via photo point
documentation and narrative descriptions to address project/monitoring goal (6).

Aquatic habitat feature surveys — Presence of all types of aquatic habitat features over time will
help to evaluate the goal of increasing in-stream habitat complexity. The rapid method for
aquatic habitat feature surveys is recommended at SDGR to address project/monitoring goal (3).
In addition, angling guides regularly visit SDGR to provide recreational fishing opportunities to
ranch guests and other clients. Interviewing them would be a qualitative but informative way to
glean information about the fishery and associated aquatic habitat.

Vegetation surveys — Vegetation transect surveys may be conducted to address
project/monitoring goal (4). However, according to the design engineer, this project was
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dominated by in-stream work, with limited effort geared toward revegetation. If the coalition
chooses to conduct vegetation monitoring activities, transects should be located predominantly
on floodplain benches. The LHWC monitoring method is suggested here, likely with fewer zones
due to the narrow canyon setting, and with an option to follow the guild-based methodology
used by the CWCB monitoring team if non-woody vegetation cannot be identified to the species
level.

Benthic _macroinvertebrate _community and fish population _monitoring — Benthic
macroinvertebrate community structure and diversity is an excellent proxy for aquatic health,
and one way to address project/monitoring goal (3) related to in-stream habitat is to assess the
condition of the benthic community. Fish quantity, size, and distribution is a parameter that
would also address project/monitoring goal (3). While no known macroinvertebrate monitoring
has been performed near SDGR, CPW conducts repeat electrofishing surveys just upstream of
the SDGR reach at their Roosevelt Pullout site annually. Based on their data, the fishery appears
to be recovering from the flood disturbance, with population estimates of total trout per mile (>
150 mm) per mile slowly increasing over time. Full datasets should be requested from CPW,
reviewed, and used to supplement the other data sources related to in-stream habitat and
aquatic health. In addition, angling guides regularly visit SDGR to provide recreational fishing
opportunities to ranch guests and other clients. Interviewing them would be a qualitative but
informative way to glean information about the fishery and associated aquatic habitat.

Photo points — Photo points should be established for monitoring at the SDGR project site.
Consider occupying some of the ERC (Troy Thompson) photos taken before and after
construction and establishing them as permanent photo point locations to create a longer photo
record. The design engineer suggests at least one photo point at each of the riffles, pools, and
glides in the project. Photo points can be used to inform all of the project/monitoring goals.

Visual assessments — The SVAP assessment should be conducted annually to address most of the
project/monitoring goals, particularly (2), (3), (4), and (5).

4.11 CITY OF LOVELAND WATER TREATMENT PLANT

The City of Loveland Water Treatment Plant (COL WTP), located within the river corridor at the
mouth of the Big Thompson Canyon, was extensively damaged by the massive 2013 flood. The
force of the flood waters and extensive sediment deposition resulted in significant damage to
the WTP’s critical infrastructure and operations.

Alongside the SDGR project, the COL WTP project was used as a demonstration project to
showcase river restoration techniques at a small scale. Some components of the project
included defining a low-flow channel to concentrate water in the river for aquatic organisms
during dry times; replicating natural bedforms such as pools, riffles, glides, and point bars;
placing boulder clusters in the active river channel to enhance pools and improve aquatic
habitat; grading to reconnect the channel with its floodplain in order to improve conveyance of
future flood waters and sediment; and revegetation with native seeds, container plants, and
willows. The split flow at the water intake plant was reconstructed into a single thread
meandering channel with ample room for flooding over the constructed point bar.

59



Big Thompson and Fourmile Watershed Monitoring Plan December 2019

4.11.1 Site Details

This section provides details about the City of Loveland Water Treatment Plant site, project, and
surroundings for reference during future monitoring events.

Project Details:

Funding Source(s) — DOLA CDBG-DR Watershed Implementation Grant Program
Design engineer(s) — Troy Thompson, Ecological Resource Consultants

Construction oversight engineer(s) — James Koehler, Ecological Resource Consultants
Construction contractor — Tezak Heavy Equipment

Vegetation designer — ERC

Vegetation contractor — Western States Reclamation

Construction dates — March 16 — May 5, 2017

Select design flow(s) — 10-year (3,800 cfs), 100-year (15,450 cfs)

Select activation flow(s) — NA

River System Information:

Position in watershed — Canyon mouth

Adjacent restoration projects — Sylvan Dale Guest Ranch flood recovery project just
upstream of project boundary; Highway 34 road/river construction approximately 2
miles upstream of project; Wild Natural Area (and Neighbors, Reach 28) flood recovery
project approximately 2 miles downstream of project boundary

Fish passage barriers — Handy Ditch approximately 0.5 miles upstream of project; Home
Supply Ditch approximately 0.5 miles downstream of project; Southside, Louden, and
George Rist diversions approximately miles downstream of project

Diversion structures — Handy Ditch approximately 0.5 miles upstream of project; Home
Supply Ditch approximately 0.5 miles downstream of project; Southside, Louden, and
George Rist diversions approximately miles downstream of project

Nearest staff gauge — Big Thompson River Above Canyon Mouth at Cedar Cove, CO
(BTABCMCO) approximately 3 miles upstream of the project site, operated by the
Colorado Department of Water Resources

Restoration Methods:

Seeding methods — Hydroseed in all disturbance areas

Planting zones — Minimal planting; willow staking used as bank stabilization for
approximately 400 linear feet between Stations 0+00 and 5+00

Willow installation method(s) — Installed by hand after grading

Topsoil added? — No

Erosion control — Hydromulch

Irrigation — No

Stakeholder Information:

Percent public/private land — 100% public
Number of private landowners — 1
Public land agencies — City of Loveland

Post-Construction Inspections/Site Visits:

None known as of the drafting of this report (fall 2019).
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4.11.2 Project Goals and Monitoring Questions

The COL WTP project’s general objectives are listed here:

(1) Demonstrate river restoration techniques at a small scale;

(2) Reconnect floodplain and increase floodplain capacity through sediment removal and
grading;

(3) Enhance riparian and aquatic habitat;

(4) Establish cover on critically eroding land; and

(5) Stabilize streambanks to protect against additional damage to existing infrastructure.

Additional monitoring goals and questions based on project review and conversations with
design and field engineers include:

(6) Monitor the large terrace/point bar on river right at the downstream end of the project
just upstream of the bridge.

4.11.3 Applicable Monitoring Parameters

Based on the project goals, objectives, and additional monitoring questions described in Section
4.11.2, the following monitoring parameters are recommended for the City of Loveland Water
Treatment Plant flood recovery project. Unless otherwise noted, most of these monitoring
activities can and should be conducted in the late summer/early fall timeframe, during baseflow
conditions before the growing season ends. Reoccupying a subset of established photo point
locations may benefit from visits in both spring and fall seasons.

Substrate surveys — A point bar assessment should be conducted at the constructed point bar on
river right just upstream of the bridge (approximately Station 3+00) to address
project/monitoring goal (6). Collecting point bar samples at this location will provide
information about particle size movement within the project reach and document whether
terrace/point bar construction was successful at this location. Photos should supplement the
point bar sample, and observations about sedimentation on the point bar should be noted.

Structure surveys — Because individual installed structures do not relate directly to project or
monitoring goals, no formal structure surveys are recommended at the COL WTP site. However,
constructed riffles can be opportunistically documented during annual inspections and/or
regular site visits.

Aquatic habitat feature surveys — Presence of all types of aquatic habitat features over time will
help to evaluate the goal of increasing in-stream habitat complexity. The rapid method for
aquatic habitat feature surveys is recommended at COL WTP to address project/monitoring goal

(3).

Vegetation surveys — Vegetation transect surveys may be conducted to address
project/monitoring goal (4). However, according to the design engineer, this project was
dominated by in-stream work, with limited effort geared toward revegetation. If the coalition
chooses to conduct vegetation monitoring activities, transects should be located predominantly
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on floodplain benches. The LHWC monitoring method is suggested here, likely with fewer zones
due to the narrow canyon setting, and with an option to follow the guild-based methodology
used by the CWCB monitoring team if non-woody vegetation cannot be identified to the species
level.

Benthic _macroinvertebrate  community and fish population monitoring - Benthic
macroinvertebrate community structure and diversity is an excellent proxy for aquatic health,
and one way to address project/monitoring goal (3) related to in-stream habitat is to assess the
condition of the benthic community. Fish quantity, size, and distribution is a parameter that
would also address project/monitoring goal (3). While no known macroinvertebrate monitoring
has been performed near COL WTP, CPW conducts repeat electrofishing surveys upstream of
the COL WTP reach at their Roosevelt Pullout site annually. Based on their data, the fishery
appears to be recovering from the flood disturbance, with population estimates of total trout
per mile (> 150 mm) per mile slowly increasing over time. Full datasets should be requested
from CPW, reviewed, and used to supplement the other data sources related to in-stream
habitat and aquatic health.

Photo points — Photo points should be established for monitoring at the COL WTP project site.
Consider occupying some of the ERC (Troy Thompson) photos taken before and after
construction and establishing them as permanent photo point locations to create a longer photo
record. The design engineer suggests at least one photo point at each of the riffles, pools, and
glides in the project. Photo points can be used to inform all of the project/monitoring goals.

Visual assessments — The SVAP assessment should be conducted annually to address most of the
project/monitoring goals, particularly (2), (3), (4), and (5).

4.12  WILD NATURAL AREA (& NEIGHBORS) / REACH 28

Reach 28, a response reach located east of the Big Thompson Canyon and west of the City of
Loveland, was significantly altered as a result of the 2013 flood. Deposits of approximately 10
feet of sediment occurred in the pre-flood channel, resulting in a channel avulsion, loss of most
of the riparian vegetation, a degraded and unstable channel, and extensive property damage.

The Reach 28 project, also referred to as the Wild Natural Area (& Neighbors) project, is a multi-
objective project that aimed to improve aquatic and riparian habitat and reduce geomorphic risk
through ecosystem restoration, channel enhancement, and stabilization activities. Like a natural
channel, restoration of this reach was approached with a design that will allow the stream to
migrate in response to flow and sediment loads, but is intended to maintain its basic form
without significant aggradation or degradation.

4.12.1 Site Details

This section provides details about the Wild Natural Area (& Neighbors) site, project, and
surroundings for reference during future monitoring events.

Project Details:
- Funding Source(s) — DOLA CDBG-DR Resilience Planning Program, DOLA CDBG-DR

Watershed Implementation Grant Program
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Design engineer(s) — Troy Thompson, ERC

Construction oversight engineer(s) — James Koehler, ERC

Construction contractor — Tezak Heavy Equipment

Vegetation designer — David Blauch, ERC

Vegetation contractor — Western States Reclamation

Construction dates — March 4 — August 2, 2019

Select design flow(s) — Bankfull flow (500 cfs), 100-year flow (14,300 cfs)
Select activation flow(s) — NA

River System Information:

Position in watershed — Plains

Adjacent restoration projects — Sylvan Dale Guest Ranch and City of Loveland Water
Treatment Plant flood recovery projects approximately 4 miles upstream of project
reach; Rossum-Wilson and Rist-Goss flood recovery projects approximately 1 mile
downstream of project reach

Fish passage barriers — Rist-Goss Diversion approximately 1 mile downstream has been
improved to allow fish passage, but passage success has not yet been montiored
Diversion structures — Big Barnes Ditch upstream; Louden Ditch and Rist-Goss Diversion
downstream

Nearest staff gauge — Big Thompson River at Loveland, CO (BIGLOVCO) approximately 8
miles downstream of project reach, operated by USGS

Restoration Methods:

Seeding methods — 3 zones (upland, riparian); upland was hydroseeded with fertilizer
mulch mix and riparian was hand raked in and covered with erosion blanket

Planting zones — 3 zones (willow stakes at bankfull edge, riparian shrub nursery stock 0-
8 feet from bankfull edge, upland shrubs/trees 10-50 feet from bankfull edge)

Willow installation method(s) — installed by hand at bank edge after grading, nursery
stock installed just above

Topsoil added? — No; native soil was amended with fertilizer and soil amendments and
topped with mulch for upland shrubs/trees

Erosion control — Finely woven erosion blanket installed in riparian zone

Irrigation — ERC worked with the Big Thompson Water Commissioner to determine best
irrigation practices; 5-gallon buckets were used to draw water out of the river; amount
used was recorded and conveyed to the COL WTP (upstream of the project site) who
released an equal amount of water into the river.

Stakeholder Information:

Percent public/private land — 25% public, 75% private
Number of private landowners — 3
Public land agencies — City of Loveland

Post-Construction Inspections/Site Visits:

None known as of the drafting of this report (fall 2019).

63



Big Thompson and Fourmile Watershed Monitoring Plan December 2019

4.12.2 Project Goals and Monitoring Questions

The project’s Basis of Design Report states that the primary goal of the Wild Natural Area (&
Neighbors)/Reach 28 project was to improve aquatic and riparian habitat while reducing
geomorphic and future flood risk. Specific project objectives were listed in the report as follows:

(1) Establish a main river channel to accommodate a wide range (both high and low) of
anticipated flows;

(2) Establish in-stream aquatic habitat variety (bed form diversity) for local fish populations;

(3) Establish appropriate bankfull geometries including width-depth ratio;

(4) Maintain correct sediment transport capabilities;

(5) Develop floodplain terraces (point bars);

(6) Maximize floodplain conveyance and storage during flood events;

(7) Increase flood resiliency;

(8) Stabilize streambanks;

(9) Establish a riparian habitat corridor;

(10)Reclaim riparian and upland natural vegetation communities and lands damaged by
flooding; and

(11)Given the significant undeveloped stream corridor and floodplain within the project
area, allow the stream to adjust in a natural manner as it responds to flows and
sediment loads.

Additional monitoring goals and questions based on project review and conversations with
design and field engineers include:

(12)Track point bar development and particle size, as well as sediment deposition in riffles,
to gain information about sediment transport;

(13)Maintain a low-flow channel over time; and

(14)Verify design flows for floodplain benches.

4.12.3 Applicable Monitoring Parameters

Based on the project goals, objectives, and additional monitoring questions described in Section
4.12.2, the following monitoring parameters are recommended for the Wild Natural Area (&
Neighbors)/Reach 28 flood recovery project. Unless otherwise noted, most of these monitoring
activities can and should be conducted in the late summer/early fall timeframe, during baseflow
conditions before the growing season ends. Associating discharge with inundation levels on
floodplain benches, as well as reoccupying a subset of established photo point locations, are the
monitoring parameters that would benefit from visits in both spring and fall seasons.

Physical surveys — Cross-section surveys are recommended to provide geomorphic information
to address project/monitoring goals (1), (3), (4), (5), (6), (8), and (11). Permanent cross-sections
are suggested at 1-2 riffle/pool/glide “pods.” For example, survey a series of 3 cross sections at
Station 5+50 (riffle), Station 4+00 (pool), and Station 3+00 (glide). If resources are available for
another pod, Station 18+00 (riffle), Station 17+00 (pool), and Station 16+00 (glide) may be
surveyed.
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Thalweg survey — A survey of thalweg depth is recommended to address project/monitoring
goals (1) and (13), and ensure that a well-defined low-flow channel persists over time. The
depth of the channel thalweg should be measured in random locations at approximately 50-foot
intervals, for a total of 40-50 measurements. Depths should be recorded, and an average depth
should be computed to compare to in future years.

Substrate surveys — Substrate surveys are recommended to ensure that excessive sedimentation
is not occurring in this response reach. Pebble counts should be conducted at 3 riffles within the
project site to address project/monitoring goals (4), (11), and (12). In addition, any new point
bars that have been created should be noted, and point bar assessments should be conducted
at 2 representative point bars to address project/monitoring goals (5), (11), and (12). For
reference, Section 3.3 of the project’s Basis of Design Report indicates the following pre-project
substrate sizes: representative riffle D50 (110 mm), point bar D50 (12 mm).

Structure surveys — Because individual installed structures do not relate directly to project or
monitoring goals, no formal structure surveys are recommended at the Wild Natural Area (&
Neighbors)/Reach 28 site. However, structures can be opportunistically documented during
annual inspections and/or regular site visits.

