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EXECUTIVE SUMMARY

Background

In September 2013, Left Hand Creek experienced a flood event that destroyed large sections of local roads
and public, residential, and commercial properties within the Left Hand Creek watershed. The high peak
flow, combined with the extended duration of the event and the large amount of sediment/debris inputs
from landslides/debris flows, exacerbated the damage in the creek corridor. The Town of Jamestown
experienced devastating damage, as did areas in the City of Longmont and in unincorporated Boulder
County along the upper, middle, and lower sections of the watershed. Extensive sections of roadways were
damaged limiting the ability of many residents to evacuate during the flood. Culverts and crossings
throughout the system plugged with debris causing the stream to jump course, damaging adjacent lands.

Left Hand Creek watershed Master Plan

The Left Hand Creek Watershed Master Plan (LHCWMP) was written to address and coordinate the
response to key restoration issues in the planning area in the aftermath of the September 2013 floods
along the Colorado Front Range. The LHCWMP was developed between June and November 2014 by the
Left Hand Creek Coalition (hereafter referred to as the LHCC or the Coalition) with assistance from AMEC
Environment and Infrastructure, Walsh Environmental, and CDR Associates.

The goal of the Plan was to create an open, collaborative, and voluntary approach to long-term planning
and management of the Left Hand Creek watershed. The LHCWMP is the first step in that process, with
the following objectives:
Plan Objectives:
o Reduce the risk of future flood and debris flow damage to public and private infrastructure along
Left Hand, James, and Little James Creeks (Left Hand Creek watershed);
o Define the approximate post-flood 100-year floodplain, including surface water elevations, to
prepare for future Federal Emergency Management Agency (FEMA) floodplain mapping submittals;
e Enhance understanding of how physical infrastructure in the creek corridor affects flows;
Identify, evaluate, and prioritize opportunities to manage flood risk while restoring, enhancing, and
preserving the ecological functions, values, and characteristics of streams in the watershed,
including aquatic and riparian communities;
o Recognize the importance of ditch infrastructure so that the plan is pragmatic, balanced, and
compatible with Colorado water law and existing property rights;
e Create a plan that is consistent with existing local policies and plans and helps facilitate recovery
from the September 2013 flood;
o Protect and enhance water quality, specifically addressing the impacts to the source water for
Jamestown and Left Hand Water District’s potable water systems;
e Evaluate how transbasin diversions into the watershed affect flow and flood hydrology along
streams in the Left Hand Creek watershed; and
o Ensure property owner engagement in the planning process, including those property owners along
the creeks and property owners with interest in the creek corridor.

The Left Hand Creek Coalition that developed this LHCWMP includes representatives from local, state,
and federal government; non-profit watershed organizations; water districts; ditch companies; and land
owners. Public input was also solicited and included in the LHCWMP.

Risk Assessment

For this project, the risk assessment was divided into three separate analyses; flood, geomorphic, and
ecosystem. The risk model common to all three analyses examined both the probability and the
consequences of the hazard. In an attempt to utilize existing resources, past reports, existing plans, and
previously collected flood data were incorporated to the furthest extents possible. While the utility of many
past reports was decreased as a result of the magnitude of the September floods, those reports were still
able to provide historical context within which to view flood risk in the watershed. Spatial data was brought
into a GIS and used as the foundation to organize data for, and complete, each of the risk assessments.

Flood Risk

FEMA floodplain mapping is used for regulatory purposes and is the primary tool floodplain managers use
to determine flood risk. A complete re-mapping of the watershed was beyond the scope of this project.
Instead, the flood risk component made determinations regarding the utility of the existing Flood Insurance
Study (FIS) and Interim mapping efforts.

An analysis was performed by AMEC to compare the currently published regulatory Special Flood Hazard
Area (SFHA) limits to the post flood observations and modeling noted above. SFHA zones were overlain
with Boulder County parcel data and tabulated by use and FIRM Panel. This analysis was used to
determine whether the pre-flood data was still accurate. In many cases, the September 2013 flood
changed the stream channel and floodplain so substantially that the existing studies are no longer
accurate. Recommendations for revising these studies and regulations include updating the datasets
required for flood hazard mapping and prioritizing portions of the watershed.

Geomorphic Risk

The geomorphic risk assessment is based on a rapid geomorphic assessment utilizing a stream
classification methodology known as River Styles. The goal of this method identifies the conditions that
determine how the stream channel and floodplain behave; how confined the stream is (e.g., is it confined in
a steep valley or is it unconfined in an open plain); whether a particular location is prone to storing
sediment and debris, what the dimensions of the floodplain in that location are; how steep the gradient is,
etc. In general, the application of the River Styles framework to this project involved a desktop analysis of
best available GIS data, fieldwork, and a determination of reach trajectories, or behavior that can be
expected of the stream given the current state.

Six River Styles were identified for the Left Hand Creek watershed:
Headwater

Confined Valley, Limited Floodplain

Confined Valley with Bedrock-Controlled Floodplain Pockets
Partly Confined, Wandering

Unconfined, Continuous Floodplain

Entrenched, Residential

o0 rwWNE

Typical properties of each reach were defined and used to develop simple ratings of geomorphic condition.
In general, reaches with good condition have functioning floodplains, complex channels, and intact riparian
corridors consisting of native vegetation complexes. Reaches receiving a fair rating have local
disturbances to several properties, an overall degraded condition, and are able to withstand disturbance
events without fundamentally changing their river style. Reaches with a poor rating have systemic
degradation and lack functioning riparian vegetation. These reaches have changed their behavior in
response to disturbance and will require restoration assistance to stabilize.
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With the development of the River Styles and the determination of the geomorphologic condition, the
downstream pattern of change, or trajectory, can be examined. In this manner, the stream is examined
holistically — each reach is examined in the context of the surrounding reaches and larger system. Given
the geomorphic condition, the downstream pattern of change, or trajectory, for each reach can be
determined in the context of those reaches above and below it. These trajectories, in conjunction with the
vulnerabilities (e.g., infrastructure, homes, diversion structures, business, etc.) in that reach, then define
the geomorphic risk for that reach. Reaches receiving a risk rating of ‘High’ are generally in poor condition,
have considerable vulnerabilities, and/or the potential to impact downstream reaches.

In general, reaches located high in the watershed were in better condition, were less affected by the flood,
and received lower risk ratings. Many of the remaining reaches received a poor condition rating, as they
were affected by the flood, but risk ratings depended on vulnerabilities present.

Ecosystem

As part of the Left Hand Creek Corridor Master Planning effort, a rapid ecologic stream assessment of Left
Hand Creek was completed. The Stream Visual Assessment Protocol (SVAP2), developed by the U.S.
Natural Resources Conservation Service (NRCS, 2009) was used for this assessment. The SVAP2 is a
national protocol that provides an initial evaluation of the overall condition of streams, their riparian zones,
and their in-stream habitats. It is often used as a tool for conservation planning, identifying restoration goals
and objectives, and assessing trends in stream and riparian conditions through time. For the purposes of
this analysis the results were used to identify critical riparian ecosystem elements that are damaged or
absent from the river system, as well as to identify highly degraded areas. The evaluations are intended to
supplement an overall understanding of the vulnerabilities that certain key species may have in Left Hand
Creek and assist with focusing appropriate restoration strategies.

The application of the SVAP2 protocol includes the evaluation of stream system features that affect overall
stream conditions and generally encompass the following categories:

Channel stability (channel condition, bank condition)

Water quantity (hydrologic alteration)

Water quality (nutrient enrichment and manure/human waste)
Vegetation (riparian area quantity/quality and canopy cover)
Instream habitat (pools, habitat complexity, embeddedness)

I .

These elements (e.g., channel condition, bank condition) were evaluated and scored from 1 to 10, with a
score of 1 indicating a severely degraded ecological condition and a score of 10 indicating an excellent
ecological condition. Based on these scores, habitat enhancement recommendations to improve the
ecological conditions in each reach were developed.

Recommendations

The recommendations presented in this plan are the result of a combination of technical analyses and
stakeholders’ input, and include both reach specific and system-wide strategies. Reach specific strategies
are detailed in the mapbook while system-wide recommendations are described in section 5.2 of the report.
The strategies generated for this plan are diverse and reflect the physical constraints and community
values present in each reach. In general, stream restoration recommendations are focused on restoring
river function (as identified in the geomorphic risk analysis) and addressing flood safety concerns. Flood
risk recommendations are focused on updating the regulatory flood hazard mapping. Ecosystem
recommendations focus on enhancing habitat and work in tandem with the restoration strategies.

The process of developing the recommendations involved the following elements. Stakeholder input
provided insight used by the consultant team to focus on specific areas of concern and to also identify
opportunities to stabilize the channel. Community members were able to provide input during neighborhood
and public meetings, and through comments submitted to the consultant team through the project website
and/or email address. Coalition and community members provided watershed recovery and restoration
input that helped to draw attention to areas with existing needs. Field investigations and desktop analyses
were used to identify problem areas and to record and brainstorm potential restoration strategies. The risk
assessments helped to frame site specific issues in the context of stream processes at work at the local
and system-wide scales. All of these information sources were then compiled in a GIS to lay out a
framework for identifying the most appropriate treatments for each reach in the study area.

Individual treatments were then grouped into projects based on spatial extent, property lines (where
appropriate) and dependencies (i.e., individual treatments that need to be completed in tandem with
adjacent treatments). In total, nearly 50 individual projects are recommended within the LHCWMP and
depicted in the plan mapbook. In general, most of the recommended projects are located near
infrastructure (e.g., bridges, culverts, roads) and provide a balance between protecting the infrastructure
and improving the ecology of the stream. In many locations where infrastructure is not present, no projects
are proposed because the channel is likely to recover through natural processes without additional human
input.

The treatment and project recommendations are based on realistic goals and consider the trajectories for
each stream type and reach. The consultant team developed drawings to show the unique restoration
strategies for each different River Style. The drawings include standard plans, profiles, and cross sections
and they depict general recommended restoration techniques for each stream reach. This guidance will
improve the likelihood that their projects match the system and reach behavior, and thus may last longer
and perform better. Standard plans for each river style are detailed in the attached mapbook (Sheets T-1
through T-6).

In addition to the projects depicted in the mapbook, system-wide recommendations were developed that
should be applied to the entire watershed. Examples include strategies for dealing with sediment and
debris at crossings and diversion structures and approaches for restoring each River Style.

Finally, projects were ranked on a number of criteria, including how they address identified flood,
geomorphic, and ecosystem risks, as well as how they address community values as communicated at the
public meetings. Five projects, selected for their expected impact on stabilizing the watershed and
increasing safety, are detailed and a table of rankings for all of the identified projects included.

Next Steps

The LHCC will need to determine its organizational capacity, and members will need to affirm their
commitment to collaboration on pursuing funding and promoting projects in the watershed. One of its
primary responsibilities moving forward will be to pursue funds to begin implementing the projects identified
in the LHCWMP. There are several grant and loan programs that fund watershed restoration and flood
mitigation projects, and the deadlines for these are varied and in some cases very near. This document will
be a useful evaluation tool for both the applicants and granting agencies.
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1 INTRODUCTION

1.1 Authorization

The LHCWMP was authorized by Boulder County and the LHCC under a contract with AMEC Environment
and Infrastructure, Inc. (AMEC). CDR Associates and Walsh Environmental were subcontracted by AMEC
to assist with the public outreach strategy and the ecological risk assessment, respectively. The study area
for this plan, which includes Left Hand Creek and all drainages flowing into it, including James Creek and
Little James Creek, is depicted in Figure 1.

1.2 Purpose and Scope

A major flood event occurred in the Left Hand Creek watershed during September, 2013, which destroyed
large sections of local roads and public, residential, and commercial properties. The damage was a result
of high peak flows, the extended duration of the event, and sediment/debris inputs from landslides/debris
flows, and resulted in dramatic changes in the creek corridor. In various locations the stream migrated
laterally, experienced significant deposition and erosion in-stream and off-channel, cut new overbank
channels, lost a significant amount of its riparian vegetation, and migrated or scoured to the point of
destroying or significantly damaging numerous waterlines, roads, embankments, bridges, and other
infrastructure. The Town of Jamestown experienced devastating damage, as did areas in the City of
Longmont and in unincorporated Boulder County along the upper, middle, and lower sections of the
watershed. The flood also caused damage to mine tailing sites that were previously mitigated, and resulted
in new soils or mineral loadings in the source water for the Town of Jamestown and Left Hand Water
District’s water treatment plants.

The flood’s impact on the main creek corridor and tributaries in the drainage varied from the mountains to
the plains. In the mountain areas, many of the upper tributary drainages experienced debris flows, which is
when a mix of water-laden soil, vegetation, and other debris rushes down mountainsides and into streams
to form a powerful and erosive torrent that cause massive destruction. The debris flows lose energy as
they progress downstream and then deposit the rocks, cobble, sand, trees, and household materials that
were entrained in the debris flow throughout the stream corridor below. The impact in the plains was
generally in the main stream corridor, with a less drastic effect in the tributary drainages at lower
elevations. As the floodwaters reached the plains at the mouth of the canyon, water spread out across the
wider, unconfined valley bottom and deposited large quantities of materials that were transported during
the height of the flood.

In the aftermath of the flood, ditch companies, land owners, land management and transportation agencies,
and communities within the Left Hand Creek watershed took actions to address their immediate needs and
minimize risk of additional damage. Many of the actions had a short-term, temporary, and site-specific
focus in order to address the most urgent needs caused by the flood damage. Efforts of this nature
included such actions as constructing emergency access and temporary roads, installing temporary berms,
re-establishing channel conveyance, and stabilizing stream channels. Site-specific efforts continued to take
place along different reaches of Left Hand, James, and Little James Creeks, again oriented toward meeting
immediate needs or mitigating the potential threats posed by the upcoming spring run-off.

Jamestown completed several planning documents after the floods: the Town of Jamestown Stream
Corridor Master Plan Technical Memorandum, including a provisional floodplain map; a Programmatic
Environmental Assessment; and an Emergency Watershed Protection Plan primarily addressing debris
removal and restoration of water conveyance. Projects deriving from these plans are in various stages of
design and implementation.

Property owners, watershed restoration groups, local government, and other stakeholders recognized the
need to conduct long-term planning for Left Hand Creek at a watershed scale to augment the short term
solutions that were already being implemented. Planning at the watershed scale for the Left Hand Creek
corridor was necessary in order to incorporate local needs (residents of the Town of Jamestown, City of
Longmont, and Boulder County; ditch companies; and property owners) and broader stakeholder interests
(recreation, habitat preservation, water quality, etc.) into a unified approach to land and water
management, public policies, and other strategies for flood control and stream restoration.

For these reasons, various entities within the Left Hand Creek watershed formed the LHCC. The Coalition
initiated the planning process for the LHCWMP, which was partially funded by the Colorado Water
Conservation Board (CWCB) through the Colorado Watershed Restoration Program. The purpose of the
LHCWMP was to collect, generate, and share information with the public, property owners, stakeholders,
and local decision makers about the current condition of the Left Hand Creek watershed and to
collaboratively identify, prioritize, and select policies, programs, and projects that reduce flood and debris
flow risk to public and private infrastructure, while preserving, enhancing, or restoring the creek’s natural
environment. These projects are currently not funded. The LHCWMP is designed to help the Coalition and
its members and constituents apply for funding to implement the projects recommended in this document.
It may also be used by the granting agencies in their decision-making process.

The LHCWMP is not a regulatory document. This plan presents a conceptual vision for the
recovery and restoration of the watershed and guides future planning activity by recommending
projects and treatments that align with diverse community and public priorities. All recommended
restoration and recovery activities in this plan will still need to be designed by licensed
professionals and comply with all federal, state, and local requirements prior to implementation.
The required prerequisites likely include but are not limited to additional environmental and
engineering studies, detailed engineering designs, agency permits and approvals, compliance with
local land use and zoning designations, land ownership or landowner permissions, and local public
engagement requirements.
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2 Planning Process

This Plan resulted from a coordinated effort and ongoing commitment to address long-term recovery and
mitigation issues in the Left Hand Creek watershed caused by the September 2013 floods. The LHCC was
formed to guide the development of the LHCWMP. The LHCC hired AMEC Environment and
Infrastructure, CDR Associates, and Walsh Environmental (hereafter referred to as “the AMEC team”) to
assist with the development of the planning process for the LHCWMP. Key components of the planning
process included public/stakeholder engagement, technical risk assessment, project identification, and
planning for long-term Coalition engagement. The long-term Coalition engagement includes identifying
funding sources for implementing the recommended projects, which are currently not funded. Cost
estimates were provided with the project recommendations to help the Coalition identify and apply for
funding.

2.1 Goals and Objectives

The goals of the LHCWMP, which worked to create an open, collaborative, and voluntary approach to long-
term planning and management of the Left Hand Creek watershed, were to:

e Reduce the risk of future flood and debris flow damage to public and private infrastructure along
Left Hand, James, and Little James Creeks (Left Hand Creek watershed);

e Enhance understanding of how physical infrastructure in the creek corridor affects flows;
Identify, evaluate, and prioritize opportunities to manage flood risk while restoring, enhancing, and
preserving the ecological functions, values, and characteristics of streams in the Left Hand Creek
watershed, including aquatic and riparian communities;

o Recognize the importance of ditch infrastructure so that the plan is pragmatic, balanced, and
compatible with Colorado water law and existing property rights;

e Create a plan that is consistent with existing local policies and plans and helps facilitate recovery
from the September 2013 flood;

e Protect and enhance water quality, specifically addressing the impacts to the source water for
Jamestown and Left Hand Water District’s potable water systems;

e Evaluate how transbasin diversions into the watershed affect flow and flood hydrology along
streams in the Left Hand Creek watershed; and

o Encourage property owner engagement in the planning process, including those property owners
along the creeks and property owners with interest in the creek corridor.

These goals for the LHCWMP were confirmed during the planning process. In order to achieve these
goals, it was vital to engage those affected by the 2013 flood including agencies, property owners, ditch
companies, other members of the public, and other stakeholders. The methods for engaging these
stakeholders are discussed in the following sections.

2.2 Left Hand Creek Coalition

2.2.1 Coalition Formation and Member Entities

The Left Hand Creek watershed is very diverse, with rural mountain communities in the Upper Watershed,
agricultural communities in the Lower Watershed, and incorporated towns and cities. The Left Hand Creek
watershed has several other pre-existing watershed interest groups, such as the Lefthand Watershed
Oversight Group (LWOG) and the James Creek Watershed Initiative (JCWI). A Coalition formed in
recognition of the importance of bringing these diverse stakeholders together to develop a plan for the
long-term recovery of the Left Hand Creek watershed. The LHCC served as the steering committee for the
development of the LHCWMP; coordinated activities with other agencies, stakeholders, and the public.
Boulder County served as the Contracting Agency and acted as the primary point of contact for the AMEC

team. The Coalition will lead and oversee plan implementation efforts once the final plan is approved and
funding is available.

The LHCC consisted of representatives from:

Boulder County

City of Boulder Open Space and Mountain Parks (OSMP)

City of Longmont

Colorado Division of Homeland Security and Emergency Management (DHSEM)
Colorado Parks and Wildlife

Colorado Department of Public Health and Environment (CDPHE)
Colorado Department of Transportation (CDOT)

Colorado Division of Reclamation and Mine Safety

CwWCB

JCWI

Keep it Clean Partnership

Left Hand Ditch Company (LHDC)

Left Hand Water District

LWOG

Longmont and Boulder Valley Conservation Districts

Natural Resources Conservation Service (NRCS)

St. Vrain and Left Hand Water Conservancy District (SVLHWCD)
Town of Jamestown

U.S. Forest Service, Arapaho/Roosevelt National Forest

FEMA Region VIII

Environmental Protection Agency (EPA), Region 8

The JCWI is an important local partner within the
Coalition that has several years of experience in
watershed restoration grant  writing, grant
administration, and project implementation. JCWI is a
grass roots community based organization located in
Jamestown, Colorado. JCWI's mission is to “engage
the community in protecting the waters of James
Creek and the forest ecosystem surrounding it”. The
organization was founded in 1997 as a Masters
Degree project at the University of Denver. Start-up
funding was provided by an EPA Regional Geographic
Initiative grant, under the umbrella of the Town of
Jamestown. In 2000, the Initiative received its 501 (c)
(3) status as a non-profit organization. JCWI has been
the project lead and grant writer for many restoration
projects within the Left Hand Creek watershed.

PHOTO: COLLEEN WILLIAMS
JCWI organized the Mulch the Gulch Project to

Since its formation, JCWI has provided a holistic  prevent further mudslides throughout the Town after

approach to environmental protection by sponsoring the Overland Fire.

public education and outreach activities, organizing

volunteer groups for stream clean-ups and restoration, organizing the community around forest

management and water quality issues and building partnerships with stakeholders. JCWI has successfully

established partners with several organizations and governmental agencies.
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LWOG is another important local partner and member of the Coalition with a proven track record of
successfully implementing watershed restoration projects. According to LWOG’s website, “the mission of
the Lefthand Watershed Oversight Group is to assess, protect, and restore the quality of the Left Hand
Creek watershed, and to serve as a hub of communication about watershed issues through the fostering of
stakeholder collaboration” (http://www.lwog.org/org/orgindex.html). LWOG’s activities include monitoring
water quality at various locations in the watershed, identifying and facilitating clean-up projects to improve
water quality, increasing public awareness about issues in the watershed, and securing funding for
projects.

A complete list of Coalition members is provided in Appendix C.

2.2.2 Input

The Coalition primarily provided input to the AMEC team via phone, email, and Coalition meetings.
Summaries of each meeting were shared with the Coalition to inform members who could not attend
meetings about what was discussed. Coalition members could also edit the meeting summaries to correct
any misinformation or add other important details. The Coalition reviewed and refined the materials shared
with the public and other stakeholders to ensure that everyone received a consistent message.

2.2.3 Meetings

The LHCC held eight meetings between June 27, 2014 and November 10, 2014. At these meetings the
Coalition discussed progress on LHCWMP development efforts, what information should be contained in
the LHCWMP, public engagement and outreach, long-term Coalition building, and funding source
identification. The summaries of the Coalition meetings and surveys and summaries from the public
meetings are available in Appendix D.

2.2.4 Review of Draft Documents

The first draft of the LHCWMP was provided to the Coalition for a high-level review on October 15, 2014.
The Coalition reviewed the document for major flaws or missing information, and provided comments and
edits to AMEC by October 20" so that the draft could be revised in advance of the public review draft. The
public was also given a chance to review the document and provide edits, as discussed in Section 2.3.3.

The Coalition reviewed the public review draft plan between October 27" and November 3. Comments on
this draft were discussed at the final Coalition meeting held on November 10", 2014 and incorporated into
the Final Plan.

2.3 Public Engagement Process

2.3.1 Public Meetings

The first round of public meetings was held on July 31, 2014 at the Altona Grange and August 6", 2014 at
the Greenbriar Inn. The purpose of the LHCWMP kick-off community meetings was to announce the
beginning of the master planning process, to inform the public on what flood recovery issues will be
addressed by the LHCWMP and to let the public know how they can provide input. Fifty-two community
members attended the Lower Watershed meeting at the Altona Grange, in addition to ten members of the
LHCC. Fifty-eight community members attended the Upper Watershed meeting at the Greenbriar Inn, in
addition to nine members of the LHCC.

The Lower Watershed meeting split into four facilitated groups, while the Upper Watershed meeting
attendees split into three groups. The opening remarks at each meeting helped set the stage for the large
groups and small group discussions. People provided feedback that they appreciated the facilitated groups
and the focus on the whole watershed.

The second set of public meetings was held on October 22™ at the Jamestown Town Hall and October 23"
at the Boulder County Parks and Open Space Building Prairie Room. The purpose of these meetings was
to share the AMEC team’s risk assessment and high-level project recommendations for each reach. Thirty
community members attended the Upper Watershed meeting on October 22", The project team delivered
a PowerPoint presentation to the group to explain how projects were developed and how to use the
LHCWMP. At the end of the presentation, the project team organized two breakout groups based on the
attendees’ locations in the watershed and gave a hands-on demonstration of how to interpret the maps and
conceptual drawings in the LHCWMP. Five members of the public attended the Lower Watershed meeting
on October 23™. Due to the smaller number of people at this meeting, the project team spoke with the
attendees in one group for the entirety of the meeting rather than using breakout groups.

The public provided feedback by marking up maps and making notes on comment cards. Comments
included project recommendations at specific sites, such as installing a sediment retention basin, installing
a culvert, and removing debris to mitigate flooding and protect infrastructure.

2.3.2 Online Survey

Twenty-two residents also filled out survey forms to answer the same questions used in the public meeting
comment forms. The results of the comment forms and the online survey were posted on the project
website.

2.3.3 Public Review of Draft Plan

The public review draft was posted to the project website on October 27", 2014. The public and the
Coalition had until November 3" to provide feedback, which AMEC incorporated into the final LHCWMP.

2.3.4 Project Website

A project website was established at lefthandcreekmasterplan.com. The website served as the primary
method of interaction with the community. It was periodically updated with relevant information and
materials, including photos and maps. The draft plan was posted to the website on October 27" for
Coalition and public review during the public review period. Press releases for related plans and projects
were posted to the website as well. Twitter was also used to communicate project updates.

3 Watershed Background and Description

The LHCWMP addressed the stream reaches of the Left Hand Creek watershed that were significantly
impacted by the September 2013 flood. In order to do so, hydrological processes and land use activities in
the Upper Watershed were evaluated to determine their ability to convey water and sediment to the Lower
Watershed. For this reason, the LHCWMP established a Planning Area, as depicted in the proceeding
map.

The Planning Area for the LHCWMP was the geographic area for data collection, analysis, and all other
planning activities. The Planning Area was defined in the following manner:

e Left Hand Creek from its headwaters near the base of Niwot Ridge, to its confluence with James
Creek;
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o James Creek from its headwaters near the Town of Ward (including Little James Creek east of the
Sky Ranch Estates subdivision), to above the confluence with Left Hand Creek;

e The main stem of Left Hand Creek below the James Creek confluence, to its confluence with St.
Vrain Creek in the City of Longmont; and

e That portion of the South St. Vrain Creek Watershed above the trans-basin diversion in R73W T2N
Sec 36.

On the plains, neither the Dry Creek north of Left Hand Creek, nor the Dry Creek south of Left Hand Creek
were included in the Planning Area.

3.1 Location

The Left Hand Creek drainage basin is located on the eastern slope of the northern Front Range of the
Rocky Mountains. The incorporated Town of Jamestown is at the confluence of James and Little James
Creeks, at an elevation of 7,000 feet. James Creek then joins Left Hand Creek at the junction of James
Canyon Drive and Lefthand Canyon Drive. Left Hand Creek then flows eastward from the mountains onto
the plains. The transition of the creek from mountain to plains occurs as it crosses U.S. Highway 36 or the
Foothills Highway. Just east of the City of Longmont, Left Hand Creek joins St. Vrain Creek, which flows to
the South Platte River.

