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Who is this report for?

Report Overview

The Left Hand Watershed Center (Watershed Center) developed this report for diverse stakeholders
across Boulder County, including land managers, academic researchers, environmental organizations,
and interested public. As such, the goal of this report is to convey sound science to a broad audience,
including the public, and to support decision-making for land managers.

What is in this report?
The 2022 State of the Watershed Report showcases data collected using methods vetted by our local
partners and show a complex story because our watersheds are complex ecological systems!
We collect these ecological data annually to track the status of, or progress toward, desired conditions
in our watersheds. These desired conditions are collaboratively defined goals for watershed health
outlined in our Adaptive Management Plan, which was developed as part of our Adaptive Management
at Scale project (more details on page 5).
The tables and figures in this report show trends in data that inform "key takeaways and next steps,"
where we distill important findings and make recommendations for how we plan to proceed. These
data provide insight into the ecological conditions of Boulder County watersheds, both over time (longterm monitoring) and in response to disturbances such as flood, drought, or fire (discrete monitoring).
In addition to reporting on new data from 2022, this report includes an overview of our Adaptive
Management Process and updates on previous State of the Watershed report priorities. While data
discussed in this report were collected in the St. Vrain and Left Hand Watersheds, future monitoring
will cover the St. Vrain Basin (including Boulder Creek Watersheds).
Many of our partners have developed plans and reports that provide in-depth analysis of foundational
information such as long-term climate trends and local geography. These serve as important context
for reviewing and discussing the data we collect. Resources can be found here:
St. Vrain Basin 319 Plan (keepitcleanpartnership.org)
St. Vrain Left Hand Stream Management Plan Phase 1 (svlhwcd.org)
For more technical details and background, you can find additional information in:
previous State of the Watershed Reports
Adaptive Management Plan
the Methods section of this report (see page 10).

Future Reporting
Future reporting is essential to building a shared understanding of ecological conditions and project
priorities in the St. Vrain Basin. As such, we will continue to monitor, vet, and share data with our
diverse partners and stakeholders. Future reports will integrate shared monitoring data among
partners, leveraging shared knowledge among experts, and may focus on a subset of monitoring
categories depending on collaboratively identified priorities. The Adaptive Management Process is
founded upon iterations of monitoring and collaboration, where we have the opportunity learn, adjust,
and implement multi- benefit projects in light of changing conditions.
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The following are definitions to key terms used in this report.

Key Definitions

St. Vrain Basin: A sub-basin of the South Platte River Basin that includes the watersheds of St. Vrain,
Left Hand, Boulder Creeks. The St. Vrain Basin generally overlaps with Boulder County.
St. Vrain Watershed: A general term for all watershed area that drains into St. Vrain Creek upstream
of the confluence with Boulder Creek. This area extends from the Continental Divide in the
southwestern portion of Rocky Mountain National Park through the City of Longmont. Watersheds
(and creeks) that make up this area include North St. Vrain Watershed (North St. Vrain Creek), South St.
Vrain Watershed (South and Middle St. Vrain Creeks), and Left Hand Watershed (Left Hand and James
Creeks).
Left Hand Watershed: A Watershed in the southern portion of the generalized St. Vrain Watershed,
which includes James Creek and Left Hand Creek. Left Hand Creek Watershed ends at the confluence
of Left Hand and St. Vrain Creeks in the City of Longmont.
Boulder Watershed: A general term for all watershed area that drains into Boulder Creek upstream
of the confluence with St. Vrain Creek. This area extends from the Continental Divide west of
Nederland to the east of Longmont. Watersheds (and creeks) include Headwaters Boulder Creek
Watershed (North Boulder, Middle Boulder, and Fourmile Creeks), South Boulder Watershed (South
Boulder Creek), and Coal Creek Watershed (Coal Creek).
Adaptive Management Process: A structured, iterative process of collaboration, ecosystem
monitoring, and decision making that aims to inform that status of ecological conditions and prioritize
projects. The Adaptive Management Process is foundational to the Watershed Center's Adaptive
Management Plan, which guides collaboration, monitoring, and management of ecological conditions.
Adaptive Management at Scale (AM at Scale) project: A project that aims to collaboratively
monitor and manage watershed conditions across the St. Vrain Basin. Through this project, the
Watershed Center developed an Adaptive Management Plan (Plan) in partnership with a diverse group
of partners and stakeholders across Boulder County. The Plan uses the Adaptive Management Process
to monitor ecological conditions across the St. Vrain Basin to identify areas of good ecological health
as well as areas of concern. Data collected as part of AM at Scale and recommendations by the
Watershed Center for project prioritization are shared with partners to enact restoration projects that
benefit individual watershed and overall basin-wide ecological health.
Adaptive Restoration: Based on adaptive management principles, adaptive restoration is an iterative
process of assisting the recovery of an ecosystem that has been degraded or destroyed. Pre-project
data is collected, restoration actions occur, and post-project data is collected, with changes and
improvements to project design occurring as new information is learned.
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Key Definitions