Aquatic habitat feature surveys — The USFS channel unit inventory should be conducted on a
sub-reach within the project reach to address project/monitoring goal (2). This survey method
will evaluate the goal of increasing in-stream habitat complexity by monitoring the presence of
all types of aquatic habitat features over time and tracking changes in pool size and location. If
resources do not allow for this detailed method, the rapid method for aquatic habitat feature
surveys may be used to confirm the presence and persistence of all types of aquatic habitat
features. Regardless of which method is implemented, a 1,000-ft sub-reach is recommended to
capture riffle/pool/glide sequences 2 and 3 from upstream to downstream: Station 10+94 to
Station 1+80.

Vegetation surveys — To address project/monitoring goals (9) and (10), vegetation transect
surveys should be conducted. These transects should be co-located with the three
recommended cross-section survey transects. The LHWC monitoring method is suggested here,
with an option to follow the guild-based methodology used by the CWCB monitoring team if
non-woody vegetation cannot be identified to the species level.

Photo points — Photo points should be established for monitoring at the Wild Natural Area (&
Neighbors)/Reach 28 project site. Consider occupying some of the BTWC photos taken before
construction and establishing them as permanent photo point locations to create a longer photo
record. Photo points can be used to inform most of the project/monitoring goals, particularly
(1), (2), (5), (8), (9), (10), and (11).

Visual assessments — The SVAP assessment should be conducted annually to address many of
the project/monitoring goals, particularly (2), (4), (8), (9), and (10).

Flow — Discharge should be measured or estimated at the Wild Natural Area (&
Neighbors)/Reach 28 project because although established stream gauges exist both upstream
and downstream of the project site, numerous diversions and return flows occur between the
gauges and the project site. If possible, installation of a staff gauge and periodic measurement
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of discharge at a range of flows using a flow meter to develop a stage-discharge rating curve is
recommended. Flow should be measured during peak flows at spring runoff if possible, and
floodplain inundation levels should be associated with discharge (via pin flags, photo
documentation, and/or wetted width measurement) at a series of locations, particularly at as-
built or monitoring cross-sections where possible, to address project/monitoring goals (1) and
(14).

4.13 ROSSUM-WILSON

During the 2013 flood, the Big Thompson River avulsed in multiple locations within the 1.6-mile
(8,525 ft) Rossum-Wilson project reach. Channel movement resulting from the flood caused
extensive damage to adjacent properties and destroyed stream banks in numerous locations.
Emergency operations conducted by property owners and others returned the river to the pre-
flood channel and reinforced banks in some areas, but these repairs were not suited to long-
term resilience.

The Rossum-Wilson flood recovery project aimed to implement improvements that build
resilience into the Big Thompson River within the project reach. Resiliency is primarily achieved
by reducing flood, geomorphic, and ecologic risks and improving stream health. Project
objectives were developed based on conversations with stakeholders and the coalition, with the
main goals of reconnecting the floodplain; improving river health and system function; and
working harmoniously with the adjacent Rist-Goss diversion reconstruction project and
Namaqua bridge replacement project.

4.13.1 Site Details

This section provides details about the Rossum-Wilson site, project, and surroundings for
reference during future monitoring events.

Project Details:

- Funding Source(s) — DOLA CDBG-DR Resilience Planning Program, DOLA CDBG-DR
Watershed Implementation Grant Program

- Design engineer(s) — Rachel Williams, Otak

- Construction oversight engineer(s) — Rachel Williams, Otak

- Construction contractor — ECI Site Management Services, with Flywater and Connell

- Vegetation designer — Ecosystem Services (Ecos)

- Vegetation contractor — Western States Reclamation

- Construction dates — December 21, 2018 - August 30, 2019

- Select design flow(s) — Low flow (53 cfs), 1.5-year (562 cfs), 2-year (826 cfs), 5-year
(3,247 cfs), 10-year (4,332 cfs), 25-year (8,383 cfs), 50-year (12,941 cfs), 100-year
(19,021 cfs), 500-year (40,535 cfs)

- Select activation flow(s) — overflow channels 1, 5, and 6 (1.5-year flow); overflow
channel 4 (2-year flow); overflow channels 2 and 8 (10-year flow); overflow channels 3,
7, and 9 (25-50-year flow)

River System Information:
- Position in watershed — Plains
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- Adjacent restoration projects — Reach 28 project approximately 1 mile upstream of the
project reach; replacement of Namaqua Bridge, improvements to Wilson Bridge, and
Rist-Goss diversion reconstruction project within the project reach

- Fish passage barriers — Greeley-Loveland diversion structure approximately 1,300 ft
downstream of project; Big Barnes Ditch approximately 500 ft upstream of project

- Diversion structures — Greeley-Loveland diversion structure approximately 1,300 ft
downstream of project; Big Barnes Ditch approximately 500 ft upstream of project

- Nearest staff gauge — Big Thompson River At Loveland, CO (BIGLOVCO) approximately 6
miles downstream of project reach, operated by USGS

Restoration Methods:

- Seeding methods — 3 zones (upland, riparian, wetland); drill seeding preferred, with
some locations requiring hydroseeding or broadcasting followed by hand raking

- Planting zones — 4 zones (upland, riparian, brush trench, wetland)

- Willow installation method(s) — Willows in brush trenches installed with small
machinery; willows elsewhere on banks installed by hand with rebar and other tools

- Topsoil added? — Yes; approximately 1250 CY (Rossum to Namaqua) and 1475 CY
(Namaqua to Wilson Area)

- Erosion control — Mix of coir fabric (bank slopes) coconut matting (overflow channel
slopes), wood straw, and wood mulch

- lrrigation — Yes; overhead spray irrigation system being installed for seed and container
plants; watering schedule for trees and shrubs is: Nov — Feb: once every three weeks;
March — May: Once every two weeks, June — August: once per week; Sept — Oct: once
every two weeks; willow cutting will be watered according to schedule if soil not
saturated; seeding areas will be served by irrigation system and watered as needed

Stakeholder Information:
- Percent public/private land — 60% private, 40% public
- Number of private landowners — 1
- Public land agencies — City of Loveland Open Lands

Post-Construction Inspections/Site Visits:
- None known as of the drafting of this report (fall 2019).

4.13.2 Project Goals and Monitoring Questions

The project’s Basis of Design Report states that the primary goal of the Rossum-Wilson project
was to build resilience by reducing flood, geomorphic, and ecologic risks and improving stream
health. Specific project objectives were listed in the report as follows:

(1) Increase channel-floodplain connection for a range of flow events (2-year to 25-year) by
lowering bankfull and high benches along the main channel, adding overflow channels,
and adding connections to existing ponds;

(2) Increase the amount of cover, holding habitat, and organic matter through the reach by
incorporating large wood structures;

(3) Encourage channel narrowing at over-widened portions of the project reach by
constructing point bars;

(4) Protect banks through addition of primarily bioengineered, deformable treatments; and
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(5) Reduce surface erosion and increase the quality of riparian and upland habitat by
revegetating channel banks and floodplains.

Additional monitoring goals and questions based on project review and conversations with
design and field engineers include:

(6) Track point bar development and particle size, as well as sediment deposition in riffles,
to gain information about sediment transport;

(7) Check persistence of constructed point bars and channel widths over time;

(8) Evaluate wood structures for pool scouring, sediment collection, and/or bank erosion;
and

(9) Verify design flows for floodplain benches.

4.13.3 Applicable Monitoring Parameters

Based on the project goals, objectives, and additional monitoring questions described in Section
4.13.2, the following monitoring parameters are recommended for the Rossum-Wilson flood
recovery project. Unless otherwise noted, most of these monitoring activities can and should be
conducted in the late summer/early fall timeframe, during baseflow conditions before the
growing season ends. Associating discharge with inundation levels on floodplain benches and
overflow channels, as well as reoccupying a subset of established photo point locations, are the
monitoring parameters that would benefit from visits in both spring and fall seasons.

Physical surveys — Cross-section surveys are recommended to provide geomorphic information
to address project/monitoring goals (1), (3), and (7). Permanent cross-sections are suggested at
the following approximate locations (or a subset, if resources do not allow for surveying all
suggested locations): Stations 101+90, 99+50, 93+50, 74+20, 46+00, 29+50, and 19+20. Refer to
Appendix W for a map of the suggested locations.

Substrate surveys — Substrate surveys are recommended to ensure that excessive sedimentation
is not occurring in this response reach. Pebble counts should be conducted at 3 riffles within the
project site (suggested locations include approximately Station 93+50, 74+20 and Station 19+20)
to address project/monitoring goals (5) and (6). In addition, any new point bars that have been
created should be noted, and point bar assessments should be conducted at 2 representative
point bars (suggested locations include approximately Station 101+90 and Station 29+50) to
address project/monitoring goals (3), (6), and (7). For reference, Section 3.3 of the project’s
Basis of Design Report indicates the following pre-project substrate sizes: Reach 1 D50/D84
(79/146 mm), Reach 2 D50/D84 (69/122 mm), Reach 5 upstream D50/D84 (86/146 mm), Reach
5 downstream D50/D84 (55/83 mm). Refer to Appendix W for a map of the suggested locations
for substrate surveys.

Structure surveys — Surveying the installed large wood structures throughout the project
(approximately Stations 101+00, 95+00, and 29+00 on river left) addresses project/monitoring
goals (2) and (8). These woody bank stabilization structures should be evaluated to determine
whether they are fulfilling their intended functions: reduce water velocities and dissipate
energy; stabilize banks; create pools; provide cover; and direct flow away from the bank.
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Vegetation surveys — To address project/monitoring goal (5), vegetation transect surveys should
be conducted. These transects should be co-located with three recommended cross-section
survey transects. The LHWC monitoring method is suggested here, with an option to follow the
guild-based methodology used by the CWCB monitoring team if non-woody vegetation cannot
be identified to the species level.

Photo points — Photo points should be established for monitoring at the Rossum-Wilson project
site. Consider occupying some of the BTWC/Otak photos taken before construction and
establishing them as permanent photo point locations to create a longer photo record. Photo
points can be used to inform most of the project/monitoring goals, particularly (1), (2), (3), (4),
(5), (7), and (8).

Visual assessments — The SVAP assessment should be conducted annually to address many of
the project/monitoring goals, particularly (1), (2), (4), and (5).

Flow — Discharge should be measured or estimated at the Rossum-Wilson project because
although established stream gauges exist both upstream and downstream of the project site,
numerous diversions and return flows occur between the gauges and the project site. If
possible, installation of a staff gauge and periodic measurement of discharge at a range of flows
using a flow meter to develop a stage-discharge rating curve is recommended. Flow should be
measured during peak flows at spring runoff if possible, and floodplain inundation levels should
be associated with discharge (via pin flags, photo documentation, and/or wetted width
measurement) at a series of locations, particularly at as-built or monitoring cross-sections where
possible (refer to Appendix W for a map of the suggested cross-section locations), to address
project/monitoring goals (1), (3), and (9).

4.14 RIST-GOSS DIVERSION

The aging dam infrastructure at the Rist-Goss diversion site on the Big Thompson River was
damaged during the 2013 flood. Located in the middle of the Rossum-Wilson flood recovery
project reach, the Rist-Goss diversion was a channel-spanning 6-foot high concrete structure.
The diversion posed a barrier to fish passage and impeded natural conveyance of sediment,
causing deposition for hundreds of feet upstream of the structure, and requiring constant
maintenance.

The primary goals of the Rist-Goss diversion reconstruction project were to develop a resilient
design for the river channel and floodplain 1,875 feet upstream and downstream of the
diversion; to address damages sustained from the 2013 flood and continued sedimentation
maintenance; to address fish passage obstacles; and to create a cohesive design between the
project and other adjacent projects (Rossum-Wilson flood recovery project and Namaqua Bridge
replacement project).

4.14.1 Site Details

This section provides details about the Rist-Goss diversion site, project, and surroundings for
reference during future monitoring events.

Project Details:
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Funding Source(s) — DOLA CDBG-DR Resilience Planning Program, DOLA CDBG-DR
Watershed Implementation Grant Program, with matching funds from Northern Water
Design engineer(s) — Kyle Hardie, CDM Smith

Construction oversight engineer(s) — Kyle Hardie, CDM Smith

Construction contractor — ECI Site Management Services, with Flywater and Connell
Vegetation designer — Ecosystem Services (Ecos)

Vegetation contractor — Western States Reclamation

Construction dates — December 21, 2018 - August 30, 2019

Select design flow(s) — Annual low flow (35-57 cfs), agricultural (Apr-Sep) low flow (49-
96 cfs), 1-year (224-282 cfs), 1.25-year (443-496 cfs), bankfull (2-year) (840 cfs), 5-year
(2,147 cfs), 10-year (4,318 cfs), 25-year (8,371 cfs), 50-year (12,923 cfs), 100-year
(18,997 cfs), 500-year (40,400 cfs)

Select activation flow(s) — NA

River System Information:

Position in watershed — Plains

Adjacent restoration projects — Rist-Goss diversion reconstruction project occurs within
Rossum-Wilson flood recovery project limits

Fish passage barriers — Greeley-Loveland diversion structure approximately 1,300 ft
downstream of project; Big Barnes Ditch approximately 500 ft upstream of project
Diversion structures — Rist-Goss diversion

Nearest staff gauge — Big Thompson River at Loveland, CO (BIGLOVCO) approximately 6
miles downstream of project reach, operated by USGS

Restoration Methods:

Seeding methods — 3 zones (wetland, riparian, perennial riparian)

Planting zones — 3 zones (willow toe/wetland sod, brush trench/willow cuttings, riparian
trees and shrubs)

Willow installation method(s) — by hand after grading (except brush trenches)

Topsoil added? — No (excess cut was amended on site)

Erosion control — Mix of coir fabric and wood mulch

Irrigation — Yes; overhead spray irrigation system being installed for seed and container
plants; watering schedule for trees and shrubs is: Nov — Feb: once every three weeks;
March — May: Once every two weeks, June — August: once per week; Sept — Oct: once
every two weeks; willow cutting will be watered according to schedule if soil not
saturated; seeding areas will be served by irrigation system and watered as needed

Stakeholder Information:

Percent public/private land — 50% private, 50% public
Number of private landowners — 1
Public land agencies — City of Loveland Open Lands

Post-Construction Inspections/Site Visits:

None known as of the drafting of this report (fall 2019).
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4.14.2 Project Goals and Monitoring Questions

The project’s Basis of Design Report states that the primary goal of the Rist-Goss diversion
reconstruction project was to develop a resilient design that improved sediment transport and
fish passage through the diversion while continuing to convey a full decree of water to water
rights holders. Specific project objectives were listed in the report and conveyed by BTWC as
follows:

(1) Reconstruct Rist-Goss diversion structure to provide a full decree of irrigation water (6.7
cfs) to the City of Loveland and Loveland Ready Mix across a range of anticipated flow
events;

(2) Promote long-term resilience and provide sustainable infrastructure improvements;

(3) Incorporate fish and recreational passage into diversion reconstruction design;

(4) Improve sediment conveyance by replacing the existing Rist-Goss dam with a series of
riffle structures; and

(5) Maintain grade control and water delivery in accordance with existing water rights by
moving the point of diversion approximately 500 feet upstream.

Additional monitoring goals and questions based on project review, conversations with design
and field engineers, and project monitoring and adaptive management plan include:

(6) Create a compound channel via bankfull benching;

(7) Narrow over-widened portions of the channel;

(8) Stabilize eroding streambanks;

(9) Increase organic matter and cover in the reach;

(10)Increase riparian and upland vegetation cover and minimize weed cover;

(11)Improve aquatic habitat through channel and flow diversity and enhancing
macroinvertebrate communities; and

(12)Accommodate future City of Loveland land-use plans.

4.14.3 Applicable Monitoring Parameters

Based on the project goals, objectives, and additional monitoring questions described in Section
4.14.2, the following monitoring parameters are recommended for the Rist-Goss diversion
reconstruction flood recovery project. Unless otherwise noted, most of these monitoring
activities can and should be conducted in the late summer/early fall timeframe, during baseflow
conditions before the growing season ends. Associating discharge with inundation levels, as well
as reoccupying a subset of established photo point locations, are the monitoring parameters
that would benefit from visits in both spring and fall seasons.