Upstream of US 36, the creeks are more natural than the lower reaches and are confined by the existing
steep canyon topography, as well as by roadways. Much of the area is U.S. Forest Service land with some
pockets of residential development and local Open Space in unincorporated Boulder County. On the plains,
the creek gradient decreases and it is more heavily managed with several irrigation head gates and
evidence of current and past land uses (gravel pits, roadways, rural subdivisions and urban development).

Elevation in the approximately 72-square-mile natural watershed of Left Hand Creek ranges from 11,600
feet on Niwot Ridge to 4,920 feet at the confluence of Left Hand Creek and St. Vrain Creek in the City of
Longmont. The topography changes from forested mountain terrain on the west to rolling pasture and
cultivated plains on the east. The Left Hand Ditch diversion from South St. Vrain Creek to the headwaters
of James Creek above the Town of Ward adds another 13.6 square miles of South St. Vrain drainage to
the watershed, with elevations ranging up to 13,400 feet on the Continental Divide. The mean average
annual precipitation in the mountains of the western watershed averages approximately 25 inches per year
(Jamestown Source Water Protection Plan, pg. 9). The average annual temperature is approximately 40
degrees Fahrenheit with cold winters and hot summers.

3.2 Setting
3.2.1 Geology

The division of Left Hand Creek into an Upper and Lower Watershed falls very closely along the boundary
between two significantly different physiographic regions: the Southern Rocky Mountain province and the
Colorado Piedmont section of the Great Plains province (Worcester, 1920). The Upper and Lower divisions
are separated by the transition from foothills to plains (see Figure 3).

The canyons in the Upper Watershed have a V-shaped morphology, formed by water flow rather than
glacial ice though there are a few places where glacial deposits are present. Stream erosion and
deposition, wind erosion, and atmospheric weathering formed and continue to alter the watershed
topography. The watershed features gentle slopes concentrated near the top of the Upper Watershed and
steep canyons near the transition from the Upper to Lower Watershed. The mountainous portion of the
Upper Watershed is comprised of Pre-Cambrian metamorphic and granitic rocks including intrusive stocks

and dikes. Crystalline rocks within the watershed contain gold, fluorite, lead, silver, uranium, tungsten, and
copper in extractable quantities. These minerals were deposited with intrusions of molten igneous rocks
during periods of mountain uplift. Soils in the Upper Watershed are fairly thin and are identified by the
Cryboralfs-Rock outcrop.

The Lower Watershed morphology is primarily an alluvial floodplain. The transition between the Upper and
Lower Watershed is abrupt, where the creek flows through several uplifted sandstone layers. These layers
include Fountain formation sandstone, the Dakota group, Lyons sandstone, and the Niobrara formation. In
reaches located in the lower plain, the floodplain geology is dominated by alluvium. Areas not immediately
in the floodplain are windblown clay, silt and loess. Flood events and wind transport are the primary
processes that dominate geologic changes in the Lower Watershed.

3.2.2 Hydrography

As part of the St. Vrain Creek basin (HUC 10190005), the Left Hand Creek watershed lies northwest of
Boulder, Colorado on the eastern slope of the Rocky Mountain Front Range (Wood et al., 2005). The
primary streams in the watershed are James Creek, Little James Creek, and Left Hand Creek (see Figure
4). The watershed area is approximately 85 sqg. miles (54,400 ac) at the confluence with the St. Vrain
Creek near Longmont, Colorado, and ranges in elevation from 13,800 ft near the continental divide to
4,900 ft. on the eastern plains (Wood et al. 2005). Left Hand Creek has an average annual discharge of
29,000 af (40 cfs) (Wood et al. 2005), and serves as the primary water source for over 14,000 residents
(EPA 2003). Monthly average flows for Left Hand Creek near the canyon mouth are presented in Figure 2.

Monthly Average Flow at USGS 06724500 LEFT HAND
160 CREEK NEAR BOULDER, CO.
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Figure 2. Left Hand Creek Hydrograph
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The largest tributary to Left Hand Creek is James Creek, which drains 18.5 sq miles of subalpine and
alpine forest (Wood et al. 2005). A diversion of flow from South St. Vrain Creek to James Creek contributes
nearly all of the flow in James Creek during the summer months (Wood et al. 2005, CDWR 2002, Colorado
River Watch, 2004). The headwaters of the South St. Vrain Creek are made of up glacial-melt fed lakes
near the continental divide, and snow melt in the South St. Vrain creates unnaturally high flows in James
Creek due to the diversion. A tributary to James Creek, Little James Creek meets James Creek at a
confluence in Jamestown, Colorado. Little James Creek drains approximately 5.8 sq. miles of alpine and
subalpine land cover (Wood et al. 2005).

3.2.3 Debris Flows

The Upper Left Hand Creek watershed (i.e., above the intersection with Highway 36) is flanked by steep
slopes that are prone to landslide processes, including deep failure of slopes, rockfall, and mud and debris
flows. All deliver significant and occasionally (during and immediately after large storms) massive amounts
of sediment to Left Hand Creek. Some landslides within the canyon move slowly and cause damage
gradually, whereas others move so rapidly that they can destroy property and take lives suddenly and
unexpectedly. For example, the Howlett’'s Gulch debris flow in Jamestown claimed one life during the
September 2013 flood event.

Gravity is the primary driving force for these landslides to occur, but there are other contributing factors
affecting the original slope stability. Pre-conditional factors build up specific sub-surface conditions that
make a hillslope prone to failure, whereas the actual landslide often requires a trigger before being
released. For example, human activities such as deforestation or natural processes such as the 2003
Overland wildfire may destabilize an already vulnerable slope by removal of deep-rooted vegetation that
binds colluvium to bedrock and by damaging soil structure. Consistent rainfall before a big storm will
saturate soils and create groundwater conditions whereby pore water pressures act to destabilize the
slope. A large rainfall event such as the September 2013 storm may then cause a slope stability threshold
to be crossed, this being the trigger to release a landslide or debris flow. In the September 2013 floods,
antecedent rainfall conditions were almost certainly a factor in the widespread release of numerous debris
and mudflows from hillslopes in the Left Hand Creek watershed.

Mudflows are composed mostly of grains smaller than sand. Geomorphic evidence in the watershed
indicates these are far less common than debris flows. Debris flows have volumetric sediment
concentrations exceeding approximately 40%, with the remainder of the flow's volume consisting of water.
Debris includes sediment grains with assorted shapes and sizes, commonly ranging from clay (i.e. very
fine) particles to massive boulders. In a debris flow this mixture rushes down slope into stream channels,
entraining objects in their paths, and forming thick, muddy deposits on valley floors. Debris flows in Left
Hand and James Canyons generally have bulk densities comparable to those of rock avalanches and other
types of landslides (approximately 125 pounds/cubic foot), but owing to widespread sediment liquefaction
caused by high pore-fluid pressures, they can flow almost as fluidly as water making them very erosive and
dangerous. Debris flows in forested areas of the watershed often contain large quantities of woody debris
such as logs and tree stumps. Debris flows descending steep channels commonly attain speeds that
surpass 30 feet per second (more than 20 miles per hour). As a result of their high sediment concentrations
and mobility, debris flows in the Left Hand Creek watershed can be very destructive.

Debris flows usually start on steep hillsides as shallow landslides that liquefy and accelerate. Debris flows
from many different sources can combine in channels, and their destructive power may be greatly
increased. They continue flowing down hills and through channels, growing in volume with the addition of
water, sand, mud, boulders, trees, and other materials. They can carry very large objects such as cars.
Once in the creek channel, a debris flow triggered by a flood inducing rainfall event will typically become
diluted by sediment-rich water floods with solid concentrations ranging from about 10 to 40%. These flows

will behave somewhat differently from a pure debris flow and are known as hyper-concentrated flows.
While less so than debris flows, these flows are still highly erosive. Geomorphic evidence such as distinct
debris flow berms alongside long reaches (>100 foot) of creek channel indicated that so much sediment
was delivered to the creek at various times during the Left Hand Creek watershed flood event that there
were periods where full debris flow conditions existed in various reaches of the channel.

In the September 2013 event, sediment inputs from landslides and debris flows contributed greatly to the
dramatic changes and damage in the creek corridor. In various locations the stream migrated laterally,
experienced significant in-stream and off-channel deposition and erosion, cut new overbank channels, lost
a significant amount of its riparian vegetation, and migrated or scoured to the point of destroying or
significantly damaging numerous houses, diversion structures, roads, embankments, bridges, waterlines,
and other infrastructure.

3.2.4 Land Cover and Land Use

Dominant land cover in the Left Hand Creek watershed generally follows the topography and underlying
geology of the region, rapidly transitioning from the foothills in the west to the plains in the eastern
watershed. As depicted in Figure 5, the predominant land cover in the Upper Watershed is Evergreen
Forest and Shrub/Scrub. Together with Perennial Ice/Snow, these three land cover groups make up 85% of
the land area.

More suitable for a wide variety of land uses, the land cover on the Lower Watershed is split between
grasslands, pastures, and cultivated croplands. These three land covers make up 65% of the eastern
plains, as shown below in Table 1 (USGS 2011).

Table 1. Left Hand Creek watershed Land Cover (in percent)

Name Upper | Lower | Total
Open Water 1% 1% 1%
Perennial Ice/Snow 5% 0% 4%
Developed-Open Space 1% 10% 3%
Developed-Low Intensity 0% 5% 1%
Developed-Medium Intensity 0% 3% 0%
Developed-High Intensity 0% 1% 0%
Barren Land 4% 0% 3%
Deciduous Forest 2% 1% 2%
Evergreen Forest 65% 1% 55%
Mixed Forest 0% 0% 0%
Shrub/Scrub 14% 2% 12%
Grassland/Herbaceous 7% 16% 8%
Pasture/Hay 0% 19% 3%
Cultivated Cropland 0% 30% 5%
Woody Wetlands 1% 9% 2%
Herbaceous Wetlands 0% 3% 0%

Land use in the watershed parallels land cover and topography between the Upper and Lower Watershed.
The Upper Watershed is dominated by forest land and the lower by agricultural lands. The total acreage of
land use is given below in Table 2 and shown in Figure 6 (Boulder County 2014). The largest category is
“Exempt” which is defined as exempt from development or zoning by the County. Generally this is lands
within the boundary of the Roosevelt National Forest.
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Table 2. Boulder County Land Use

Land Use Category Area (acres) Percentage
Affordable Residential 1.6 0.00%
Agricultural, Mixed 904.1 1.76%
Agricultural 5490 10.66%
Apartment 0.3 0.00%
Commercial 211.5 0.41%
Exempt 34736.7 67.46%
Imp Only 0 0.00%
Industrial 18.1 0.04%
Minor Structure 20.1 0.04%
Mixed Use 117.5 0.23%
Natural Resources 1229 2.39%
Part Exempt 10.8 0.02%
Poss Interest 572.4 1.11%
Resident Land 324.6 0.63%
Residential 6523.2 12.67%
State Assessed 40.3 0.08%
Vacant Land 1295.3 2.52%
Grand Total 51495.5

3.2.5 Fire History

Several fires of significance have burned portions of the Left Hand Creek watershed, affecting runoff, water
guality and flooding. In September of 1988 two human-caused fires occurred above Buckingham Park,
including the Lefthand Fire. Houses were threatened, but not lost (Boulder County 2013).

On October 29th, 2003, the Overland fire occurred northwest of Jamestown. It is believed to have started
when a tree was sheared off by 60 mph winds and fell onto a power line near the Burlington Mine cleanup
site. High winds and dry weather conditions existed. 3,500 acres were burned; 12 residences and several
outbuildings were destroyed. Property damage was estimated in excess of $8 million but no infrastructure
damage was reported. The town was evacuated and roads and schools were closed for 24 hours (Boulder
County 2013).

In September of 2010, the Fourmile Canyon fire, the largest in Boulder County’s history, burned a
significant portion of the neighboring Fourmile watershed, but in large part stopped at the divide between
the watersheds. A very small portion of the Left Hand Creek watershed was burned at the most northern
extent of the fire, just over the divide between the watersheds.

A map of significant fires in the Left Hand Creek watershed is shown below in Figure 7.

3.2.6 Water Quality
3.2.6.1 Water Quality Setting

Water quality can be used as a measurement of a water body’s ability to meet the requirements of human
and aquatic need or purpose. Most of the stream segments in the Left Hand Creek watershed have
designated uses for aquatic life, recreation, water supply, and agriculture. CDPHE sets quantitative
standards for acceptable levels of pollutants and contaminants in water. These levels are monitored as

described in Section 3.2.6.3. In 1998 some segments of Left Hand Creek and Little James Creek were
placed on Colorado’s list of impaired waters for failing to meet water quality standards for supporting
aquatic life (Left Hand Water District Source Water Protection Plan, pg. 20).

3.2.6.2 Contaminant Sources

The Left Hand Creek watershed was once a very active mining area, especially in the 19" century. Mining
occurred in the watersheds for Left Hand Creek, James Creek and Little James Creek (Wood et al. 2005).
The 2003 Colorado Source Water Assessment identified 344 mines within the Left Hand Water District
source water protection area (Left Hand Water District SWPP, pg. 33). Most of the mines were
abandoned. There are still thirteen inactive, permitted mines in the watershed, as well as three active,
permitted mines. Left Hand Creek flows through the Ward mining district, including the Captain Jack Mine
and Mill superfund site. Over 100 years of mining activity have resulted in heavy metal and other mining-
related contamination in the Left Hand Creek watershed (EPA 2003). Left Hand Creek was unable to
support life by the 1930s, and was considered a dead creek until the 1950s (EPA 2003). James Creek
drains the Jamestown and Golden Age mining districts, and Little James Creek drains many areas of
former hard rock mining and processing activities. Little James Creek was listed on the State of Colorado’s
303(d) list of impaired streams in 1998 with a high ranking (Wood et al. 2005). The Water Quality Control
Division of the State CDPHE developed Total Maximum Daily Loads (TMDL) for cadmium, zinc, iron,
manganese and pH (WQCD, 2002, Wood et al., 2005).

CDPHE compiled a contaminant source inventory in 2001-2002. The inventory identified discrete
contaminant sources in Left Hand Water District including above, underground and leaking storage tanks;
existing/abandoned mine sites; EPA hazardous waste generators; and standard industrial facilities. The
Town of Jamestown Inventory included above, underground and leaking storage tanks; existing/abandoned
mine sites; and hazardous waste generators. The inventory also identified dispersed potential sources of
contamination including agricultural, forests, septic systems, commercial/industrial/transportation, low
intensity residential, urban recreational grasses, and roads. These sources can cause acute and chronic
health concerns.

After identifying the contaminant sources, CDPHE rated the total susceptibility to water source
contamination in the Left Hand Water District and the Town of Jamestown. The rating was based on the
physical setting vulnerability of the water source and the contaminant threat. Left Hand Water District
received a high overall susceptibility rating. Discrete contaminant sources were all ranked as high threats
to the District. Jamestown’s overall susceptibility rating was moderately high, although hazardous waste
generators and storage tanks were removed from Jamestown’s discrete source inventory.

Wildfires can also contribute to contamination by increasing sediment loads in streams. Post-wildfire areas
have less vegetation to anchor the soil, and burned soils can be hydrophobic. This can lead to
sedimentation in streams, erosion, mudslides, and debris flows.

Stormwater runoff is another potential contaminant source. According to the Left Hand Water District
SWPP, “stormwater runoff also increases turbidity, causing water treatment concerns described above
(Boulder, 2005)” (pg. 49). Turbidity is the measure of clarity of a liquid. Stormwater runoff can increase
sedimentation in water which makes it appear cloudy (i.e., sedimentation caused by stormwater runoff
increases turbidity). Stormwater can also carry pollutants from roadways and more developed areas where
household, automobile, and agricultural chemicals may be present.

3.2.6.3 Water Quality Monitoring

When considering implementation of projects within the scope of this plan, it is important to consider other
water quality programs and efforts underway in Boulder County. Examples include the watershed
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monitoring plans that the Keep It Clean Partnership is coordinating. These plans provide a sound scientific Table 3. James Creek Shares

understanding of baseline water quality conditions, identify reaches of streams in need of water quality and o

aquatic life improvements, and to support prioritization of improvements expected to improve water quality _Agency/Jurlsdlctlon Share

and aquatic life. Boulder County departments engaged in similar efforts include Transportation, Public Left Hand Ditch Company 685 cfs (1885)

Health, and Parks and Open Space. Additionally, LWOG and JCWI volunteer as stream monitors for the Gold Lake Unconditional adjudicated 1907, in use
River Watch program. JCW!I monitors “sites along James Creek above and in the Town of Jamestown, John Jay Mine Abandoned, never used

and LWOG has been monitoring sites along Little James Creek, and one station on Left Hand Creek Wano-Calvin (Bueno-Mill) 0.432 cfs (unused, 1980)

(Patterson, 2010)” (Left Hand Water District SWPP, pg. 22). Jamestown 24 shares of Left Hand Ditch (1982)

The Town of Jamestown established a Watershed District in 1991. In 2001 the boundaries of this district
were modified to begin five miles above the Town’s water treatment plant with a 1,000-foot radius along
either side of James Creek (measured from the center of the creek). The Town of Ward completed a
Wellhead Protection Plan in 1995 to “protect public groundwater supplies from contamination” (Left Hand
Water District SWPP, 2010, pg. 13).

3.2.6.4 Further Reading

A number of documents and studies examine water quality issues in the watershed, including the impacts
of local mining operations. These documents make recommendations for mine cleanup to improve water
guality that the Coalition may wish to revisit. These studies include:

e Town of Jamestown Source Water Protection Plan

e Section 319 Nonpoint Source Pollution Control Program Watershed Project Final Report: James
Creek Watershed Restoration Project

¢ Abandoned Mine Lands Case Study: Left Hand Creek watershed — Use of NPL as Catalyst for
Abandoned Mine Cleanup. November 3, 2003, EPA

o Lefthand Watershed Task Force Report to Boulder County Board of Health

o Left Hand Water District Source Water Protection Plan

3.2.7 Diversions

The LHDC is the primary water rights diverter, owning the first 31 priorities in the Left Hand Creek
watershed (Wood and Russell 2005). LHDC diverts water from South St. Vrain Creek, Left Hand Creek
and James Creek. The LHDC owns Lake Isabelle, Left Hand Park Reservoir, diversion rights from the
South St. Vrain River, Gold Lake, and the flows in the Little James, James Creek, and Left Hand Creek
(Wood and Russell 2005). The LHDC is a consolidated ditch company serving agricultural, domestic, and
municipal shareholders located in the foothills and plains east of the Lefthand Canyon. The largest single
shareholders are the Left Hand Water District, whose use is primarily for domestic water for approximately
7,000 active taps in Boulder, Weld, and Broomfield counties (Wood and Russell 2005).

There are four diversions in the James Creek watershed (Williams 2000). At the headwaters of James
Creek, water is diverted from South St. Vrain Creek into James Creek. The Gold Lake Fill Ditch diverts a
small amount of water from James Creek into Gold Lake, which lies on the divide between James Creek
and Left Hand Creek (Williams 2000). This water is used as a winter supply for residents in the Left Hand
Creek watershed.

Jamestown had the ability to divert water for irrigation from James Creek into a ditch that skirted the town
and returned back into James Creek downstream of town. The 2013 flood damaged the head gate of this
ditch, rendering it inoperable. The town’s diversion from James Creek to its municipal treatment plant was
also destroyed in 2013; however, this diversion has been restored.

An abandoned diversion exists from James Creek to the Bueno Mill. It is possible that the mill could
reopen, and water diverted once again.
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3.3 Jurisdictions, Population, and Economy

The planning area primarily lies within unincorporated Boulder County. It also includes the Town of
Jamestown and a portion of the City of Longmont. The total population of Boulder County in 2013 was
310,048. Jamestown had a population of nearly 300 people prior to the September 2013 flooding. Most
residents are still displaced as of October 2014. Longmont’s population in 2013 was estimated at 89,919.
The Town of Ward lies within the watershed but was not a formally participating jurisdiction in the
LHCWMP.

Jamestown is a small mountain community located in the central northwest section of Boulder County,
approximately 10 miles northwest of the City of Boulder. The town lies at an elevation of 6,920 feet above
sea level. The terrain is mountainous with steep slopes. Longmont is located in Boulder and Weld
counties, roughly 33 miles north-northwest of Denver. The elevation at the Longmont Town Hall is 4,978
feet above sea level. The elevation change between Jamestown and the Longmont Town Hall is 1,942
feet. The terrain in the Upper Watershed is similar to that of Jamestown, and the terrain in the Lower
Watershed is similar to Longmont.

The economy in the planning area is fairly diverse. Jamestown was historically a mining town and is now a
residential community, with most people commuting out of town for work. The economy in the Lower
Watershed was historically agricultural. Longmont bloomed as an agricultural center in the late 19" century
after the railroads were built in the area. Longmont and the surrounding area still retain their agricultural
character with a number of farms and ranches in the Lower Watershed. Many people who live in the Left
Hand Creek watershed commute to Boulder, Denver, or Longmont for work. The 2013 American
Community Survey found that 23% of the employed population in Boulder County works in education
services, and health care and social assistance; 20.6% works in professional, scientific, and management,
and administrative and waste management services; 11.3% works in manufacturing; 10.6% works in arts,
entertainment, and recreation, and accommodation and food services; and 10.2% works in retail trade.
Only 0.6% of Boulder County’s working population works in agriculture, forestry, fishing, hunting, and
mining; however, agriculture is an important part of the character of the Lower Left Hand Creek watershed.

3.4 Flood History

Major historical floods in Boulder County are due mainly to snowmelt combined with heavy rainfall,
although heavy rainfall, especially in the form of cloudbursts, is also capable of causing flooding (U.S.
Water Resources Council 1976). This risk is especially high during the summer monsoons.

The steep slopes and canyons in the Upper Watershed create swift flood waters that scour streambanks
and exacerbate damages. Debris carried by the fast-moving water not only threatens bridges and culverts,
but batters houses and other structures on the floodplain. Large debris such as boulders and trees can be
too large to pass through bridges and culverts. Erosion and debris undercut streambanks and destroy
structures that would otherwise receive little damage from inundation. Large quantities of rock are often
deposited in portions of the channel, leaving little capacity for future floods. Undersized bridges and
culverts can also cause flooding in the Lower Watershed. These structures become clogged with debris
and sediment from upstream. Debris, mud, and sedimentation may cause more damage to homes and
other buildings than floodwaters.

Due to sparse settlement and the lack of continuously operated gages in the upper reaches of the
watershed, only anecdotal information is known about the flooding above Foothills highway, other than
areas of extreme velocity have caused damage to roadways and private crossings. A gage (USGS station
06724500) was operated sporadically about 2.5 miles west of Foothills in the 1930’s, 40’s and 50’s, and the
U.S. Army Corps of Engineers (USACE) Floodplain Information Report for Left Hand Creek (USACE 1969)

provided some historic peaks. Since 1980 USGS Station 06724500 has been operated by Left Hand
Water District with assistance from the Colorado Division of Water Resources. The gage is how known as
LEFCRECO. Left Hand Water District has records for the gage, and One Rain, Inc. in Longmont has
archived data for the station. More is known about Plains Region flooding, especially near Longmont. The
flood of record occurred in June of 1949, although a large flood occurred in May of 1969, which destroyed
the South Pratt Parkway Bridge. Damage caused by debris washed down the channel is routinely cited as
a major problem with bridges and highways. The 1981 FIR for lower Left Hand Creek recounts detailed
descriptions of major events.

According to Boulder County’s 2012 FIS, “flooding occurred in the Left Hand Creek watershed in 1864,
1876, 1894, 1921, 1938, 1949, and 1951” (pg. 18). Other floods of significance occurred in 1913, 1965,
and 1969. The most damaging events along Left Hand Creek described in the Boulder County Multi-
Hazard Mitigation Plan (2013) occurred in the summer months. These events were caused by a mix of
snowmelt runoff and heavy rains, or just heavy rains alone. Several of the events washed out bridges,
roads, and culverts and also damaged houses. Farmlands, crops, and irrigation headworks were also
damaged by a couple of the events. Wildfires in the County have increased flood and debris flow risk.

Jamestown has also had several damaging floods. In June 1894, a flood roared down James Creek and
washed away much of the low-lying area of the town. Heavy rains accompanied by heavy spring runoff
caused the flood. Most of the houses on the north side of Main Street were ruined or washed away, as
was much of the road. A similar flood occurred in August 1913, damaging or destroying almost every
house along James Creek. All wagon bridges and footbridges were destroyed, and it took two weeks to
open the road to traffic. In August 1955, a brief cloudburst, lasting approximately 30 minutes, damaged
four bridge and culvert crossings and deposited several inches of mud in local residences. The town was
also flooded in 1965, and again in May 1969, following three days of heavy snow and rain. The
floodwaters left the normal channel, destroying a number of buildings and the town water supply. In 1969,
readings by members of the University Institute of Arctic and Alpine Research showed snhow content or
rainfalls of 6.56 inches at 10,000 feet, 9.10 inches at 8,500 feet, and 8.90 inches at 7,200 feet (USACE
1980). Flood damage estimates in a 9-county area were $7,000,000, including $700,000 for roads and
bridges in Boulder County alone. The photos in Figure 8 show the similar nature of the 1969 and 2013
floods in Jamestown. In both floods, structures along the creek were washed away and the road was
eroded. The damage from the September 2013 flooding, described in Section 1.2, was estimated to be
even greater than that of the 1969 flood. Public and private roads were hit especially hard, including many
of the creek crossings. Figure 9 and Figure 10 show road structure damage.