Stage Zero Restoration: A restoration technique designed to increase geomorphic (form of the
landscape) complexity and ecological condition by broadening the floodplain and installing a variety of
restoration techniques such as multi-threaded channels, beaver dam analogs, off-channel ponds, or
wetlands. Combined, these features dissipate the energy of a stream across a valley floor to create a
wetland complex as opposed to a single channel that transports the majority of water. The Watershed
Center used a combination of Stage Zero techniques at a foothills site along Left Hand Creek and will
be using the Adaptive Restoration Process to evaluate how this restoration technique increases
geomorphic complexity, ecological resilience, and attenuates fluxes.
Beaver Dam Analogs (BDAs): Channel-spanning, semi-porous constructed structures that mimic
naturally created beaver dams. They are frequently used in restoration projects to mimic the flow
attenuation effects of beaver dams.
Benthic Macroinvertebrates (BMI): A group of aquatic insects that are large enough to see without
a microscope that inhabit the bottom of stream beds. They are important indicators of overall water
quality and aquatic food web complexity because some taxa are sensitive to pollutants themselves,
and they all serve as an important food source for other higher trophic level species like fish.
Multi Metric Index (MMI): A unit-less score on a 1-100 scale derived from various metrics from the
BMI community. The MMI score is a useful metric to evaluate the BMI community and water quality
because it distills a complex ecological community down to one number. When MMI scores are found
at sites that are below state established thresholds, more investigation can be done to understand
what is causing poor scores, which would likely be representing poor water quality.
Tolerance Indicator Value (TIV): A unit-less score on a 0-10 scale derived from the BMI community
that captures the cumulative effects of sedimentation events to the BMI community. This metric is
intended to be a biological indication of local sedimentation (e.g., bank/upland surface erosion, urban
runoff) or flow issues in mountainous and foothills reaches. Higher values indicate the BMI community
is more tolerant of fine-sediment deposits.
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Adaptive Management Process

Since 2017, the Watershed Center's Adaptive Management Plan (Plan) uses an Adaptive
Management Process (Fig. 1) to monitor and manage watershed conditions, developed
collaboratively with partners under the Adaptive Management at Scale (AM at Scale) project.
Adaptive management offers the flexibility and accountability necessary to manage complex and
changing ecosystems. Using this process, we gather input from partners and stakeholders to
define watershed health goals (desired conditions), quantitatively track progress towards our goals
(monitor), and adjust management or monitoring actions iteratively, based on what is learned.
Iterating these steps is necessary to assess the status of and progress toward desired conditions,
to adjust regularly based on what is learned, and to inform project prioritization and planning.
This 2022 State of the Watershed Report focuses on monitoring efforts using adaptive
management in the river and riparian areas and post-fire forests in Left Hand and St. Vrain
Watersheds. Notably, these results help inform adaptive management across the St. Vrain Basin,
which includes the Left Hand, St. Vrain, and Boulder Watersheds, as part of the
collaborative
Adaptive Management at Scale project (monitoring begins in June 2022).