It should be noted that this is a mitigation project funded by Northern Water, and they hired
ERO Resource Consultants to monitor the project. The consultant is qualitatively assessing
vegetation cover and noxious weed cover, looking for erosion or other issues, and establishing
permanent photo points, as required by USACE to meet success criteria for a relatively small
area.

Physical surveys — Cross-section surveys are recommended to provide geomorphic information
to address project/monitoring goals (2), (5), (6), (7), and (8). Permanent cross-sections are
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suggested at the following approximate locations: Stations 8+00 (59+00 on Rossum-Wilson plan
set) and 1+00 (53+80 on Rossum-Wilson plan set). Refer to Appendix W for a map of the
suggested locations.

Substrate surveys — Substrate surveys are recommended to ensure that excessive sedimentation
is not occurring, since one of the main objectives of this project was to improve sediment
conveyance. Pebble counts should be conducted at 2 riffles within the project site (suggested
locations are Stations 8+00 (59+00 on Rossum-Wilson plan set) and 1+00 (53+80 on Rossum-
Wilson plan set) to address project/monitoring goals (4) and (11). For reference, Table 3 of the
project’s Basis of Design Report indicates the following pre-project substrate sizes: upstream of
project extent D50/D84 (69/122 mm), downstream of project extent D50/D84 (86/146 mm).
Refer to Appendix W for a map of the suggested locations for substrate surveys.

Structure surveys — Visual inspection of the diversion structure should be conducted at each site
visit, particularly to ensure that sedimentation is not occurring in front of the intake structure
and that fish passage obstructions are not present, thereby addressing project/monitoring goals
(1), (2), and (3).

Aquatic habitat feature surveys — The USFS channel unit inventory should be conducted on the
entire project reach to address project/monitoring goal (11). This survey method will evaluate
the goal of increasing in-stream habitat complexity by monitoring the presence of all types of
aquatic habitat features over time and tracking changes in pool size and location. If resources do
not allow for this detailed method, or if flows are too high to safely conduct the survey, the
rapid method for aquatic habitat feature surveys may be used to confirm the presence and
persistence of all types of aquatic habitat features.

Vegetation surveys — To address project/monitoring goal (10), vegetation transect surveys
should be conducted. These transects should be co-located with the two recommended cross-
section survey transects. The LHWC monitoring method is suggested here, with an option to
follow the guild-based methodology used by the CWCB monitoring team if non-woody
vegetation cannot be identified to the species level.

Benthic _macroinvertebrate _community and fish population _monitoring - Benthic
macroinvertebrate community structure and diversity is an excellent proxy for aquatic health,
and one way to address project/monitoring goal (11) related to in-stream habitat is to assess the
condition of the benthic community. Fish quantity, size, and distribution is a parameter that
would also address project/monitoring goal (3), particularly in the determination of whether the
diversion reconstruction improved fish passage in the reach. Currently, no known
macroinvertebrate or fish population monitoring has been performed at the Rist-Goss site.
Working with CPW or other entities to monitor these parameters is recommended for
evaluating project goals.

Photo points — Photo points should be established for monitoring at the Rossum-Wilson project
site. Consider occupying some of the BTWC photos taken before construction and establishing
them as permanent photo point locations to create a longer photo record. Photo points can be
used to inform most of the project/monitoring goals, particularly (2), (3), (6), (7), (8), (10), and
(12).
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Visual assessments — The SVAP assessment should be conducted annually to address many of
the project/monitoring goals, particularly (3), (4), (7), (8), (9), (10), and (11). In addition, to
address project/monitoring goal (1), discharge records should be reviewed annually with input
from the ditch manager to determine what portion of the full decree (6.7 cfs) of irrigation water
was taken and whether that amount met the needs of the water rights holder. City of Loveland
open space and recreational user data may also be reviewed annually to address
project/monitoring goal (12).
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5.0 FOURMILE WATERSHED FLOOD RECOVERY PROJECTS

The Fourmile watershed sustained considerable damage as a result of natural disasters in the
last decade, with the Fourmile Canyon Fire burning a significant portion of the watershed in
2010, followed by extensive flooding from the Front Range flood in 2013. These events
compounded one another and led to significant erosion and debris flows throughout the
watershed. Federal, state, and local funding was secured by the Fourmile Watershed Coalition
after the flood to complete 7 flood recovery projects in the years following the flood: Sunset
Pond, Wall Street, Ingram Gulch, Upper Ingram, Black Swan, Logan Mill, and Lower Fourmile
Streambanks. Monitoring plans for each of these projects are provided in the sections that
follow. A summary of monitoring parameters by project is provided in Table 3. While this matrix
may be used for reference, it should not supplement the details provided in the monitoring plan
sections of this report.

Boulder County Transportation also completed several additional flood recovery projects within
the watershed. Although project-specific monitoring plans were not developed for those
projects as part of this effort, similar monitoring parameters may be used to evaluate those
project areas as desired.

In addition, although an “unrestored” site is not identified in this plan, it is recommended that if
possible, similar monitoring parameters be applied to such an area in order to collect
comparable data from a site in the watershed that was impacted by the wildfire and the flood,
but left untreated.

5.1 SUNSET POND

The Sunset Pond project in upper Fourmile Canyon rehabilitated a 450-foot stretch of Fourmile
Creek and built a new diversion structure to store water in the adjacent Sunset Pond for
firefighting activities.

Prior to the 2013 flood, upper Fourmile Creek maintained a stable step-pool channel bedform
and had a working diversion that successfully diverted flows to the Sunset Pond. The 2013 flood
resulted in massive sediment and debris deposition in upper Fourmile Creek, causing the creek
to cut a new incised, unstable channel that generated several headcuts and limited floodplain
connectivity in the years following the flood. The channel migration also rendered the pre-flood
diversion ineffective. The Sunset Pond project reconstructed the creek channel in the location of
a historical abandoned channel, aiming to recreate its step-pool bedform and provide adequate
separation between the creek channel and the diversion ditch. The project also built a new
functional diversion structure to redirect a portion of the creek flow to Sunset Pond.

51.1 Site Details

This section provides details about the Sunset Pond site, project, and surroundings for reference
during future monitoring events.

Project Details:
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Funding Source(s) — NRCS EWP Program (with local match from CWCB, Four Mile Fire
Protection District and donated rock material from Boulder County)

Design engineer(s) — Rob Molacek and TJ Burr, NRCS

Construction oversight engineer(s) — Rob Molacek and TJ Burr, NRCS

Construction contractor — Frontier Environmental

Vegetation designer — AlpineEco

Vegetation contractor — Frontier Environmental

Construction dates — March 27 - June 1, 2017

Select design flow(s) — Bankfull flow (50 cfs)

Select activation flow(s) — NA

River System Information:

Position in watershed — Canyon

Adjacent restoration projects — none upstream of project; Boulder Canyon
Transportation upper Fourmile Canyon road rehabilitation project directly downstream
of project; Wall Street EWP/DR flood recovery project 4 miles downstream of project
Fish passage barriers — Glacier Lake dam at the top of Pennsylvania Gulch upstream of
project

Diversion structures — Diversion structure built as part of Sunset Pond project

Nearest flow gauge — No proximal gauges

Restoration Methods:

Seeding methods — Native seed mix hand seeded with broadcast seed spreader, lightly
raked into soil, and mulched with wood mulch

Planting zones — 3 zones (channel edge (0-1 ft above channel), lower riparian (1-2 ft
above channel), upper riparian (2-2.5 ft above channel))

Willow installation method(s) — Willows stakes were harvested onsite and installed by
hand after construction was completed.

Topsoil added? — No

Erosion control — Coir fabric installed along floodplain benches

Irrigation — Container plants watered every 1-2 weeks for first growing season

Stakeholder Information:

Percent public/private land — 100% private
Number of private landowners — 3
Public land agencies — NA

Post-Construction Inspections/Site Visits:

TJ Burr (NRCS) visited the site on July 20, 2017, approximately 3 months after
construction. His notes for suggested repairs are attached in Appendix X. He found
several locations where rocks had shifted, particularly within constructed cross vanes as
a result of spring runoff, and suggested a few additional improvements. However, it was
determined that while the locations noted should continue to be inspected, adaptive
management activities should only be initiated at one location. An angular boulder from
off-site was used to replace the rounded boulder that became dislodged in the cross
vane directly downstream of the diversion structure. This adaptive management activity
was completed in order to assure that the diversion structure and immediate streambed
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remained stable and functional. A mini excavator was mobilized in September 2018 to
complete the work.

- Great Ecology completed an assessment of vegetation survivorship in May 2018 on
behalf of the State. Findings for Sunset Pond are as follows: Zone 2 — willow survivorship
(75%), container survivorship (85%), cover (50%), and seed germination (Fair). Zone 3/4
— container survivorship (20%), cover (35%), and seed germination (Fair). The
accompanying report recommended that the contractor install new container plants
and increase irrigation to achieve the survivability standard (65%) and ensure long-term
survivability.

5.1.2  Project Goals and Monitoring Questions

The project’s Basis of Design Report states that the primary goal of the Sunset Pond project was
to decrease flood risk while reducing the ecological and geomorphic degradation that resulted
from the 2013 flood event and incorporating a new water diversion. Specific project objectives
were listed in the report as follows:

(1) Create a stable step-pool channel section;

(2) Remove debris and extensive sediment deposition to regain floodplain capacity;

(3) Increase in-stream habitat complexity;

(4) Rehabilitate vegetation that typically exists adjacent to the river and in the floodplain;
and

(5) Reduce erosion along unstable creek banks.

Additional monitoring goals and questions based on project review and conversations with
design and field engineers include:

(6) Ensure that the diversion structure is functioning as intended and delivering water to
Sunset Pond (including monitoring potential problems with sedimentation in front of
the intake structure);

(7) Check to see if pools created by cross vane structures are scouring as expected;

(8) Track point bar development and measure particle size in point bars to gain information
about sediment transport; and

(9) Monitor the site for potential headcut formation and channel incision.

5.1.3  Applicable Monitoring Parameters

Based on the project goals, objectives, and additional monitoring questions described in Section
5.1.2, the following monitoring parameters are recommended for the Sunset Pond flood
recovery project. Unless otherwise noted, most of these monitoring activities can and should be
conducted in the late summer/early fall timeframe, during baseflow conditions before the
growing season ends. Associating discharge with inundation levels on floodplain benches, as
well as reoccupying a subset of established photo point locations, are the monitoring
parameters that would benefit from visits in both spring and fall seasons.

Physical surveys — Because the Sunset Pond project site is in a narrow canyon with a relatively
small floodplain, and because one of the main goals of this project is to create a stable step-pool
channel section, a longitudinal profile survey is recommended. The profile will provide
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information about pool scour, thalweg depth, and channel pattern. Longitudinal profile surveys
will address project/monitoring goals (1), (3), (5), (7), and (9). If possible (i.e., if time and budget
allow), cross-section surveys may also be conducted to provide additional geomorphic
information at specific locations. Suggested cross-section locations are:

- At the riffle below the diversion cross vane (cross vane 1) near Station 1+20

- At another representative riffle within the project site

- Across the deepest part of the pool created by cross vane 2 near Station 2+20 (at the

site of a previous headcut)

Surveying cross-sections at these locations will address project/monitoring goals (1), (2), (5), (7),
and (9).

Substrate surveys — Substrate surveys are recommended to ensure that excessive sedimentation
is not occurring in this transport reach. Pebble counts should be conducted at 2-3 riffles within
the project site to address project/monitoring goals (2) and (5). In addition, any new point bars
that have been created should be noted, and point bar assessments should be conducted at 2
representative point bars to address project/monitoring goal (8). For reference, the “Project
Area Morphological Characteristics” table on page 4 of the project’s Basis of Design Report lists
the following expected substrate sizes: active bed D50 (44 mm), active bed D84 (132 mm), point
bar D50 (32 mm), point bar D84 (105 mm), largest particle size to be moved (140 mm).

Structure surveys — Visual inspection of the diversion structure should be conducted at each site
visit, particularly to ensure that sedimentation is not occurring in front of the intake structure
and that the piping is intact and delivering sufficient water to Sunset Pond, thereby addressing
project/monitoring goal (6). In addition, all five cross vanes should be inspected to see whether
any rocks have shifted, if flanking is occurring, or if water is being directed toward channel
banks. The CWCB SOP for Assessment of In-Channel Structures (Appendix F) may be used to
assist the evaluator with inspection of the cross vanes. These inspections will address
project/monitoring goals (1) and (5).

Aguatic habitat feature surveys — The USFS channel unit inventory can be conducted on the
Sunset reach to address project/monitoring goals (1), (3), and (7). This aquatic habitat feature
survey method will monitor whether a step-pool system has been achieved and evaluate the
effectiveness of cross vane scouring mechanisms. Monitoring the presence of all types of
aquatic habitat features over time will help to evaluate the goal of increasing in-stream habitat
complexity. Although other aquatic habitat survey protocols may be more efficient at this
location, this method will be used at other project reaches on Fourmile Creek, so it is
recommended at Sunset as well in order to allow for future habitat comparisons across projects
in the watershed. The channel unit inventory is recommended for the entire project area. For
consistency in temporal comparisons, measurements should always be conducted at
approximately the same time of year and relative flow (e.g.,, summer baseflow in
August/September). Observations of excessive sedimentation in the pools should be noted at
each site visit as well.

Vegetation surveys — To address project/monitoring goal (4), vegetation transect surveys should
be conducted. These transects should be co-located with the three recommended cross-section
survey transects. The AlpineEco vegetation monitoring method is planned to consistently
monitor all Fourmile watershed projects.
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Benthic _macroinvertebrate community monitoring — Benthic macroinvertebrate community
structure and diversity is an excellent proxy for aquatic health. One way to address
project/monitoring goal (3) related to in-stream habitat is to assess the condition of the benthic
community. FWC collected macroinvertebrate samples in conjunction with CDPHE at the Sunset
Pond project site in August 2018. Benthic sampling should be repeated annually or every other
year to detect changes in the macroinvertebrate community over time.

Photo points — Photo points should be established for monitoring at the Sunset Pond project
site. Consider occupying some of the NRCS (TJ Burr) and FWC/CWCB (Maya MacHamer/Kim
Lennberg) photos taken before and after construction and establishing them as permanent
photo point locations to create a longer photo record. Photo points can be used to inform most
of the project/monitoring goals, particularly (3) and (4).

Visual assessments — The SVAP assessment should be conducted annually to address many of
the project/monitoring goals, particularly (2), (3), (4), (5), and (9). Annual EWP inspections
should also be completed at the Sunset Pond project site.

Flow — Discharge should be measured or estimated at the Sunset Pond project because no
established stream gauges exist in relative proximity to the project site. Because flow
monitoring is not directly related to project goals, these measurements are recommended but
not required. Installation of a staff gauge and periodic measurement of discharge at a range of
flows using a flow meter to develop a stage-discharge rating curve is recommended, and staff
gauge installation was completed on May 10, 2019. The gauge was installed on diversion intake
structure, and a rating curve is being developed to associate water height with discharge at that
location. Flow should be measured during peak flows at spring runoff if possible, and floodplain
inundation levels should be associated with discharge (via pin flags, photo documentation,
and/or wetted width measurement) at 1-2 as-built or monitoring cross sections where possible.
As-built cross sections are located at Stations 1+42, 1499, 2+32, 2+66, 3+30, 4+17, and 4+50.
Height of water in the Parshall Flume measuring flow through the diversion ditch should be
recorded at each site visit, along with corresponding discharge rates (see table in Appendix Y).

5.2 WALL STREET

The Wall Street community and surrounding Upper Fourmile Creek Watershed experienced a
sequence of compounding disasters in the last decade. In September 2010, the Fourmile Canyon
Fire burned 23 percent of the watershed, destroyed more than 160 homes, and left the
watershed more vulnerable to future flooding. Typical summer thunderstorms in 2011 and 2012
produced flash floods that transported a significant amount of sediment and debris into the
creek corridor, plugging culverts and reducing channel capacity. The following year, 13-18 inches
of rain fell over the wildfire’s burn scar during the September 2013 flood, inundating the creek
corridor with floodwaters, sediment, and debris. The flood destroyed large sections of local
roads and residential properties built within the active river corridor, and washed out every
creek crossing in the Wall Street neighborhood. Some residents were stranded due to
impassable roads and had to hike to a nearby ridge and await helicopter evacuation.