: ‘4«":.‘ e = =St & -
Figure 8. Flood Damage in Jamestown in 1969 (left) and 2013 (right)
(source: University of Colorado 2014 and New York Times 2013, respectively)
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Figure 9. Post-Flood Road Damage in Left Hand Creek Watershed
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3.5 Related Plans and Documents

The LHCWMP built upon flood recovery and mitigation policies and projects developed through other
planning efforts and documents. Related documents include:

Boulder County Natural Hazard Mitigation Plan (2013)

Boulder County Comprehensive Plan (in development)

Boulder County Emergency Operations Plan

Boulder County Land Use Code, Article 4 and Article 7

Boulder County Flood Insurance Study (2012)

Riparian Inventory and Assessment, Boulder County Parks and Open Space

St. Vrain Creek Watershed Master Plan

Coal Creek Watershed Master Plans (Upper and Lower Reaches)

Boulder Creek Watershed Master Plan (Lower Reaches)

Fourmile Creek Watershed Master Plan

Little Thompson River Master Plan

South Boulder Creek Flood Mitigation Planning Study

Town of Jamestown Stream Corridor Master Plan Technical Memorandum

Watershed Management Plan for the Upper Lefthand Creek Watershed, Boulder County, Colorado
Exceedance of Probability Analysis for the Colorado Flood Event, September 9-16, 2013
CDOT/CWCB Hydrology Investigation Phase One — 2013 Flood Peak Flow Determinations

Draft Hydrologic Evaluation of the Lefthand Creek Watershed Post September 2013 Flood Event
Endangered Species Act Compliance on Flood-Related Projects and Platte River Depletions
Following the September 2013 Flood Event

Longmont Phase 2 Project Description

South Platte Basin Implementation Plan (in development)

e Landslides in the Northern Colorado Front Range Caused by Rainfall, September 11-13, 2013,
USGS

The Coalition should refer to these documents when monitoring progress on project implementation. It
may be advantageous to link the goals, objectives, recommendations, and projects in this plan to those of
other plans and documents when pursuing funding. Full references to these documents are provided in the
References section.

4 Risk Assessment

4.1 Overview

Risk assessments help to understand what assets are present in the watershed, determine their exposure
to damage, and to weigh the consequences of future flooding. Conventional risk models equate risk to the
product of hazard and vulnerability or probability and consequence. For this project, the risk assessment
was divided into three separate analyses; flood, geomorphic, and ecosystem. The common element to all
three analyses is that the risk model used is meant to examine both the probability and the consequences
of the hazard.

Despite not accounting for the consequence component of risk, FEMA floodplain mapping is used for
regulatory purposes and is the primary tool floodplain managers use to determine flood risk. A complete
re-mapping of the watershed is beyond the scope of this project. Instead, the flood risk component made
determinations regarding the utility of the existing FIS and provided a course of action to address flood

hazard mapping updates. Geomorphic risk mapping made use of the River Styles framework to define
reach trajectories, which will then be linked to infrastructure and property to assess risk. Ecosystem risk
will be assessed utilizing the NRCS SVAP2 assessment methodology.

In an attempt to utilize existing resources, past reports, existing plans, and previously collected flood data
were incorporated to the furthest extents possible. While the utility of many past reports was decreased as
a result of the magnitude of the September floods, those reports were still able to provide historical context
within which to view the recent events. Spatial data was brought into a GIS and served as a basis for each
of the risk assessments.

4.2 Floodplain Regulation

Floodplain regulation in the Left Hand Creek watershed has expanded over the years as safety hazards
and damage to infrastructure have increased due to rapid growth of affected communities. Much of the
floodplain is used for agriculture; however, major transportation corridor crossings and residential
development continue to encroach on the flood fringe.

The current regulatory framework as authorized by the National Flood Insurance Act of 1968 and the Flood
Disaster Protection Act of 1973 consists of Flood Insurance Rate Maps (FIRMs) depicting Special Flood
Hazard Zones (SFHASs). This mapping is developed and updated through a Flood Insurance Study (FIS),
which combines technical documentation of the hydrologic and hydraulic studies (FIRs) used to create
flood profiles establishing the Base Flood Elevation (BFE) from various flooding sources. The base flood
has been established as the design event which has a one percent chance of being exceeded or equaled
in any one year, and is sometimes called the 100-year or Intermediate Regional Flood.

Minimum floodplain management requirements for participation in the National Flood Insurance Program
(NFIP) are set forth in the Code of Federal Regulations at 44 CFR, 60.3. The FIS develops flood risk data
which is used to establish actuarial flood insurance rates in order to compensate land owners for damages
due to flooding and to provide land use planners and community officials with a regulatory instrument for
sound land use management and infrastructure policy decisions. The communities within the Left Hand
Creek watershed which participate in the NFIP are listed in Table 4 and shown in Figure 11.

Table 4. NFIP Participation in the Left Hand Creek Watershed

Community Region Panel
Jamestown Mountain 219J, 0357J
Ward Mountain 334J
. 240J, 245J, 342J, 355J, 360J, 365J,

Boulder County | Mountain 376J, 377, 378, 379J, 385J
Longmont Plains 268J, 269J, 288J

. 2457, 289J, 385J, 401J, 402J, 407J,
Boulder County Plains

410J
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4.2.1 Previous studies

Damages due to flooding have long been an issue in the James Creek watershed. The USGS published a
report in 1962 (Jenkins 1962) which estimated flood depths and profiles for St. Vrain and Left Hand creeks
for the 25 and 50-year events based on a regression analysis of gaging stations along the front range and
a backwater analysis using approximated section geometry. The study also noted potential damages to
bridges due to erosion from high water velocities.

In 1969, the Denver Regional Council of Governments (DRCOG) published a report prepared by the
USACE (USACE 1969) which computed backwater profiles for the Intermediate Regional, or 100-year and
Standard Project Flood defined as “from 40 to 50 percent of the Probable Maximum Flood”. This study
established the original hydrology for the watershed utilizing a log-Pearson Type Il analysis of peak runoff
data recorded at gages on St. Vrain Creek near Lyons and Platteville in accordance with U.S. Water
Resources Council (WRC) Bulletin 15. The study area extended from Hwy 287 in Longmont to upstream
of Hwy 36, and noted overtopping of several bridges. In conjunction with DRCOG, population and land use
statistics were compiled along with base flood elevations for this FIR which provided the first basis for land
use management in the floodplain.

4.2.1.1 Flood Insurance Studies

In 1972, the Soil Conservation Service (SCS, now the NRCS) completed the first FIS for Boulder County
(SCS 1972), Longmont in 1973 (HUD 1973) and Jamestown in 1975 (HUD 1975). These led to initial
FIRMs being published in 1979, 1977 and 1983, respectively.

In 1980, the USACE completed a detailed study of the St. Vrain Watershed, including Left Hand Creek and
James Creek using hydrology developed with EPA’'s SWMM model (USACE 1980), and developed
backwater profiles for James Creek with HEC-2. In 1981, Gingery Associates (Gingery Associates 1981)
prepared a study of Left Hand Creek for Boulder County and Longmont from the confluence with St. Vrain
Creek to approximately 0.5 miles above Foothills Highway (Hwy 36) utilizing the same methodology, and in
1983, Simons and Li extended the study area through Ward on Left Hand Creek (Simons and Li 1983).
Table 5 lists parameters of interest for the study areas.
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Table 5. Study Parameters
Physiography Hydrology Hydraulics Study
Reach Length Slope Method Duration Infiltration Storage MinQ Max Q Mannings N
Reach (Miles) (Ft/Mile) (Hr) (Inches) (Inches) (cfs) (cfs) Method Channel Overbank Bridge Date Reference
James Creek SWMM 1 1.0 0.5 1,160 4,810 HEC-2 0075 0.08 Un-obstructed | 1980 6
(WRC-17b)
Left Hand Creek — Plains 13.7 8.5-136 | SWMM 6 1.0 0.3 4,610 6,700 HEC-2 0.040 — 0.045 | 0.050 —0.100 | Un-obstructed 1981 7
(WRC-17b)
Left Hand Creek - SWMM 1-6 1.0 0.3-0.5| 3,180 6,700 HEC-2 0.06 — 0.120 0.08 Obstructed 1983 8
Mountains (WRC-17b)

4.2.1.2 FIRM Revisions

Map revisions generally take place through a Letter of Map Change (LOMC) which is then processed and
approved through FEMA. Structures located in the floodplain may be removed or added through the Letter
of Map Amendment (LOMA) process by issuing an Elevation Certificate, while physical revisions are
handled through Letters of Map Revision (LOMR’s). The LOMR process entails defining a study area,
matching any existing detailed study analysis (effective model), updating any changes in stream geometry
or datum (corrected effective model) and adding any manmade structures which have been installed
(existing conditions model), and documenting any changes to Base Flood Elevations.

Legend Notes: )
Special Flood Hazard Areas [l Zone 0 @ LeterofMapChange (LOMC)  —— MajorRoads | 3 poroaraphy data from National Hydrography Dataset
FEMA Flood Zones 0.2% Annual Chance % ReachBreaks —— Highways 3. NAIP Imagery (2013)
ZoneA i ) 4. FEMA Letter of Map Change (LOMC)
B Foodway Ky Post faod Chiarinel Alyirmdnt [ Longmont 5. FEMA DFIRM (Effective Date: 12/18/2012)
I Zone A2 (3 Watershed Boundaries
amec® — "
Envircamental & Intastructure FEMA LETTER OF MAP CHANGE (LOMC) ALONG LEFT HAND CREEK 0 1625325 650 975 1300 %
o2 Waiu Sireet Sue 200 e P .t

Figure 12. LOMCs along Left Hand Creek

Proposed changes are modeled through the design process and a request is made for a Conditional Letter
of Map Revision (CLOMR). Periodically, complete sets of community panels are updated with all past
LOMC’s, however if changes are made to a substantial reach involving multiple panels, a Physical Map
Revision (PMR) is requested with supporting technical documentation.

The FIRMs for Longmont were revised in 1987 and Boulder County in 1988, and all of Boulder County was
revised in 2012 to reflect LOMC’s published at that time. The FIRM for Jamestown has not been revised
since its first publication in 1983. Table 15 in Appendix B lists 65 LOMC'’s which have been processed or
are still open in the Left Hand Creek watershed. Of these, 26 have occurred after the last community FIRM
update (J suffix), although many have now been updated in the electronic DFIRM database. There are
currently several projects underway which have or will produce CLOMR’s, particularly in the City of
Longmont. Additional information on these projects may be useful in the future evaluation of mapping
needs. Table 6 lists current LOMC’s by panel.

Table 6. Current LOMC by Panel
Panel Number LOMCs
288J 6
402J 19
410J 1

4.2.1.3 Post Flood Studies

The flooding of 2013 provided a stark reminder of the need for floodplain regulation in the Left Hand Creek
watershed. Damage to infrastructure and drastic changes to the fluvial system have reinforced the need
for a better understanding of the methodologies used to model and delineate flood hazards.

Hydrology

Peak flow discharges in the riverine system are modeled and are combined with models of the
watercourses and floodplain to map the physical limits of the floodplain in terms of depth, width and velocity
for floods with varying magnitudes, based upon the likelihood of them happening in a particular year. The
original hydrologic study was performed over 35 years ago. While land use in the Upper Watershed has
not changed drastically, we have gained a better understanding of its response to rainfall, and have a
greater and more accurate record of streamflows from which to draw statistical insight.

In August of 2014, CDOT published a hydrologic evaluation of the Left Hand Creek watershed in the
Mountain Region (Jacobs Engineering 2014). The study utilized the USACE Hydrologic Engineering
Center’s Hydrologic Modeling System (HEC-HMS) to calculate peak runoff from physical parameters
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derived from GIS data and NOAA design rainfall events. The model was calibrated using meteorological
data from the September 2013 storm event and peak discharge estimates from field investigations.
Rainfall data and corresponding flow data were developed by Bob Jarrett, USGS retired, of Applied
Weather Associates (AWA) utilizing methods he developed over his years at the USGS. These
observations are tabulated in a letter to CDOT by Kevin Houck of the CWCB which is located as Appendix
B of the referenced CDOT report (Table 1 — Summary of Observed Discharges and Frequency Estimates).
It is of note that the discharge calculated by Mr. Jarrett for Left Hand Creek above Hwy 36 (3,520 cfs) was
estimated to be representative of the 1%-2% exceedance probability. In other words, the 2013 flood on
Left Hand Creek was between the 100 and 50-Year event as computed by the 1972 SCS study, but was
noted as the 50-Year event in recommendations to CDOT by Kevin Houck of the CWCB in a memorandum
dated July 16, 2014. While this study provides a great foundation to use as a basis for the mountain
portion of the watershed, it does not cover the area of the watershed below US 36.

The SCS Curve Number method was used for the CDOT study to simulate infiltration losses, calculated
from an aggregation of cover and soil type among 18 sub-basins. The Snyder Unit Hydrograph method
was selected to transform the runoff response and Muskingum-Cunge for channel routing. A reasonably
good fit was obtained for the calibrated model to the field-estimated discharge levels of the September
2013 flood, however there are significant differences between the simulated peak discharge rates from
synthetic design storms (10 — 500-year) compared to the published FIS flows computed in 1974. Flood
discharge rates are rarely changed with good reason as this affects every regulatory profile associated with
them. Phase Il of this study, currently underway, will enlarge the scope to include the entire watershed to
the mouth of Left Hand Creek at St. Vrain Creek. Until the revised hydrologic analysis has been
completed, reviewed and either adopted or discarded, any new hydraulic modeling or mapping should be
based on effective FIS flood discharges.

Hydraulics

In addition to the recent hydrologic modeling performed for the watershed, an inundation area for the 2013
event (Boulder County Land Use 2014) was recorded by the National Geospatial Agency and
supplemented with observations made by Boulder County Land Use and Parks and Open Space using
imagery from the Digital Globe First Look product. This coverage is currently available from the Boulder
County data repository and has limitations in that it contains inaccuracies and errors.

In addition, LIDAR imagery that was obtained shortly after the floods was used for input to an automated
hydraulic modeling algorithm performed by Atkins Global, Inc. for CWCB. The model was adjusted
manually in some areas but depended largely on the density of cross section sampling available by the
methodology. According to information presented to the CWCB Board in July of 2014 (Resolution 14-650,
Atkins Global 2014), “This study uses USGS regression equations for hydrologic information, and hydraulic
information was derived using automated methods associated with post-flood LIDAR mapping that was
flown following the 2013 flood. The model and the results were published as an interim mapping product
on the Boulder County data repository (Houck 2014). Staff findings are as follows:

“CWCB staff has determined that the subject 100-year approximate floodplain information for the studied
stream reaches is in conformance with the CWCB's rules and regulations for floodplain designation and
approval. CWCB staff therefore endorses this study as containing the most current floodplain mapping
available and encourages the affected communities to consider adopting said study for land use
regulation purposes pursuant to statutory authority. This information is considered provisional and
temporary, and is not intended to rescind any previous designations for the subject streams. It is left to
the discretion of the community to determine if this study represents better available information for the
purposes of administering the local floodplain ordinance during the flood recovery and redevelopment
process.”

While this effort is certainly helpful, it is not without issue. The LIiDAR flown after the event
represents the conditions at that time. Many areas of the channel have been reworked by
restoration and infrastructure projects, emergency protection work, and spring runoff. Therefore the
geometry used may not represent the current channel and floodplain configuration. The stream
channel above US 36 will be re-surveyed as part of the Boulder County Roads project. Hydraulics
models are also scheduled to be updated as part of that project. However, the area below US 36 to
Longmont is not included in the project and will need to be studied and modeled.

4.2.2 Flood Risk Analysis

In order to gain a better understanding of how this information can be used to prioritize flood hazard
mapping updates, an analysis was performed by AMEC to compare the currently published regulatory
SFHA limits to the post flood observations and modeling noted above.

The current DFIRM data for the county was processed for the combined Left Hand and St. Vrain
watersheds to analyze the combined flood zones. This coverage was then combined with the 2013 flood
inundation area and interim flood hazard coverage. This combined coverage was then intersected with the
county’s parcel boundary coverage to produce a database containing areas common to each of these
coverages. The database was then processed to produce the statistics cited below. The economic
valuation was performed by calculating the percentage of each parcel in the subject zone, applying that
percentage to both the land value and the building value, and totaling each by category. The totals are
representative of damage potential from an area perspective only, and do not include a full risk assessment
by depth of flooding. Dollar amounts are estimates only based on current land assessment and
percentage of parcel area located within a regulatory flood zone and should only be used for broad scale
comparison and planning purposes.

4.2.3 Results

The plains region constitutes approximately 12.4 square miles of the watershed (Figure 13). This region,
which was first brought into the NFIP in 1979, currently has approximately 900 acres (ac) designated as
zone AE with 560 ac in the 500 year designation. Traditionally, the plains region has been predominantly
agricultural, however as the City of Longmont grows, this area is becoming increasingly urbanized. As
agricultural parcels are subdivided into residential and commercial lots with higher market value the
damage potential increases. According to data found in the county parcel database, the land currently
mapped within the AE zone within the plains region (base flood zone including floodway) is valued at about
$56,400,000 while land in the 500-year floodplain is valued at $104,800,000, for a total of about
$161,200,000.

During the September flooding, the configuration of the floodplain shifted as a result of flood processes
(e.g., avulsion, channel expansion, aggradation, etc.). This fluvial change was recorded with the
inundation area coverage described above. While there are mistakes and issues with the inundation area
dataset, it does provide a general indicator of locations where the floodplain was likely reconfigured. For
example, areas that have a large areal discrepancy between the SFHA and inundated area are likely areas
that have been re-worked, geomorphically. Figure 14 shows an area where the 2013 flood inundated a
parcel valued at $273,000 by the Boulder county tax assessor. This parcel was not included in the 100-
year SFHA and was therefore not eligible for federally subsidized flood insurance. Extending this analysis
across the entire plains region, approximately $35,000,000 worth of property that was located in the SFHA
was inundated, while approximately $7,200,000 worth of property was inundated by this event but is not
presently included in the SFHA.

In the Mountain Region (Figure 15), the area of the SFHA comprises a much smaller area due to the lower
discharge and the narrow valley sections. For Upper Left Hand Creek, there is only about 342 ac of AE
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zone and 103 acres in the 500-year zone totaling about $6.7 million dollars in land and structure value
combined. As noted previously, the “Interim” flood zone area, which is based on unverified post 2013 flood
topography, has been recommended for use by communities as a provisional flood hazard delineation for
recovery purposes. However, these provisional floodplain limits are much smaller than the current
regulated floodplain limits in the Mountain Region (Figure 16). Considering only those areas located in the
interim flood zone, the total property value drops to less than $3 million dollars.

These results highlight potential discrepancies that exist between the information used to define regulated
and un-regulated areas of the floodplain. Due to the extensive re-working of the channel by the flood and
the amount of work performed on the channel since, the geometry used to determine the regulatory SFHA
is not representative of the existing floodplain configuration.
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4.3 Geomorphic Risk

The geomorphic risk assessment is based on a rapid geomorphic assessment utilizing the River Styles
stream classification methodology. The goal of the method is to identify the spatial extent of dominant
controls on the downstream behavior of the stream channel and floodplain. In general, the application of
the River Styles framework to this project involved a desktop analysis of available GIS data, identification of
River Styles, summary and mapping of the field data, and some basic stream power calculations. These
tasks are elaborated upon below.

4.3.1 Methods

4.3.1.1 Desktop Analysis

The desktop analysis of the GIS data for the geomorphic risk assessment was focused on mapping the
current channel alignment, calculating channel slopes, assessing valley and channel confinement, breaking
the study area into reaches, and determining the position of the reach within the watershed. In all, the
study identified 26 reaches to be handled individually in the analysis.

Reach breaks were identified using the DEM of Difference calculation (i.e., difference between the pre-
flood terrain and post-flood terrain) to identify flood response and an assessment of valley confinement
(Figure 17). The junctions of major tributaries and prominent infrastructure were also used. For example,
the diversion structure at the boundary of reaches 5 and 6 diverts nearly all of the water in the channel
during the irrigation season so this feature was chosen as a reach break. Figure 18 shows the LiDAR
terrain surface and DEM of difference for Reach 6, located near US 36.
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Figure 18. Scour and Deposition Downstream of US 36
DEM of difference for the reach just downstream of US 36. Red/orange/yellow indicate scour, green indicates
deposition.

The DEM of Difference also offers much information about the condition of each reach and the means by
which the reach adjusts to flood flows. In Figure 18 above, as the flows drop much sediment and debris in
response to the change in confinement and gradient, the stream expends energy by adjusting laterally.
This results in the migrations and avulsions that can be seen in the DEM of Difference. Clearly, restoration
and channel work that attempt to hard armor the channel in place will have a slim chance of success. The
strategy in reaches like this should be to first explore options for letting the channel spread out, dissipate
energy and migrate across the floodplain.

The LiDAR terrain model itself also offers much insight into the landscape and river behavior. Valley
confinement can be assessed by measuring channel and valley widths, noting the position of the channel
relative to the valley floor. Channel incision can be estimated by cutting virtual cross sections at any
location. These types of measurements and observations offer a lot to the reach risk assessment tasks,
but the DEM of Difference and LiDAR terrain model represent a static snapshot in time. Much channel
work has taken place since the datasets were collected, so the assessments completed on the desktop
were field verified.

4.3.1.2 Fieldwork

In order to inform, and confirm the results of, the desktop assessment, sampling and assessment locations
representative of each reach were identified and visited during the course of a week. Geomorphic
assessments, including channel geometry measurements and pebble counts, were conducted in each

reach. Key geomorphic characteristics such as channel confinement, bank condition and failure modes,
and channel evolution/flood response were recorded. Reach-representative locations were determined for
channel geometry and pebble counts. Due to the timing of these assessments (i.e., taking place after a
historically large flood event), much of the channel has expanded and has yet to develop significant
bedforms (e.g., pools, riffles). As a result, many reaches appear to be one long riffle.

Pebble counts were conducted in order to assess bed stability. Again, given the post-flood timing of these
assessments, the counts are marginally useful — many of the larger grains are packed with fines and sand
making them likely to transport during larger flow events. As flows begin to develop bedforms, the grain
size distributions for project sites will need to be re-assessed. An example field sheet, showing grain
size distribution data from Reach 8, can be found in Appendix B.

4.3.2 Results
4.3.2.1 Identification of River Styles

The LHCWMP classifies each section of creek into one of six River Styles. This classification structure
allows for the assessment and evaluation of multiple sections of creek that are similar in need, but may be
geographically dispersed throughout the study area. A large emphasis is placed on valley confinement
because it is a key control over the channel’s ability to adjust. For example, in the confined reaches of the
mountain and canyon portions of the watershed, the location of floodplain indicates where the channel can
source or store sediment. Floodplains are also locations where streams can dissipate flood energy. In
addition to valley confinement, channel planform, geomorphic units and position within the landscape were
used to group each of the reaches reach into six River Styles.

The traits and properties of each River Style are discussed in detail in Section 4.3.2.2. Key properties of
each River Style are summarized as follows, and a map of the distribution throughout the watershed is
shown in Figure 19:

1. Headwater

¢ Relatively steep and straight with single thread channel

e Located high in watershed, few inputs

¢ Negligible floodplain
2. Confined Valley with Limited Floodplain

¢ Relatively steep and straight with single thread channel

e Tightly confined valley

¢ Negligible floodplain

e Step-pool morphology with episodic bedload transport
3. Confined Valley with Bedrock-controlled Floodplain Pockets
Relatively steep and straight with single thread channel
e Mostly confined by valley
Contains some pockets of floodplain

e Step-pool morphology with episodic bedload transport
4. Partly-confined, Wandering Channel

¢ Moderate gradient with anastamosing channel

e Partly confined

e Well developed floodplain in places

e Pool-riffle morphology with episodic bedload transport
5. Unconfined, Continuous Floodplain

e Lower gradient with sinuous, anastamosing channel
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e Unconfined

e Well developed, extensive floodplain

o Pool-riffle morphology with episodic bedload transport
6. Entrenched, Residential Channel

¢ Low gradient, straightened, single thread channel

e Entrenched

e Little connection to floodplain

¢ Sand bed channel with frequent bedload transport
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4.3.2.2 River Styles Definitions

The following definitions have been developed for each River Style to further detail the properties and
behavior of each. The information presented in each definition includes descriptions of physical
characteristics of each reach (including typical plan, profile, and cross section representations) that should
be considered when undertaking restoration and engineering projects in the Left Hand Creek watershed.
Additionally, criteria used for the geomorphic condition assessment are included.

Headwater River Style (Cont.)

Recommended Restoration Plan

Headwater

Properties: Reaches are generally quite steep
and located high in the drainage with no
significant tributaries. Channel is fully confined,
abutting the valley wall through its length.

Reaches Observed: | 15, 21, 22, 23, 24, 25, 26

RIVER CHARACTER

Valley Setting Confined

Channel Planform Channel is generally straight and laterally stable, being fully confined by the valley
walls. Channel adjustments are usually vertical, in response in increased
discharge and sediment supply.

Bed Morphology Bed morphology reflects the channel gradient - step-pool with elements of cascade
and rapids.

Geomorphic Units Pools

Bedrock Outcrops and Steps

Jams - Located at constrictions

Slackwater Deposits - behind and below boulders, LWD
Glides or Shallow Pools

Typical Cross Section

RIVER BEHAVIOR

Flood Response Flood response in headwater reaches is generally downcutting and scour with the
potential for significant influences from culverts and other infrastructure. Plugged
culverts can cause backwater impacts leading to extensive deposition.

Stage Behavior Flows at low, bankfull and flood stages in Headwater reaches are generally
concentrated into single channels. Sediment rapidly pulses downstream due to
generally steep gradients, depending on the formation of steps and jams. At these
locations sediment will deposit in pools. In other locations, sediment will collect
along channel margins in poorly formed bars and in slackwater deposits behind
boulders, logs and such.

Restoration Restoration and rebuilding projects in Headwater reaches should focus on
Considerations dissipating high energy flows with the use of jams and grade control structures.
Headwater reaches have the ability to quickly generate relatively high stream
power values, quickly downcutting to bedrock.

X NATURAL TOE PROTECTION
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Headwater River Style (Cont.)

» Vertically and laterally
Stable

* Little man-made armor

* Intact riparian vegetation

+ Structural wood present

* Well-established bedforms
(step-pool, rapids, cascades)
* Clean gravels (low
embeddedness) organized in
instream units

* Fines present, but exist as
transient deposits

* Little evidence of
aggradation or degradation

Conditions Assessment Criteria

Fair

* Eroding Banks (fluvial)

* Degraded riparian veg.

* Armor (riprap, concrete) present in
few locations

+ Large wood in channel, but may not
be structural

* Fines present, but organized in
bedforms (moderate embeddedness)
* Fines present but organized in
bedforms (moderate embeddedness)
» Bedforms present but not stable

* Evidence of aggradation or
degradation

» Banks destroyed by mass
wasting

+ Little riparian veg.

» Banks heavily armored,
grouted riprap used

* Channel stripped of large wood
* High embeddedness

* Channel bedforms absent

* Little evidence of aggradation
or degradation

» Channel clearly aggrading or
degrading
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Confined Valley with Bedrock-
Controlled Floodplain Pockets

Properties: Reaches are generally tightly
confined by the valley margin except for breaks
in the bedrock where the valley widens. This
channel type mainly occurs in the canyon
landscape zone. The breaks in the bedrock
accumulate alluvium (and colluvium, which
causes a local decrease in channel gradient.
These areas act as floodplain, storing sediment,
capturing debris and dissipating flood energy.