Based on existing Partner
plans. Reviewed and updated
collaboratively to reflect
cross-basin perspective

Circles: Each step in the process
Dashed Lines: Role of collaboration
Highlight: Notable timeframe

Desired
Conditions

Adjust and iterate
at all steps based
on what is learned

Complementary and
coordinated data collection
across basin-wide sites

Monitor

Adjust

Field work starts
June 2022
Based on
collaborative
prioritization for
multi-benefit and
cross-boundary
results

Projects

Watershed
Watershed
Report
Report

Coordinated
communication for
stakeholder and
community audiences
with cross-basin context

Collaborative
Collaborative
Workshop
Workshop
Workshop and working
groups bring together
diverse Partners to
prioritize and plan crossboundary projects

Annually,
starting
May 2022

Figure 1. The Adaptive Management Process used to monitor and manage watershed conditions
across the St. Vrain Basin developed under the
Adaptive Management at Scale project. The
Watershed Center has used a process similar to this since 2017 and began expanding it in 2020.
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Desired Conditions

Desired conditions (Fig. 2) represent goals for ecological conditions for the St. Vrain Basin and are
used to guide monitoring at representative sites. These ecological desired conditions incorporate:
(1) existing partner monitoring and management plans, (2) climate change (e.g., climate
adaptation and resilience to flood, fire, and drought), (3) stakeholder/community values (e.g.,
infrastructure, safety), and (4) cross-boundary collaboration (multi-benefit solutions across
human and natural boundaries from the headwaters to the urban corridor). Desired conditions
are listed below.

Figure 2. Desired Conditions for St. Vrain Basin developed by the Watershed Center and Partners.
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Priorities

The Watershed Center’s 2021 State of the Watershed Report identified priorities based on quantitative
data and reports, local expert knowledge, and discussions among stakeholders. Here, we provide an
update on each of these priorities as well as links
to more information.

Forest Health
2021 Priority (Summarized)*
Develop an adaptive
management plan for forest
restoration and fire
mitigation; Implement
projects; Support USFS
National Environmental
Policy Act (NEPA) process.
Conduct post-fire monitoring
and management

2022 Update
Through coordination of the
St. Vrain Forest Health
Partnership, planning, prioritization, and implementation of
cross-jurisdictional forest restoration in the St. Vrain Basin is
underway, guided by a collaboratively developed
Adaptive
Management plan. This includes support of the
NEPA Process
through community outreach and scientific feedback. We are
also conducting a
fire mitigation project in Jamestown.
First year of post-fire monitoring and adaptive management was
completed at the Calwood and Lefthand Fires.

Sediment Catchment
2021 Priority*
ID and implement sediment
catchment/Stage Zero
projects in priority areas.
Revegetate with species that
are adapted to drier future
conditions.

2022 Update
Started two new sediment catchment projects in priority areas:
Camp St. Malo Concept Designs for restoration on Cabin Creek
upstream of Highway 72 and a Design-Build implementation
river restoration project on the South St. Vrain upstream of
Lyons.
Continued monitoring and stewardship of vegetation in
fg Adaptive Restoration experiment.

Fish and Passage
2021 Priority*

2022 Update

Continue relationship
building, project planning,
and development of fish
and passage projects.

Developed concept designs for two projects:
Left Hand Valley
Diversion and Haldi Diversion.
Stocked and monitored survival of Northern Red Belly Dace
introduced in Stage Zero restored off channel pond.

Project Prioritization and Monitoring
2021 Priority*

2022 Update

Develop strategic
monitoring designs that
address stakeholder
priorities and a
collaborative process.

Developed strategic
two-pronged monitoring design for longterm and discrete monitoring across the St. Vrain Basin. Results
are included in this report.
Began project prioritization process via a
collaborative
workshop and working groups. Results will be included in fall AM
at Scale plan update.

*Full 2021 priority details are available in the 2021 State of the Watershed Report, page 4 HERE.

7

Monitoring

Collecting monitoring data provides a quantitative assessment of a site's trajectory toward desired
conditions and how it is changing over time (e.g., with the climate). For example, if the desired
condition is quality instream habitat for aquatic life, then an informative indicator (quantitative
data collected) may be percent sands in riffle habitat. A strategic two-pronged monitoring
approach (Fig. 3) allows flexibility for a combination of on-going long-term monitoring at
representative sites and periodic discrete monitoring for specific issues or management concerns
(e.g., post-fire impairment or understanding changes driven by a management action such as
forest thinning). As described earlier, this year's 2022 State of the Watershed Report focuses on
long-term and discrete monitoring efforts in the river and riparian areas and post-fire forests in
Left Hand and St. Vrain Watersheds.