The primary objective of the Wall Street project was to remove flood-deposited sediment and

debris from the channel and floodplains in order to increase the capacity of the creek corridor to
convey future floodwaters, and provide locations for sediment from future events to be
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deposited away from homes and roadways. The project also constructed two fish-friendly
diversion structures that feed water to ponds used by the Four Mile Fire Protection District for
firefighting and wildfire mitigation activities.

5.2.1

Site Details

This section provides details about the Wall Street site, project, and surroundings for reference
during future monitoring events.

Project Details:

Funding Source(s) — NRCS EWP Program (with local match from CWCB and the DOLA
CDBG-DR Watershed Implementation Grant Program), DOLA CDBG-DR Watershed
Planning for Resilience Program

Design engineer(s) — Katie Jagt, Watershed Science and Design

Construction oversight engineer(s) — Katie Jagt, Watershed Science and Design
Construction contractor — Edge Contracting

Vegetation designer — Andy Herb, AlpineEco

Vegetation contractor — CDI Environmental Contractor

Construction dates — August 21 — December 6, 2017

Select design flow(s) — winter baseflow (<1 cfs), summer baseflow (6 cfs), spring
average flow (65 cfs), bankfull flow (175 cfs), 5-year (343 cfs), 10-year (400 cfs), 25-year
(789 cfs), 50-year (1,209 cfs), 100-year (1,969 cfs), 500-year (3,388 cfs)

Select activation flow(s) — Alpine Gulch overflow channel (between 5-10 year flow),
overflow at 6149 Fourmile Canyon Drive crossing (bankfull flow)

River System Information:

Position in watershed — Canyon

Adjacent restoration projects — Boulder County Transportation road projects on
Fourmile Canyon Drive upstream of project, downstream of project, and within the
project reach (specific locations within project extent are (1) north slope up to road
across from Hester diversion (Boulder County road construction); (2) construction of the
Dane bridge at 6149 Fourmile Canyon Drive (Flood Recovery County Bridge); and (3)
staging site at Alpine Gulch (Boulder County road construction)).

Fish passage barriers — NA

Diversion structures — Two diversion structure built as part of Wall Street project;
Sunset Pond diversion upstream of project; Pine Brook diversion downstream of project
Nearest flow gauge — No proximal gauges; one expected to be installed by Pine Brook
Water District in 2020 near the Poorman’s Fourmile Fire Station downstream of the
Gold Run confluence; one expected to be installed by USGS in April 2020 at the Logan
Mill bridge; and one existing at the mouth of Fourmile Canyon just upstream of the
confluence with Boulder Creek (Fourmile Creek at Orodell, CO (USGS 06727500)
operated by USGS).

Restoration Methods:

Seeding methods — Native seed mix applied via hydroseeding

Planting zones — 3 zones: zone 1 or A channel edge (0-1 ft above channel), zone 2 or B
lower riparian (1-2 ft above channel), zone 3 or C upper riparian (2-3 ft above channel),
zone 4 or upland (3+ ft above channel)
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Willow installation method(s) — Hand-install during and following construction
Topsoil added? — No - native soils amended with compost

Erosion control — Coir fabric blankets at top of project, hydromulch throughout
Irrigation — Contractor used water truck for post-construction summer/fall season.

Stakeholder Information:

Percent public/private land — 95% private; 5% public
Number of private landowners — 19
Public land agencies — Boulder County (buyout property at Alpine Gulch)

Post-Construction Inspections/Site Visits:

5.2.2

The CWCB monitoring team visited the Wall Street project site on May 9, 2018 to collect
baseline data at the site. Data collection efforts were focused in 2 project sub-sections:
approximately Station 200+00 to 207400 (Pod 2, 5 transects), and approximately Station
217400 to 220+00 (Pod 3, 3 transects). At each pod, the team conducted cross-section
surveys, vegetation transect surveys, pool area mapping, photo points, wood counts,
and test banks. Photo points were also completed in the Alpine Gulch area (Pod 1).
Great Ecology completed an assessment of vegetation survivorship in May 2018 on
behalf of the State. Findings for Wall Street are as follows: Zone 1 — willow survivorship
(90%), cover (10%), and seed germination (Low). Zone 2 — willow survivorship (85%),
container survivorship (85%), cover (50%), and seed germination (Fair). Zone 3 —
container survivorship (85%), cover (50%), and seed germination (Fair). Zone 4 — cover
(40%) and seed germination (Fair). The accompanying report noted that the container
plants could benefit from increased irrigation to ensure long-term survivability.

The CWCB monitoring team returned to Wall Street on June 14, 2019 to collect photo
point data at the baseline locations.

The CWCB monitoring team visited Wall Street on August 14, 2019 to collect photo
point data, and again on September 3, 2019 to collect vegetation transect, cross section,
photo point, and pool area data at the baseline locations.

Project Goals and Monitoring Questions

The project’s Basis of Design Report states that the primary objectives of the Wall Street project
were to reduce threats to life and property and increase resiliency through the following specific
project objectives:

(1)
(2)

(3)
(4)
(5)
(6)
(7)
(8)
(9)

Remove sediment to provide storage locations for future sediment pulses;

Stabilize streambanks, stream beds, and floodplains to protect against additional
damage to homes and infrastructure;

Restore the discharge capacity of the creek to pre-flood levels where feasible;

Remove flood debris and trash from the riparian corridor;

Establish vegetative cover on critically eroding land;

Reduce flood risk and increase community safety;

Protect public and private infrastructure and property;

Improve water quality by reducing sediment loading caused by bank erosion;

Enrich riparian habitat via the addition of topsoil, seeding, and native vegetation;

(10)Enhance aquatic habitat through added complexity, additional vegetation, and

improved water quality;
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(11)Protect historical structures;

(12)Restore riparian and floodplain function;
(13)Protect and enhance other flood recovery projects;
(14)Build community resiliency; and

(15)Enhance aesthetics.

Additional monitoring goals and questions based on project review and conversations with the
coalition, as well as design and field engineers, include:

(16)Evaluate efficacy of bioengineering structures, including monitoring decay of large wood
structures over time;

(17)Verify design flows for floodplain benches and overflow channels;

(18)Survey cross vanes at diversion structures;

(19)Inspect the structural stability of rock walls;

(20)Document visible sources of sediment to the stream;

(21)Monitor the area near the relocated channel near the telephone pole for potential
headcut formation due to sediment accumulation in the pool from adjacent road
drainage; and

(22)Monitor the Hoge pond embankment

5.2.3  Applicable Monitoring Parameters

Based on the project goals, objectives, and additional monitoring questions described in Section
5.2.2, the following monitoring parameters are recommended for the Wall Street flood recovery
project. Unless otherwise noted, most of these monitoring activities can and should be
conducted in the late summer/early fall timeframe, during baseflow conditions before the
growing season ends. Associating discharge with inundation levels on floodplain benches and in
the overflow channels, as well as reoccupying a subset of established photo point locations, are
the monitoring parameters that would benefit from visits in both spring and fall seasons.

Physical surveys — Cross-section surveys are being conducted by the CWCB monitoring team at
two sub-reaches along this project reach. Data are accessible and available, and are continuing
to be repeated as needed. For completeness, the approximate locations of existing surveys are
listed here:
- Approximately Station 200+00 to 207+00 (CWCB monitoring team Pod 2, 5 transects)
- Approximately Station 217+00 to 220+00 (CWCB monitoring team Pod 3, 3 transects)
If desired, additional cross-sections surveys can be conducted in the upstream portion of the
project. The following additional locations are suggested:
- Approximately Station 177+00 near boulder cascades and upstream of Nancy Mine
drainage inflow
- Approximately Station 182+00 near the Hoge pond embankment (plus survey of the
elevation of the apex rock at the cross vane above the Hoge diversion)
- Approximately Station 199+00 near the Hester diversion (plus survey of the elevation of
the apex rock at the cross vane above the Hester diversion)
Surveying cross-sections at these locations addresses project/monitoring goals (1), (2), (3), (12),
(18), and (21).
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Substrate surveys — To ensure that excessive sedimentation is not occurring at the project site,
substrate surveys are suggested but not required if resources are available. If conducted, pebble
counts should be performed at 4 riffles within the project site at locations where pre-project
pebble counts were conducted (Reaches 2b, 4, 5, and 7) to address project/monitoring goal (8).
For reference, Table 4.6.1 of the project’s Basis of Design Report lists the following pre-
construction substrate sizes: Reach 2b D50 (75 mm), D84 (148 mm); Reach 4 D50 (63 mm), D84
(133 mm); Reach 5 D50 (66 mm), D84 (116 mm); Reach 7 D50 (77 mm), D84 (144 mm).

Structure surveys — Structures throughout the project can be opportunistically documented
during annual inspections and/or regular site visits. To address project/monitoring goal (16),
bioengineering structures should be assessed each year to evaluate their efficacy and document
(through photos and short narrative descriptions) decay of large wood over time (including large
wood complexes at approximately Stations 205+00 and 206+50 and rootwad sets at
approximately Station 199+50, 200+50, 201+75, 203+25, 209+50, 217+50, 218+50, 219+75, and
222+475). These woody bank stabilization structures may be evaluated to determine whether
they are fulfilling their intended functions: reduce water velocities and dissipate energy;
stabilize banks; create pools; provide cover; and direct flow away from the bank. To address
project/monitoring goal (19), structural stability of the constructed rock walls should also be
inspected, particularly the stability of the foundation rocks. Stacked boulder toes at
approximately Station 171+75, 186+75, and 221+75 should be photographed and documented.

Aquatic habitat feature surveys — The USFS channel unit inventory can be conducted in the
vicinity of the CWCB monitoring Pod 2 reach to address project/monitoring goal (10). FWC
designated approximately Station 203+00 to 211+00 as the channel inventory monitoring reach.
Monitoring the presence of all types of aquatic habitat features over time will help to evaluate
the goal of increasing in-stream habitat complexity. This method will be used at other project
reaches on Fourmile Creek, so it is recommended at Wall Street as well in order to allow for
future habitat comparisons across projects in the watershed. For consistency in temporal
comparisons, measurements should always be conducted at approximately the same time of
year and relative flow (e.g., summer baseflow in August/September). Observations of excessive
sedimentation should be noted at each site visit as well, helping to address project/monitoring
goal (20).

Water quality and chemistry — Another way to address the project/monitoring goals (8) and (10)
related to improved water quality and enhanced aquatic habitat is by measuring select water
quality parameters. At Wall Street, temperature, dissolved oxygen, turbidity, pH, and
conductivity are of the greatest interest. In conjunction with Trout Unlimited, FWC measured
water quality parameters and select metals and nutrients at one location within the Wall Street
project area (below Emerson Gulch) in 2017. Continuation of water chemistry measurements is
recommended to evaluate whether the Wall Street flood recovery project had any positive
mitigation effects on low pH or elevated metals concentrations contributed by mine-impacted
gulches. A continuous temperature logger could also be installed in the project reach to provide
temperature data during the summer months for aquatic habitat.

Vegetation surveys — Vegetation transect surveys are being conducted by the CWCB monitoring
team at 8 cross-sections. Data are accessible and available, and are continuing to be repeated as
needed. Therefore, no additional vegetation surveys are necessary at the Wall Street project
site. However, if time and resources allow, the AlpineEco vegetation monitoring method is also
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planned at one of the CWCB monitoring team pod areas to consistently monitor all Fourmile
watershed projects. Vegetation monitoring addresses project/monitoring goals (4), (5), (9), (10),
and (12).

Benthic _macroinvertebrate  community and fish population monitoring - Benthic
macroinvertebrate community structure and diversity is an excellent proxy for aquatic health.
One way to address project/monitoring goals (8) and (10) related to water quality and in-stream
habitat is to assess the condition of the benthic community. Fish quantity, size, and distribution
is a parameter that would also address project/monitoring goal (10). FWC collected
macroinvertebrate samples in conjunction with CDPHE at one location within the Wall Street
project site (just below Alpine Gulch) in August 2018. Benthic sampling should be repeated
annually or every other year to detect changes in the macroinvertebrate community over time.
For the first time, CPW collected fish population data in August 2019 a site within the Wall
Street project area. Full datasets for this location, as well as unrestored locations upstream and
downstream of the project (below Longs Gulch and Crisman area) should be requested from
CPW, reviewed, and used to supplement the other data sources related to in-stream habitat and
aquatic health.

Photo points — Photo points should be established for monitoring at the Wall Street project site.
Consider occupying some of the FWC/CWCB (Cat Price/Kim Lennberg) photos taken before and
after construction and establishing them as permanent photo point locations to create a longer
photo record. Photo points can be used to inform most of the project/monitoring goals,
particularly (1), (2), (4), (5), (7), (10), (11), (15), (16), and (19). Photos should be taken of the area
near the telephone pole relocation and the Hoge pond embankment to address
project/monitoring goals (21) and (22).

Visual assessments — The SVAP assessment should be conducted annually to address many of
the project/monitoring goals, particularly (2), (5), (8), (9), (10), and (12). Annual EWP inspections
should also be completed at the Wall Street project site.

Flow — Discharge should be measured or estimated at the Wall Street project because no
established stream gauges exist in relative proximity to the project site. If possible, installation
of a staff gauge and periodic measurement of discharge at a range of flows using a flow meter to
develop a stage-discharge rating curve is recommended. Flow should be measured during peak
flows at spring runoff if possible, and floodplain inundation levels should be associated with
discharge (via pin flags, photo documentation, and/or wetted width measurement) at a series of
locations, particularly at as-built or monitoring cross-sections where possible. Suggested
locations for monitoring inundation levels during high-flow conditions include transects in the
vicinity of Station 171+00 (Alpine Gulch overflow channel), Station 185+25 (6149 Fourmile
Canyon Drive overflow channel), 207+00 (wetland area with ample floodplain), 218+00 (channel
relocation near telephone pole), and any other opportunistic locations with activated floodplain
benches during spring runoff. These activities will address project/monitoring goals (3), (6), and
(17).

53 INGRAM GULCH

The Fourmile Watershed’s steep Ingram Gulch was completely burned in the 2010 Fourmile
Canyon fire. Severe debris flows caused by heavy rain on the burn scar followed in 2011,
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impairing roadway infrastructure at the bottom of the gulch. The September 2013 flood resulted
in additional damage to public infrastructure and private properties, and destroyed all of the
rehabilitation treatments administered after the fire. Left untreated, erosion and gullying would
continue to contribute large quantities of sediment and debris to the upper reaches of Fourmile
Creek and create hazards for the community of Salina.

The Ingram Gulch project aimed to stabilize the gulch to allow for high flows with less
infrastructure and ecological damage, and to minimize sediment input to the channel from
erosion of steep hillslopes. Goals were accomplished through sediment and debris removal,
installation of grade control structures and channel roughness elements, and grading steep
slopes to reduce erosion.

5.3.1 Site Details

This section provides details about the Ingram Gulch site, project, and surroundings for
reference during future monitoring events.

Project Details:
- Funding Source(s) — NRCS EWP Program (with local match from CWCB and the DOLA

CDBG-DR Watershed Implementation Grant Program), DOLA CDBG-DR Watershed
Planning for Resilience Program

- Design engineer(s) — Paul Kos, Norwest Corporation

- Construction oversight engineer(s) — Paul Kos, Norwest Corporation

- Construction contractor — Frontier Environmental Services

- Vegetation designer — AloTerra Restoration Services

- Vegetation contractor — Frontier Environmental Services

- Construction dates — September 18, 2017 — May 20, 2018

- Select design flow(s) — Bankfull flow (34 cfs), 5-year (46 cfs), 10-year (55 cfs), 25-year
(71 cfs), 50-year (110 cfs), 100-year (148 cfs)

- Select activation flow(s) — NA

River System Information:

- Position in watershed — Canyon

- Adjacent restoration projects — Upper Ingram Gulch project directly above Ingram
Gulch project planned for 2019; Gold Run flood recovery project in Gold Run
downstream of project

- Fish passage barriers — Culvert at the downstream end of Ingram Gulch at the
confluence with Gold Run

- Diversion structures — NA

- Nearest staff gauge — No proximal staff gauges; flow is intermittent in Ingram Gulch

Restoration Methods:
- Seeding methods — 4 zones seeded via hydroseeding
- Planting zones — 3 zones (channel edge (0-1 ft above channel), lower riparian (1-2 ft
above channel), upper riparian (2-3 ft above channel))
- Willow installation method(s) — installed by hand during and following construction
- Topsoil added? — Yes, 260 cu yds
- Erosion control — Coir fabric blankets/matting, biologs, wood straw, hydromulch
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Irrigation — Drip irrigation system on majority of site, but not always utilized
appropriately.