Reaches Observed:

| 9,10, 13,16, 18, 19

RIVER CHARACTER

Valley Setting

Mostly Confined

Channel Planform

Channel is generally single thread and straight, but pockets likely contain
overflow, secondary, and chute channels. Channel adjustments are vertical -
mainly incision, expansion, and aggradation.

Bed Morphology

Bed morphology is generally step-pool, but may have sections of pool-riffle at
lower gradient pockets.

Geomorphic Units

Pools

Bedrock Outcrops and Steps

Jams - Located at constrictions
Longitudinal, lateral, and mid-channel bars
Relatively deep pools

Structural LWD

RIVER BEHAVIOR

Flood Response

Floodplain stripping and the flushing of accumulated alluvium are common flood
responses. The pockets generally aggrade, inundating homes and
infrastructure.  Stream crossings cause major issues as blockages lead to
avulsion, expansion, and flood surges.

Stage Behavior

Low flows are generally concentrated into single threads, piling up below steps
and on the outside of bends. Fine sediments are accumulated on bar margins
and in pools. Bankfull flows are generally single thread and move sediments
downstream, reworking bar structure and complexes. Flood flows generally lead
to vertical accretion on floodplains, forming chute channels. Overflow channels
are formed by the shortcutting of channel bends. Floods also have the ability to
strip floodplains, but pockets are generally protected by bedrock outcrops.

Restoration
Considerations

Restoration of these reaches should focus on stabilizing aggraded pockets and
facilitating the establishment of step-pool sequences in confined sections.
Grading and channel establishment in the pockets should reconnect channel and
floodplain processes, giving the channel room to flood and inundate secondary
channels and dissipate flood energy. Confined reaches should establish step-
pool sequences through the use of grade control structures which will help
dissipate the stream energy exerted on channel banks and adjacent
infrastructure.

Confined Valley with Bedrock-
Controlled Floodplain Pockets River
Style (Cont.)

Recommended Restoration Plan

TYPICAL STEP-POOL
BED MORPHOLOGY

Typical Cross Section

AMEND SOILS WITH ORGANICS ="

L FLOODPLAIN POCKET [
i WIDTH VARIES i
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Confined Valley with Bedrock-
Controlled Floodplain Pockets River Conditions Assessment Criteria
Style (Cont.)

Fair - Poor ]

+ Laterally and vertically * Eroding Banks (fluvial) » Banks destroyed by mass
stable or flood re-working in | « Degraded riparian veg. wasting

established pockets » Armor (riprap, concrete) present in | ¢ Little riparian veg.

* Floodplain pockets few locations » Banks heavily armored, grouted
accessible * Floodplain pockets somewhat riprap used

+ Little man-made armor accessible * Floodplain pockets inaccessible,
* Intact riparian vegetation | « Channel may be perched above channel entrenched

+ Structural wood present pocket, post-flood + Channel stripped of large wood
* Well-established » Large wood in channel, but may » Channel geometry obscured
bedforms (step-pool not be structural * High embeddedness
sequences with some pool- | » Fines present but organized in Channel bedforms absent

riffle and rapid elements bedforms (moderate

* Clean gravels (low embeddedness)

embeddedness) organized |« Bedforms present but not stable

in instream units

* Fines present, but exist as

transient deposits
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Confined Valley, Limited
Floodplain

Properties: Channel is fully confined
throughout its length and located in the
moderate relief upland and canyon landscape
units. Reaches are generally steep and well
armored. Primary modes of adjustment are

vertical.

Reaches Observed:

| 8,11,12,14,17,20

Confined Valley, Limited Floodplain
River Style (Cont.)

Recommended Restoration Plan

RIVER CHARACTER

Valley Setting

Confined

Channel Planform

Channel is generally single thread and straight. Channel adjustments are vertical -
mainly incision and expansion.

Bed Morphology

Bed morphology is generally step-pool, but may have elements of pool-riffle, rapid
and cascade.

Geomorphic Units

Pools

Bedrock Outcrops and Steps
Jams - Located at constrictions
Relatively deep pools
Structural LWD

RIVER BEHAVIOR

-~ TYPICAL STEP-POOL
e — BED MORPHOLOGY

Flood Response

The response of these channels to the flood involved the complete destruction of
the channel, stripping of the channel margins, and/or the flushing of alluvium.
These reaches are still adjusting to the September flood and yet to re-establish
bedforms.

Typical Cross Section

Stage Behavior

Low flows are generally concentrated into single threads, piling up below steps
and on the outside of bends. Fine sediments are accumulated on bank margins
and in pools. Bankfull flows are single thread and flush sediments downstream
from pool to pool. Flood flows smooth out channel roughness elements and have
the capability to generate very high stream power values, recruiting LWD and re-
working the bed and banks.

Restoration
Considerations

Restoration of these reaches should focus on re-establishing step-pool
sequences using natural materials where possible. Consideration of low flows will
maintain sediment transport and facilitate the passage of aquatic organisms which
will depend on the quality of pools to survive. Many of these reaches are directly
adjacent to the road and restoration projects will need to be planned in
conjunction with the roadwork.

2 X
NATURAL TOE PROTECTION
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Confined Valley, Limited Floodplain
River Style (Cont.)

Conditions Assessment Criteria

Fair

 Vertically and laterally Stable
* Little man-made armor

* Intact riparian vegetation

* Structural wood present

* Well-established bedforms
(step-pool sequences with rapid
and cascade elements)

* Clean gravels (low
embeddedness) organized in
instream units

* Fines present, but exist as
transient deposits

* Eroding Banks (fluvial)
» Degraded riparian veg.

» Armor (riprap, concrete) present in

few locations

» Large wood in channel, but may
not be structural

* Fines present but organized in
bedforms (moderate
embeddedness)

» Bedforms present but not stable

» Banks destroyed by mass
wasting

* Little riparian veg.

» Banks heavily armored,
grouted riprap used

* Channel stripped of large
wood

» High embeddedness

* Channel bedforms absent
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Partly Confined, Wandering

Properties: Partly confined, wandering
channels occupy the transition from the canyon
to alluvial plain landscape units. They are
partly confined by valley walls, old terraces and
anthropogenic sources such as roads, bridges,

and developments.

Reaches Observed: |

56,7

Partly Confined, Wandering River
Style (Cont.)

Recommended Restoration Plan

RIVER CHARACTER

Valley Setting

Partly confined

Channel Planform

Channel has low sinuosity. It may have islands and/or side and overflow channels,
backwater ponds and possibly wetlands in areas of lower local gradient.

Bed Morphology

Bed morphology is composed of pool-riffle sequences with step-pool in higher
gradient areas.

Geomorphic Units

Pools, riffles, glides

Bedrock Outcrops and Steps
LWD

Lateral and longitudinal bars
Glides and Pools

Islands, benches, terraces

Typical Profile

RIVER BEHAVIOR

Flood Response

Channel avulsions and migrations were the primary flood response as sediment-
laden flood flows responded to local changes in gradient and confinement (e.g.,
crossings). Channel changes are both vertical and lateral.

B

RIFFLE

RIFFLE

Stage Behavior

Low flows are generally confined to a single thread, accumulating on the outside of
meander bends and in pools. Bankfull flows inundate secondary channels and
transfer sediment downstream, re-working bars and banks. Flood flows will
inundate all channel features between older flood terraces. Bend apexes and
steps are subjected to the highest relative stream power values. High sediment
loads will initiate channel avulsions into accessible relic or paleo channels.
Terrace faces may collapse or be undercut. LWD will be recruited into the
channel.

Typical Cross Section

Restoration
Considerations

The restoration of these laterally dynamic channels is difficult, given this river
style's propensity for drastic change. This river style should be given as much
floodplain space as possible to account for flood change. The reconnection of the
floodplain, along with the construction of wetlands, bars, and backwater areas will
help traps sediments and reduce flood energy. Steeper reaches will benefit from
the establishment of step-pool sequences constructed with natural materials.
Crossings will require maintenance as sediment will accumulate in these areas.

ORGANIC SO~ Low FLOW
AMENDMENT

- b
1

VEGETATED BAR y SPILL ;
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Partly Confined, Wandering River
Style (Cont.)

Laterally stable or flood re-
working in floodplain

* Floodplain accessible

* Little man-made armor

* Intact riparian vegetation
* LWD assemblages
present

* Well-established
bedforms (step-pool, pool-
riffle)

* Clean gravels (low
embeddedness) organized
in instream units

» Aggrading or degrading to
promote connection with
floodplain

» Confinement sources
from valley, terraces not
manmade features (channel
has room to wander)

» Well-defined low-flow
channel, side and overflow
channels

Fair

* Localized Eroding Banks (fluvial
and mass wasting)

» Degraded riparian veg.

» Armor (riprap, concrete) present in
few locations

* Floodplain somewhat accessible
(localized disconnections)

» Large wood in channel, but not
enough to influence

* Few locations contain overflow,
side channels

» Low-flow channel poorly defined,
high width/depth ratio

* Fines present but organized in
bedforms (moderate
embeddedness)

* Localized bedforms present

* Manmade confinement limited

Conditions Assessment Criteria

* Banks destroyed by mass wasting
* Channel avulsions present

* Little riparian veg.

+ Banks heavily armored, grouted
riprap used

* Floodplain inaccessible, channel
entrenched

* Low-flow channel obscured, or
destroyed (very high width-depth

* Channel stripped of large wood

* Channel geometry obscured

» High embeddedness

* Channel bedforms absent

+ Channel cut off from floodplain by
manmade confining features
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Unconfined,

Floodplain

Continuous

Properties: These reaches sit low in the
watershed, in the alluvial plain landscape
zone. They are generally unconfined
laterally, but adjacent land use has
narrowed the riparian corridor and likely
straightened the channel.

Unconfined, Continuous Floodplain
River Style (Cont.)

Recommended Restoration Plan

Reaches Observed: | 3,4
RIVER CHARACTER
Valley Setting Unconfined

Channel Planform

Channel has low sinuosity. It may have islands and/or side and overflow channels,
backwater ponds and possibly wetlands in areas of lower local gradient.

Bed Morphology

Pool-riffle transitioning to sand bed.

Geomorphic Units

Pools, riffles, glides

Bedrock Outcrops and Steps
LWD

Lateral and longitudinal bars
Islands, benches, terraces

. X
LARGE WOOD TO STABLIZE BANKS

ON OUTSIDE BEND, AND FACILITATE \)(
w\

POOL DEVELOPMENT

Typical Profile - Unconfined, Continuous Floodplain

RIVER BEHAVIOR

Flood Response

These reaches generally responded to the flood by in-channel aggradation and
extensive floodplain deposition. The blocking of channel crossings added to the
aggradation with adjacent sections of channel displaying a braided morphology.

Stage Behavior

Low flows are generally confined to a single thread, accumulating on the outside of
meander bends and in pools. Bankfull flows inundate secondary channels and
transfer sediment downstream, re-working bars and banks. Flood flows will
inundate all channel features and extensive areas of the floodplain, depositing fine
sediments.

Wil

RIFFLE

TYPICAL POOL|
BED MORPHOLOGY

Restoration
Considerations

Restoration of the channels should focus on establishing a low flow channel to
encourage sediment transport. Development in floodplains should be limited and
reserved for dissipating flood energy and storing sediment. Opportunities to use low
flow crossings instead of bridges and culverts should be considered. Native
riparian vegetation should be used to expand the (currently) limited riparian
corridor.
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Unconfined, Continuous Floodplain
River Style (Cont.)

Conditions Assessment Criteria

Fair

+ Laterally stable or flood re-
working in floodplain

* Floodplain accessible

» Stepped cross-section with
high flow accessible terraces
and bars

* Little man-made armor

* Intact riparian vegetation

* LWD assemblages present
* Well-established bedforms
(pool-riffle sequences)

» Bed stable, but aggrading or
degrading to promote
connection with floodplain

* Few manmade confining
features (channel has room to
wander)

» Well-defined low-flow
channel, side and overflow
channels

« few artificial
contractions/expansions

* Moderate to high sinuosity

* Localized Eroding Banks (fluvial

and mass wasting)

* Channel straightened, low
sinuosity

* Degraded riparian veg.

* Armor (riprap, concrete) present

in few locations

* Floodplain somewhat accessible

(localized disconnections)

* Large wood in channel, but not
enough to influence

* Few locations contain overflow,
side channels

» Low-flow channel poorly defined,

high width/depth ratio

* Fines present but organized in
bedforms (moderate
embeddedness)

» Bedforms present but not stable

+« Manmade confinement limited

» Banks destroyed by mass
wasting

* Channel avulsions present

» Channel straight

* Little riparian veg.

» Banks heavily armored,
grouted riprap used

* Floodplain inaccessible,
channel entrenched

* Low-flow channel obscured, or
destroyed (very high width-depth
» Channel stripped of large wood
» Channel geometry obscured

* High embeddedness

» Channel bedforms absent

* Channel cut off from floodplain
by manmade confining features
» Contractions, expansions
artificial, disconnecting channel
from floodplain or preventing
sediment transport
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Entrenched, Residential

Properties: The entrenched, residential
river style is found at the bottom of the
watershed, in the alluvial plain landscape
unit. These are unconfined, continuous
floodplain channels that have been
modified to maximize capacity for flood
control in highly populated areas.

Entrenched, Residential River Style
(Cont.)

Recommended Restoration Plan

Reaches Observed: | 1,2
RIVER CHARACTER
Valley Setting Confined

Channel Planform

Channels are generally single thread and straight, but depending on the design
width, may develop low sinuosity within the constructed width.

Bed Morphology

Sand bed, fairly homogenous channels that may contain pool-riffle sections in
meanders.

Geomorphic Units

Pools, riffles, glides

sand sheets, sediment slugs
Islands, benches, terraces
Lateral and longitudinal bars

BOULDERS TO -
CONFINE FLOWAND &
MAINTAIN LOW FLOW &
CHANNEL F

Typical Profile

RIVER BEHAVIOR

Flood Response

Flood response is limited to aggradation and the re-working of a low caliber bed.
Restrictions at crossings may initiate bank failure.

Stage Behavior

Generally single thread in low, bankfull, and flood stages. Sections of channel that
develop some sinuosity and complexity may appear multithread at or near the
bankfull stage.

Restoration
Considerations

Restoration is generally limited as the channel must first meet flood control and
capacity requirements. Developing a low flow channel will help with sediment
transport issues and also provide conditions to maintain aquatic organisms. To the
degree possible, channel complexity should be increased through the use of habitat
features (e.g., rootwads, boulders, logs). Increasing channel complexity will need
to be accompanied by increased width, as the additional roughness will decrease
capacity.

Typical Cross Section

\
\AMEND SOILS WITH
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BOULDER BANK 1 id ORGANIC MATERIAL
PROTECTION LOW FLOW TO MAINTAIN
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Entrenched, Residential River Style
(Cont.)

| Good Fair

 Laterally and vertically stable | ¢ Localized Eroding Banks (fluvial
+ Stepped cross-section with and mass wasting)

high flow accessible terraces » Channel straightened, low

and bars sinuosity

+ Little man-made armor » Degraded riparian veg.

* Intact riparian vegetation » Armor (riprap, concrete) present
» Well-established bedforms only where necessary to protect
(pool-riffle sequences) structures

» Bed stable * Floodplain somewhat accessible
* LWD used to stabilize banks, | (localized disconnections)
dissipate high flow energy * Low-flow channel poorly defined,
* Energy dissipating structures | high width/depth ratio

in place that promote sediment | » Fines present but organized in
transport at low flows bedforms (moderate

* Well-defined low-flow channel | embeddedness)

+ crossings maintain sediment | « Bedforms present but not stable
transport

* Low-flow channel has
moderate to high sinuousity

Conditions Assessment Criteria

Banks destroyed by mass
wasting

» Channel avulsions present

» Channel straight

* Little riparian veg.

» Banks heavily armored,
grouted riprap used

* Low-flow channel obscured, or
destroyed (very high width-depth
* Channel geometry obscured

* High embeddedness

» Channel bedforms absent

» Contractions, expansions too
wide, promote deposition — no
low-flow channel

bed character (e.g., embeddedness, bedforms), and planform (e.g., sinuosity, confinement). With the
geomorphic condition assessed following the methods above, the next step in the geomorphic risk
assessment is to determine likely trajectories for each reach.

Table 7. Geomorphological Condition Ratings by River Styles and Reach

Bed Character Planform

Stability

Geomorphic Condition

Entrenched, Residential Channel

4.3.2.3 Geomorphic Condition

The geomorphic condition of each reach was assessed through a comparison of the reach’s current
condition relative to expected conditions for each particular River Style. Given the wide spatial extent of
the flood damage, opportunities to find ideal reference sites were limited. Geomorphic condition was
therefore evaluated relative to whether or not the reach in its current state could support the functions that
its particular River Style would be expected to provide without major changes to its current configuration.
For example, in which locations (if any) is the reach able to convey flows while maintaining bank structure,
geomorphic unit organization (i.e., the sequence of pools, riffles, steps, and other channel features), and
sediment transport?

Reaches were assessed using a good-fair-poor scale using the criteria for each river style detailed in the
River Styles definitions in Section 4.3.2.2. In general, reaches with good geomorphic condition have
functioning geomorphic units, complex channels, and intact riparian corridors consisting of native
vegetation complexes. Reaches receiving a fair rating have local disturbances to several properties and an
overall degraded condition. Fair reaches are able to withstand disturbance events without fundamentally
changing their river style. These reaches could evolve by either increasing or decreasing their geomorphic
condition. Reaches with a poor rating have systemic degradation and lack functioning riparian vegetation.
These reaches have changed their behavior in response to disturbance and will require restoration actions
in order to improve their stability.

Geomorphic characterizations and data collected as part of the field effort were used to rate the
geomorphological condition relative to the criteria outlined in the River Styles definitions. The results are
presented in Table 7 (for reach locations refer back to Figure 19). Properties from conditions assessment
criteria were grouped into broader categories to offer insight into what factors were controlling the rating.
These limiting factors can then be used to guide the project development phase of this project. The
categories include those properties relating to channel stability (e.g., bank condition, presence of LWD),

1 Fair Poor Fair Poor
2 Fair Poor Poor Poor
Unconfined, Continuous Floodplain

3 Fair Poor Fair Poor
4 Poor Fair Poor Poor
Partly confined, wandering

5 Fair Fair Fair Fair
6 Poor Fair Fair Poor
7 Fair Poor Fair Poor
Confined Valley with Bedrock-Controlled Floodplain Pockets

9 Poor Fair Fair Poor
10 Poor Fair Fair Poor
13 Fair Fair Good Fair
16 Poor Poor Poor Poor
18 Good Good Good Good
19 Good Good Good Good
Confined Valley, No floodplain

8 Fair Fair Good Fair
11 Fair Poor Fair Poor
12 Fair Fair Fair Fair
14 Fair Fair Good Fair
17 Poor Poor Poor Poor
20 Fair Good Fair Fair
Headwater

15 Fair Fair Good Fair
21 Poor Poor Poor Poor
23 Fair Fair Fair Fair
24 Poor Fair Fair Poor
25 Good Good Good Good
26 Good Good Good Good
22 Poor Poor Fair Poor

4.3.2.4 Downstream Patterns of River Change

With the geomorphic condition of each reach defined, the downstream pattern of change, or trajectory, can
be examined. Each stream section, or reach, is examined in the context of the surrounding reaches and
larger system. Figure 20 below shows this trajectory for James Creek. The profile of James Creek is
shown along with valley and channel width measurements and valley setting. Results from the CDOT
hydrology report (CDOT, 2014) were used to calculate gross stream power at several discrete locations
along James Creek. Stream Power (the product of the specific weight of water, discharge, and slope) is a
measure of the stream’s ability to work the bed and banks. The calculation provides relative information
about the magnitude of change a particular flow is capable of exerting on the channel and floodplain.
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Figure 21 and Figure 22 below show similar diagrams for the other major stream branches in the

watershed — mountains and plains portions of Left Hand Creek.
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Figure 21. Left Hand Creek (Mountains) Process Diagram

Stream process diagram for the portion of Left Hand Creek west of the canyon mouth, including reaches
7 — 15 and 26. Along this branch of the creek the valley tightens moving from the moderate relief upland

landscape zone to the canyon.

Gross stream power values increase in the canyon, a result of the

increase in slope. Sediment and debris are transported through this area until the valley widens and
there is an opportunity to store sediment in Reach 7. Many of the reaches in the canyon reach share
common flood response traits: destroyed banks, pockets of scour and deposition, widened and incised
channel, and a lack of organized bedforms. These reaches have damaged roads, culverts, and private

crossings.

widths gradually increase along James Creek, with the exception of Reach 17. In Reach 17, a confined valley, no
floodplain River Style, the channel has widened considerably. This behavior is a response to the flood and a direct

result of the confined nature of the reach.

Without floodplain areas in which to disperse energy, the flow

condensed, destroying the channel and flushing much of the alluvium (and road surface) downstream. Note that

the highest calculated gross stream power values also occur in this reach.

Restoration of this reach should look to stabilize banks and dissipate stream energy while
maintaining sediment transport to the lower reaches
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Given the geomorphic condition, the downstream pattern of change, or trajectory, for each reach can be

Left Hand Creek (Plains) Process Diagram determined in the context of those reaches above and below it. With the determination of the likely future
trajectory, risk can then be assessed by an examination of the vulnerabilities (e.g., property, infrastructure)
5 4 3 2 1 Reach present in the reach. Table 8 shows a breakdown of the geomorphic condition (also presented in Table 7),

trajectory, vulnerabilities, and geomorphic risk for each of the reaches. Geomorphic risk for this study is

\i

; i : : i I the result of the reach condition, trajectory, and vulnerabilities. Reaches receiving a risk rating of ‘High’ are
§ - \ ! : ; : generally in poor condition, have considerable vulnerabilities, and/or the potential to impact downstream
= i i i 3 i reaches. For example, while Reach 16 has relatively few homes, it contains two very unstable floodplain
g~ i | i i ——Elevation (ft) pockets that have accumulated large amounts of debris. To compound matters, the creek has been
® 5,200 - SN ' :

o ! ! \ ; ! channelized with loose, unsorted berms which will not survive high flow conditions. A breach of the berms
5,100 ! ! I ! : will mobilize large portions of the floodplain impacting downstream properties and infrastructure.
5,000 : : . \ Therefore, Reach 16 receives a ‘High’ risk rating.

4‘900 1 ‘ 1 1 ‘ 1 ‘ : .
0 10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 Table 8. Summary of Geomorphological Risk by Reach
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Figure 22. Left Hand Creek (Plains) Process Diagram 'iJ 9 Poor Bank fa"‘.”e’ avuIS|0n,. Road, culvert Medium
The plains portion of Left Hand Creek shows a decreasing channel gradient with a widening valley. As (@) aggrade.ttlon, degradat!on _
valley width increases the stream pattern would usually be a multithread, anastamosing channel, but the ﬁ 10 Poor Bank failure, aggradation | Road, culvert Medium
channel is confined by human development (e.g., roads, irrigation ditches, diversion structures, and 04 11 P Bank fail d dati Road, culvert, homes, Medi
crossings). However, Left Hand Creek through the plains is a single thread channel, transitioning from P oor ank failure, degradation private crossings et
gravel-bed to sand bed by the downstream end of reach 3. Flood response for reaches 5 and 6 consisted fj Road. culvert. homes
of migration and avulsion (lateral shifts) and incision and downcutting in reach 4. Reach 3 experienced Z 12 Fair Bank erosion, degradation rivat’e crossi,n S ' Low
lower flood energy, with flood flows inundating the floodplain and depositing a considerable amount of 8 g r I E
sediment and debris. In reaches 1 and 2, the channel becomes entrenched as it travels through s 13 Fair Bank erosion, degradation oad, culvert, homes, Low
Longmont. These reaches experienced extensive bank failure, mostly a result of failed infrastructure. private crossings
Note — hydrology was not modeled for the plains reaches, therefore stream power could not be 14 Fair Bank erosion, degradation Rqad, Culver'g, homes, L
calculated. private crossings
15 Fair Bank erosion, degradation Rqad, culver'g, homes, Low
private crossings
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Geomorphic

Table 8. Summary of Geomorphic Risk by Reach (Cont.)

Trajectory

Vulnerabilities

Geomorphic

Condition
16 Poor Aggradat_lon, avulsion, Rqad, cuIver'F, homes, High
degradation private crossings
17 Poor Aggradation Home, road High
Road, culverts, homes,
18 Good Restored Reach bridge, utilities, reclaimed Low
0 mine waste
LjI:J Road, culverts, homes,
O 19 Good Restored Reach bridges, utilities, Low
= businesses
@ . i i :
= 20 Fair Aggrad_atlon, avulsion, None Medium
< bank failure
E 21 Poor Degr_adauon, bank Road, homes, culvert Low
) erosion
o) .
s 22 Poor Degr_adauon, bank Road, home, culvert Low
erosion
23 Fair Bank erosion, degradation | Road, homes, culvert Low
24 Poor Bank erosion Road, home, culvert Low
25 Good Relatively stable Diversion structure Low
26 Good Bank erosion, degradation R(.)ad’ cuIver'F, homes, Low
private crossings
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4.4 Ecosystem

A healthy, resilient stream ecosystem is one that maintains key ecological and physical functions through
varied hydrologic conditions, through space and through time. Many factors influence the health of a
stream system including: physical structures, energy sources, biotic elements, chemical variables and flow
regime. The physical structure of a healthy stream corridor displays a complex and diverse set of features,
including channel form (meanders, pools, riffles, backwaters, wetlands), channel profile (stream gradient,
width, and depth), materials that have fallen into the channel (trees and bank material), overhanging
vegetation, roots extending into the flow, and streambed materials (sand, gravel, rocks, and boulders). This
complexity influences the physical function of the stream (i.e., increases channel roughness, which in turn
dissipates the energy of water and reduces its erosive power) and increases the potential for higher
diversity of aquatic species.

4.4.1 Methods

As part of the Left Hand Creek watershed master planning effort, scientists and engineers from Walsh
Environmental completed a rapid ecologic stream assessment of Left Hand Creek. The ecological stream
assessment was completed using the Stream Visual Assessment Protocol (SVAP2), developed by the US
Natural Resources Conservation Service (NRCS, 2009). The SVAP2 is a national protocol that provides an
initial evaluation of the overall condition of streams, their riparian zones, and their in-stream habitats. It is
often used as a tool for conservation planning, identifying restoration goals and objectives, and assessing
trends in stream and riparian conditions through time. For the purposes of this analysis the results will be
used to identify critical riparian ecosystem elements that are damaged or absent from the river system, as
well as to identify highly degraded areas. The evaluations are intended to supplement an overall
understanding of the vulnerabilities that certain key species may have in Left Hand Creek and assist with
focusing appropriate restoration strategies.