Strategically Selected Monitoring
Sites and Efforts

Long-Term
Monitoring Sites

Used to track long term ecological trends at sites
that represent conditions across the
heterogeneous landscape including river and
riparian, grassland, and forest areas.
Represent a combination of common and desired
conditions, with emphasis on sites that tend
towards desired given realistic limitations like
surrounding land use or water management
needs.

Discrete Monitoring
Efforts

Used to assess impacts from disturbances or
projects.
Selected to assess specific management
concerns about known issues or
disturbances.
May occur at long-term sites or new sites,
and are selected collaboratively with Partners
during the adaptive management process.

Figure 3. An overview of long-term and discrete monitoring sites and efforts included in the
Watershed Center's adaptive management process.
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Desired
Conditions
2021 Monitoring Categories

Table 1 below describes how long-term and discrete monitoring efforts (from 2021 and prior)
relate to Desired Conditions and monitoring questions in the Left Hand and St. Vrain Watersheds.
Notably, long-term and discrete efforts focus on a subset of the Desired Conditions in Figure 2
(Water Quality, Geomorphic Process, Streamflows, and Instream Habitat) based on annual
collaborative planning and monitoring priorities.
Table 1. Long-term and discrete monitoring categories and descriptions included in 2021
monitoring.
Long-Term Categories

Relation to Desired Condition

Flows and Precipitation

Drivers of ecological function, provide context to ecological indicators.

Sediment

Implications for local sediment sources, effectiveness of flushing flows, and
habitat suitability.

Benthic
Macroinvertebrates (BMI)

Biological indicator of water quality impacts, including sedimentation.

Instream Habitat

Indicator of habitat complexity and possible sediment or flow issues.

Riparian Vegetation

Indicator of habitat suitability, trajectory of native plant populations, and
ecological disturbance.

Discrete Categories

Monitoring Question(s)

Post-Fire Impacts in
Rivers

1. Does post-Calwood fire runoff increase percent sands during low flow at
impacted (downstream) sites on Left Hand and South St. Vrain Creeks?
2. Does post-Calwood fire runoff impair the benthic macroinvertebrate (BMI)
community at impacted (downstream) sites on Left Hand and South St. Vrain
Creeks?

Post-Fire Impacts in
Forests

1. How does understory community composition differ among burned and
unburned meadows and burned and unburned mitigated and unmitigated
forests?
2. Is understory community composition more resilient (e.g., more native
composition, vegetated cover, structure) to fire in meadows and mitigated
forests than unmitigated forests?

Post-Tanker Rollover

1. What are the spatial and temporal impacts of the tanker rollover on the BMI
community, a critical part of river and riparian systems?

Mining Impacts in
Rivers

1. How does Captain Jack mine drainage impact aquatic life in Left Hand Creek
during the reclamation process?
2. Where are potential sources of water quality impacts from abandoned mines
in Upper Left Hand Watershed?

Adaptive Restoration

1. How does a Stage Zero restoration site increase geomorphic complexity,
ecological resilience, and attenuation of fluxes?

9

2021 Monitoring
Methods
Desired Conditions

Monitoring methods for each ecological indicator are selected based on partner feedback and best
available science. Our methods aim to collect actionable data that complements existing data
collection efforts. Below in Table 2 is a summary of all our methods and the associated monitoring
categories (listed in Table 1). You can find clickable links to all methods on our website
HERE, in
Table 2 below, or embedded throughout the Long-Term and Discrete results sections of this
report.
Table 2. Table of methods used to collect data for the 2022 State of the Watershed Report.
Method

Wolman Pebble
Count

Brief Description and Associated Monitoring Categories
Wolman Pebble Count (Wolman 1954) adapted from the US Forest Service Pacific
Northwest Region Stream Inventory Handbook. This method is used to assess the
following Monitoring Categories: Long-Term Sediment and Discrete Post-Fire Impacts
in Rivers.
Reference: Wolman, M.G. 1954. A method of sampling coarse river-bed material.
Transactions of the American Geophysical Union. 35(6): 951-9.