Stakeholder Information:

Percent public/private land — 100%
Number of private landowners — 2
Public land agencies — NA

Post-Construction Inspections/Site Visits:

5.3.2

The CWCB monitoring team visited the Wall Street project site on May 10, 2018 to
collect baseline data at the site, consisting of photo point documentation only.

Great Ecology completed an assessment of vegetation survivorship in May 2018 on
behalf of the State. Findings for Ingram Gulch are as follows: Zone 1 — cover (25%) and
seed germination (Low). Zone 2 — willow survivorship (25%), container survivorship
(25%), cover (50%), and seed germination (Fair). Zone 3/4 — cover (15%) and seed
germination (Low). The accompanying report recommended controlling the non-native
species mechanically and that the poor seed germination was likely due to inadequate
irrigation and/or improper planting technique. Increased irrigation was recommended
to ensure long-term survivability.

The CWCB monitoring team visited Ingram Gulch on August 15, 2019 to collect photo
point data, and again on September 3, 2019 to collect aerial imagery via drone.

Project Goals and Monitoring Questions

The project’s As-Built Final Report states the following objectives:

(1)
(2)
(3)
(4)
(5)
(6)

Stabilize Ingram Gulch channel while restoring riparian habitat;

Reduce future flood risk to homes and Salina;

Protect public and private infrastructure;

Address water quality issues that may pose a threat to human and aquatic health;
Address severe environmental degradation; and

Create a model plan or process that can be used in other similarly complex areas.

Additional monitoring goals and questions based on project review, conversations with design
and field engineers, and coalition input include:

(7)
(8)
(9)

Improve floodplain function where possible;
Track vegetation growth in the channel, including any noxious weeds;
Monitor areas with seeps or off-channel drainages;

(10)Evaluate the effectiveness of the biologs placed in the upper channel;

(11
(12

Assess the stability of the rock wall held in place by dywidags in the upper channel;
Check erosion and grass germination on the upper slopes;

)
)
)
)

(13)Monitor inputs into the upper sediment pond.

533

Applicable Monitoring Parameters

Based on the project goals, objectives, and additional monitoring questions described in Section
5.3.2, the following monitoring parameters are recommended for the Ingram Gulch flood
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recovery project. In general, most of these monitoring activities can and should be conducted in
the late summer timeframe before the growing season ends.

Substrate surveys — While traditional substrate surveys are not recommended at Ingram Gulch,
sediment input over time should be monitored in the upper sediment pond to address
project/monitoring goal (13). This can be done using photographs and narrative descriptions.
Elevations may be measured by the CWCB monitoring team using detailed drone survey as well.

Structure surveys — Inspection of the dywidags, rock wall, and biologs installed in the upper
channel is recommended to address project/monitoring goals (10) and (11). In particular, the
toe of the rock wall stabilized by dywidags should be carefully examined to make sure the rocks
are not shifting or moving, and the biologs should be inspected to see if they are directing water
away from the rock wall and whether they are supporting any plant growth. In cases of
uncertainty, photo documentation and/or narrative descriptions may be shared with project
designers to obtain input on whether adaptive management actions may be warranted.

Water quality and chemistry — In conjunction with Trout Unlimited, FWC measured water quality
parameters and select metals and nutrients at a site on Gold Run below Ingram Gulch in 2017,
and in Ingram Gulch above the project area in 2018. Continuation of water chemistry
measurements and consistency in sampling locations and analyte lists across years is
recommended to address project/monitoring goals (4) and (5).

Vegetation surveys — Vegetation surveys should be conducted at 2 transects to address
project/monitoring goals (1), (7), (8), and (12). The AlpineEco vegetation monitoring method is
planned to consistently monitor all Fourmile watershed projects. In addition to regular
transects, vegetation survey methods should include tracking vegetation growth within the
channel, monitoring the presence of noxious weeds, and checking erosion and grass
germination in the upper slopes (and evaluating whether a distinction exists between slopes
covered with coir mat and those covered with coconut fiber).

Photo points — Photo points should be established for monitoring at the Ingram Gulch project
site. Consider occupying some of the FWC/CWCB (Cat Price/Kim Lennberg) photos taken before
and after construction and establishing them as permanent photo point locations to create a
longer photo record. Photo points can be used to inform most of the project/monitoring goals,
particularly (1), (3), (5), (7), (8), (12), and (13). In addition, to address project/monitoring goal
(9), areas with seeps or off-channel drainages (rock areas approximately Stations 4+50 and 5+00
on river right, and approximately Station 7+00 to 8+50 on river left) should be inspected and
photographed at each visit.

Visual assessments — The SVAP assessment should be conducted annually to address many of
the project/monitoring goals, particularly (1), (4), (7), and (8). Annual EWP inspections should
also be completed at the Ingram Gulch project site.

5.4 UPPER INGRAM

THIS SECTION WILL BE COMPLETED IN 2020.
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5.4.1  Site Details

5.4.2  Project Goals and Monitoring Questions
5.4.3  Applicable Monitoring Parameters

5.5 BLACK SWAN

The Black Swan project rehabilitated approximately 5,000 feet of damaged stream corridor
along Fourmile Creek. The upstream boundary of the project is at the confluence of Fourmile
Creek and Gold Run, and the downstream end is just below the Logan Mill Road bridge. The
damage resulting from the 2013 flood was caused by a combination of high flood flows and
debris blockages in culverts and other crossings. The blockages caused lateral channel migration,
which led to severe streambank erosion and undermining of infrastructure adjacent to the
creek. Emergency repairs were carried out immediately following the flood, but more
permanent rehabilitation was still needed. Utilizing the principles of natural channel design, the
Black Swan project attempted to reconstruct a resilient stream corridor that reduces the risk of
future infrastructure damage from fluvial erosion events.

551 Site Details

This section provides details about the Black Swan site, project, and surroundings for reference
during future monitoring events.

Project Details:
- Funding Source(s) — DOLA CDBG-DR Watershed Implementation Grant Program

- Design engineer(s) — Case Davis, Beaver Creek Hydrology

- Construction oversight engineer(s) — Case Davis, Beaver Creek Hydrology
- Construction contractor — Frontier Environmental

- Vegetation designer — AlpineEco

- Vegetation contractor — Frontier Environmental

- Construction dates — August - November 2018

- Select design flow(s) — Bankfull flow (55 cfs)

- Select activation flow(s) — NA

River System Information:

- Position in watershed — Canyon

- Adjacent restoration projects — Wall Street EWP/DR flood recovery project
approximately 1.5 miles upstream of project; Gold Run EWP project in tributary directly
upstream of project; expected Boulder Canyon Transportation Fourmile Canyon road
rehabilitation project within project area; Logan Mill DR flood recovery project
downstream of project; Logan Mill Road bridge replacement downstream of the project.

- Fish passage barriers — NA

- Diversion structures — One informal diversion at Beebe Pond (4451 Fourmile Canyon
Drive)

- Nearest flow gauge — No proximal gauges; one expected to be installed by Pine Brook
Water District in 2020 near the Poorman’s Fourmile Fire Station downstream of the
Gold Run confluence; one expected to be installed by USGS in April 2020 at the Logan
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Mill bridge; and one existing at the mouth of Fourmile Canyon just upstream of the
confluence with Boulder Creek (Fourmile Creek at Orodell, CO (USGS 06727500)
operated by USGS).

Restoration Methods:

Seeding methods — Hydroseeded with native seed mix in 2 riparian zones and upland
zone

Planting zones — 3 zones: channel edge (0-1 ft above channel), lower riparian (1-2 ft
above channel), upper riparian (2-3 ft above channel)

Willow installation method(s) — hand-install during and following construction

Topsoil added? — No - native soils amended with compost

Erosion control — Hydromulch

Irrigation — Drip irrigation system activated for post-construction summer/fall

Stakeholder Information:

Percent public/private land — 95% private; 5% public

Number of private landowners — 13

Public land agencies — Boulder County (buy-out property at 4389 Fourmile Canyon
Drive)

Post-Construction Inspections/Site Visits:

5.5.2

None known as of the drafting of this report (fall 2019).

Project Goals and Monitoring Questions

The Black Swan project’s Basis of Design Report lists the following primary objectives:

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

Stabilize a low-flow channel;

Create natural bank stabilization and streambank shaping;
Revegetate the riparian corridor utilizing native species;
Improve in-stream habitat complexity;

Protect residential structures and transportation infrastructure;
Restore, and expand where possible, floodplain function;
Increase general resilience and overall community benefit; and
Enhance aesthetics.

Additional monitoring goals and questions based on project review, conversations with design
and field engineers, and conversations with the coalition include:

(9)

Continue to monitor water quality and benthic macroinvertebrate community structure
and diversity to determine whether removal of the historic mine tailings pile and
creation of a constructed wetland in the tailings area had a measurable positive impact
on these parameters by reducing concentrations of arsenic and other heavy metals and
improving benthic community scores;

(10)Monitor installed rock structures (cross vanes and step-pool structures) to see if they

are performing intended functions; and

(11)Verify design flows for floodplain benches.
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5.5.3  Applicable Monitoring Parameters

Based on the project goals, objectives, and additional monitoring questions described in Section
5.5.2, the following monitoring parameters are recommended for the Black Swan flood recovery
project. Unless otherwise noted, most of these monitoring activities can and should be
conducted in the late summer/early fall timeframe, during baseflow conditions before the
growing season ends. Associating discharge with inundation levels on floodplain benches, as
well as reoccupying a subset of established photo point locations, are the monitoring
parameters that would benefit from visits in both spring and fall seasons.

Physical surveys — Cross-section surveys are recommended to provide geomorphic information
to address project/monitoring goals (1), (2), (6), and (7). Cross-section survey locations will be
determined by FWC during the summer 2020 monitoring season.

Thalweg survey — A survey of thalweg depth is recommended to address project/monitoring
goal (1) and ensure that a well-defined low-flow channel persists over time. The depth of the
channel thalweg should be measured in random locations at approximately 100-foot intervals,
for a total of about 50 measurements. Depths should be recorded, and an average depth should
be computed to compare to in future years.

Structure surveys — Three to four representative cross vanes (B stream type) and step-pool
structures (A stream type) should be inspected to see whether any rocks have shifted, if flanking
is occurring, if water is being directed toward channel banks, and if suitable aquatic habitat is
being created. The CWCB SOP for Assessment of In-Channel Structures (Appendix F) may be
used to assist the evaluator with inspection of the structures. These inspections will address
project/monitoring goals (4) and (10).

Aguatic habitat feature surveys — The USFS channel unit inventory should be conducted on this
reach to address project/monitoring goal (4). This survey method will evaluate the goal of
increasing in-stream habitat complexity by monitoring the presence of all types of aquatic
habitat features over time and tracking changes in pool size and location. The channel unit
inventory is recommended at three contiguous sub-reaches:

- Station 18+00 to 24+00, where restoration activities were conducted in the upper
portion of the Black Swan project;

- Station 38+00 to 43+00, a reach within the Black Swan project area where no work was
conducted (skip this reach in 2019 due to ongoing Boulder County road construction
project); and

- Station 49+00 to 55+00, where restoration activities were conducted as part of the
Logan Mill project (see Section 5.6.3 below).

Water quality and chemistry — FWC’s construction sub-contractor measured water quality
parameters and select metals and nutrients at the Black Swan project site before and after
project implementation (September and December 2018). Measurements of arsenic were well
above detection limits. Continuation of water chemistry measurements and consistency in
analyte lists across years is recommended to address project/monitoring goal (9).
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Vegetation surveys — To address project/monitoring goal (3), vegetation transect surveys should
be conducted. These transects should be co-located with the three recommended cross-section
survey transects. The AlpineEco vegetation monitoring method is planned to consistently
monitor all Fourmile watershed projects. Vegetation should also be monitored at the mine
waste area (approximately Station 25+00), and a future wetland delineation in that area should
be considered.

Benthic _macroinvertebrate _community and fish _population _monitoring — Benthic
macroinvertebrate community structure and diversity is an excellent proxy for aquatic health.
One way to address project/monitoring goal (4) related to in-stream habitat is to assess the
condition of the benthic community. Fish quantity, size, and distribution is a parameter that
would also address project/monitoring goal (4). FWC collected macroinvertebrate samples in
conjunction with CDPHE at the Black Swan project site in August 2018. Benthic sampling should
be repeated annually or every other year to detect changes in the macroinvertebrate
community over time. Continuing to monitor this parameter will also address
project/monitoring goal (9). For the first time, CPW collected fish population data in August
2019 a site within the Black Swan project area. Full datasets for this location should be
requested from CPW, reviewed, and used to supplement the other data sources related to in-
stream habitat and aquatic health.

Photo points — Photo points should be established for monitoring at the Black Swan project site.
Consider occupying some of the FWC/CWCB (Maya MacHamer/Kim Lennberg) photos taken
before and after construction and establishing them as permanent photo point locations to
create a longer photo record. Photo points can be used to inform most of the
project/monitoring goals, particularly (2), (3), (5), (7), and (8).

Visual assessments — The SVAP assessment should be conducted annually to address many of
the project/monitoring goals, particularly (2), (3), (4), and (6).

Flow — A stream gauge is expected to be installed by USGS in June 2019 at the Logan Mill bridge
at the downstream end of the Black Swan project site. Discharge should be recorded during
peak flows at spring runoff if possible, and floodplain inundation levels should be associated
with discharge (via pin flags, photo documentation, and/or wetted width measurement) to
address project/monitoring goals (6) and (11).

5.6 LOGAN MILL

The Logan Mill project rehabilitated approximately 375 linear feet of damaged stream corridor
along Fourmile Creek. The vegetation in this area, including large stands of pine trees, was
severely burned by the Fourmile Canyon wildfire in 2010. Subsequent flooding in 2013 scoured
the project site, deposited significant volumes of sediment and flood debris, created further
instability of the standing dead trees, and left the area almost devoid of vegetation. Progressive
channel incision was exacerbated during high flows in 2015, and the severely eroded channel
had become disconnected from its floodplain. The primary efforts of the Logan Mill project were
to remove flood debris, reconnect the floodplain, reshape the channel, establish a vegetated
riparian zone in the creek corridor, and serve as a demonstration project for similar efforts in
the area.

90



Big Thompson and Fourmile Watershed Monitoring Plan December 2019

5.6.1

Site Details

This section provides details about the Logan Mill site, project, and surroundings for reference
during future monitoring events.

Project Details:

Funding Source(s) — DOLA CDBG-DR Watershed Implementation Grant Program
Design engineer(s) — Nathan Werner, S20 Design and Engineering

Construction oversight engineer(s) — Nathan Werner, 520 Design and Engineering
Construction contractor — Whinnery Construction

Vegetation designer — Ecosystem Services (Ecos)

Vegetation contractor — Whinnery Construction

Construction dates — March - July 2017

Select design flow(s) — Bankfull flow not reported; 100-year flow (210 cfs)

Select activation flow(s) — NA

River System Information:

Position in watershed — Canyon

Adjacent restoration projects — Black Swan DR flood recovery project directly upstream
of project; Logan Mill Road bridge replacement at downstream project boundary;
expected Boulder Canyon Transportation Fourmile Canyon road rehabilitation project
within project area.

Fish passage barriers — NA

Diversion structures — NA

Nearest flow gauge — No proximal gauges; one expected to be installed by Pine Brook
Water District in 2020 near the Poorman’s Fourmile Fire Station downstream of the
Gold Run confluence; one expected to be installed by USGS in April 2020 at the Logan
Mill bridge; and one existing at the mouth of Fourmile Canyon just upstream of the
confluence with Boulder Creek (Fourmile Creek at Orodell, CO (USGS 06727500)
operated by USGS).