The application of the SVAP2 protocol includes the evaluation of stream systems features that affect
overall stream conditions and generally encompass the following categories:

Channel stability (channel condition, bank condition)

Water quantity (hydrologic alteration)

Water quality (nutrient enrichment and manure/human waste)
Vegetation (riparian area quantity/quality and canopy cover)
Instream habitat (pools, habitat complexity, embeddedness)

arowbdpRE

A description of the specific elements evaluated as part of the SVAP2 protocol is presented in Table 16
SVAP2 Ecologic Stream Assessment — Ecosystem Elements in Appendix B. At completion of the SVAP2
protocol stream reaches are classified into one of the following categories:

Severely Degraded: Channel and banks are highly unstable and/or covered with rip-rap or concrete;
homogenous channel bed lacking in habitat complexity; natural flow regime is significantly altered; limited
floodplain access; and there is little to no riparian vegetation.

Poor: Channel is unstable with fairly homogenous channel bed lacking in habitat complexity; inadequate
riparian corridor with large gaps of vegetation along the reach; developments in floodplain, or inaccessible
floodplain, with diverted flow altering the natural flow regime.

Fair: Channel may be displaying some instability, with marginal connections between the active channel
and floodplain; narrow riparian corridor with large gaps of vegetation along the reach and limited canopy
cover; limited habitat complexity.

Good: Channel may be displaying some instability, but the active channel and floodplain are connected in
most areas; some development in floodplain, but does not significantly alter natural flow regime; adequate
riparian corridor is present, but may have gaps along reach; moderate habitat complexity.

Excellent: Channel is stable with continuous floodplain access, complex fish habitat including humerous
shallow and deep pools; extensive and diverse riparian corridor; natural flow regime prevails.

Reaches were broken down further for the ecologic risk assessment, as described in Table 9.

Table 9. Left Hand Creek Reach Break Descriptors

Reach # Downstream End Upstream End
1 Confluence with St. Vrain Creek US-287
2a U.S. 287 Pike Rd.
2b Pike Rd. 95" st.
3a 95" St. Hwy 119
3b CO-119 Nimbus Rd.
Williams Ditch diversion (west of
3c Nimbus Rd. 63" St.)
4 Williams Ditch diversion (west of 63 St.) Boulder Feeder Canal diversion
Crocker #2 Ditch diversion (west of
5 Boulder Feeder Canal diversion Ogallala Rd.)
6a Crocker #2 Ditch diversion (west of Ogallala Rd.) US-36
6b US-36 Haldi Pipeline diversion
7 Haldi Pipeline diversion Allens Lake Diversion
Just upstream from confluence with
8 Allens Lake Diversion Sixmile Canyon
9 Just upstream from confluence with Sixmile Canyon 40° 6'28.82"N 105°20'0.49"W
10 40° 6'28.82"N 105°20'0.49"W Confluence with James Creek
Lefthand Canyon Dr. crossing
11 Confluence with James Creek northeast of Lee Hill Dr. intersection
Highway crossing northeast of Lee Hill Dr.
12 intersection 40° 5'1.44"N 105°21'55.01"W
13a 40° 5'1.44"N 105°21'55.01"W 40° 4'53.88"N 105°22'20.01"W
Lefthand Canyon Dr. crossing from
13b 40° 4'53.88"N 105°22'20.01"W north to south
13c Lefthand Canyon Dr. crossing from north to south 40° 4'32.65"N 105°23'49.39"W
14 40° 4'32.65"N 105°23'49.39"W 40° 4'28.46"N 105°24'43.59"W
15 40° 4'28.46"N 105°24'43.59"W 40° 3'43.75"N 105°27'50.60"W
James Creek: 40° 6'31.11"N
16 James Creek: confluence with Left Hand Creek 105°21'38.83"W
James Creek: downstream end of
17 James Creek: 40° 6'31.11"N 105°21'38.83"W Jamestown
James Creek: upstream end of
18 James Creek: downstream end of Jamestown Jamestown
James Creek: 40° 6'52.57"N
19 James Creek: upstream end of Jamestown 105°23'56.26"W
20 James Creek: 40° 6'52.57"N 105°23'56.26"W -
Little James Creek: downstream of
21 Little James Creek: confluence with James Creek CR-87
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Table 9. Left Hand Creek Reach Break Descriptors (Cont.)

Table 10. SVAP2 Results for Left Hand Creek (Cont.)

Reach # Downstream End Upstream End
22 Geer Canyon: confluence with Left Hand Creek -
23 Sixmile Canyon: confluence with Left Hand Creek -
24 Spring Gulch: confluence with Left Hand Creek -
25 South St. Vrain: diversion into James Creek South St. Vrain: Brainard Lake
26 40° 3'43.75"N 105°27'50.60"W 40° 3'21.75"N 105°29'38.96"W
4.4.2 Results

The resulting SVAP2 scores are presented in Table 10 and the overall score is mapped by reach in Figure
24. The overall ecological score for each reach were classified using the following categories:

Score of 1 to 2.9: Severely Degraded
Score of 3 to 4.9: Poor

Score of 5to 6.9: Fair

Score of 7 to 8.9: Good

Score of 9 to 10: Excellent

The majority of the plains reach of Left Hand Creek received “fair” to “poor” overall ecosystem scores. The
lower reaches below the Highway 36 crossing, tend to lack quality riparian vegetation and canopy cover,
have very homogenous streambeds with little to no habitat complexity or pools, and have numerous
diversion structures that act as barriers to fish movement as well as reducing flow in Left Hand Creek. The
lower reaches of Left Hand Creek also have highly altered flow regimes and there are reaches of the creek
that run dry during summer days. Due to varying levels of vegetation and hydrologic alterations in several
of reaches, subreaches (2a, 2b) were broken out to better reflect the current conditions in the river corridor.

The canyon reaches of the Left Hand system received “fair” to “good” overall ecosystem scores. In general,
the vegetation and canopy represented a more natural condition and the hydrology is more representative
of a natural flow regime. The canyon reaches, however, still have limited habitat complexity and lack large
and small woody material in the stream and floodplain and only shallow pools, which are critical overwinter
habitat for native fish species.

Table 10. SVAP2 Results for Left Hand Creek
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4.4.2.1 Channel Stability

Channel stability including channel and bank condition was observed for each reach, as shown in Table
10. None of the reaches (with the exception of the upper James Creek reach) were considered stable.
Most reaches had evidence of either active or past incision, with many reaches disconnected from their
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floodplains. The bank condition for over half the reaches in the Left Hand Creek system was characterized
as moderately unstable, with fabricated structures over more than half of the reach or excessive bank
erosion/failures.

4.4.2.2 Water Quantity

Hydrologic alteration scores for the entire Left Hand Creek system are shown in Figure 25. The SVAP2
protocol for water quantity relates current conditions to pre-settlement or native conditions for which the
indigenous plants and animals evolved to cope and thrive. In Left Hand Creek, this means that seasonal
and yearly variations in high and low flows are present which allow for lateral and longitudinal connectivity
for aquatic species within the creek channel. This also means there are yearly and seasonal variations in
stream power that allow for, but also disrupt, the native riparian vegetation establishment cycles.

Water quantity and flow timing in upper Left Hand Creek is mostly unaltered and the natural flow regime
prevails. Little James Creek also has a relatively unaltered hydrology. James Creek, however,
experiences significant additional flow coming from St. Vrain creek through the Left Hand Ditch diversion
upstream of Highway 72, and as a result, James Creek downstream of this diversion has an altered
hydrology and seldom experiences the continuous low to moderate flows that used to occur in this reach
during summer, fall, and winter. This alteration propagates downstream through the confluence of James
Creek and Left Hand Creek and into the plains reaches. Water quantity and flow timing in lower Left Hand
Creek is altered by numerous diversions starting in Reach 7 through Reach 3c, as well as floodplain
development throughout the urban corridor. Many of these diversions take the majority of the flow from the
main channel, at times leaving very little flow in the plains reaches (e.g., Reach 3c).
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4.4.2.3 Water Quality

General water quality related to the excess of nutrients and presence of manure and/or septic was visually
assessed along the Left Hand Creek corridor. Horse pastures located in the floodplain or manure observed
in the corridor were noted in four reaches (3b, 6a, 16, 23). Algal growth was noted in Reaches 2b, 3b
through 5, 22, 23, and 24.

4.4.2.4 Vegetation

The scores for vegetation quantity and quality and canopy cover for each reach were averaged into one
score (vegetation composite; Table 10). Only six reaches along Left Hand Creek displayed adequate
riparian vegetation, corridor width, and canopy cover, with a rating of “good.” The maijority of the remaining
Left Hand Creek reaches scored “poor.” Two reaches on Left Hand Creek (6b and 10), Geer Canyon
(Reach 23), and Sixmile Canyon (Reach 24) were all rated as having “severely degraded” vegetation,
mainly because of flood damage. The entire James Creek corridor (Reaches 17 through 22) was rated as
having “poor” vegetation, also mainly because of flood damage.

4.4.2.5 Instream Habitat

An assessment of instream habitat, including pool presence, barriers to fish movement, and fish and
aguatic invertebrate habitat complexity, for the Left Hand Creek corridor is presented in Table 10. The
tributaries Geer and Sixmile were not scored for these categories given they had little to no flow during the
time of the assessment. The majority of reaches within the Left Hand Creek watershed displayed “good” to
“fair” fish and aquatic invertebrate habitat, two reaches (6b and 20) were rated as “poor,” and three reaches
(1, 2a, 3b) were rated as “severely degraded.” Additionally, Left Hand Creek has numerous barriers to
aguatic species movement, involving full-width diversion structures in the lower reaches and culvert/road
crossings (with scour on the downstream end causing substantial drops) in the upper reaches. The recently
constructed grade control structures on James Creek (Reaches 19 and 20) impede aquatic species
movement the majority of the year, due to the height of the steps.

4.4.3 Summary

A list of recommended habitat enhancements for each reach is presented in Table 11. Many of these
recommendations are included in projects scoped for most of the reaches. The guidelines in Table 11 can
be used to guide restoration strategies for those areas of the channel not covered by defined projects.

Table 11. Left Hand Creek Ecosystem Recommendations

Table 11. Left Hand Creek Ecosystem Recommendations (Cont.)

Reach #

Recommendations

3a

Stabilize banks in upstream portion of reach; addition of channel complexity (shallow flow with
cobbles/gravels covered in sand).

Short Term: Passive Restoration. Aggressive ELJ to stabilize railroad embankment

Long Term: Long Term Monitoring of physical and ecological characteristics. Encourage
partnerships and agreements to develop plans for continuous in-stream flow.

3b

Rebuild floodplain benches/stabilize banks; narrow channel, add riffle/pool complexity, and
reestablish riparian vegetation to address aggradation in reach with shallow/braided flow.
Encourage partnerships and agreements to develop plans for continuous in-stream flow.

3c

Addition of woody material and creation of deeper pools. Encourage partnerships and
agreements to develop plans for continuous in-stream flow.

Golf Course: Stabilize and knock back cut banks; integrate floodplain benches with
establishment of additional riparian vegetation; creation of deeper pools; investigate whether
diversion structure (Boulder Feeder Canal) and/or the low water crossing at upstream end of
reach impedes aquatic organism passage. Brigadoon Glen: Bank Stabilization, re-establish
floodway and sediment transport capacity. Re-establish low flow channel. Encourage
partnerships and agreements to develop plans for continuous in-stream flow.

Address potential aquatic organism passage barriers in the vicinity of 49" St. bridge.
Encourage partnerships and agreements to develop plans for continuous in-stream flow.

6a

Mid-reach - stabilize banks/headcuts, integrate floodplain benches with establishment of
additional riparian vegetation; investigate whether diversion structures (Crocker Ditch, Badger
Ditch) at upstream end of reach impedes aquatic organism passage. Encourage partnerships
and agreements to develop plans for continuous in-stream flow.

6b

Create more planform complexity (deeper pools, more sinuosity); integrate floodplain benches
with reestablishment of riparian vegetation (addition of woody plantings to increase cover);
replace/enlarge culverts under US-36 to minimize aggradation upstream. Encourage
partnerships and agreements to develop plans for continuous in-stream flow.

Create more planform complexity (deeper pools and more woody material); stabilize banks,
integrate floodplain benches with reestablishment of riparian vegetation (addition of woody
plantings to increase cover); investigate whether diversion structure (Allen’s Lake diversion)
impedes aquatic organism passage. Encourage partnerships and agreements to develop plans
for continuous in-stream flow.

Reach # Recommendations

Short Term: passive Restoration, repair/vegetate exposed/eroded banks to minimize sediment
loading to channel; create defined and stabilized low flow channel.

Long Term: addition of woody material and riffle/pool complexity; addition of woody plantings
to increase cover. Encourage partnerships and agreements to develop plans for continuous in-
1 stream flow.

Mid-reach: create more planform complexity (sinuosity, deeper pools and more woody
material); potential for floodplain benches with additional near-channel riparian vegetation;
investigate whether weir at lower end of reach and culvert at mid-reach impedes aquatic
organism passage

Addition of riparian vegetation near-channel; investigate sizing of culvert mid-reach and
whether it impedes aquatic organism passage

Addition of riparian vegetation near-channel and woody material

Short Term: stabilize banks, create defined and stabilized low flow channel

Long Term: addition of woody material and riffle/pool complexity; investigate whether grade
control structure upstream of pedestrian bridge impedes aquatic organism passage.

2a Encourage partnerships and agreements to develop plans for continuous in-stream flow.

11

Investigate sizing of culvert at upstream end of reach and whether it impedes aquatic organism
passage; create more planform complexity (deeper pools and more woody material);

12

Stabilize banks upstream; investigate sizing of culvert at downstream end of reach and
whether it impedes aquatic organism passage; addition of woody material to create more pools

13a

Investigate sizing of culvert mid-reach and whether it impedes aquatic organism passage

Short Term: stabilize banks, create defined and stabilized low flow channel.

Reestablish channel at S. Sunset Bridge to address shallow flow, acquire parcel on river left
for restoration project.

Long Term: implement large floodplain and creek habitat rehabilitation project between 95™ St
and S. Sunset Road. Encourage partnerships and agreements to develop plans for continuous
2b in-stream flow.

13b

Investigate sizing of culvert mid-reach and at upstream end of reach to determine whether they
impedes aquatic organism passage; stabilize banks

13c

Investigate sizing of culvert at downstream end of reach and whether it impedes aquatic
organism passage

14

Stabilize banks; addition of riparian vegetation

15

Protect and preserve riparian corridor
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Table 11. Left Hand Creek Ecosystem Recommendations (Cont.)

Reach # Recommendations
16 Addition of riparian vegetation near-channel and create more planform complexity (pools)
17 Addition of riparian vegetation near-channel; stabilize eroding banks
Reduce height of steps to encourage aquatic organism passage; addition of riparian vegetation
18 near-channel and addition of woody material
Reduce height of steps to encourage aquatic organism passage; addition of riparian vegetation
19 near-channel and addition of woody material
20 Reestablish riparian vegetation
Investigate sizing of culvert at downstream end of reach and mid-reach - impedes aquatic
21 organism passage; investigate white precipitate mid-reach; stabilize slopes

Stabilize banks, integrate floodplain benches with reestablishment of riparian vegetation;,
investigate option of manipulating the aggraded material to allow surface flow the entire reach;
investigate whether Lefthand Canyon Dr. culvert at downstream end of reach impedes aquatic
22 organism passage

23 Stabilize banks, integrate low flow channel with reestablishment of riparian vegetation
24 Stabilize eroding banks at downstream end of reach

25 Protect and preserve riparian corridor

26 Protect and preserve riparian corridor

5 Project Recommendations

5.1 Overview

Project recommendations for LHCWMP are the products of both analyses and stakeholder input.
Community members were able to provide input during neighborhood and public meetings, and through
comments submitted to the project website and/or email address. Coalition members and community
members provided watershed recovery and restoration input that helped to draw attention to missed issues
and to also place channel behavior in both historical and flood contexts. Field investigations and desktop
analyses were used to identify problem areas and to record and brainstorm potential restoration strategies.
The risk assessments helped to place site specific issues in context with reach and system processes. All
of these information sources were then compiled with the help of the project GIS to lay out a framework for
identifying appropriate treatments for each reach in the study area. Nearly 50 individual projects were
identified for the LHCWMP.

Individual Treatments were then grouped into projects based on spatial extent, property lines (where
appropriate) and dependencies (i.e., individual treatments that need to be complete in tandem with
adjacent treatments). However, it is important to note that while the success of downstream projects is
certainly enhanced by the completion of those upstream, the recommended projects, as grouped in the
following plans, can stand alone as individual efforts. In general, most of the recommended projects are
located near infrastructure. In other locations, the channel is likely to re-habilitate itself. Property owners
looking to augment the restoration process in these locations should refer to the conceptual strategies for
that reach type. For example, if a landowner is located in stretch of creek that does not have a defined
project, that landowner can refer to the River Styles definitions (Section 4.3.2.2) for information and
restoration strategies for their property.

In addition to the projects depicted in the mapbook, there are some system level recommendations that
should be applied to the entire watershed. Examples include strategies for dealing with sediment and
debris at crossings and diversion structures and approaches for restoring each River Style. Finally,
projects were ranked on a number of criteria, including how they address flood, geomorphic, and
ecosystem risks, as well as how they address community values as communicated at the public meetings.

The top 5 most important projects are detailed and a table of rankings for all of the identified projects
included.

To reiterate, the conceptual desighs depicted below and in the mapbook are meant to create a
vision for the future of the watershed. These sketches and illustrations are meant to convey
concepts that can help create a more flood-resilient watershed. All recommendations in this plan
will still need to comply with all federal, state, and local requirements prior to implementation. This
includes but is not limited to additional environmental and engineering studies, detailed
engineering design, permitting, local land use and property ownership, and local public
engagement processes.

5.1.1 How to Use the Project Mapbook

The plans in the attached mapbook offer conceptual representations of the treatments identified and
recommended as part of this plan. Every attempt has been made to convey the values of both the coalition
and community to the degree possible given the time and budget constraints associated with this project.
The point of the plans is to suggest conceptual solutions to the issues associated with flood recovery and
long-term planning. The idea is that this plan conveys information and ideas that can be used when the
engineering work required to implement these projects begins. By the time the project implementation and
funding request phases begin, most of the scoping-level work will have been completed by the work
performed for this plan. Watershed stakeholders will then have in hand conceptual strategies, as well as
an analysis of the physical constraints and considerations for implementing restoration projects in the
project study area.

The mapbook starts at the bottom of the project area and moves upstream. The entire length of each
reach is not presented, rather only those river sections that contain projects. (Strategies for areas not
detailed on a project sheet are included in the section below, System-wide Recommendations — River Style
Restoration Strategies.) Each sheet contains six major elements (Figure 22):

1) Planform Map - depicts conceptual representations of channel location and recommended
restoration actions.

2) Reach Typical Designs - section contains information about the reach River Style and typical
strategies for reach restoration.

3) Reach Special Designs — show where to find the detail for any special cross sections depicted
in the planform map

4) Project Descriptions - simple description of the project(s) depicted on that sheet.

5) Reach Trajectories - section contains pertinent restoration information about the depicted
project’s likely future behavior. These symbols are meant to quickly convey the reach trajectory.
For example, in reaches showing aggradation as a stream trajectory, restoration actions should
have a plan for managing the sediment load.

6) Title Block - contains the reach and project codes for those projects depicted in the planform
map.

When using the mapbook, the reader should refer to information contained in elements (2) and (3) for the
location of conceptual drawings that present the restoration concepts developed for that project and/or
reach. If map element (3) is blank, then the project depicted should follow the concepts listed in (2), which
indicate the restoration goals for that particular reach’s River Style. In the example in Figure 28, restoration
conceptual drawings can be found on mapbook sheet T-1, located in the back of the mapbook.
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Figure 26. Example layout with annotations identifying the sections of the plan sheets.

Linework contained in the planform map is meant to show the approximate upstream and downstream
extents of where the noted cross section should be applied. Where no cross section is specified, the
typical sketches for the River Style listed for that reach should be used.
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5.2 System-wide Recommendations

5.2.1 River Style Restoration Strategies

Each River Style is representative of a particular stream type, and each stream type responds differently to
particular restoration strategies. The restoration goals for each stream type are realistic from a cost and

The term restoration can imply many possible
courses of action, including returning the river to its
pre-flood configuration or attempting to return the
creek to some pre-development condition. For this
study, restoration means re-establishing river
function. Any particular river channel is the product
of discharge and sediment supply, as controlled by
the presence of physical features and valley
constraints. The strategies proposed in this plan
are meant to improve the creek’s ability to handle a
range of water flows and sediment supply, while
improving the stability of the channel where it is
constrained and providing an appropriate floodplain
corridor where it is likely to change course over
time, even as the flow and sediment supply
increases during typical seasonal high water
events. For reference, the damage to the channel
and floodplain resulting from the September 2013
flood is the channel’s response to a dramatically
increased discharge and sediment supply.

permitting standpoint and consider the existing river
conditions as well as the predicted trajectories
determined for each reach. For example, a
headwater stream type that has an incision trajectory
requires different treatments than an aggrading
section of a partly confined, wandering channel. To
address these issues, standard plans, profiles, and
cross sections have been developed for each River
Style. These standard plans depict restoration
strategies for those sections of stream not covered
by projects. The drawings are meant to illustrate
concepts to be considered during the implementation
of restoration projects. Residents that live along the
stream can use these guidelines to inform the
engineers hired for their own restoration projects. In
this manner, they have a better chance of
implementing projects that consider the system and
reach behavior, and thus the investment in the creek
likely will last longer and perform better than

solutions that only consider local or property-specific
conditions. Standard plans for each river style are
detailed in the attached mapbook (Sheets T-1 through T-6), but should be used only as a basis for, not in
place of, detailed engineering design and construction drawings that incorporate the unique qualities and
characteristics of an individual site. Furthermore, trajectories for each reach are included on the project
plan sheets as well as in the reach descriptions.

General strategies for all River Styles include:

o Provide space for the stream to adjust to changes in sediment load and discharge which will occur
as Left Hand Creek establishes new equilibriums in the wake of the September 2013 floods. This
includes reconnecting the channel and floodplain.

¢ Identify locations that can be used to capture debris and sediment before they impact infrastructure.
These are relatively flat locations that become inundated as flows rise. The overland flow can then
spread out and drop much of its sediment load before connecting back to the channel.

o Re-vegetate bare stream banks and enhance native vegetation in floodplain areas. Vegetation
serves a number of functions including energy dissipation, bank stability, runoff capture and
filtration, and ecosystem enhancement. Guidelines specific to the Left Hand Creek system include:

1. Plantings should utilize seed mixtures with an appropriate diverse species of grasses and
forbs suitable for the soil type and elevation.

2. Near homes, chokecherries and other fruit/nut producing species should be avoided in
restoration plantings to minimize the chance of attracting black bears to the area.

3. Leaving some woody material, tree boles etc. on riparian and upland sites will enhance the
diversity of habitat types and the plant species supported by the site, which will benefit a
larger variety of wildlife.

4. Restoration efforts should use fence designs that minimize impact to wildlife and their
movement. Appropriate designs may be found at

http://cpw.state.co.us/Documents/WildlifeSpecies/Coexisting/fencing.pdf or in consultation
with your local District Wildlife Manager.

5.2.2 Public Roads, Bridges and Culverts

5.2.2.1 Overview

The September 2013 flood had a devastating impact on public and private roads and crossings in the Left
Hand Creek watershed. Extensive sections of road were damaged limiting the ability of many residents to
evacuate during the flood and return to their homes in a timely manner. (Maps of the flood damage to
public roads and infrastructure can be found in Section 3.4.) Culverts and crossings throughout the system
plugged with debris causing the stream to flank the structures and avulse, causing damage to roads,
structures, and adjacent lands. The LHCWMP recommends a series of recovery strategies for re-building
the public and private transportation infrastructure with considerations of predicted stream behavior for
each River Style. Left Hand Creek, however, is a very dynamic system that presents a number of
engineering and geomorphic challenges, and it is unlikely that the river will be “controlled” by implementing
the recommended measures. Constructing roads, bridges, and embankments capable of withstanding the
magnitude and duration of the September 2013 floods may not be possible or practical, particularly if the
existing roadway alignments will be kept. Much can be gained in smaller events, however, by thoughtful
incorporation of the recommended features. There will also be dramatic increases in public safety as the
transportation infrastructure is re-established if careful considerations for how each structure should and
will fail are incorporated into the design and construction.

5.2.2.2 Road-Stream Interface

For much of the mountain portion of the watershed, the road and stream share the same narrow canyon
corridor. As much of the roadway was damaged by the flood and will need to be rebuilt, the opportunity
arises to couple the road design and construction with the river restoration. In this manner, the river can be
restored with features that help relieve stress on the road embankment while the road can be designed to
accommodate stream behavior. The goal is to build a single road-river system that improves the stream
ecosystem, restores river function, and ultimately, is more resilient to future floods.

In general, the strategy is to dissipate stream energy, add flow and spatial complexity, and reduce areas of
high velocity by using features seen in natural river systems as a means to stabilize the river system as
well as reduce stress on the road embankment. The most efficient means to reduce sheer stress on the
channel bed, banks, and road embankment is to reduce the water depth by increasing the width of the
stream corridor i.e. creating floodplain benches at or near bankfull depths or by removing berms and levees
that disconnect the stream from the natural floodplain. Energy dissipation will occur as the river bends and
meanders, and as flow encounters roughness elements such as large woody debris, boulders and boulder
clusters, and woody vegetation. Re-introducing these elements into the channel is recommended in all
locations where the river and road share an alignment. Additionally, positive impacts to water quality can
be provided by filtering road runoff and stabilizing sediment sources by including a vegetated area between
the road and the creek.

The dominant River Styles in the mountains are Headwater, Confined Valley, and Confined Valley with
Bedrock-controlled Floodplain Pockets. The Headwater and Confined Valley River Styles are unlikely to
have enough valley width to provide much separation between the river and road. In these locations,
riprap with the understanding that in a large flood event these areas are likely to be the most vulnerable
may be the best option. In locations with less width, the establishment of a vegetative buffer between the
channel and road becomes more challenging, but should be implemented where possible.

In the Bedrock-controlled Floodplain Pockets River Style reaches, however, the pockets provide locations
to capture debris, dissipate stream energy, and establish vegetation between the road and river.
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Figure 27 shows conceptual cross sections for the road-stream interface for the Confined Valley, and
Confined Valley with Bedrock-controlled Floodplain Pockets River Styles. These drawings are solely
meant to convey concepts to be included after detailed engineering analysis in the final design of the road-
river system.
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Figure 27. Conceptual cross sections for road-stream interface reaches with varying valley widths. (a)
Depicts the Confined Valley River Style. (b) Depicts the Confined Valley with Bedrock-Controlled
Floodplain Pockets.