BMI Riffle Habitat
Kick Sample

Riffle habitat kick sample method developed by Colorado State Department of Public
Health and the Environment Water Quality Control Division. This method is used to
assess the following Monitoring Categories: Long-Term BMI, Post-Fire Impacts on
Rivers, and Post-Tanker Rollover.

Habitat Channel
Unit Form

Instream habitat method modified from the US Forest Service Pacific Northwest
Region Stream Inventory Handbook. This method is used to assess Long-Term
Instream Habitat.

Riparian
Vegetation

Riparian vegetated community composition point-intercept method modified from the
Colorado Emergency Watershed Protection Program Flood Recovery Monitoring. This
method is used to assess Long-Term Riparian Vegetation.

Upland
Understory
Vegetation

Upland understory vegetated community composition line-point-intercept method
modified from the US Department of Agriculture's Monitoring Manual for Grassland,
Shrubland, and Savanna Ecosystems.

Pool Sediment

Fraction of fine sediment in pools method developed by the US Forest Service Pacific
Southwest Research Station (Hilson and Lisle 1993). This method is used to assess
Discrete Adaptive Restoration.
Reference: Hilton, S and T. E. Lisle. 1993. Measuring the fraction of pool volume filled
with fine sediment. USDA Forest Service Res. Note PSW-RN-414-WEB. 1993.

10

Long
Term
Monitoring
Desired
Conditions
Long-Term Monitoring

In 2021, we continued to monitor long-term sites, most of which were established in 2018 and
2019, in the river and riparian systems of Left Hand and St. Vrain Watersheds (Fig. 4). These sites
were selected to capture variability at multiple sites in different eco-geomorphologies (i.e.,
canyons, foothills, plains) and hydrologies (e.g., main stem reaches and tributaries broken at
confluences). Monitoring at long-term sites aims to track trends in ecological indicators and our
trajectory towards achieving Desired Conditions in the face of climate change and watershed
disturbances. Over time, and complementary to discrete monitoring efforts, these data will inform
management and prioritization of projects for partners.
In the pages to follow, we discuss monitoring results and next steps based on long-term
monitoring categories (see Table 1 for reference).

Figure 4. 2021 long-term monitoring locations in Left Hand and St. Vrain Watersheds, located
within the St. Vrain Basin. Left Hand Watershed locations included (and represent): Forest Meadow
(upper Left Hand Canyons), US Buckingham (lower Left Hand Canyons), Legacy 1 (Foothills), 63rd
Street (plains). St. Vrain Watershed locations included (and represented): Riverside (Middle St.
Vrain Canyons), DS SSV (South St. Vrain Canyons), Hall (South St. Vrain Foothills), Apple Valley
North (North St. Vrain Foothills), Bullock (St. Vrain Plains). Note that this map includes other parts
of the St. Vrain Basin, including Boulder Watershed, which is included in future monitoring.
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Desired
Conditions
Long
Term
Monitoring
Long-Term
Monitoring

Flows and Precipitation
As drivers of ecological conditions, we evaluate annual peak flows for each watershed and
precipitation within Boulder County. The timing, duration, and magnitude of flows are critical for
transporting sediment, connecting floodplains, and maintaining instream habitat and riparian
condition. The figures below show the daily average flow for Left Hand Creek and St. Vrain Creek
and the monthly precipitation within Boulder County. Note that the Left Hand Creek and St. Vrain
Creek gages shown here do not represent exact flows for all monitoring sites. They are shown as a
general representation of flows in the Left Hand and St. Vrain Watersheds. Other flow gages and
data are available through Colorado Division of Natural Resources.
Flows: In 2021 (shown in yellow in Fig. 5 below), annual peak flows occurred from late April
through late June in both creeks. Timing (April onset) of annual peak flows was earlier than recent
years (2019 and 2020) and this year (2022) for both creeks. Maximum peak flow in Left Hand Creek
occurred on June 9th at 179 cfs, which is typical for Left Hand Creek compared to the historic
average, between 150-200 cfs. Maximum peak flow in St. Vrain Creek occurred on June 7th at 1090
cfs. Notably, peak flow duration in both creeks was flashy during this time, only lasting up to 72
hours in each occurrence, and 2020 peak flows were much lower in St. Vrain Creek than recent
years. Flashy peak flows and lower peak discharges could have implications for changing
geomorphic processes and ecological conditions due to changing climate regimes.