Restoration Methods:

Seeding methods — hand broadcast seed, improperly covered thickly with wood straw
Planting zones — 4 zones: Zone 1 Toe Treatment (0-1 ft above channel), Zone 2 Lower
Riparian (1-2 ft above channel), Zone 3 Upper Riparian (2-3 ft above channel), and Zone
4 Upland (3ft+ above channel)

Willow installation method(s) — installed by hand during construction

Topsoil added? — Yes

Erosion control — coir fabric blankets on slope, wood straw

Irrigation — drip irrigation installed by landowner post-construction, but not
consistently/appropriately utilized

Stakeholder Information:

Percent public/private land — 100% private
Number of private landowners — 2
Public land agencies — NA

Post-Construction Inspections/Site Visits:
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- None known as of the drafting of this report (fall 2019).

5.6.2  Project Goals and Monitoring Questions

The Logan Mill project’s Basis of Design Report lists the following primary objectives:

(1) Create a complex and compound (benched) channel that incorporates a low-flow,
bankfull, and overbank channel where appropriate/applicable;

(2) Create a stable “natural appearing and functioning” bank and river channel
incorporating habitat improvements for fish and other aquatic organisms;

(3) Restore riparian and floodplain function within the river corridor, constructing wetland
and riparian habitats, and reestablishing vegetation where appropriate/applicable;

(4) Create wildlife habitat for a variety of species;

(5) Demonstrate restoration techniques as a model for efforts to reclaim other stream
reaches;

(6) Protect infrastructure (Logan Mill Road bridge, county road);

(7) Utilize native plants and prevent the spread of noxious weeds; and

(8) Enhance aesthetics.

Additional monitoring goals and questions based on project review and conversations with the
watershed coalition include:

(9) Monitor aquatic habitat quality and diversity; and
(10)Verify design flows for floodplain benches.

5.6.3  Applicable Monitoring Parameters

Based on the project goals, objectives, and additional monitoring questions described in Section
5.6.2, the following monitoring parameters are recommended for the Logan Mill flood recovery
project. Unless otherwise noted, most of these monitoring activities can and should be
conducted in the late summer/early fall timeframe, during baseflow conditions before the
growing season ends. Associating discharge with inundation levels on floodplain benches, as
well as reoccupying a subset of established photo point locations, are the monitoring
parameters that would benefit from visits in both spring and fall seasons.

Physical surveys — Cross-section surveys are recommended to provide geomorphic information
to address project/monitoring goals (1), (2), and (3). Suggested cross-section locations are:

- Station 0+70 through the pool and root wad structure; and

- Station 2+72 through the pool, root wad structure, and rock wall.

Thalweg survey — A survey of thalweg depth may be completed to address project/monitoring
goals (1) and (2) and ensure that a well-defined low-flow channel persists over time. The depth
of the channel thalweg should be measured in random locations at approximately 20-foot
intervals, for a total of about 20 measurements. Depths should be recorded, and an average
depth should be computed to compare to in future years. A thalweg survey at the Logan Mill
project is added because it is relatively simple to complete on such a short reach, and a thalweg
survey is recommended for the Black Swan project directly upstream. While average depths do

92



Big Thompson and Fourmile Watershed Monitoring Plan December 2019

not need to be compared directly, interesting information may surface if average thalweg
depths diverge or converge significantly between the two projects.

Aquatic habitat feature surveys — The USFS channel unit inventory should be conducted on this
reach to address project/monitoring goals (2), (4), (5) and (9). This survey method will evaluate
the goal of increasing in-stream habitat complexity by monitoring the presence of all types of
aquatic habitat features over time, and will help to evaluate whether scouring mechanisms in
the project design are effective for maintaining pool habitat. The channel unit inventory is
recommended for the entire project area (Station 0+00 to 5+00, or approximately Station 49+00
to 55+00 in the Black Swan plan set). For consistency in temporal comparisons, depth
measurements should always be conducted at approximately the same time of year and relative
flow (e.g., summer baseflow in August/September). Observations of excessive sedimentation in
the pools should be noted at each site visit as well.

Vegetation surveys — To address project/monitoring goals (3) and (7), vegetation transect
surveys should be conducted. These transects should be co-located with the two recommended
cross-section survey transects. The AlpineEco vegetation monitoring method is planned to
consistently monitor all Fourmile watershed projects.

Photo points — Photo points should be established for monitoring at the Logan Mill project site.
Consider occupying some of the FWC/CWCB (Maya MacHamer/Kim Lennberg) photos taken
before and after construction and establishing them as permanent photo point locations to
create a longer photo record. Photo points can be used to inform most of the
project/monitoring goals, particularly (2), (3), (4), (6), (7), and (8).

Visual assessments — The SVAP assessment should be conducted annually to address many of
the project/monitoring goals, particularly (2), (3), (4), and (7).

Flow — A stream gauge is expected to be installed by USGS in summer 2019 at the Logan Mill
bridge at the downstream end of the Black Swan project site. Discharge should be recorded
during peak flows at spring runoff if possible, and floodplain inundation levels should be
associated with discharge (via pin flags, photo documentation, and/or wetted width
measurement) to address project/monitoring goals (3) and (10).

5.7 LOWER FOURMILE BANK PROTECTION PROJECTS

The Lower Fourmile Bank Protection projects include bank protection at four distinct locations,
all on private property. From upstream to downstream, the projects are located at 785 Fourmile
Canyon Drive (approximately 75 feet of rehabilitation), 593 Fourmile Canyon Drive
(approximately 100 feet of rehabilitation), 267 Fourmile Canyon Drive (approximately 85 feet of
rehabilitation), and 38899 Boulder Canyon Drive (approximately 375 feet of rehabilitation).

The stream corridor in lower Fourmile Canyon is constricted by dense home development on
the west side and Fourmile Canyon Drive on the east side. During the 2013 flood, the channel
experienced both scour (leading to incision and floodplain disconnection) and sediment
deposition. Many of the 22 bridges and culverts within the lowest two miles of the canyon were
either damaged or washed out, and multiple sections of the roadway were completely
destroyed. Bank stabilization activities in these four discrete areas were conducted to protect
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the private and public infrastructure from continued erosion, reduce flood risk, and improve
habitat and creek function.

5.7.1

Site Details

This section provides details about the Lower Fourmile bank protection sites, projects, and
surroundings for reference during future monitoring events.

Project Details:

Funding Source(s) — DOLA CDBG-DR Watershed Implementation Grant Program
Design engineer(s) — Nathan Werner, S20 Design and Engineering

Construction oversight engineer(s) — Nathan Werner, S20 Design and Engineering
Construction contractor — Whinnery Construction

Vegetation designer — Ecosystem Services (Ecos)

Vegetation contractor — Whinnery Construction

Construction dates — March - July 2017

Select design flow(s) — Bankfull flow not reported; 100-year flow (210 cfs)

Select activation flow(s) — NA

River System Information:

Position in watershed — Canyon

Adjacent restoration projects — Logan Mill DR project upstream of upstream-most
project site

Fish passage barriers — NA

Diversion structures — Pine Brook Water District diversion structure in the upstream
pond at the Poorman Station

Nearest staff gauge — Existing stream gauge at the mouth of Fourmile Canyon just
upstream of the confluence with Boulder Creek (Fourmile Creek at Orodell, CO (USGS
06727500) operated by USGS) close to the lowest project.

Restoration Methods:

Seeding methods — hand broadcast native seed mix; hydroseed at 267 Fourmile Canyon
Drive

Planting zones — 4 zones: Zone 1 Toe Treatment (0-1 ft above channel), Zone 2 Lower
Riparian (1-2 ft above channel), Zone 3 Upper Riparian (2-3 ft above channel), and Zone
4 Upland (3ft+ above channel)

Willow installation method(s) — hand-install at the end of and following construction
Topsoil added? — Yes, downstream-most project site only

Erosion control — hydromulch at 267 Fourmile Canyon Drive, erosion control fabric on
access route at 785 Fourmile Canyon Drive

Irrigation — No, but FWC hand-watered downstream-most project site for one season

Stakeholder Information:

Percent public/private land — 100% private
Number of private landowners — 4
Public land agencies — NA

Post-Construction Inspections/Site Visits:
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- None known as of the drafting of this report (summer 2019).

5.7.2  Project Goals and Monitoring Questions

The Lower Fourmile Bank Protection project’s Basis of Design Report lists the following primary
objectives:

(1) Create a complex and compound (benched) channel that incorporates a low-flow,
bankfull, and overbank channel where appropriate/applicable;

(2) Create a stable “natural appearing and functioning” bank and river channel
incorporating habitat improvements for fish and other aquatic organisms;

(3) Restore riparian and floodplain function within the river corridor, constructing wetland
and riparian habitats, and reestablishing vegetation where appropriate/applicable;

(4) Create wildlife habitat for a variety of species;

(5) Demonstrate restoration techniques as a model for efforts to reclaim other stream
reaches;

(6) Protect infrastructure (Logan Mill Road bridge, county road);

(7) Utilize native plants and prevent the spread of noxious weeds; and

(8) Enhance aesthetics.

For the lower project site (38899 Boulder Canyon Drive), additional monitoring goals and
guestions based on project review and conversations with the watershed coalition include:

(9) Monitor aquatic habitat quality and diversity lower project site (38899 Boulder Canyon
Drive);

(10)Monitor pool temperature and depth at the upper project site (785 Fourmile Canyon
Drive); and

(11)Verify design flows for floodplain benches at the lower project site.

5.7.3  Applicable Monitoring Parameters

Based on the project goals, objectives, and additional monitoring questions described in Section
5.7.2, the following monitoring parameters are recommended for the Lower Fourmile Bank
Protection flood recovery projects. Unless otherwise noted, most of these monitoring activities
can and should be conducted in the late summer/early fall timeframe, during baseflow
conditions before the growing season ends. Associating discharge with inundation levels on
floodplain benches, as well as reoccupying a subset of established photo point locations, are the
monitoring parameters that would benefit from visits in both spring and fall seasons.

Aquatic habitat feature surveys — The USFS channel unit inventory should be conducted at the
lower project site (38899 Boulder Canyon Drive) to address project/monitoring goals (2), (4),
and (9). This survey method will evaluate the goal of increasing in-stream habitat complexity by
monitoring the presence of all types of aquatic habitat features over time.

Pool depth — The deepest point in the pool downstream of the bridge at the upper project site
(785 Fourmile Canyon Drive) pool should be measured using a range pole, stadia rod, or similar
measurement device to see how the pool develops over time, addressing project/monitoring
goals (2) and (10). For consistency in temporal comparisons, depth measurements should always
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be conducted at approximately the same time of year and relative flow (e.g., summer baseflow
in August/September). If available, the temperature of the pool may also be measured and
recorded, particularly during summer months.

Vegetation surveys — To address project/monitoring goals (3) and (7), vegetation transect
surveys should be conducted at the lower project site (38899 Boulder Canyon Drive). The
AlpineEco vegetation monitoring method is planned to consistently monitor all Fourmile
watershed projects.

Benthic _macroinvertebrate community monitoring — Benthic macroinvertebrate community
structure and diversity is an excellent proxy for aquatic health. One way to address
project/monitoring goal (2) related to in-stream habitat is to assess the condition of the benthic
community. FWC collected macroinvertebrate samples in conjunction with CDPHE at the lowest
project site (Boulder Adventure Lodge) in August 2018. Benthic sampling should be repeated
annually or every other year to detect changes in the macroinvertebrate community over time.

Photo points — Photo points should be established for monitoring at the Logan Mill project site.
Consider occupying some of the FWC/CWCB (Maya MacHamer/Kim Lennberg) photos taken
before and after construction and establishing them as permanent photo point locations to
create a longer photo record. Photo points can be used to inform most of the
project/monitoring goals, particularly (1), (2), (3), (4), (6), (7), and (8).

Visual assessments — The SVAP assessment should be conducted annually to address many of
the project/monitoring goals, particularly (2), (3), (4), and (7).

Flow — Discharge rates should be recorded during peak flows at spring runoff from the USGS
stream gauge at Orodell, and floodplain inundation levels should be associated with discharge
(via pin flags, photo documentation, and/or wetted width measurement) at the lower project
site (38899 Boulder Canyon Drive) to address project/monitoring goals (3) and (11).
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6.0 DATA DOCUMENTATION

Documenting and organizing data in a meaningful way is essential to the monitoring program, as
monitoring data is rendered useless if simply stored on data sheets, cameras, and hard drives. A
list of recommendations is provided below for organizing data in a consistent and helpful
manner.

- Develop a spreadsheet or word document that lists all site visits, no matter how
comprehensive or trivial. At a minimum, the information in this document should
include date, approximate time, personnel, weather conditions, reason for site visit, and
monitoring activities. This document will provide a record and reminder that will be
useful for data summaries, future discussions, and reporting.

- Photographs should be downloaded as soon as possible from cameras or smart phones
and labeled in a meaningful way. A file management system should be developed to
store photographs so that they are easily retrieved (by location and date). In some
cases, a photo log should be developed on an excel spreadsheet that links photo name,
detailed description, and GPS coordinates of the location where the photo was taken.

- Field notes (both field notebook pages and field forms) should be scanned, labeled, and
appropriately filed.

- Where applicable, location data (GPS coordinates) should be catalogued and stored in a
GIS or on Google Earth. Location data generally applies to the location of a discrete
monitoring activity (e.g., pebble counts, flow measurements), upstream and
downstream boundaries of monitoring transects (e.g., habitat surveys), and photo point
locations (e.g., location where photograph was taken).

- Data entry should be completed as soon as possible, with flow, channel
inventory/aquatic habitat, vegetation, pebble count, and other data entered into
applicable spreadsheets.

- Data received from consultants or laboratories (e.g., water quality data, benthic
macroinvertebrate data, fish population data, cross-section or longitudinal survey data)
should be filed appropriately.