The implementation of these concepts will depend upon the road design, stable channel dimensions, and
valley width. Where space is available, setback riprap can be used to protect the road. Burying and re-
establishing vegetation on top of the riprap provides a vegetative buffer between the road and stream,
filtering out contaminants and absorbing runoff. The pocket or bench should be stabilized with vegetation,
dissipating flood energy by providing floodplain and floodplain roughness, and enhancing the local
ecosystem. Natural materials, such as large woody debris (LWD) may be used to stabilize a compound
channel consisting of low, bankfull, and flood flow channels. LWD can also be used to provide energy
dissipation on the outside of bends. The inclusion of large woody debris as a channel stabilizing feature
will need to be carefully designed, considering the grain size composition of the channel and hydraulics.

All of the reaches where the road and river should be designed together are in the mountains and will
generally exhibit a step-pool channel morphology. The steps provide energy dissipation by flattening the
local channel gradient. These sequences (e.g., step-pool-step) will re-establish themselves naturally, but
this process may take longer than fits with the construction schedules. Speeding up the process through
stream restoration will allow for the steps to be used in locations where fast flows impact the road
embankment. To protect native fish species that are unable to jump, structures should avoid vertical faces.

Next steps, important notes, and/or action items:
e In order to implement these concepts, terrain, hydrology, and hydraulic data need to be collected,
modeled, and used to create the site-specific designs.
e These concepts require engineering design and permit approvals before they can be implemented.

5.2.2.3 Public Crossings (Bridges and Culverts)

During the September 2013 flood, many private and public road crossings created problems by
accumulating sediment and debris and restricting flow and in some cases the channel cut a new path
across the road and/or through private property once the crossing was overwhelmed. Many of the
crossings in the Left Hand Creek watershed are fairly new or have already been rebuilt since the
September 2013 flood. In general, crossings are sized based on the guidance and best available data

available at the time they were designed, but accommodating passage of sediment and debris during an
extreme event may not have been considered at the time. Post-flood sediment supply will continue to be
high while the creek system adjusts to the disturbance caused by the flood. Many of the crossings are
quite wide (to accommodate larger flood flows), and constructed with a flat or gently sloping profile. This
has the effect of reducing the sediment transport capacity through it and reducing the ability of aquatic
organisms to freely pass through the crossing. As a result, areas directly upstream of the crossings tend to
aggrade, or accumulate material, reducing flood capacity.

To account for the loss in conveyance capacity, the crossings should be monitored and excessive
sediment cleaned out when necessary. In order to estimate the frequency at which proposed maintenance
will likely be needed at a particular crossing, a sediment budget and additional analyses would be needed
at each crossing. Furthermore, undersized culverts tend to convey water out their downstream end at
elevated velocities, which can scour streambed material there and over time create a perched outlet.

Moving forward, local jurisdictions and regulatory agencies should consider stream crossing designs that
provide adequate flow conveyance and also effective sediment and debris transport and aquatic organism
passage through the crossing (Figure 28). Resources commonly used to design crossings that facilitate
the transport of debris and aquatic organisms include the USFS Stream Simulation (Forest Service
Stream-Simulation Working Group, 2008) or FHWA (Federal Highway Administration) HEC-26
methodologies (FHWA, 2010). ). In addition to the design guidance provided by the federal government
and the State of Colorado, many good references exist in other localities. One such example is the 2013
Water Crossing Design Guidelines document available from Washington State Department of Fish &
Wildlife. These tools should help size structures to emulate the function of the adjacent stream channel by
minimizing the disruption of the movement of water, sediment, debris, and aquatic organisms. However,
the magnitude and duration of the September 2013 flood was such that designing crossings to handle the
debris load of a flood of that magnitude is likely not realistic or practical. Crossings, while necessary for
vehicular traffic, typically concentrate stream flows to a small portion of the former stream floodplain and
therefore increase the risk that sediment and debris could cause problems there.

Many of the stream crossings in the lower reaches in the plains have aggraded significantly, with sediment
depths ranging from inches to feet of sediment accumulated under and adjacent to the crossing. For
example, the bike path underneath the crossing at Airport Road is buried under sediment deposited during
the flood and the stream channel is now perched above the pre-flood elevation. The story is similar for
crossings upstream to 81% and downstream to 95". These crossings were designed to pass flood flows,
but the wide crossing and flat gradient contributed to sediment and debris settling out. Debris blockages
also slow the flow down in the main channel and force conveyance to the overbank area, causing sediment
and debris to settle out.

The long-term strategy to addressing this issue is to establish a compound channel, including a low-flow
channel which will promote appropriate sediment transport and a floodplain to provide conveyance of water
and debris during floods. The compound channel needs to be extended upstream and downstream an
adequate distance to provide a transition to the remainder of the stream corridor. A correctly sized
compound channel will facilitate sediment transport for a range of flows, but is still likely to require
maintenance until the base levels adjust by flushing fines downstream, through the system. Grade control
structures can help maintain gradient and channel structure. Examples include drop structures, boulders,
and cross vanes, and must be designed based on site-specific information. Crossings with additional
challenges, such as the buried bike path below Airport Road, may require additional design considerations.

While a compound channel should increase sediment movement through aggraded areas over the long
term, it will likely not be completely effective in the short term without a more systematic approach and until
the sediment availability returns to background levels. Many of the affected structures are flanked by
private land, and landowner permission may be needed to work on those portions of the channel.
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Maintenance will be required, especially if private landowners are unable to perform the channel work on
their property. It is recommended that once the hydrology and hydraulics have been updated for the plains
reaches of Left Hand Creek, stable channel dimensions be calculated based upon the design criteria and
the recommended geometry be made available publicly to provide a consistent approach and minimize
duplication of efforts. References for stable compound channel design include manuals produced by the
Army Corps of Engineers (Soar and & Thorne, 2001) and the NRCS National Engineering Handbook 654
(NRCS, 2007).

The maintenance activities described above are appropriate for all of the public crossings. Bridges at 81°%,
63", and through the City of Longmont currently have the greatest need for maintenance to remove
accumulated sediment. A monitoring program could be as simple as recurring photographs of a crossing
over time. Monitoring will help determine which crossings are aggrading at the highest rate. Design for
sediment removal and features to promote sediment transport should be designed in such a way that the
likelihood of follow-up work is minimized because of the negative short-term impacts from the construction
work. Maintenance access points will need to be well planned out with precautions taken to mitigate harm.
CPW has developed resources detailing BMPs for working in and around stream channels and wetlands,
which can be found at: http://cpw.state.co.us/aboutus/Pages/CNAP-Publications.aspx

Next steps, important notes, and/or action items:

¢ Develop and use the best available guidance to design crossings to promote sediment transport,
flow conveyance, debris passage, and aquatic organism passage.

o Crossings may require periodic sediment removal to maintain flood capacity until a stable
compound channel can be established at the crossing and in the stream reach.
A monitoring program will help determine when sediment removal is warranted.

¢ Designs that involve sediment removal should provide adequate protections to aquatic life and the
function of the stream corridor.

Figure 28. Graphical example of existing crossing constructed with low-flow channel that
facilitates aquatic organism passage and sediment transport.

5.2.3 Diversion Structures

The majority of the diversion structures in the Left Hand Watershed are channel spanning with large
vertical drops. This traditional design hinders sediment transport and blocks the passage of aquatic
organisms. As a result, the areas immediately upstream of the diversions are aggrading and the blockage
of water slows the flow causing fine sediment to be deposited in the vicinity of the ditch inlets and
headgates which can then be swept into the ditch network. Both the large scale aggradation, which also
has the potential to raise flood surface elevations upstream, and the fine sediment in the ditches create a
substantial maintenance tasks. Replacing and/or rebuilding these structures to facilitate sediment transport
past the structure could reduce the amount of maintenance required. There are a number of high-head
weirs that should be evaluated to determine if they can be retrofitted and moved to achieve these goals.
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In the recovery efforts, there is an opportunity to work with coalition members to meet all stakeholder
needs, fulfilling water decrees, enhancing ecosystems and recreational opportunities as well as building
trust and relationships that will better serve all parties when future disasters or hardships occur.

The CWCB and CPW have provided resources and guidance for designing diversion structures for multiple
uses. More information can be found at
http://cwcb.state.co.us/Documents/ShortTermHomePage/CPWCWCBRebuildFactSheet. pdf

Next steps, important notes, and/or action items:
e Work with LHDC to identify potential funding sources for retrofitting the diversion structures with fish
passage or replacing them altogether.
¢ Identifying the demand at each diversion will help determine of the structure can be replaced with a
multi-purpose structure.

b .

Figure 29. New Diversion Structure at Canyon Mouth
a) Photograph looking upstream at the newly constructed diversion structure at the canyon mouth, on the border of
reaches 7 and 8. b) Photograph of diversion structure that facilitates aquatic organism passage and sediment
transport.

5.2.4 Floodplain Management

5.2.4.1 Special Flood Hazard Area Mapping

The last major study of the watershed in terms of characterizing channel conveyance, structure capacity
and erosion potential occurred over 30 years ago, utilizing hydrology which had been developed a number
of years before that. Currently, a hydrologic evaluation is being prepared for the entire watershed using
modern techniques including GIS and radar rainfall data. A patchwork of LOMR’s have been incorporated
into the mapping near urban areas of the watershed, and currently there are numerous CLOMR'’s being
developed for projects related to the 2013 flood event, mainly in the Longmont area. Repairs to
infrastructure in both Left Hand and James canyons have altered the shape and capacity of the channel
there, and numerous private crossings have been either repaired or replaced. In order to have the most
comprehensive and complete special flood hazard area maps for regulatory purposes, as well as maps that
incorporate the cumulative effects of the 2013 floods and the subsequent floodplain, crossing, and
diversion structure construction, it is recommended that a new Flood Insurance Study (FIS) be undertaken
for the entirety of Left Hand Creek. It is likely that a new study will be faster and less expensive than
reach-scale or property-scale LOMRs.

Much of Jamestown was devastated during the 2013 event and is currently rebuilding bridges and
engaging in stream stabilization measures. At the conclusion of major restoration activities, a LOMR will
be processed to revise the DFIRM for the area. Upstream and downstream of this work however, Boulder
County has repaired miles of road embankment, the LHDC has repaired several gate structures, and
debris is slowly being cleaned up. The interim flood mapping noted above is of limited use a basis for
regulation on the upper portions of Left Hand and James creeks, although with the automated sampling
methodology described earlier, this modeling approach could be expanded to include field verification of
structures and tributary drainageways to improve its utility as “better available information for purposes of
administering the local floodplain ordinance during the flood recovery and redevelopment process”. FEMA
has, as of the writing of this document (Special Response R8-4145 CRCC, November 6, 2014) just
accepted the new hydrologic study for the mainstem of Lefthand Creek as “Best Available Data”. Until this
information is adopted for use in future studies, it is recommended that the current regulatory flows for any
re-study reach be compared to the new flows, and that the larger of the two be used in order to be
conservative.

Below Foothills Highway, the Plains Region should be re-studied in its entirety to include the urban
developments and channel improvements down to the mouth at St. Vrain creek. This would provide a
sound basis for future improvements including a full evaluation of gravel mining operations and urban
infrastructure. The potential savings in damage would easily outweigh the cost of updating the entire reach
by providing a means to identify risk hazard due to channel migration. In addition, a floodway re-
delineation should be required for the entire lower reach and land use restrictions should be re-evaluated
for consistency and applicability.

In areas of high debris potential, floodplain administration should evaluate the relative merit of enforcing
elevation standards exceeding current federal guidelines that currently only consider backwater from
structures and not debris, as well as to require more stringent structural standards for exposed foundations
or foundations in highly erodible banks. Flood protection elevation standards typically presume the flow to
consist of water only. Therefore, when the flood is likely to include hyper-concentrated flow containing a
very heavy sediment load and floating debris, it is prudent to recognize the tendency for flood levels to
super-elevate above water-only flood levels, and for debris to cause additional damage both above and
below the base flood level. Increased elevation standards and more stringent structural requirements
would add a needed factor of safety for heavy debris streams, and could be based on a benefit to cost
analysis to establish appropriate increases in standards.
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Boulder County has hired a consultant to identify their unmet flood hazard hydraulic and FEMA flood
mapping needs for Left Hand Canyon. AMEC largely agrees with their initial assessment. It is assumed
that the CDOT hydrology will provide the basis for the mountain portion of the drainage, and the County
roads project will provide the hydraulics. However, much work needs to be completed for the plains
reaches. Table 12 below outlines the unmet needs for the creeks covered by this study. The analysis
presented in Section 4.2.2 was used to guide the priority rating for each creek. Since the plains portion of
the watershed is lacking any form of updated information and has a relatively high density of homes and
infrastructure, it receives a high rating. Those reaches with a medium rating have existing needs, but have
also received updated information. Geer Creek receives the lowest priority because it has some updated
data and relatively little infrastructure.

Table 12. Left Hand Creek Watershed Flood Hazard Data Unmet Needs

Table 12. Left Hand Creek Watershed Flood Hazard Data Unmet Needs (Cont.)

Estimated | Estimated
Hydraulics FEMA
Priority Explanation Cost Map
Update
Cost

Updates

Creek Reaches Extents Needed?

Estimated | Estimated
Hydraulics FEMA
Priority Explanation Cost Map
Update
Cost

Updates

Creek Reaches Extents Needed?

Existing data is not $181,000 $89,000
accurate due to changes
in channel elevation,
channel alignment and
floodplain configuration.
Existing and updated
hydrology studies do not
cover this portion of Left
Hand Creek.

Left Hand
Creek from
confluence Yes High
with St. Vrain
to US 36

Left Hand 1-6

Existing data is not N/A $23,000
accurate due to changes
in channel elevation,
channel alignment and
floodplain configuration.
Confluence Hydrology has been

. . updated by the CDOT
Little 21 with James to Partial | Medium | study. Hydraulics are

James Birr)si';ream scheduled to be updated
by the Boulder County
Roads project.
Additionally, the Town of
Jamestown will be
updated through existing
infrastructure projects.

Existing data is not N/A $78,000
accurate due to changes
in channel elevation,
channel alignment and
US 36to floodplain configuration.
Left Hand | 6-15, 26 | Upstream Partial Medium | Hydrology has been
Limit updated by the CDOT
study. Hydraulics are
scheduled to be updated
by the Boulder County
Roads project.

Existing data is not N/A $23,000
accurate due to changes
in channel elevation,
channel alignment and
floodplain configuration.
Geer 22 Hand to Partial Low Hydrology has been
Upstream updated by the CDOT
Limit study. Hydraulics are
scheduled to be updated
by the Boulder County
Roads project.

Confluence
with Left

Existing data is not N/A $34,000
accurate due to changes
in channel elevation,
channel alignment and
floodplain configuration.
Confluence Hydrology has been

with Left updated by the CDOT
James 16-20 Hand to Partial | Medium | study. Hydraulics are
Upstream scheduled to be updated
Limit by the Boulder County
Roads project.
Additionally, the Town of
Jamestown will be
updated through existing
infrastructure projects.

Finally, a benefit to cost analysis is required for any project funded through the federal grant process. This
applies to all projects that address flood-impacted infrastructure improvements, acquisitions, and flood
control. For example, replacing flood-damaged public road crossings would require a benefit-cost analysis.
This crucial step should begin immediately so that project initiatives may be identified in order to prioritize
funding opportunities.

5.2.4.2 Channel Migration Zone

Debris flow and sediment had a major impact on the flood behavior in the Left Hand Creek system during
the September 2013 flood. For much of the watershed, channel changes (e.g., migrations, avulsions)
posed a much greater hazard to residents than overbank flows. Local jurisdictions may look to implement
a Channel Migration Zone model, similar to that employed in the Pacific Northwest. The model works by
identifying and defining different zones of channel change (e.g., historic migration zone, avulsion zone,
erosion hazard area) that can then be used to guide the alignment of roads and the planning of future
development. Implementation of such a model could work in tandem with the existing FEMA regulatory
model by potentially offering incentives to communities that use channel migration zone analyses to inform
local zoning regulations. There are several river systems in Colorado for which draft Channel Migration
Zones have already been developed including the St. Vrain System, Fish Creek, and Fall River in Estes
Park. Since the methods were developed for Pacific Northwest rivers, some additional study and
application discussions may be required to tailor the methods to Colorado rivers. The potential savings in
damage, something FEMA is currently assessing on the St. Vrain System, could easily outweigh the cost of
identifying risk hazard due to fluvial migration. These maps also serve as a tremendous educational tool
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for informing land owners and residents of their risk both for the purposes of insurance as well as
evacuation and life safety.

Next steps, important notes, and/or action items:
o Establish a task force to re-examine and make recommendations for updated crossing and road
embankment design parameters that account for high sediment load and debris laden flows.
¢ Floodplain re-mapping efforts should focus on identifying resources to address data inadequacies
for the area below US 36.
e A flood early warning system to help alert residents to danger. The Town of Jamestown is
implementing a system that can provide the basis for a watershed-wide system.
o Benefit-cost analyses need to be performed for any project funded through the federal grant
process.
e Provide incentives for communities to delineate channel migration zones in order to more clearly
define flood risk for residents and increase community resiliency.
5.2.4.3Flood Warning System
One option to increase system resiliency is to develop an early warning network in order to reduce life
hazard issues, especially in debris-prone areas. The Town of Jamestown is currently in the process of
implementing a basic flood warning system. This system could provide the foundations for a more
comprehensive, watershed wide early warning system. A basic monitoring system may consist of simple
river stage and precipitation observations coupled with a listserv to disseminate warnings. Additional data
points could include nearby SNOTEL stations and/or National Weather Service point forecasts. The recent
hydrologic study commissioned by CWCB may be incorporated into the river forecast mode when
complete. The optimal configuration of new and existing data points, as well as the specifics of warning
dissemination should be explored with further study.

The early warning network should also be integrated with the existing HAM radio (BCARES) and
emergency services network (fire departments, Rocky Mountain Search and Rescue, Sherriff and local
police) already in place for the mountain communities. Funding, organizational support, and training
should be provided for these groups as the first responders and communication pathways in rural and
mountainous Boulder County.

5.2.5 In-Stream Flow Quantity and Timing

5.2.5.1 Establishing Partnerships and Agreements for Continuous In-Stream Flows

This plan encourages the establishment of partnerships that maintain continuous in-stream flows that have
the potential to serve multiple purposes. The flow quantity and timing in the lower reaches of Left Hand
Creek is highly altered and results in periodically dry river beds. Re-establishing continuous flows has both
geomorphic and ecosystem benefits allowing fine sediments to flush through the system and providing
connectivity and habitat to aquatic organisms and support for in-stream flows was expressed by many
members of the public and land owners at the public outreach events. Agreements to achieve these
benefits can take many forms ranging from regulatory and statutory mandates to hand-shake agreements
between stakeholders. An example of the latter is the Poudre River Joint Ops Plan between the U.S.
Forest Service and water users. This plan was designed to increase the limited winter time aquatic habitat
for the trout fishery without causing a net decrease in water supply via coordinated reservoir operations
throughout the basin. Monitoring has shown that both objectives of the agreement have been met, even in
dry years. As the Left Hand Coalition matures, the issue of in-stream flows should be examined and
though it will require further study to provide frameworks and operational criteria, because it is only a
change in management protocol, this recommendation will likely be less expensive than many of the
structural solutions that are proposed to increase fine sediment transport and enhance riparian
ecosystems.

5.2.6 Protect and Preserve Riparian Corridors

5.2.6.1 Reducing Risk and Enhancing Ecosystems via Land Use and Zoning

Several reaches in the upper most parts of the Left Hand Creek system have limited threats to life and
property simply because little infrastructure and few residences exist in those areas. It is in these reaches
that we also find the most functional riparian ecosystems with the best in-stream habitat, lateral
connectivity, and vegetation quantity and quality. The most effective means to reduce future flood and
geomorphic risk in these areas, as well as in areas lower in the watershed that remain undeveloped, is to
discourage or limit significant infrastructure or residential development. Intensity of development and
investment should be related to the risk the area is exposed to. As the new FIS is completed and Channel
Migration Zones mapped, it is recommended that local jurisdictions adopt these changes into their Land
Use and Zoning Plans and Codes and provide guidance on development in these areas. Floodplains play
an important role in dissipating stream energy and provide low-risk locations for natural sediment
deposition in addition to providing ecological complexity and good riparian habitat. For decades, the
prevailing theory was that river channelization benefited flood control due to resultant perpetually scouring
channels. As a result, river systems have been cut off from their floodplains by berms, levees, and other
aggressive channelization, yet successful flood control has not resulted from these efforts. Over the last
couple decades, this channelization for flood control theory has proven problematic and prevailing
philosophies on efficient (for both sediment and water) river systems have trended towards floodplain
reconnections with multi-stage channels.

Overflow channels and flood chutes carved though the floodplains during the 2013 flood provide
opportunities for seasonal floodplain access. It is recommended that the LHCC prioritize protecting and
restoring these locations as well as the wider channel corridor from the impacts of development, in order to
reap the multiple benefits of increased flood protection and improved stream health provided by floodplain
access and seasonal side channels.

5.3 Reach Summaries

5.3.1 Overview

The following summaries are meant to present an overview of each reach, including a brief narrative
discussing the reach groups and general restoration recommendations and strategies. The reaches have
been grouped by River Style because reaches of the same River Style generally responded similarly to the
flood and will require equivalent restoration strategies. The tables following each narrative summarize the
reach location, ecosystem and geomorphic risk results, and projects identified for that reach. The
mapbook pages are included so reaches and projects can be quickly identified in the accompanying
mapbook. A reach map can be found in Figure 17 and in the mapbook on sheet Reaches.

Readers interested in a more thorough explanation of the methods used to develop the summary
information should look to Section 4.3 for the geomorphology risk assessment and Section 4.4 for the
ecosystem risk assessment.

5.3.2 The Headwater River Style (Reaches 15, 21, 22, 23, 24, 25, 26)

Reaches 15, 21, 22, 23, 24, 25, 26 are located high in the watershed and represent the headwater channel
type. These channel types respond to flooding by expanding and subsequently jamming as result of the
recruitment of large wood into the channel. As a result, many of these channel types have completely
destroyed banks, plugged or destroyed culverts and infrastructure, and scoured to bedrock. The
ecosystem ratings for these reaches range from “poor” to “excellent.”

Restoration for the headwater channel type mainly involves stabilizing channel banks, reestablishing
riparian vegetation, and reducing flood energy through the increase of channel roughness and complexity.

December 9, 2014

AMEC Environment & Infrastructure

60|Page



Left Hand Creek Watershed Master Plan

Many culverts plugged in this channel type — a result of the uncommonly large flows experienced high in :
the watershed. Drainage issues have been exacerbated. Much of the recommended work to re-establish River Style: Headwater
drainage and unplug (or resize) will need to be coordinated with the roads project. Incision
24 Poor Expansidn Low 4.6 Good
Reaches 15, 21, 22, 23, 24, 25, 26 contain 6 projects, covering ~5.1 river miles of the channel.
prol d 25 Good Stable Low 7.2 Excellent
_ 26 Good Stable Low 9.4 Good
River Style: Headwater Projects
, . ‘ . Mapbook
Reaches 15, 21, 22, 23, 24, 25, 26 River Style Definition: | p.33 | (Report) Reach Project Code Project Name Pgnels
Location Stream and drainage improvements near the
LHCM_15 26 Lickskillet Road and Left Hand Canyon Drive 47
Mapbook intersection
Reach Creek Lower Bounds Upper Bounds Panels 9 For this project develop stream crossing Improvements and stabilize the
o . o o . channel. Constructing a sediment detention basin on the ephemeral
15 Left Hand Creek 400 4 ,28'46 N 400 3 43'75 N 47-48 Description: tributary can help reduce sediment loading from Lickskillet Road. Long-
105°24'43.59"W 105°27'50.60"W term reductions in sediment will require drainage improvements to
Lickskillet Road.
21 Little James James Creek: 40° 6'52.57"N i 59-61 LHCM_15 27 10487 Left Hand Canyon \ 48
Creek 105°23'56.26"W 9 Restore channel capacity, regrade the floodplain and stabilize the channel
Description: banks where appropriate. This project will help stabilize the stream in this
Little James Creek: Little James Creek: location.
22 Geer Canyon confluence with James Creek | downstream of CR-87 26,62-66 LJCM_21 01 Little James Creek ‘ 59-61
9 Stream improvements include stabilizing the road-river interface and
Geer Canvon: confluence Description: channel by applying the concepts depicted in the Confined Road River
23 Sixmile Canyon . yon: - 67-70 Interface sheet.
with Left Hand Creek
GCM 22 01 Geer Canyon | 62-66
o 10 The road and creek are adjacent for much of the study reach. Improving
24 Spring Gulch Sixmile Canyon: confluence _ 49 Description: the road-river interface and stabilize the floodplain will control a potential
with Left Hand Creek sediment source zone.
SMCM_23 01 Sixmile cutbank stabilization | 67-70
South St. Vrain Spring Gulch: confluence 10 Descrition: The flood incised into alluvium creating unstable cutbanks. Establishing
25 Creek with Left Hand Creek - - prion. drainage with grade control will help stabilize the area.
15 | SGM. 24 01 10332 Left Hand | 49
o ) _ Description: For this project stabilize the channel banks to control sediment inputs.
26 Left Hand Creek South St. Vrain: diversion South St. Vrain: )
into James Creek Brainard Lake
Geomorphic Risk Ecosystem Risk
Reach Condition Trajectory Risk Score Rating
15 Fair Incision, Low 8.6 Good
Expansion
21 Poor Inmspn, Low 5.8 Fair
Expansion
22 Poor Aggradz_;\tlon, Low 55 Poor
avulsion
Incision,
23 Fair Expansion, Low 4.3 Poor
Aggradation
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5.3.3 The Confined Valley with Bedrock-Controlled Floodplain Pockets River Style
(Reaches 9, 10, 13, 16, 18, and 19)

Reaches 9, 10, 13, 16, 18, and 19 are located amongst the mountain reaches and represent channel types
that generally sit at the bottom of a tight valley, but have periodic pockets of floodplain. These floodplain
pockets are important to the system as they present opportunities to dissipate flood energy, capture
sediment and debris, and enhance the ecosystem for biota. The response of these reaches to the flood is
to strip material and destroy the channel in the confined portions, and subsequently deposit that material in
the pocket. As a result, many of these pockets have accumulated feet of sediment and debris, acting as
sediment source zones for the watershed. The channel through these pockets is perched, meaning that it
sits higher than the adjacent floodplain and has great potential to capture, or move into, the deposited
material in the pocket. Ecosystem ratings for these reaches were “fair” and “good.”