Figure 5. Daily average discharge
(cfs) for Left Hand Creek (top)
near Boulder
LEFCRECO, Colorado DNR)
(
and St. Vrain Creek (below) at
Lyons
(
SVCLYOCO, Colorado DNR)
for 2019-2022. Note that Left
Hand Creek also has a 23-year
historic average and the y-axis
scales for discharge are different
between panels.
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Long
Term
Monitoring
Desired
Conditions
Long-Term
Monitoring

Flows and Precipitation
Precipitation: In 2021 (shown in yellow on Fig. 6), total monthly precipitation in Boulder County
was within or above the historic 30-year climatology range (1991-2021), except for falling below
the range in October and November. While these monthly precipitation data are generally within
climatic range for Boulder County, Left Hand and St. Vrain Watersheds did experience heavy
rainfall in May and monsoon rain storms through July. These events likely benefitted the riparian
corridors, but they also caused heavy erosion in the 2020 Calwood Burn scar, resulting in black
water (high flows filled with fine sediment and ash) events in Left Hand and St. Vrain Creeks. These
events can impact aquatic life and water delivery. We investigate these impacts more on our
discrete Post-Fire Impacts in Rivers monitoring on page 27.

Figure 6. Total monthly rainfall for Boulder County from 2019-2022 and the 1991-2021 Climatology
Range (+/- 1 standard deviation from the average). Data from
National Oceanic and Atmopheric
Administration Physical Sciences Laboratory.
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Long-Term Monitoring

Sediment
Related
Desired
Conditions
Indicator
and Why?

Geomorphic Process
Flows
Instream habitat
Percent sands captures annual fine sediment deposition in transport units (e.g.,
riffles).
Has implications for local sediment sources (e.g., bank/upland surface erosion,
urban runoff), effectiveness of flushing flows at transporting fine sediment, and
habitat suitability in mountainous and foothills reaches.

Key takeaways and next steps
Accumulation of fine sediment can be an issue because it settles and homogenizes the stream
bed, decreasing available habitat for macroinvertebrates. No sites in the Left Hand or St. Vrain
Watersheds had sediment issues as no measurements exceeded thresholds as defined by their
sediment region (Fig. 7). Sites located in the canyons have a lower threshold than sites located in
the foothills because fine sediment is expected to accumulate further downstream. Plains sites do
not have associated sediment regions, and thus thresholds, as they are expected to have the
highest percentages of sands.
Notably, the average percent sands at sites on the South St. Vrain (DS SSV Park and Hall US) and
St. Vrain (Bullock) creeks increased from 2020 to 2021. While post-fire surface erosion may have
caused an increase in sands at Hall and Bullock (both downstream of Central Gulch, the main
source), there was also an increase upstream of post-fire impacts (DS SSV Park). To learn more
about our post-fire sedimentation discrete effort, see the Post-Fire Impacts in Rivers monitoring
on page 27.
What's next? We will continue to monitor percent sands at all long-term sites. We will assess
post-fire disturbance on a finer scale (e.g., more sites in closer proximity) and more frequently at a
combination of long-term and discrete sites under a discrete monitoring effort.

Photo of fine ash (dark in color) deposited
in a pool at Hall US on the South St. Vrain
Creek.

Wolman pebble count method used
to calculate percent sands. Click the link to
read more on methods.
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Long-Term Monitoring

Sediment

Figure 7. Average percent sands at long-term sites in Left Hand (top) and St. Vrain (bottom)
Watersheds from 2018/2019-2021. Sites are oriented upstream (left) to downstream (right).
Horizontal, red dashed lines represent thresholds for the sediment region associated with each site, if
applicable (
CDPHE WQCD R31:98-1, 2014). Data below the threshold line indicate no issue
(signified with a thumbs-up) and data above the threshold line indicate a potential issue (thumbsdown). Error bars= one standard error from the average; number above each bar= sample size.
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Long-Term Monitoring

Benthic Macroinvertebrates
Related
Desired
Conditions

Indicators
and Why?