If funding is available, data collected during each year’s flood recovery project monitoring effort

should be reviewed, analyzed, and summarized in a data summary report. As more data are
collected each year, trends can be analyzed and preliminary conclusions made.
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APPENDIX A
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APPENDIX B

FLOOD RECOVERY MONITORING METHODS
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APPENDIX C
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APPENDIX D

PEBBLE COUNT METHODS
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APPENDIX E

RAPID POINT BAR ASSESSMENT METHOD
(NRCS)
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APPENDIX F

ASSESSMENT OF IN-CHANNEL STRUCTURES
(CWCB SOP)
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APPENDIX H

FIELD FORM: CHANNEL UNIT INVENTORY/AQUATIC HABITAT SURVEY
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APPENDIX |
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APPENDIXJ

FLOOD RECOVERY MONITORING METHODS
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APPENDIX K

FIELD FORM: VEGETATION MONITORING
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APPENDIX L

BENTHIC MACROINVERTEBRATE SAMPLING
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APPENDIX M

COLLECTION OF STREAM RESTORATION MONITORING PHOTOGRAPHS
(CWCB SOP)
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APPENDIX N

STREAM VISUAL ASSESSMENT PROTOCOL (VERSION 2), COLORADO
(NRCS)
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APPENDIX O

FIELD FORM: SVAP2
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APPENDIX P

EWP INSPECTION FILES
(NRCS/CW(CB)



Big Thompson and Fourmile Watershed Monitoring Plan December 2019

APPENDIX Q

DISCHARGE MEASUREMENT
(CDPHE SOP)
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APPENDIX R

FIELD FORM: SURFACE WATER FLOW RECORD
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APPENDIX S

WEST CREEK PLANTING ZONES
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APPENDIX T

LARIMER COUNTY WEED SUMMARY REPORT
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APPENDIX U

MULLER MONITORING RECOMMENDATIONS
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APPENDIX V

STANTEC MONITORING RECOMMENDATIONS
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APPENDIX W

ROSSUM-WILSON MONITORING RECOMMENDATIONS



Big Thompson and Fourmile Watershed Monitoring Plan December 2019

APPENDIX X

BURR JULY 2017 SUGGESTED REPAIRS AT SUNSET
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SUNSET POND FLUME CHART



MEMORANDUM OF UNDERSTANDING FOR COLLABORATION
AND COORDINATION TO IMPROVE FOREST HEALTH AND
REDUCE WILDFIRE RISK IN BOULDER COUNTY, COLORADO
Between
BOULDER COUNTY
AND
COLORADO PARKS &

WILDLIFE
AND
THE COLORADO STATE
FOREST SERVICE
AND
THE CITY OF LONGMONT
AND
THE CITY OF BOULDER
AND
THE BOULDER COUNTY
COMMUNITIES OF
NEDERLAND, GOLD HILL,

LYONS, WARD AND
JAMESTOWN
AND
THE LONGMONT CONSERVATION
DISTRICT
AND
THE BOULDER VALLEY
CONSERVATION DISTRICT
AND
THE BOULDER COUNTY
FIREFIGHTERS ASSOCIATION
AND
THE COLORADO FOREST
RESTORATION INSTITUTE AT
COLORADO STATE UNIVERSITY
AND THE
UNITED STATES DEPARTMENT OF AGRICULTURE, FOREST
SERVICE, ARAPAHO AND ROOSEVELT NATIONAL FORESTS
AND PAWNEE NATIONAL GRASSLAND



THIS MEMORANDUM OF UNDERSTANDING (MOU) is hereby made and entered
into by and between Boulder County, hereinafter referred to as "Boulder County,” Colorado
Parks & Wildlife, hereinafter “CPW,” The Colorado State Forest Service, hereinafter referred
to as "CSFS," the City of Longmont, hereinafter referred to as “Longmont,” the City of Boulder,
hereinafter referred to as “Boulder,” the town of Nederland, hereinafter referred to as
“Nederland,” the town of Lyons, hereinafter referred to as “Lyons,” the commuhity of Gold
Hill, hereinafter referred to as “Gold Hill,” the town of Ward, hereinafter referred to as “Ward,”
the town of Jamestown, hereinafter referred to as “Jamestown,” the Longmont Conservation
District and the Boulder Valley Conservation District, hereinafter referred to together as the
“Conservation Districts,” the Boulder County Firefighters Association, hereinafter referred to
as “BCFFA,” the Colorado Forest Restoration Institute at Colorado State University,
hereinafter referred to as “CFRI,” and the United States Department of Agriculture (USDA),
Forest Service, Arapaho and Roosevelt National Forests and Pawnee National Grassland,
hereinafter referred to as the “U.S. Forest Service,” and individually as “a Party,” and
collectively as “the Parties.”

The total area of Boulder County, Colorado is approximately 740 square miles or 473,600
acres. 207,731 acres fall within the lower and upper montane life zones where the risk for
catastrophic forest fires are the highest. This forested landscape includes significant
communities and businesses, provides water supply to over 300,000 downstream residents
as well as agricultural interests, hosts extensive outdoor recreation infrastructure and
opportunities, and provides habitat for over 90 species of birds, large mammals, and native
plants.

Boulder County has witnessed several major destructive wildfires over the last 40 years.
These fires have collectively destroyed more than 260 homes, burned an area of more than
16,000 acres and threatened the lives and properties of thousands of mountain residents.
Wildfires have always been a natural occurrence in Boulder County, but various land
management practices, including fire suppression, over the last century has resulted in
forests with vegetation densities 10 to 100 times their natural state. Combine this with
factors such as steep terrain, drought, high summertime temperatures, seasonal high winds,
and an increased human presence in the form of development and recreational use, and the
result is an environment prone to extreme wildfire behavior. These very dangerous
conditions have led to fires which are more numerous and devastating than ever before,
challenging the abilities and resources of agencies that fight fire.

As stated by the Colorado Forest Restoration Institute, a Party to this agreement, in its 2018
Annual Report,

Fire is an essential part of how forests renew and sustain. However, historic land
uses and decades of fire suppression has excluded fire from millions of forested
acres of in Colorado and across the western United States. Since the early 1990s,
the size and severity of wildfires have increased; human land use and development
in fire-prone forests have also expanded. This combination of factors has resulted
in the loss of life, property, and highly-valued natural, social, and economic assets



from wildfires. This is forecasted to continue due to increases in average annual
temperatures and the frequency, duration, and severity of drought.

Boulder County and the U.S. Forest Service together convened a number of government
and non-government entities in 2019 to consider how they all could better align their efforts
to enhance forest health in Boulder County and minimize the real potential for catastrophic
wildfire. Improving forest health and community protection across the ownership and
management boundaries of large landscapes by better aligning collaborative efforts is
supported by a number of county, state and federal policies.

For example, the National Cohesive Wildland Fire Management Strategy adopted in 2014
by federal agencies, states, counties, fire chiefs and others, calls for a collaborative process
with active involvement of all levels of government and non-governmental organizations,
as well as the public, to seek national, public and private land solutions to wildland fire
management issues. The Boulder County Comprehensive Plan states that the County
should encourage interjurisdictional and interagency cooperation to further the goals of
protection of life and property from wildfires. Additionally, in October 2019, Colorado
Governor Jared Polis signed a Shared Stewardship agreement with the U.S. Department of
Agriculture that oversees the U.S. Forest Service. The agreement establishes a framework
for federal and state agencies to collaborate better, focus on accomplishing mutual goals,
align their efforts, and respond to ecological, natural resource, and recreational challenges
and concerns across the 24 million acres of forest lands in Colorado.

Finally, as a result of the threat of catastrophic wildfire and the multi-
jurisdictional/ownership landscape in Boulder County, local forestry-related collaboratives
(the “Collaboratives”) have been established to help bring the Parties and others together
to better align their efforts:

The Left Hand Watershed Center (the “Watershed Center ) works to protect and
restore watersheds in Boulder County using a collaborative and science-based
approach. The Watershed Center leads the St. VVrain Forest Health Partnership to
bring together diverse stakeholders and community members to collaboratively plan
and implement cross-jurisdictional landscape-scale forest restoration projects that
prepare the landscape and community to receive wildland fire as a natural part of the
ecosystem. The Partnership involves over 30 stakeholders including the local towns
of Ward, Jamestown, Lyons, and Allenspark.

The Boulder County Forest Collaborative (the “Forest Collaborative”) was formed
in 2019 as an effort to increase and improve the resiliency of Boulder County’s
forested landscapes and communities. The Forest Collaborative strives to facilitate
the engagement of agencies and communities in collaborative, cross jurisdictional
planning and implementation of forest health and fire mitigation projects, to increase
networking opportunities and to leverage resources, funding and expertise to
accomplish landscape scale projects.



The Boulder Watershed Collective (the “BWC”), formerly the Fourmile Watershed
Coalition, works to protect and restore the health, function and resiliency of the
Boulder Creek watershed and to support the communities within it. BWC works
alongside many local, state and federal partners similarly committed to cultivating
environmental leadership, healthy ecosystems, community vitality and an inclusive
vision for the future of Colorado’s watersheds.

. | Thei Fforts:
In the over 200,000 forested acres in Boulder County, the Parties actively work to improve
forest health and reduce wildfire risk as follows:

Boulder County, through its Parks & Open Space Department, manages over 30,000 acres
of forestland in these higher risk areas. Boulder County owned forests are adjacent to many
mountain residents and US Forest Service land and include 70+ miles of scenic and
recreational trails in the foothills and to the west.

The County’s Comprehensive Plan, Land Use Code and Building Code recognize the
importance of preparing for wildfires and require wildfire mitigation for new homes and
additions. Boulder County’s Wildfire Partners, Community Forestry Sort Yards and
community chipping programs help support resident efforts to reduce wildfire risk on
private lands. Boulder County is working closely with private landowners through Wildfire
Partners, a mitigation program helping homeowners prepare for wildfire. Wildfire Partners
is a nationally recognized model for wildfire mitigation that is incorporated into the
county's building code.

The United States Forest Service Arapaho and Roosevelt National Forest Pawnee
National Grasslands Boulder Ranger District encompasses over 100,000 acres of the Front
Range in western Boulder and northern Gilpin counties. The district includes Indian
Peaks and James Peak Wilderness Areas and the Peak to Peak Scenic Byway.

The City of Boulder directly manages over 10,000 acres of forestland in the
Wildland/Urban interface and depends on healthy functioning forests on an additional
44,000 acres in Boulder County for drinking water quality and quantity. City of Boulder-
owned forests are a diverse and complex mix of ecosystems that provide a unique
combination of resources. A large portion of the city owned forestland is a designated State
Natural Area due to its unique natural resources and there are over 70 miles of trails and
diverse recreational opportunities that are an essential part of the Boulder community.

The City’s Forest Ecosystem Management Plan, Community Wildfire Protection Plan,
Open Space and Mountain Parks Master Plan, and Source Water Protection Plan all
recognize and work to protect the important forest resources managed by the City of
Boulder, Boulder County and the USFS. The city has been actively and adaptively
managing and improving forest health in City owned forests through prescriptive burning
and thinning for over 25 years.

The City of Longmont manages Button Rock Preserve, an approximately 3,000 acre



property encompassing Ralph Price Reservoir, Longmont Dam, a section of North St.
Vrain Creek, and forested foothills in the Saint Vrain Creek watershed. The area is adjacent
to private lands, Boulder County, and USFS land. The Preserve protects Longmont’s
primary drinking water source, providing water to more than 100,000 residents.

Forestry mitigation efforts at the Preserve started in 2004 and continue annually.
Longmont’s Forest Stewardship Plan and Button Rock Preserve Management Plan
(anticipated completion in December 2020) highlight the importance of restoring and
managing forest health to promote resiliency, to better protect nearby homes, and to protect
water infrastructure by mitigating erosion and sedimentation risks occurring after floods
and wildfires.

The Boulder County communities of Nederland, Gold Hill, Lyons, Jamestown and
Ward focus on forest health and community protection efforts in and nearby their
jurisdictions. They also participate in one or more of the collaboratives operating in the
county: The Watershed Center’s St. Vrain Forest Health Partnership, the Boulder County
Forest Collaborative, and/or the Boulder Watershed Collective.

Colorado Parks & Wildlife’s mission is to perpetuate the wildlife resources of the state,
to provide a quality state parks system, and to provide enjoyable and sustainable outdoor
recreation opportunities that educate and inspire current and future generations to serve as
active stewards of Colorado's natural resources. CPW is a nationally recognized leader in
conservation, outdoor recreation and wildlife management. The agency manages 42 state
parks, all of Colorado's wildlife, more than 300 state wildlife areas and a host of
recreational programs.

The Colorado State Forest Service’s mission is to achieve stewardship of Colorado’s
diverse forest environments for the benefit of present and future generations. CSFS is a
service and outreach agency of the Warner College of Natural Resources at Colorado State
University. The Boulder Field Office serves landowners and communities in Boulder and
Gilpin Counties and the surrounding areas.

CSFS provides assistance to the citizens and communities of Colorado through the
development and delivery of fuels and forest management programs, outreach,
publications, and project implementation with a focus on improving forest health and
resiliency and reducing the threat of catastrophic wildfire. Activities that contribute to
modified fuel profiles and improved forest condition that makes stands of trees and forests
more resistant to wildfire and forest pests are critical focus areas for CSFS. Partnerships
and collaboration provide CSFS with the opportunity to affect the necessary changes in
forest health to target resilient landscapes and ecosystems.

Boulder County Fire Fighter Association (Mountain Chiefs) is a 501(c)(3) educational
group, comprised largely of fire districts and rescue agencies that operate in Western
Boulder County. Its mission is to provide a forum for education and operation guidance for
emergency response in Boulder County. BCFFA has become a platform as well for wildfire
prevention by way of community education, cross boundary mitigation support and an



arena for frank discussion on effective and ineffective mitigation methods as well as
methods to gain public support.

The Boulder Valley and Longmont Conservation Districts are two of 76
conservation districts in Colorado created out of the dust bowl era to champion locally-led
natural resources conservation. Partnerships with the Natural Resources Conservation
Service (NRCS) and the Colorado State Conservation Board allow conservation districts
to offer technical and financial assistance to private landowners addressing natural resource
concerns on all land uses.

The Conservation Districts, in partnership with the National Association of Conservation
Districts and the NRCS, have created a Forest and Watershed Program to address resource
concerns on forested private lands in Boulder County. The program is staffed by a
Conservation Forester who provides technical assistance to complete forest assessments
which identify the suite of resource concerns, develop forest management plans, identify
and secure funding, and implement projects. The program also offers technical assistance
to collaborative groups, watershed coalitions, communities, and others to assist with
data/analysis, strategic planning, community engagement, workshops and education.

Colorado Forest Restoration Institute, Colorado State University (CSU) was
established through the Southwest Forest Health and Wildfire Prevention Act passed by
Congress in 2004 and chartered by the Western Governors’ Association and the CSU
president in 2005. CFRI’s mission is to develop, compile, translate, and apply locally-
relevant scientific knowledge to achieve forest restoration and wildfire risk mitigation
goals in the Intermountain West. At the request of several entities in Boulder County, CFRI
has been supporting science-based and collaborative decision-making and adaptive
management for forest restoration and wildfire risk management for over a decade.

The Parties and others at the initial 2019 Boulder County meetings agreed that it would be
helpful to capture their views on what they collectively seek to achieve across the forested
areas of the county. It was also recognized and unanimously agreed upon that forested
communities, downstream communities and stakeholders directly or indirectly impacted
by declining forest health and potential catastrophic wildfire should be part of the process
over time to refine a vision for the future of forests in the county.

. I
The Parties together preliminarily agreed on the following vision and outcomes:

e Meaningful and ongoing engagement of stakeholders located in the forest and
downstream in the development of strategies to achieve the outcomes and foster
support for the implementation of those strategies.

e A regional network of resilient forests that are better able to absorb and recover
from current and future stressors and disturbances.



e A collaboratively developed and supported fire management strategy (wildland and
prescribed) so that wildfires are safely and effectively extinguished when and
where needed, but also in the right circumstances, permits wildland fire to be more
flexibly managed in order to reduce future risks to life, property, and wildlife
habitat.

e Resilient forest ecosystems that support water quality and quantity needs, habitat
for robust and healthy flora and fauna as well as recreation opportunities for
Boulder County residents and visitors to enjoy now and in the future.

e Active management to enhance forest health and reduce wildfire risk based on the
best available data and contemporary science to inform the development and
application of on-the-ground activities including landscape scale and cross
boundary projects where needed. This includes the use of the best available climate
science that will help stakeholders understand how a changing climate will impact
our forests.

e Promoting the personal responsibility of residents who live in wildfire risk areas to
prepare as follows: homes are built or improved to best resist wildfire, defensible
space around homes is created and maintained, insurance policies are regularly
updated, emergency alerts are receivable and acted upon, evacuation plans are
learned and understood, community mitigation initiatives are engaged in and,
Wildfire Partners Certificates, issued by Boulder County, are sought.

l. PURPOSE:

This MOU establishes a collaborative framework for the Parties to set mutual goals and
priorities where necessary, utilize existing forest management tools and legal authorities, and
align their decisions on where to make the investments needed to achieve the vision and
outcomes set forth above on the forested landscapes in Boulder County.

. STATEMENT OF MUTUAL BENEFIT AND INTERESTS:

The Parties recognize, accept, and respect the differences in missions, goals, and objectives
of each other and among landowners in the county. However, wildfires, insect outbreaks,
flood events and other disturbances do not recognize or respect landownership boundaries.
The Parties therefore will work collaboratively and in a coordinated fashion to achieve the
outcomes sought and described above.

The Parties acknowledge that any Party to this MOU may participate in local activities or
implement decisions related to forestry management as part of their site-specific
obligations, responsibilities and authorities. This MOU is not meant to supplant any Party’s
discretionary authority to make decisions about forest management or wildfire response
associated with their individual jurisdictions. This MOU does not obligate funds of any of
the Parties.



In consideration of the premises set forth above, each of the Parties commits to:

A. Work within their own statutory and regulatory authorities, including planning,
National Environmental Policy Act and decision-making requirements, where
applicable.