Restoration for Reaches 9, 10, 13, 16, 18, and 19 generally involves dissipating flood energy in the
confined sections and stabilizing the floodplain pockets. Increasing channel complexity and riparian
vegetation throughout each reach will increase ecosystem value and reduce flood and geomorphic risk.
Large wood and the establishment of step-pool sequences will help dissipate stream energy and provide
habitat. Grading and re-vegetating the pocket areas will both stabilize the channel and restore floodplain
function. Additionally, in-stream structures and/or crossings should be evaluated for potential impedance
to aquatic organism passage. Again, much of this work will need to be coordinated with the roads project.

Reaches 9, 10, 13, 16, 18, and 19 contain 14 projects, covering ~6.5 river miles of the channel.

River Style: Confined Valley with Bedrock-Controlled Floodplain Pockets
Reaches 9, 10, 13, 16, 18, 19 River Style Definition: | p.35 | (Report)
Location
Reach Creek Lower Bounds Upper Bounds HEIEDS
Panels
Just upstream from . "
. o 40° 6'28.82"N
9 Left Hand Creek confluence with Sixmile 105°20'0.49"W 32-35
Canyon
10 Left Hand Creek | 40° 6'28.82"N 105°20'0.49"W Conf'“e”gfe‘g’l'(th James 35.36
o " 09 " 40° 4'32.65"N
13 Left Hand Creek 40° 5'1.44"N 105°21'55.01"W 105°23'49 39"W 42-46
40° 3'43.75"N 40° 3'21.75"N
16 James Creek 105°27'50.60"W 105°29'38.96"W 50-52
James Creek:
James Creek: 40° 6'31.11"N
18 James Creek 105°21'38.83"W downstream end of 54-55
Jamestown

River Style: Confined Valley with Bedrock-Controlled Floodplain Pockets
19 James Creek James Creek: downstream qu'?;:rr? ;?jkénf 56-57
end of Jamestown P
Jamestown
Geomorphic Risk Ecosystem Risk
Reach Condition Trajectory Risk Score Rating
Expansion,
9 Poor avulsion, Medium 6.4 Fair
aggradation
Contraction,
10 Poor aggradation, Medium 5.6 Fair
incision
13 Fair Ag_gra}d_a tion, Low - -
incision
13a - - - 7.8 Good
13b - - - 6.5 Fair
- - - 7.6 Good
13c
Aggradation,
avulsion, . ,
Poor degradation, High 7.9 Fair
16 incision
Good Aggradation Low 6.1 Fair
18
19 Good Aggradation Low 5.3 Fair
Projects
Reach Project Code Project Name HETEIEEL
Panels
LHCM 09 08 Reach 9 Box culvert to Reach break 32
9 Stabilize the channel and road river interface. Grade control structures,
Description: typical of step-pool channels will help alleviate stress on the road
embankment.
LHCM 09 09 Below Left Hand Canyon Mountain Park to Box 33-34
- Culvert/Crossing
9 Improve road-river interface, perform stream restoration and develop fish
Description: passages. Also stabilize both the channel and floodplain and perform
grade control measures.
LHCM 09 10 3988 Left Hand ‘ 33
9 Access to USFS OHV area is currently a sediment source zone.
Description: Stabilizing the area, establishing drainage, and using a sediment
detention basin to capture runoff will help control this source zone.
9 LHCM 09 11 Left Hand Canyon Mountain Park ‘ 34-35
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5.3.4 The Confined Valley, No Floodplain River Style (Reaches 8, 11, 12, 14, 17 and
20)

Reaches 8, 11, 12, 14, 17, and 20 represent channel types that are highly confined and located in the
canyon. These channel types create high stream energies under flood conditions and have the capacity
for great destruction. In many cases, the channel has been completely destroyed, eroding the valley to
bedrock. Many sections of road were destroyed in these reaches as the channel expanded in response to
dramatic increases in sediment and flooding. The channel in these reaches is generally homogenous and
will take time to re-establish bedforms. Ecosystem ratings for these reaches were “fair’ and “good.”

Much of the recommended restoration for Reaches 8, 11, 12, 14, 17, and 20 involves coordinating
restoration activities with the re-building of the roads. Increasing channel complexity (e.g., deeper pools,
additional woody material) will help to increase the ecosystem value as well as dissipate stream energy,
mitigating the impacts of high(er) flows on private property and infrastructure. The consideration of a low
flow channel will help maintain sediment transport and aquatic organism passage as the system rebounds
from the flood. As crossings were points of failure throughout the system, opportunities to share or use low
water crossings should be explored with individual property owners. Additional ecosystem
recommendations include stabilizing eroding banks to minimize sediment loading to the channel,
reestablishing riparian vegetation to increase cover and bank stability; and investigating whether in-stream
structures and/or crossings impede aquatic organism passage.

These reaches contain 12 projects, addressing issues in ~4.7 miles of stream.

River Style: Confined Valley with Bedrock-Controlled Floodplain Pockets
This project involves creation of mountain park that provides public
Descriotion: access and recreation opportunities as well as riparian corridor
ption: enhancement and preservation. Stream restoration should be coupled
with the creation of parking areas and a trail.
LHCM_10 12 4333 Left Hand Canyon | 35
10 D . Improve the road-river interface, stabilize the channel using grade control
escription: )
structures typical of step-pool channels.
LHCM 10 13 5001 Left Hand Canyon | 36
10 D Lo Address road embankment damage and stabilize the channel using the
escription: . e
cross sections specified in the mapbook.
LHCM 13 19 Glendale Gulch Drainage and River ‘ 43
13 Improve drainage for the fire station, include river crossings and stabilize
Description: the road-river interface. Stabilize the toe of the local debris flow and
stabilize the channel as needed.
LHCM 13 20 7933 -7817 Left Hand Canyon \ 44
13 For this project, remove any unstable berms, re-grade the sediment piles
Description: into floodplain and stabilize the channel. Shared and/or low-water
crossings are recommended but will require resident cooperation.
LHCM 13 22 8404-8398 Left Hand Canyon 45
13 Description: Improve the road road-river interface at this site, stabilizing both the
escription:
channel and bank.
LHCM 13 24 8973 Left Hand Canyon 45
For this project, emergency channel work created a bend in the stream
13 Descriotion: that is unstable and eroding bank. The channel needs to be
ption. straightened, stabilized and cut approximately 3-6'. Grade control
structures will help dissipate stream energy.
JCM 16 01 Lower James Canyon Neighborhood 50-52
Stabilize sediment source zones by grading area into functional
16 floodplain. Channel is currently perched above floodplain and may need
Description: to be cut. Unstable emergency berms should be removed. Stretch near
639 James Canyon Drive has aggraded substantially and will need to be
lowered if property cannot be acquired.
JCM 16 02 Lower James Canyon - The Farmers 52
Stabilize sediment source zone by grading deposition into functional
16 D floodplain. Perched channel may need to be cut down. Remove
Description: X
unstable berm constructed as part of emergency relief efforts. Re-
vegetate in cooperation with landowners.
JCM_18_05 Augmentation of EWP Work ‘ 54-57
18 Re-vegetate graded areas shaped during EWP project. (Jamestown has
Description: applied for a grant for this.) Add large wood to channel. Examine drop
structures for fish passage.

River Style: Confined Valley, No Floodplain
Reaches 8, 11, 12, 14, 17, 20 River Style Definition: | p.37 | (Report)
Location
Reach Creek Lower Bounds Upper Bounds HEDIEELS

Panels

Just upstream from
8 Left Hand Creek Allens Lake Diversion confluence with Sixmile 28-32

Canyon
Confluence with James Lefthz_;md Canyon Dr.

11 Left Hand Creek crossing northeast of 36-39

Creek . ; .

Lee Hill Dr. intersection
Highway crossing northeast 40° 5'1.44"N
12 Left Hand Creek |~ & oo Wil Dr. intersection 105°21'55.01"W 39-42
40° 4'32.65"N 40° 4'28.46"N

14 Left Hand Creek 105°23'49.39"W 105°24'43.59"W 46-47

James Creek: confluence James Creek: 40°
17 James Creek with Left Hénd Creek 6'31.11"N 52-54

105°21'38.83"W

James Creek: upstream end James Creek: 40°
20 James Creek o Jam'es‘iown 6'52.57"N 57-58

105°23'56.26"W
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River Style: Confined Valley, No Floodplain
D L For this project improve the road-river interface and stabilize the
escription:
channel.
LHCM 12 18 7164 - 7160 Left Hand Canyon | 42
12 The channel banks and adjacent area need stabilization. The concepts
Description: depicted in the Confined Valley River Style sheet apply, as well as the
Road-River Interface Confined special cross section.
LHCM_14 25 Left Hand Canyon Drive Road River Interface | 46-47
14 D L For this project improve the road-river interface and stabilize the channel
escription:
and banks.
JCM_17_03 53-54
1029 James Canyon to Lower end of EWP Work
17 Stabilize the road-river interface to control sediment source inputs and
Description: stabilize the channel. The County roads project needs to consider ways
ption: to widen the pinch created by the road embankment and bedrock
outcrop.

River Style: Confined Valley, No Floodplain
Geomorphic Risk Ecosystem Risk
Reach Condition Trajectory Risk Score Rating
8 Fair Expansion Low 6.4 Fair
11 Poor Ag_gra_td_atlon, Medium 7.1 Good
incision
12 Fair Aggradation Low 6.6 Fair
14 Fair Expansion Low 7.1 Good
17 Poor Aggradation High 5.6 Fair
20 Fair Aggradgtlon, Medium 54 Fair
avulsion
Projects
Reach Project Code Project Name HERIEDD S
Panels
LHCM 08 04 1540 Left Hand Road Drainage 28
3 Perform grading and drainage stabilization and install a new culvert at
Description: this site. A sediment detention basin upstream of the culvert will help
provide sediment source control.
8 LHCM 08 05 2156 Left Hand through 1934 Left Hand ‘ 29-30
Description: Improve the road-river interface and stabilize the channel.
LHCM 08 06 Buckingham Park to crossing ‘ 31
3 Reach is mostly bedrock-controlled. Improve the road-river interface
Description: and stabilize the channel where necessary (those sections that are not
bedrock controlled).
LHCM 08 07 Buckingham Park | 3132
8 D o Incorporate weed control and other passive restoration measures
escription: . o
through continued monitoring.
LHCM 11 14 5901 - 5001 Left Hand Canyon ‘ 37-39
11 Improve the road-river interface and stabilize the channel. Grade control
Description: structures typical of step-pool channels will help dissipate stream
energy. The confluence is a sensitive area that should be preserved.

LHCM 12 15 5974 Left Hand Canyon ‘ 39

12 Lo Consider up-sizing the crossing at this location to facilitate sediment
Description: .
transport and debris passage.

LHCM 12 16 6232 Left Hand Canyon ‘ 40
Improve the road-river interface and stabilize both the channel and toe of
the local debris flow. Re-seeding the debris flow outfall will help stabilize

12 a potential source zone. Channel may need to be cut down as it is
Description: perched above the property at 6496 Lefthand Canyon Drive. Sediment
has also buried portions of the property at 6496 and should be removed
and the area re-graded to eliminate low spots that could capture flood
flows.
12 LHCM_12_17 6897 - 6738 Left Hand Canyon 41-42
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5.3.5 The Partly Confined, Wandering River Style (Reaches 5, 6, and 7)

Reaches 5, 6, and 7 cover the transition between the canyon reaches and the alluvial plain. These
reaches cover the length of Left Hand Creek stretching from the top of reach 4 to the Allens Lake
Diversion. Channel avulsions and migrations were the primary flood response for these reaches as
sediment-laden flood flows responded to local changes in gradient and confinement (e.g., crossings). This
behavior resulted in the channel headcutting into floodplains, capturing and moving to new areas of the
floodplain, and extensive deposition as sediment-laden flows piled up behind infrastructure. For much of
the area covered by these reaches, the pre-flood channel was completely destroyed. Reach 6, which
contains the Streamcrest neighborhood, sits on an alluvial fan, an area where streams naturally change
course in response to sediment loads and a change in gradient. This poses significant challenges for long-

term restoration. Reaches 5, 6 and 7 received ecosystem ratings of “good,” “poor,” and “fair,” respectively.

Restoration strategies for Reaches 5, 6, and 7 include evaluating the crossing capacity at US 36, providing
floodplain width within which this channel can adjust, and identifying locations where flood energy can be
dissipated and sediment and debris stored. Step-pool sequences will work to dissipate stream energy in
the higher gradient portions of these reaches. The channel through the Streamcrest neighborhood is
straight and perched, or elevated, and will need to re-establish width, floodplain connectivity, and
complexity. Crossings and the adjacent areas will benefit from periodic maintenance. Given the position of
these reaches as a transition between canyon and plains, in-stream structures and crossings should be
evaluated for the potential of impeding aquatic organism passage, and where necessary, installation of fish
passage structures should be considered. Much of Reach 5 has received private restoration work that will
need to be monitored. Additional ecosystem recommendations include stabilizing eroding banks and
headcuts to minimize sediment loading to the channel; re-establishing riparian vegetation to increase cover
and bank stability; adding channel complexity (e.g., riffles, pools and woody material), and encouraging
partnerships and agreements to develop plans for continuous in-stream flow for the majority of Reaches 5
and 6.

Reaches 5, 6, and 7 contain seven projects covering ~3.4 miles of stream.

River Style: Partly Confined, Wandering
Reaches 5,6,7 River Style Definition: | p.39 | (Report)
Location
Reach Creek Lower Bounds Upper Bounds SEEOES
Panels
5 Left Hand Creek B_ouldgr Feeder Canal C_rock_er #2  Ditch 20-21
diversion diversion
6 Left Hand Creek Crocker #2 Ditch diversion Haldi Pipeline diversion | 21-25
7 Left Hand Creek Haldi Pipeline diversion Allens Lake Diversion 26-28
Geomorphic Risk Ecosystem Risk
Reach Condition Trajectory | Risk _
Score Rating
5 Fair In_C|S|o_n, Medium 6.9 Good
migration,

River Style: Partly Confined, Wandering
aggradation,
avulsion
Incision,
6 Poor migration, High i i
aggradation,
avulsion
6a - - - 3.8 Poor
6b - - - 4.6 Poor
7 Poor Mlg_rgtlon, Low 5.6 Fair
incision
Projects
Reach Project Code Project Name HERD0ES
Panels
LHCP 05 11 Brewbaker-Sorensen 20
Stabilize loose sediments and failing banks. Also create a low flow
5 Description: channel and establish wetlands or debris catchment within the project
ption. bounds. If possible move the berm back to create more width for the
channel. Stabilize floodplain headcuts.
LHCP 05 12 8241-8249 39th St ‘ 21
5 For this project establish low-flow and spill channels. Also grade and
Description: stabilize the extensive deposition area and re-vegetate the area within
the project bounds.
LHCP_06_13 3348 Plateau to 8249 39" St ‘ 23
6 D oo Perform channel, bank and headcut stabilization, regrade and stabilize
escription: : . . )
the floodplain and revegetate. Continue private restoration work.
LHCP 06_14 HWY 36 to 3348 Plateau | 24-25
Perform channel, bank and floodplain stabilization at this site, establish a
6 o new low-flow channel, re-grade the floodplain and remove any extensive
Description: o, . . ) . ;
deposition in the floodplain. Continue any private restoration work
upstream.
LHCM 06 01 Streamcrest 24-25
Lower the channel, reconnect the floodplain with the channel and
6 increase local channel complexity. Add in LWD and habitat features to
Description: stabilize both the channel and dissipate flood energy. CDOT to re-size
US 36 crossing, preferably with a bridge. Maintain an overflow channel
around residence at 8785 Streamcrest Drive.
LHCM_07_02 845 Left Hand Canyon Drive ‘ 26
7 Descriotion: Perform bank stabilization where necessary, re-vegetate the area and
ption: add in large woody debris and habitat features.
LHCM_07_03 Allens Lake Diversion ‘ 27-28
Build a fish-passable diversion, perform road realignment and install
7 D S multiple use diversion structure if possible. Perform channel work to
escription:

control local sediment sources, improve habitat and stabilize both the
channel and floodplain.
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5.3.6 The Unconfined, Continuous Floodplain River Style (Reaches 3 and 4)

Reaches 3 and 4 cover much of the lowland alluvial plain, stretching from 95" Street to the channel
diversion structure located just upstream of the CBT Canal. The break between reaches 3 and 4 is
Williamson Ditch diversion in the Brigadoon Glen neighborhood. Issues observed in these reaches include
sediment and debris inundation (impacting both the channel and crossings), destroyed channel banks, and
channel incision. Reaches 3 and 4 received ecosystem ratings of “poor” and “fair,” respectively.

Restoration of Reaches 3 and 4 includes stabilizing channel banks through much of the reaches. Boulder
County Open Space land provides opportunities to reconnect the channel to the floodplain, enhancing
habitat while dissipating flood energy and capturing debris. In order to address flooding issues in the
Brigadoon Glen and Oriole Estates neighborhoods channel alignment and capacity improvements have
been recommended. The establishment of a low flow channel will help with the sediment inundation
issues. Re-vegetating and widening the riparian corridor, where possible, will add cover for aquatic
organisms and help reduce flood energy and capture sediment and debris. A maintenance program to
periodically clean crossings will help maintain channel capacity at those locations. Additional ecosystem
recommendations include the addition of channel complexity (e.g., riffles, pools and woody material),
developing agreements to form plans for continuous in-stream flow for the majority of both Reach 3 and 4;
and investigation of whether in-stream structures and/or crossings impede aquatic organism passage.

Reaches 3 and 4 contain six projects, covering ~4.7 river miles of channel.

River Style:

Unconfined, Continuous Floodplain

Description:

Provide passive restoration and monitoring of channel and banks on
Boulder County Open Space land. A low water crossing is
recommended at this location instead of a new bridge for the farmer.

LHCP 03 05

BoCo Open Space Bielins-Hock Property | 10

Description:

For this project, perform bank and headcut stabilization, re-vegetate the
area, maintain the pre-flood channel as an overflow channel and
remove cars. The railroad should be protected from further migration.
Options include a sequence of engineered log jams or setback riprap.

LHCP 03 06

87th St Crossing Maintenance 11-13

Description:

For this project perform sediment maintenance, passive restoration and
re-vegetation. The Airport Road crossing has aggraded substantially
leaving the bike path under feet of sediment. Options include
excavating and establishing a compound channel, adding a flood
protection wall, and periodic maintenance. The channel should be re-
aligned and the cutbank stabilized to prohibit further migration toward
HWY 119.

LHCP_03 07

81st St. Crossing 14

Description:

For this project perform sediment maintenance, flood-proofing, passive
restoration and increase the channel capacity. A compound channel
will help with aggradation under the bridge in the long term. Short term
options require excavation and maintenance.

LHCP 03 08

Left Hand Water District 15-16

Description:

For this project, consider flood-proofing and establish a low-flow
channel. Drainage issues caused by construction of private drive at end
of Cardinal Lane cause ponding and need to be addressed. Relief can
be provided to the Nimbus Road Bridge by installing an overflow culvert,
debris capture zone, and raising the Water District's driveway. Options
to raise the elevation of Nimbus Road to the east of the Water District’s
drive should be explored. Nimbus Road currently sits lower than the
adjacent area, capturing over-bank flood flows.

LHCP_03_09

Brigadoon Glen 17-19

3,4

Description:

The project in this reach involves stabilizing the high cut banks near the
golf course. The double box culvert on Strath should be re-sized and
designed to pass debris and facilitate aquatic organism passage.
Channel alignment improvements at 63rd can reduce maintenance
required at the structure. Channel capacity downstream of the bridge
should be increased if possible.

River Style: Unconfined, Continuous Floodplain
Reaches 3,4 River Style Definition: | p.41 | (Report)
Location
Mapbook
Reach Creek Lower Bounds Upper Bounds Panels
Williams Ditch diversion
3 Left Hand Creek 95th St. (west of 63rd St.) 8-17
Williams Ditch diversion Boulder Feeder Canal
4 Left Hand Creek (west of 63rd St.) diversion 18-19
Geomorphic Risk Ecosystem Risk
Reach Condition Trajectory Risk Score Rating
3 Poor Agg_radqﬂon, High - -
migration
3a - - - 7 Good
3b - - - 4.5 Poor
3c - - - 4.7 Poor
4 Poor InC'S'O.n’ Medium 6 Fair
expansion
Projects
Reach Project Code Project Name MF?pbook
anels
3 LHCP_03 04 BoCo Open Space Passive Restoration 8-9

December 9, 2014

AMEC Environment & Infrastructure

66|Page




Left Hand Creek Watershed Master Plan

5.3.7 The Entrenched, Residential Channel River Style (Reaches 1 and 2)

Reaches 1 and 2 are located at the bottom of the watershed, with Reach 1 extending upstream from the
confluence of Left Hand Creek and the Saint Vrain River to Route 287 and Reach 2 from there up to 95"
Street. These reaches have been heavily modified from a natural condition to provide maximum flood
capacity. Issues in these reaches include the accumulation of sediment and debris, the collapse of
channel banks, and the destruction of some crossings. Reaches 1 and 2 received ecosystem ratings of
“fair” and “poor.”

Reaches 1 and 2 are mostly covered by the City of Longmont’s Phase Il project which will increase the
channel’s capacity, or ability to convey higher flows, and stabilize the banks with riprap. Additional
recommended actions include establishing a low flow channel to help transport sediment downstream;
adding habitat features (e.qg., riffle/pool complexity and addition of woody material) to increase the potential
of these reaches to support aquatic organisms; repairing and re-vegetating eroding banks to minimize
sediment loading and increase cover; adopting minimum in-stream flows; and investigating whether in-
stream structures and/or crossings impede aquatic organism passage. For all of the plains reaches, the
feasibility of establishing a crossing maintenance program will help maintain channel capacity at these
locations. Finally, a section of the channel, between Sunset and 95" Streets is recommended for the
development of floodplain habitat enhancement features that will serve double duty as energy dissipaters
and debris catchment.

Reaches 1 and 2 contain three projects, covering ~2.6 river miles of channel.

River Style: Entrenched, Residential Channel

LHCP 01 01 Reach 1 Passive Restoration | 1-3

1 This reach experienced little damage from the flood, but the
Description: encouragement of a low flow channel will help maintain sediment
transport and provide aquatic habitat.

LHCP_02 02 City of Longmont Flood Control Phase Il | 4-6

At this site, there is an ongoing project to adopt and implement the City
2 Descrition: of Longmont's Lefthand Creek Flood Control Project - Main Street to

ption: Pike Road - Phase Il. The goal of the project is to reduce base flood
elevations in the project limits.

LHCP_02_03 West Longmont Riparian Park 7

This project involves creation of prairie park that provides public access
2 L and recreation opportunities as well as riparian corridor enhancement
Description: . SR
and preservation. Backwater areas will dissipate flood energy and
capture sediment and debiris.

River Style: Entrenched, Residential Channel
Reaches 1,2 River Style Definition: | p.43 | (Report)
Location
Reach Creek Lower Bounds Upper Bounds A0S
Panels
1 Left Hand Creek Confluence with St. Vrain US-287 1-3
Creek
2 Left Hand Creek U.S. 287 95th St. 4-7
Geomorphic Risk Ecosystem Risk
Reach Condition Trajectory Risk Score Rating
1 Poor Aggradat_lon, Low 4.6 Fair
Contraction
2 Poor Aggradat!on, Low - -
Contraction
2a - - - 4 Poor
2b - - - 5.2 Fair
Projects
Reach Project Code Project Name HEpIEDOIS
Panels

5.4 Project Prioritization Recommendations

5.4.1 Overview

Project prioritizations were made by ranking each project in several categories. Projects were ranked by
how well they addressed the flood, geomorphic and ecosystem risks identified in the risk assessments.
Rankings involved assigning each of the three categories with good, better, and best ratings. These
ratings reflect how well that project addresses the risks compared to other projects. Then, projects were
ranked based on feedback from the two survey questions asked during the community meetings and on
the website surveys. The top three most popular responses reflecting both community values and project
priorities were assigned fair, better, and best ratings. Project costs were also estimated to an order of
magnitude. Projects were then ordered based on the number of best and better rankings they received.

Using the table, as well as the watershed analyses and recommendations of the Coalition, the top five
projects were identified, prioritizing safety above the other factors. Those projects are detailed below.

5.4.2 Project Ranking Tables and Opinions on Project Cost

As discussed above, each of the projects were ranked and this ranking provides a basis of prioritization for
the suggested projects. This prioritization is not a static list, but serves as a tool that can be updated to
include new information and/or be tailored to specific funding sources. Table 13 summarizes the top five
projects. Table 14 presents the summarized results of all of the proposed projects.

Projects were ranked based on how well they would address the risks and limiting factors identified in the
risk assessments. Each risk assessment category (flood, geomorphic, and ecosystem) received a
subjective rating (e.g., fair, better, best) based on how well the proposed project is anticipated to address
the identified risks. Some projects call for the creation or enhancement of public park space and are called
out in the table through the use of a fourth category representing the expected enhancement of the
proposed project. The rating for each category (e.g., fair, better, best) is meant to provide an indication of
how well that project potentially addresses the risks, relative to the other projects. The projects as listed in
the table are in order by reach. While all projects are recommended, those identified in Table 13 represent
projects identified that have a sense of urgency associated with them. They are projects that either contain
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unsafe conditions or are locations where the channel change is limiting the ability of the residents to access
their homes.

Each project has been assigned a code corresponding to location, reach, and project number. For
example, LHCP_02_02 stands for Left Hand Creek — Plains, Reach 2, and is the second project in the
plains region of Left Hand Creek.

Appendix A provides the full prioritization spreadsheet. The full spreadsheet provides guidance as to
which aspects of each project address each of the three risk components. Also included in the full
spreadsheet are rankings for the responses received to the survey issued at the first round of public
meetings. Projects were again rated based on the top three responses to the community values and
project priorities questions. Additionally, the full spreadsheet contains thoughts on project dependencies,
indicating, for example, if the project depends on the road work or access to private land.