Water Quality
Geomorphic Process
Flows
Instream Habitat
The Multimetric Index (MMI) score is derived from the BMI community
composition, and it captures the cumulative effects of water quality impacts to the
BMI community in riffles on a semi-annual or annual basis. This metric is intended
to be a top-level indication of underlying water quality issues (either acute or
chronic events; e.g., runoff, water availability, surrounding land use) and habitat
suitability.
The Sediment Tolerance Indicator Value (TIV) is derived from the BMI community
composition, and it captures the cumulative effects of sedimentation events to the
BMI community in riffles on an annual basis. This metric is intended to be a
biological indication of local sedimentation (e.g., bank/upland surface erosion,
urban runoff) or flow issues in mountainous and foothills reaches.

Key takeaways and next steps - MMI

Most long-term sites in Left Hand and St. Vrain Watersheds were above the MMI attainment
threshold indicating good water quality, with the exception of 63rd Street (representative of
Plains on Left Hand Creek) (Fig. 8). This site has intermittent flows, with dry-up periods in the
late summer through early fall, and may have poor MMI scores due to these flow conditions.
What's Next?
We will continue to collect MMI scores annually at long-term sites as well as at sites that
address specific issues-based discrete monitoring questions (e.g., Post-Fire Impacts in
River, Post-Tanker Spill). See more details on other BMI monitoring in the Discrete
Monitoring section on page 26.
We will assess the low score at 63rd Street by establishing a new Plains site on Left Hand
Creek that does not have dry up issues and monitor MMI scores at both sites to assess if
dry up conditions are contributing to the score at 63rd Street. If they are, we understand a
potential solution to improving MMI at this location would be improving flows and will
continue to work with partners to assess the feasibility of improving flows in this reach.

Near-dry conditions at 63rd Street in
late summer.

CDPHE Water Quality Control Division
Kick Sample
method used to collect BMI samples and calculate MMI
and TIV scores. Click the link to read more on methods.
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Long-Term Monitoring

Benthic Macroinvertebrates

Figure 8. MMI scores at long-term sites in Left Hand (top) and St. Vrain (bottom) Watersheds from
2018/2019-2021. Sites are oriented from upstream (left) to downstream (right). Horizontal, black
upper dashed lines represent attainment thresholds for each site's associated biotype region and
lower red dashed lines represent impairment thresholds (
CDPHE WQCD R31:10-1, 2020). Data
above the attainment threshold indicate no issue (signified by a thumbs-up) and data below the
impairment threshold indicate a possible issue (thumbs-down). Data that fall between the two
thresholds warrant further investigation.
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Long-Term Monitoring

Benthic Macroinvertebrates
Key takeaways and next steps - TIV
All long-term sites were below the TIV threshold, indicating that BMI were not impaired by
sedimentation issues (Fig. 9). However, at Forest Meadow (representative of Canyons on Left
Hand Creek) TIV scores have been steadily increasing since 2018, indicating potential
sedimentation issues in the future. This may also be due to the increased beaver activity
downstream of this site that is pooling and slowing down flow, and therefore causing
deposition of fine sediment.
What's Next? We will continue to monitor TIV scores at all long-term sites (excluding nonapplicable Plains sites) as well as at sites that address specific issues-based discrete
monitoring questions (e.g., Post-fire Impacts in Rivers). See more details on other monitoring
in the Discrete Monitoring section on page 26.

Photos of new beaver activity at the
Forest Meadow on Left Hand Creek in
2021.
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Long-Term Monitoring

Benthic Macroinvertebrates

Figure 9. TIV scores at long-term sites in Left Hand (top) and St. Vrain (bottom) Watersheds from
2018/2019-2021. Sites are oriented from upstream (left) to downstream (right). Horizontal, red
dashed lines represent thresholds for the sediment region associated with each site, if applicable
(
CDPHE WQCD R31:98-1, 2014). Data below the threshold line indicate no issue (signified with a
thumbs-up) and data above the threshold line indicate a potential issue (thumbs-down). Thresholds
do not exist for plains sites because it is expected that sediment-tolerant BMI species exist here
(resulting in a high TIV score).
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Long-Term Monitoring

Instream Habitat
Related
Desired
Conditions
Indicator
and Why?