B. Collaborate and coordinate to implement this MOU to achieve the vision and
objectives expressed herein.

1. IT IS MUTUALLY UNDERSTOOD AND AGREED BY AND
BETWEEN THE PARTIES THAT:

A. As funding and resources are available and authorized (as determined in each
Party’s sole discretion), the Parties will provide technical, human and financial
support to achieve the vision and outcomes of this MOU, including, but not limited
to:

1. Support and work with existing and future forest-focused collaborative
organizations to outreach and engage stakeholders to increase
understanding and together refine the vision and outcomes detailed
herein.

2. Expeditiously create a Boulder County map of forested lands that will be
a basis for Parties to do outreach, priority setting and decision making.
Consider on-going data management and governance needs, costs, and
seek to maximize public facing information.

3. Establish and support a multi-disciplinary Science Team of the Parties
and other representatives with varying perspectives that identifies priority
areas (regardless of boundaries) in need of active forest management.
The Science Team should consider creating a cross boundary treatment
prescriptions "playbook™ for ease of planning, approvals and grant
seeking. The Science Team is to develop protocols and methods to
support monitoring and adaptive management of on-the-ground cross-
boundary forest management actions.

4. Establish and support a Communications and Education Team of the
Parties and others to use the information developed by the Science Team
and otherwise support the work of the collaborative organizations and
ensure consistent messaging to the public and media by the Parties.
Public education focused on proper and improper forest uses related to
wildfire prevention and stewardship should also be a focus of the
Communications and Education Team.

5. Through the Collaboratives, the Parties and others will together initiate
stakeholder outreach, planning, and fundraising on a cross boundary



landscape scale forest health and/or community protection project that
meets the objectives of this agreement with implementation to commence
in 2021/22.

6. The Parties will build, continually improve and host a map of Potential
Operational Delineations (PODs) that spans the entire county. A PODs
map identifies the safest and most effective control lines used to contain
wildfire and can assist in integrating land management objectives and
incident response while improving outreach to and education of the
public.

7. The Parties will seek to increase the capacity of county fire districts so
that they can play a greater role in outreach and engagement with
stakeholders and in the implementation of small and large scale projects
that include private land and defensible space/home improvements.

8. An Executive Committee of the Parties will meet no less than twice a year
to gauge progress under this MOU. Goals, measures and timelines should
be provided to the Executive Committee by each of the Science,
Communications/Education and project teams once they have been
established. The Executive Committee will also oversee progress on
creating and maintaining a map of the county’s forested lands and PODs.

B. Consider entering into separate agreements, as resources allow, to accomplish agreed
upon projects to help achieve the vision and outcomes in this MOU.

C. Review, revise, update and re-adopt this MOU every five years after its initial adoption.
If all the current Parties to the MOU concur, new signatories may become a Party to the
MOU at any time.

D. PRINCIPAL CONTACTS - Individuals listed below are authorized to act in their
respective areas for matters related to this agreement.

Boulder County Program Contact Boulder County Administrative Contact
Name: Deb Gardner Name: Michelle Krezek
Address: P.O. Box 471 Address: P.O. Box 471
City, State, Zip: Boulder, CO 80306 City, State, Zip: Boulder, CO 80306
Telephone: (303) 441-3500 Telephone: (303) 441-3561
FAX: n/a FAX: n/a
Email: dgardner@bouldercounty.org Email: mkrezek@bouldercounty.org



mailto:dgardner@bouldercounty.org
mailto:mkrezek@bouldercounty.org

i cipal , _

U.S. Forest Service Program Contact

U.S. Forest Service Administrative
Contact

Name: Monte Williams

Address: 2150 Centre

Avenue, Building E

City, State, Zip: Fort Collins, CO 80526
Telephone: 970-295-6600

FAX: n/a
Email: monte.williams@usda.gov

Name: Kevin

McLaughlin

Address: 2150 Centre,

Building E

City, State, Zip: Fort Collins, CO 80526
Telephone: 970-295-6646

FAX: n/a

Email: kevin.mclaughlin2@usda.gov

incinal Citv of Bould _

City of Boulder Program Contact

City of Boulder Administrative
Contact

Name: Chris Wanner, Vegetation
Stewardship Supervisor

Address: 2520 55t Street

City, State, Zip: Boulder, CO 80301
Telephone: 303-579-0482

FAX: nl/a

Email: wannerc@bouldercolorado.gov

Name: Chris Wanner, Vegetation
Stewardship Supervisor

Address: 2520 55t Street

City, State, Zip: Boulder, CO 80301
Telephone: 303-579-0482

FAX: n/a

Email: wannerc@bouldercolorado.gov

incipal City of | t Contacts:

City of Longmont Program Contact

City of Longmont Administrative
Contact

Name: David Bell

Address: 7 South Sunset Street

City, State, Zip: Longmont, CO 80501
Telephone: (303) 651-8992

FAX: (303) 651-8759

Email: david.bell@longmontcolorado.gov

Name: Danielle Levine

Address: 7 South Sunset Street

City, State, Zip: Longmont, CO 80501
Telephone: (303) 651-8448

FAX: (303) 651-8759

Email: danielle.levine@longmontcolorado.gov

Boulder Watershed Collective
Program/Administrative Contact

Left Hand Watershed Center

Program/Administrative Contact
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Name: Maya MacHamer

Address: 1740 Four Mile Canyon Drive
City, State, Zip: Boulder, CO 80302
Telephone: (303) 449-3333

FAX: n/a

Email: fourmilewatershed@gmail.com

Name: Jessica Olson

Address: 6800n Nimbus Road

City, State, Zip: Longmont, CO 80503
Telephone: (303) 530-4200

FAX: n/a

Email: jolson@watershed.center

i il Colorad | dlif _

CPW Program Contact

CPW Administrative
Contact

Name: Mark Leslie

Address: 6060 Broadway

City, State, Zip: Denver, CO 80216
Telephone: 303-291-7203

FAX: n/a

Email: mark.leslie@state.co.us

Name: Mark Leslie

Address: 6060 Broadway

City, State, Zip: Denver, CO 80216
Telephone: 303-291-7203

FAX: n/a

Email: mark.leslie@state.co.us

incinal Colorad , _

CSFS Program Contact

CSFS Administrative
Contact

Name: Ben Pfohl, Forester

Address: 5625 Ute Highway

City, State, Zip: Longmont, CO 80503
Telephone: 303-823-5774

FAX: n/a

Email: ben.pfohl@colostate.edu

Name: Ben Pfohl, Forester

Address: 5625 Ute Highway

City, State, Zip: Longmont, CO. 80503
Telephone: 303-823-5774

FAX: n/a

Email: ben.pfohl@colostate.edu

incipal Bould I I _

Conservation Districts Program Contact

Conservation Districts Administrative
Contact

Name: Chad Julian, Conservation Forester
Address: 9595 Nelson Road, Box D

City, State, Zip: Longmont, CO 80501
Telephone: 303-579-7957

FAX: n/a

Email: chad.julian@co.nacdnet.net

Name: Vanessa McCracken, District Mgr.
Address: 9595 Nelson Road, Box D

City, State, Zip: Longmont, CO 80501
Telephone: 720-378-5521

FAX: n/a
Email:bldrvalleyandlongmontcds@gmail.com
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i-cinal Colorad o _

CFRI Program Contact

CFRI Administrative
Contact

Name: Tony Cheng

Address: 1472 Forest & Rangeland,
Colorado State University

City, State, Zip: Fort Collins, CO 80523
Telephone: (970) 491-1900

FAX (970) 491-6754

Email: chengt@colostate.edu

Name: Carmen Morales

Address: 2002 Sponsored Programs,
Colorado State University

City, State, Zip: Fort Collins, CO 80523
Telephone: (970) 491-6684

FAX: (970) 491-6754

Email; Carmen.Morales@colostate.edu

E. NOTICES. Any communications affecting the operations covered by this agreement given

by the U.S. Forest Service or Parties is sufficient only if in writing and delivered in person,
mailed, or transmitted electronically by e-mail or fax, as follows:

To the U.S. Forest Service Program Manager, at the address specified in the MOU.

To Parties, at Party’s address shown in the MOU or such other address
designated within the MOU.

Notices are effective when delivered in accordance with this provision, or on the effective
date of the notice, whichever is later.

. PARTICIPATION IN SIMILAR ACTIVITIES. This MOU in no way restricts the U.S.
Forest Service or other Parties from participating in similar activities with other public or
private agencies, organizations, and individuals.

. ENDORSEMENT. Contributions of Parties made under this MOU do not by direct
reference or implication convey U.S. Forest Service endorsement of Parties products or
activities.

. NONBINDING AGREEMENT. This MOU creates no right, benefit, or trust
responsibility, substantive or procedural, enforceable by law or equity. The parties shall
manage their respective resources and activities in a separate, coordinated and mutually
beneficial manner to meet the purpose(s) of this MOU. Nothing in this MOU authorizes
any of the Parties to obligate or transfer anything of value.

Specific, prospective projects or activities that involve the transfer of funds, services,
property, and/or anything of value to a Party requires the execution of separate
agreements and are contingent upon numerous factors, including, as applicable, but not
limited to: agency availability of appropriated funds and other resources; Party
availability of funds and other resources; agency and Party administrative and legal
requirements (including agency authorization by statute); etc. This MOU neither
provides, nor meets these criteria. If the Parties elect to enter into an obligation
agreement that involves the transfer of funds, services, property, and/or anything of
value to a Party, then the applicable criteria must be met. Additionally, under a
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prospective agreement, each Party operates under its own laws, regulations, and/or
policies, and any U.S. Forest Service obligation is subject to the availability of
appropriated funds and other resources. The negotiation, execution, and administration
of these prospective agreements must comply with all applicable law.

Nothing in the MOU is intended to alter, limit or expand the agency’s statutory and
regulatory authority. Nothing herein shall be construed or interpreted as a waiver, express
or implied, of any of the notice requirements, defenses, immunities and limitations of
liability that the Parties and their respective officers and employees may have under the
Colorado Governmental Immunity Act (C.R.S. Section 24-10-101, et seq.) and under any
other law.

USE OF U.S. FOREST SERVICE INSIGNIA. In order for the Parties to use U.S.
Forest Service insignia on any published media such as Web pages, printed publications
or audiovisual production, permission must be granted in writing from the U.S. Forest
Service Office of Communications (Washington Office) prior to use of the insignia.

MEMBERS OF U.S. CONGRESS. Pursuant to 41 U.S.C. 22, no U.S. member of, or
U.S. delegate to, Congress shall be admitted to any share or part of this agreement, or
benefits that may arise therefrom, either directly or indirectly.

K. COLORADO OPEN RECORDS ACT. Nothing in the agreement shall be deemed to
waive or modify any public access or provision of the Colorado Open Records Act.

L. FREEDOM OF INFORMATION ACT (FOIA). Public access to MOU or agreement

records must not be limited, except when such records must be kept confidential and
would have been exempted from disclosure pursuant to Freedom of Information
regulations (5 U.S.C. 552) or the Colorado Open Records Act, as applicable.

M. TEXT MESSAGING WHILE DRIVING. In accordance with Executive Order 13513,
“Federal Leadership on Reducing Text Messages While Driving,” any and all text
messaging by Federal employees is banned: a) while driving a Government owned
vehicle (GOV) or driving a privately owned vehicle (POV) while on official
Government business; or b) using any electronic equipment supplied by the
Government when driving any vehicle at any time. All Parties, their employees,
volunteers, and contractors are encouraged to adopt and enforce policies that ban text
messaging when driving company owned, leased or rented vehicles, POVs or GOVs
when driving while on official Government business or when performing any work for
or on behalf of the Government.

N. U.S. FOREST SERVICE ACKNOWLEDGED IN PUBLICATION, AUDIOVISUAL
AND ELECTRONIC MEDIA. Parties shall acknowledge U.S. Forest Service support in
any publications, audiovisuals, and electronic media developed as a result of this MOU.

O. NONDISCRIMINATION STATEMENT - PRINTED, ELECTRONIC OR
AUDIOVISUAL MATERIAL. Parties shall include the following statement, in full, in
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any printed, audiovisual material, or electronic media for public distribution developed
or printed with any Federal funding.

In accordance with Federal law and U.S. Department of Agriculture policy, this institution is
prohibited from discriminating on the basis of race, color, national origin, sex, age, or disability.
(Not all prohibited bases apply to all programs.)

To file a complaint of discrimination, write USDA, Director, Office of Civil Rights, Room
326-W, Whitten Building, 1400 Independence Avenue, SW, Washington, DC 20250-9410 or
call (202) 720-5964 (voice and TDD). USDA is an equal opportunity provider and employer.

If the material is too small to permit the full statement to be included, the material must, at
minimum, include the following statement, in print size no smaller than the text:

"This institution is an equal opportunity provider.*

P. TERMINATION. Any of the Parties, in writing, may terminate their commitment to this
MOU at any time before the date of expiration. Termination by a Party or Parties will
not result in termination of the MOU itself.

Q. DEBARMENT AND SUSPENSION. Parties shall immediately inform the U.S.
Forest Service if they or any of their principals are presently excluded, debarred, or
suspended from entering into covered transactions with the federal government
according to the terms of 2 CFR Part 180. Additionally, should Parties or any of their
principals receive a transmittal letter or other official Federal notice of debarment or
suspension, then they shall notify the U.S. Forest Service without undue delay. This
applies whether the exclusion, debarment, or suspension is voluntary or involuntary.

R. MODIFICATIONS. Modifications within the scope of this MOU must be made
by mutual consent of the Parties, by the issuance of a written modification signed and
dated by all properly authorized, signatory officials, prior to any changes being
performed. Requests for modification should be made, in writing, at least 30 days prior
to implementation of the requested change. However, per Section Ill, paragraph C
above, with concurrence of all the current Parties, new Parties may be added to the
MOU at any time by a single duly authorized signature of the new Party.

S. COMMENCEMENT/EXPIRATION DATE. This MOU is executed as of the date
of the last signature and is effective through five years from the date of the last signature,

at which time it will expire unless it is renewed.

T. AUTHORIZED REPRESENTATIVES. By signature below, each Party certifies
that the individuals listed in this document as representatives of the individual
Parties are authorized to act in their respective areas for matters related to this

MOU.
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In witness whereof, the Parties hereto have executed this MOU on August 13, 2020.

DEB GARDNER DATE
County Commissioner, Boulder County

MARK LESLIE DATE
NE Regional Manager, Colorado Parks & Wildlife

MIKE LESTER DATE
State Forester, Colorado State Forest Service

JANE BRAUTIGAM DATE
City Manager, The City of Boulder

KRISTOPHER LARSEN DATE
Mayor, Town of Nederland

MARIELLE SIGELLE DATE

Council Chair, Town of Gold Hill

15



BRET GIBSON DATE
President, Boulder County Firefighters Association

ANNE HANSEN DATE
President, Longmont Conservation District

DAN LISCO DATE
President, Boulder Valley Conservation District

TONY CHENG DATE
Director, Colorado Forest Restoration Institute

MONTE WILLIAMS DATE
Forest Supervisor, Arapaho and Roosevelt National Forest and
Pawnee National Grassland, U.S. Forest Service

Burden Statement

According to the Paperwork Reduction Act of 1995, an agency may not conduct or sponsor, and a person is
not required to respond to a collection of information unless it displays a valid OMB control number. The
valid OMB control number for this information collection is 0596-0217. The time required to complete this
information collection is estimated to average 3 hours per response, including the time for reviewing
instructions, searching existing data sources, gathering and maintaining the data needed, and completing and
reviewing the collection of information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and activities on the
basis of race, color, national origin, age, disability, and where applicable, sex, marital status, familial status,
parental status, religion, sexual orientation, genetic information, political beliefs, bases apply to all programs.)
Persons with disabilities who require alternative means for communication of program information (Braille,
large print, audiotape, et TARGET Center at 202-720-2600 (voice and TDD).

To file a complaint of discrimination, write USDA, Director, Office of Civil Rights, 1400 Independence Avenue,
SW, Washington, DC 20250-9410 or call toll free (866) 632-9992 (voice). TDD users can contact USDA
through local relay or the Federal relay at (800) 877-8339 (TDD) or (866) 377-8642 (relay voice). USDA is an
equal opportunity provider and employer.
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