Cost estimates for each project were grouped into order-of-magnitude categories based on conceptual
level estimates. Uncertainty in the cost estimates is a result of data inadequacies and therefore a range is
presented for each project. The best available terrain data was acquired in October 2013 and does not
reflect system adjustment to spring runoff or any channel, road, and crossing work conducted since that
data was acquired. Additionally, neither a hydraulic model nor accurate floodplain model was made
available for the project. Therefore, estimates of the quantity of material requiring excavation, transport,
import, and/or disposal were not conducted. Project cost will depend upon the ability to use onsite
materials, which will greatly affect the price. It is estimated that the quality of the available material is
largely not adequate for channel work, thus requiring import. Availability of suitable channel construction
material (e.g., boulders, rootwads) is largely unknown, and as more projects are implemented across the
Front Range, demand and competition for those materials will increase. As more data and analyses
become available project cost estimates can and should be refined.
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Table 13. Top Five Projects

Project Reach | Project Code Effect of Projeqt on | Effect of Prqject Effect of Prc'Jjecf[ on | Effect of Prqject on Rec, ch_ial, Cost Estimate
Ecosystem Risk on Flood Risk Geomorphic Risk and Educational Opportunities Range
1 Road Stream Interface in Canyons $3,300,000 $10,000,000
8404-8398 Left Hand Canyon 13 LHCM 13 22 Better Better Better N/A $100,000 $500,000
Left Hand Canyon Drive Road River Interface 14 LHCM_ 14 25 Better Better Better N/A $20,000 $100,000
Glendale Gulch Drainage and River 13 LHCM 13 19 Better Better Better Better $100,000 $500,000
6897 - 6738 Left Hand Canyon 12 LHCM 12 17 Better Fair Better N/A $100,000 $500,000
6232 Left Hand Canyon 12 LHCM 12 16 Better Fair Better N/A $20,000 $100,000
5901 - 5001 Left Hand Canyon 11 LHCM 11 14 Better Better Better N/A $100,000 $500,000
5001 Left Hand Canyon 10 LHCM 10 13 Better Fair Better N/A $20,000 $100,000
4333 Left Hand Canyon 10 | LHCM_10_12 Better Fair | Best | N/A $100,000 $500,000
Left Hand Canyon Mountain Park* 9 LHCM 09 11 Better Fair Best Best $100,000 $500,000
Below Left Hand Canyon Mountain Park to Box
Culvert/Crossing 9 LHCM 09 09 Better Better Better Fair $1,000,000 $3,000,000
Reach 9 Box Culvert to Reach Break 9 LHCM 09 08 Better Better Better N/A $20,000 $100,000
Buckingham Park to Crossing 8 LHCM_08_06 Better Fair Fair N/A $500,000 $1,000,000
2156 Left Hand Through 1934 Left Hand 8 LHCM_08 05 Better Fair Better N/A $20,000 $100,000
1029 James Canyon to Lower End of EWP
Work 17 JCM 17 03 Better Fair Better N/A $100,000 $500,000
Little James Creek 21 LIJCM 21 01 Better Fair Better N/A $500,000 $1,000,000
Geer Canyon 22 GCM 22 01 Better Fair Fair Better $500,000 $1,000,000
2 Lower James Canyon Neighborhood 16 JC 16 01 Fair Fair Fair $1,000,000 $3,000,000
3 Streamcrest 6 LHCM 06 01 N/A $500,000 $1,000,000
4 Brigadoon Glen 4 LHCP_03 09 N/A $1,000,000 $3,000,000
5 City of Longmont Flood Control Phase 2 2 LHCP 02 02 N/A $1,000,000 $3,000,000

*The CWCB awarded $200,000 for restoration work covering a 1.5 mile long stretch of James Creek. These funds will require a match which could potentially come from the CDBG-DR funds. The Left Hand Canyon Mountain Park project
presents an excellent opportunity to apply these funds at a location that can demonstrate road-river interface resiliency strategies and provide public access to a restored section of stream.

Table 14. Project Prioritization Summary

Project Reach | Project Code Effect of Projeqt on | Effect of Prqject Effect of Prqjecj[ on | Effect of Pro_ject on Rec, Sqqial, Cost Estimate
Ecosystem Risk on Flood Risk Geomorphic Risk and Educational Opportunities Range
Lower James Canyon Neighborhood 16 JC 16 01 Fair Fair Fair $1,000,000 $3,000,000
Brigadoon Glen 4 LHCP_03_09 Fair Fair N/A $1,000,000 $3,000,000
Brewbaker-Sorensen 5 LHCP 05 11 Fair Fair Better N/A $100,000 $500,000
Left Hand Canyon Mountain Park* 9 LHCM 09 11 Better Fair $100,000 $500,000
West LoCo Riparian Park 2 LHCP 02 03 Better Fair $500,000 | $1,000,000
City of Longmont Flood Control Phase 2 2 LHCP_02_02 Fair N/A N/A $1,000,000 $3,000,000
Reach 1 Passive Restoration 1 LHCP 01 01 Fair Fair Fair Fair $20,000 $100,000
BoCo Open Space Passive Restoration 3 LHCP_03 04 Fair Fair N/A N/A $20,000 $100,000
BoCo Open Space Bielins-Hock Property 3 LHCP_03_05 Better Better ﬁ N/A $100,000 $500,000
87th St Crossing Maintenance 3 LHCP_03 06 Fair Better Fair N/A $20,000 $100,000
81st St. Crossing 3 LHCP_03 07 Fair Better Fair N/A $100,000 $500,000
Left Hand Water District 3 LHCP_03_08 Fair Fair Fair N/A $20,000 $100,000
3348 Plateau to 8249 39th 6 |LHCP 06 13 Better Fair . Best | N/A $100,000 $500,000

December 9, 2014

AMEC Environment & Infrastructure

69|Page




Left Hand Creek Watershed Master Plan

Table 14. Project Prioritization Summary (Cont.)

Project Reach | Project Code Effect of Projeqt on | Effect of Pro_ject Effect of Prc'Jjecf[ on | Effect of Prqject on Rec, So_c_ial, Cost Estimate
Ecosystem Risk on Flood Risk Geomorphic Risk and Educational Opportunities Range

8241-8249 39th St 5 LHCP_05 12 Fair Fair Fair N/A $100,000 $500,000
HWY 36 to 3348 Plateau 6 LHCP 06 14 Fair Better Fair N/A $100,000 $500,000
HWY 36 Crossing 6 LHCP_06_15 Fair N/A $1,000,000 $3,000,000
Streamcrest 6 LHCM 06 01 N/A $500,000 $1,000,000
845 Left Hand Canyon Drive 7 LHCM 07 02 Fair Fair N/A $20,000 $100,000
Allens Lake Diversion 7.8 LHCM 07 03 Better Fair N/A $1,000,000 $3,000,000
1540 Left Hand Road Drainage 8 LHCM 08 04 Fair Fair Fair N/A $20,000 $100,000
Augmentation of EWP Work 18,19 | JCM 18 05 Fair N/A Fair Fair $20,000 $100,000
Lower James Canyon - The Farmers 16 JCM 16 02 Better Fair d N/A $100,000 $500,000
10487 Left Hand Canyon 15 LHCM 15 27 Fair Better Better N/A $20,000 $100,000
10332 Left Hand Canyon 24 SGM_ 24 01 Fair Fair Fair N/A $20,000 $100,000
Lickskillet Road and Left Hand Canyon Drive

Intersection Vicinity 15 LHCM 15 26 Fair Fair Fair N/A $100,000 $500,000
Left Hand Canyon Drive Road River Interface 14 LHCM_ 14 25 Better Better Better N/A $20,000 $100,000
8973 Left Hand Canyon 13 LHCM 13 24 Fair Better Better N/A $20,000 $100,000
8614 Left Hand Canyon 13 LHCM 13 23 Fair Better Fair N/A $100,000 $500,000
8404-8398 Left Hand Canyon 13 LHCM 13 22 Better Better Better N/A $100,000 $500,000
7933 -7817 Left Hand Canyon 13 LHCM 13 20 Better Better N/A $100,000 $500,000
Glendale Gulch Drainage and River 13 LHCM 13 19 Better Better Better Better $100,000 $500,000
7164 - 7160 Left Hand Canyon 12 LHCM 12 18 Better Fair Fair N/A $20,000 $100,000
6897 - 6738 Left Hand Canyon 12 LHCM 12 17 Better Fair Better N/A $100,000 $500,000
6232 Left Hand Canyon 12 LHCM_12 16 Better Fair Better N/A $20,000 $100,000
5974 Left Hand Canyon 12 LHCM_12 15 Fair Better Fair N/A $100,000 $500,000
5901 - 5001 Left Hand Canyon 11 LHCM 11 14 Better Better Better N/A $100,000 $500,000
5001 Left Hand Canyon 10 LHCM_10 13 Better Fair Better N/A $20,000 $100,000
4333 Left Hand Canyon 10 LHCM 10 12 Better Fair N/A $100,000 $500,000
3988 Left Hand Canyon 9 LHCM 09 10 Fair Fair Better N/A $100,000 $500,000
Below Left Hand Canyon Mountain Park to Box

Culvert/Crossing 9 LHCM 09 09 Better Better Better Fair $1,000,000 $3,000,000
Reach 9 Box Culvert to Reach Break 9 LHCM 09 08 Better Better Better N/A $20,000 $100,000
Buckingham Park 8 LHCM_08 07 Fair N/A Fair Better $20,000 $100,000
Buckingham Park to Crossing 8 LHCM_08 06 Better Fair Fair N/A $500,000 $1,000,000
2156 Left Hand Through 1934 Left Hand 8 LHCM_08 05 Better Fair Better N/A $20,000 $100,000
1029 James Canyon to Lower End of EWP Work 17 JCM_17 03 Better Fair Better N/A $100,000 $500,000
Upper James Creek 20 JCM_20 06 Fair N/A N/A N/A $20,000 $100,000
Little James Creek 21 LJCM 21 01 Better Fair Better N/A $500,000 $1,000,000
Geer Canyon 22 GCM 22 01 Better Fair Fair Better $500,000 $1,000,000
Sixmile Cutbank Stabilization 23 SMCM 23 01 Fair N/A Better N/A $100,000 $500,000
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5.4.3 Selected Projects

The following five projects represent those selected by AMEC as being the most important to increase the
safety and stability of Left Hand Creek. They potentially increase the safety of local residents, address
system instabilities, and/or address issues that have the ability to destabilize a large portion of the
downstream channel.

5.4.3.1 Stream Stabilization along the Road-Stream Interface in the Canyon Reaches

Boulder County Transportation anticipates the cost to re-build the canyon roads being approximately $60
million. This cost estimate includes Left Hand Canyon Resiliency Elements such as the construction of
structures, re-alignment of the creeks, and re-assessing the road elevation with the goal of reducing flood
damage risk. Thus far, $8M of the $60M has been funded by FHWA, leaving $52M in unmet needs. They
have sought input for the road repair work, including examining alternative road alignments and designing
the interface between the road and stream. No other project has the potential to influence as much of the
stream as the roads project and interfacing the roads with the stream will be key for establishing river
channel stability.

In examining the landscape for alternative road alignments, strategies include eliminating crossings and
moving the road off of high energy river bends. Through much of the canyon, the current road alignment
remains on one side of the stream with relatively few crossings. Moving the road off of high energy bends
would require additional crossings. As discussed in Section 5.2.2, crossings can be designed to better
facilitate the passage of sediment, debris, and aquatic organisms. Moving the road off of high energy
bends can help protect the road from flood damage, but the resources need to be available to design the
crossings appropriately. This could potentially eliminate some of the maintenance need in the watershed
and is an option that should be explored more thoroughly.

Through much of the canyon, the road and river are directly adjacent to each other. Constructing the road
and stream improvements in tandem offers the advantage of improving the function of each. For example,
in higher energy reaches (e.g., Reach 9) energy dissipation features (e.g., drop structures) can be tied to
the road embankment. The drop structure will reduce the force of the stream felt by the road embankment.
The use of setback riprap facilitates the armoring of the road embankment while also facilitating ecosystem
and stream function. Native materials should be graded over top of the riprap, but will require soil
amendments in order to establish vegetation. In areas with enough width to accommodate it, the
development of floodplain benches should be facilitated. Depending on their elevation relative to the
stream, these benches can act as active floodplain, dissipate energy, store transported sediments, and
capture debris.

5.4.3.2 Reach 16- Lower James Canyon Neighborhood

In the lower portion of James Canyon (Reach 16) a collection of homes line the road and river. The
canyon is relatively tight through this reach and heavily influenced by bedrock spurs or pinches. This high
energy environment has a large lower energy pocket before tightening back up as James Creek
approaches the confluence of Left Hand Creek. The homes are located in the pocket, which aggraded
considerably during the flood. As a result, the channel sits perched above (in some cases as much as 10
feet above the pre-flood channel) the surrounding floodplain which currently is inundated with sediment and
debris. To make matters worse, the channel has been pushed against bedrock on the south side of the
valley and confined in that location by an unstable berm constructed in response to the 2013 flood. In an
emergency action, residents dammed the stream, redirecting flow back to their crossing so they could
access their home. Unfortunately, the work is not stable and may catastrophically fail under higher flow
conditions. Additionally, the channel is adjusting to this change in alignment by cutting into the upstream
neighbor’s yard. To further compound the aggradation, evidence exists in several locations of slope

failures adding sediment and debris to the area. Overall, this area is very unstable, and in its current
condition, will act as a sediment and debris source zone, impacting the reaches below. Given the
instabilities present as a result of the emergency channel work, it is likely that the stream will breach the
berms, flushing much sediment and debris downstream. Road drainage through this reach has been
impacted, and several homes along this reach are regularly inundated from road and hillslope drainage.

The issues in this problem area are fairly straightforward and involve re-grading the channel and floodplain.
The channel should be re-aligned and stabilized closer to the road through 762 and 639 James Canyon
Drive, but can then be pushed further from the road at 556 James Canyon Drive. Drainage needs to be
established in coordination with the road work at 764, 444, and 420 James Canyon Drive. Below these
properties, 379 James Canyon Road has already received restoration work by the property owner. This
stretch could benefit from additional drop structures as the stream gradient increases through here with the
road and stream directly adjacent to each other. This section of road was heavily damaged and additional
drop structures would help dissipate stream energy.

5.4.3.3 Streamcrest Neighborhood

The Streamcrest neighborhood is located on the upstream side of the US 36 crossing. During the flood,
the US 36 crossing plugged up causing extensive aggradation through the neighborhood. In an
emergency action, the NRCS excavated a channel, cleared debris and allowed flows to pass through the
US 36 crossing. The excavated channel is fairly straight and homogenous, and is elevated 4-6 feet above
the pre-flood channel. The level of aggradation in this reach has altered some of the drainage patterns,
sending road runoff towards the home at 8696 Streamcrest Drive.

Streamcrest sits at an ecologically and geomorphologically sensitive location. Ecologically, the area is an
important transition zone between the canyon and plains environments. Geomorphologically, the area is
an alluvial fan, meaning that it is a landform shaped by the stream dropping transported material and
frequently changing its alignment. This behavior makes restoration of this area challenging as it is very
difficult to pin down a channel where its natural evolution is to frequently deposit sediment and change
alignment.

The restoration strategy for this reach involves increasing the capacity of the US 36 crossing, lowering the
channel, increasing channel complexity, and providing as much space for the channel to move as possible.
This strategy hinges upon removing much of the deposited material so that the channel can both be
lowered and given space to move. Natural stabilization techniques and materials should be utilized
through this reach to both stabilize the channel and increase ecosystem function. At the upstream end of
the project, the channel makes a sharp bend to the south. Flood flows are unlikely to make this bend,
avulsing directly to the west toward the location of the NRCS channel. To account for this behavior, the
channel established by the NRCS work should be maintained as an overflow channel. Establishing this
overflow will give the stream an outlet, or release, during flood conditions. From this point downstream to
the US 36 crossing, there is some flexibility about where to precisely put the channel. It is strongly
recommended to give the channel as much width as possible, using the conceptual drawing for the Partly
Confined, Wandering River Style as guidance. A compound channel, including side and overflow
channels, will work to dissipate future flood energy and help capture sediment and debris. CDOT has
initiated a project to re-size the culvert at the US 36 crossing. Given the sediment load and laterally active
nature of the channel, a bridge would be preferred in this location. As discussed in the transportation
section (5.2.2), maintaining a compound channel geometry through the bridge will help maintain sediment
transport and aquatic organism passage. The entire Streamcrest area may require soil amendments for
vegetation to grow as the composition of the deposition is mainly sand.
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5.4.3.4 Neighborhood at 634 and Niwot

The neighborhood at 63™ and Niwot (known as Brigadoon Glen west of 63" and Oriole Estates east of 63
suffered much damage from the September floods. Upstream of the neighborhood, through the Haystack
Public Golf Course and Driving Range, the channel has responded to the flood by incising into the
floodplain, leaving unstable vertical banks. As seen throughout the watershed, crossings were plugged
with debris and unable to pass water. As a result, properties on either side of the crossing were exposed
to avulsion or backwater effects which destroyed stream banks and inundated homes. The crossing on
Strath is a double span box culvert which partially plugged, causing the undercutting of large trees on the
channel banks just downstream of the crossing. The 63™ Street crossing is a much larger bridge with a
mid-span pier that appears to be sized very conservatively for flooding. The abutments on both sides of
the crossing are heavily armored with grouted rip rap. Left Hand Creek approaches the structure at an
angle, with the structure widening the channel considerably. The widening of the channel, coupled with the
mid-span pier, induces deposition at that crossing, and as a result, sediment and debris accumulate. It is
important to note that given the duration, magnitude, and sediment load of the September 2013 flood, the
63" Street Bridge performed well. Crossings of any type are, fundamentally, weak points in the river under
flood conditions. Removing them altogether is optimal, but clearly not practical. Downstream of this
crossing, the channel has aggraded significantly, reducing capacity. At the break between reaches 3 and
4, just west of 63", a diversion structure diverts most or all of the water into the Williamson Ditch. The
diversion is not constructed for fish passage or sediment transport and as a result, is rapidly aggrading,
requiring frequent maintenance.

Treatments for this project involve stabilizing the banks and addressing the channel issues around the
crossings. The large cutbanks through the section of channel along the golf course need to be cut back
stabilized as they are in danger of being undercut and collapsing. The Crossing at Strath Street should be
reviewed for flood capacity and sediment transport. In order to reduce the aggradation issues at the 63™
Street Bridge, opportunities to re-align the channel to a more direct approach should be considered. There
appears to be room for channel re-alignment, pending cooperation from the landowner. Given the amount
of sediment likely to pulse through the watershed, this bridge should be monitored as part of the larger
watershed maintenance plan. The frequency at which the crossing will require maintenance is likely larger
than an annual time scale and ultimately dependent upon the timing and magnitude of stream flows.
Downstream of the bridge, channel capacity should be restored and possibly increased to lower the base
flood elevations in the area. Finally, the diversion structure should be considered for retrofitting and/or
replacement to account for aquatic organism passage and sediment transport.

5.4.3.5 Longmont Phase II Flood Control

The City of Longmont Lefthand Creek Flood Control Project — Phase Il addresses flooding issues on Left
Hand Creek from Pike Road to Main Street. The project has a design (work completed by Muller
Engineering) and is awaiting funding. This section of Left Hand Creek has experienced some major bank
failure which appears to be a product of mass wasting, fluvial and backwater flooding effects. Stream
banks along Kanemoto Park were hit particularly hard. Currently, the reach is severely aggrading which is
being (temporarily) exacerbated by repair work being performed by the City of Longmont. (Much of the fine
sediment will flush out once repairs are complete.)

The channel work proposed as part of the Phase Il project mainly involves riprap armoring the channel
banks and capacity improvements achieved by laying the banks back to a 3:1 slope. The project will
certainly increase channel capacity, lowering base flood elevations, but opportunities to increase
ecosystem function and aesthetic value should be explored. This reach could benefit from an increase in
channel complexity through the addition of habitat features and natural bank stabilization methods. These
features can be used to facilitate the creation of a low flow channel which will improve habitat conditions
and help maintain sediment transport, reducing aggradation. It should be noted that due to the increase in

channel roughness proposed by the conceptual strategy for the Entrenched, Residential Channel River
Style, the cross sections as detailed in the Longmont Phase Il plans may need to be widened to achieve
the desired capacity.

6 Next Steps
6.1 Master Plan Implementation

6.1.1 Coalition Leadership

Identifying a lead agency will help enable the Coalition to coordinate implementation activities. The LHCC
already has several established agencies and watershed groups in its membership. One of these existing
agencies could potentially “house” the LHCC. The LHCC will need to determine its organizational capacity,
and members will need to affirm their commitment to collaboration.

6.1.2 Seeking Funding

One of the Coalition’s primary responsibilities will be pursuing funding to implement the projects identified
in the LHCWMP. There are several grant and loan programs that fund watershed restoration and flood
mitigation projects. It is important to monitor these funding sources for deadlines. Many of the sources
described here award grants on an annual basis, but some funding is tied to specific disasters and has a
smaller window of opportunity.

6.1.2.1 Funding Sources

Colorado Water Conservation Board

CWCB has several loan and grant programs related to watershed restoration. Some of these programs,
including the Colorado Healthy Rivers Fund and Colorado Watershed Restoration Grant, are explained in
further detail here. Please go to http://cwcb.state.co.us/LoansGrants/Pages/LoansGrantsHome.aspx for
the complete list of CWCBs loan and grant programs.

Colorado Healthy Rivers Fund

The Colorado Healthy Rivers Fund was established by CWCB, the Water Quality Control
Commission, and the Colorado Watershed Assembly. This grant can be used for projects such as
erosion control, watershed restoration, water quality monitoring, flood protection, etc. Locally-based
watershed protection groups are eligible to apply for a grant from this program. Grant applications
are due April 30" of each Vvyear. Further details are available at
http://cwcb.state.co.us/LoansGrants/colorado-healthy-rivers-fund-
grants/Pages/main.aspx#ExampleProjects.

Colorado Watershed Restoration Grant

Money from the Colorado Watershed Restoration Grant program can be used to projects that involve,
stream restoration, erosion control, restoration of riparian areas, flood hazard reduction, etc. CWCB
will provide the application upon request. See http://cwcb.state.co.us/LoansGrants/colorado-
watershed-restoration-grants/Pages/main.aspx for additional information.

Community Development Block Grant — Disaster Recovery

The Colorado Department of Local Affairs (DOLA) received grant dollars to fund flood recovery programs
through the Community Development Block Grant — Disaster Recovery (CDBG-DR) program, administered
by the U.S. Department of Housing and Urban Development (HUD). The first phase of CDBG-DR funding
has already been allocated as of the writing of this document, but the Coalition can still pursue CDBG-DR
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funding in the second and third phases. The State of Colorado was awarded $199,300,000 in the second
phase. CDBG-DR funds can be used to help fund the long-term Coalition building effort. Some activities,
such as grant writing, cannot be funded with CDBG-DR money. Further information on CDBG-DR can be
found at http://dola.colorado.gov/cdbg-dr/.

Colorado Department of Agriculture

Trout Unlimited

EPA and CDPHE for Section 319

Fishing is Fun through Colorado Parks and Wildlife
National Fish and Wildlife Foundation

USACE

Colorado Parks and Wildlife Wetland program
Colorado Department of Local Affairs

Colorado Flood and Drought Response Fund

Colorado’s Flood and Drought Response Fund was created in 2012 and is managed by the CWCB. The
Fund can be used for flood and drought preparedness and for response and recovery activities following
flood or drought events and disasters. Up to $300,000 is available through this fund on an annual basis.

Colorado Department of Public Health and Environment

CDPHE has a few grant programs that may be applicable to future LHCC projects, including the Water
Pollution Control Revolving Fund and the Water Quality Improvement Fund. Additional details on these
grant programs are available at https://www.colorado.gov/pacific/cdphe/wqg-grants.

Colorado Watershed Assembly

The Colorado Watershed Assembly (CWA) is a support resource for watershed groups in Colorado. CWA
also acts as an advocate for these groups to work with other stakeholders and raise public awareness of
watershed issues. CWA lists several other private and government funding opportunities here:
http://www.coloradowater.org/Funding%200pportunities%20List.

FEMA Hazard Mitigation Grant Program

FEMA’s Hazard Mitigation Grant Program (HMGP) is authorized under Section 404 of the Robert T.
Stafford Disaster Relief and Emergency Assistance Act. HMGP funds can be used by state, local, and
tribal governments and private non-profit organizations to implement long-term mitigation projects after a
presidential disaster declaration and during the immediate recovery phase of a disaster. Visit
https://www.fema.gov/hazard-mitigation-grant-program for more information on HMGP, including frequently
asked questions, a list of eligible activities, and the HMGP guidance documents.

Basin Roundtables
The Colorado Water for the 21% Century Act established nine basin roundtables that represent Colorado’s
watersheds. The South Platte Basin Roundtable planning area includes the Left Hand Creek watershed.

Red Lodge Clearinghouse

The Red Lodge Clearinghouse was founded in 2001 as a collaborative natural resources management
website. The site includes brief overviews of natural resources management loan and grant programs and
a list of agencies that can provide assistance on collaboration and stakeholder engagement. It has a
searchable funding database at http://rlch.org/funding.

El Pomar Foundation

The ElI Pomar Foundation in Colorado Springs is a general purpose foundation that approves grants for a
variety of projects. The San Miguel Watershed Coalition was awarded $20,000 in 2011 to develop the
Dolores River Riparian Action Plan. General information on El Pomar Foundation grants can be found at
http://www.elpomar.org/what-we-do/grants.

Other sources similar to the EI Pomar Foundation may include the Bill and Melinda Gates Foundation
(http://www.gatesfoundation.org/How-We-Work/General-Information/Grant-Opportunities) and the Adolph
Coors Foundation (http:/grants.coorsfoundation.org/login.html?return=%2F). These are also general
purpose foundations that may approve grants for many different types of projects.

Additional State and Federal Sources
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Glossary
Aggradation: The depositing of sediment within the channel bottom

Avulsion: The process by which significant erosion occurs at the downstream end of a Reach which
results in a drastically different channel alignment

Degradation: The removal of sediment within the channel bottom
Deposition: The depositing of sediment within the channel bottom

Detention: The storage of flood water with a controlled release for the purposes of reducing flood-related
impacts

Drop Structure: A structural provision installed within the channel to transition the channel from a higher
elevation to a lower elevation in a short horizontal distance in an attempt to establish a stable channel
slope

Ecology: The branch of biology dealing with the relations between organisms and their environment
Ecosystem: A system formed by the interaction of a community of organisms with their environment

Embankment: A bank, mound, or similar feature designed to hold back water, carry a roadway, etc.

Erosion: The removal of sediment within the channel bottom, from channel banks, or across various land
surfaces

Floodplain: The land adjacent to the channel that becomes inundated with water during a flood event

Geomorphology: The study of the characteristics and development of channel features such as shape,
slope, and layout

Hydraulics: The depth, width, and velocity of water within a channel and floodplain
Hydrology: Quantity of surface water runoff generated from a specific rainfall event
Infrastructure: Features such as roads, bridges, utilities, etc.

LiDAR: Technology utilizing plane-mounted laser apparatus to collect high resolution topographic
information

Runoff/Stormwater: Surface water that is generated during a rainfall event and not absorbed by the
ground or evaporated into the atmosphere

Turbidity: Measurement of the clarity of a liquid

Watershed: Area of land where all the water that is under it or drains off it goes to the same place
ultimately
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