Geomorphic Process
Flows
Instream Habitat
Percent pools is a measurement of deep pools (i.e., enough for a fish to overwinter
or find cover). It is an indicator of available year-round habitat complexity,
effectiveness of flushing flows (e.g., annual scour and maintenance of pools), and
sedimentation.
Has implications for impacts of varying flow regime (e.g., presence or absence of
flushing flows that scour and maintain pools), local sedimentation, and development
(e.g., channel incision).

Key takeaways and next steps
The majority of long-term sites in Left Hand and St. Vrain Watersheds had a decrease in deep
pools (i.e., deep enough for a fish to overwinter or find cover) area from 2020 to 2021 (Fig. 10).
While pools are expected to have deposition at these sites, maintaining deep pool habitat is an
indicator of available year-round habitat complexity. A continued decrease in pool area may
indicate lack of appropriate flushing flows or excess sediment.
What's Next?
This metric will be monitored every three years at all long-term sites unless there is a
disturbance event (e.g., flood or fire). If we continue to see a reduction in pool habitat at sites
over time, we will investigate the need for increasing habitat complexity or implementing pool
maintenance.
We will also continue discrete pool monitoring at our Stage Zero project site. This monitoring
aims to document the sediment attenuation capacity of constructed Beaver Dam Analogs
(BDAs) and mainstem pools from year to year. To learn more, see our Adaptive Restoration
discrete monitoring on page 43.

Photo of the
Instream Habitat
Method, modified from the UDSA Forest
Service, we use to assess % pools in a
sample reach. Click the link to read more
on methods.

A pool at US Buckingham in the Canyons of Left Hand
Creek is filling in with sediment since it was
restored/constructed in 2018. In 2021, the pool was
primarily functioning as a glide (shallow, slow moving). This
is an example of how sedimentation in pools can be
tracked by the % pool metric. While glides are still habitat,
we are focused on tracking deep pools as an indicator of
year-round habitat complexity.
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Instream Habitat

Figure 10. Percent pools at long-term sites in Left Hand (top) and St. Vrain (bottom) Watersheds from
2019-2021. Sites are oriented from upstream (left) to downstream (right). While there is no metricvalue threshold for percent pools, we track increasing or decreasing trends over time. Decreasing
trends may indicate an issue. N/A indicates no survey was conducted at that site that year.
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Riparian Vegetation
Related
Desired
Conditions
Indicators
and Why?

Geomorphic Process
Flows
Riparian Condition
Species richness and proportion of native/introduced vegetation cover captures
invasion by non-native plant species as well as the trajectory of native plant
populations. This metric has implications for habitat suitability, maintenance of
native plant populations, and ecological disturbance (such as lack of flushing flows
or channel incision).
Structural diversity captures diversity and quality of wildlife habitat. This metric has
implications for habitat suitability and population maintenance/growth of wildlife
species.

Key takeaways and next steps

Species Richness
Long-term sites in Left Hand and St. Vrain Watersheds generally have higher native species
richness than introduced in upper and lower riparian areas with the exception of 63rd Street
(Plains of Left Hand Creek; Fig. 11).
Notably, two foothills sites (Legacy 1 on Left Hand and Hall US on South St. Vrain) have the
highest number of species (total and native), indicating the ecological significance of this
transition zone for native species.
Proportion of native and introduced vegetation cover
Similar to richness, most long-term sites had more native cover than introduced except the
upper riparian of 63rd Street (Fig. 12). Introduced species competition in the Plains is a
concern, especially in upper riparian areas with drier habitat and more land use disturbance.
Structural Diversity
Most long-term sites show good structural diversity, which provides habitat for a variety of
wildlife (Fig. 13). Most sites have moderate tree cover and healthy understory and ground
cover made up of native and introduced species.
What's Next?
Consider the high native richness in Foothills Zone as a
benchmark to identify more areas of good native
composition, as well as areas of concern.
Collaborate with partners on weed control priorities in
upper riparian Plains, as these areas are prone to more
competition and disturbance.
Continue monitoring every three years to identify trends.
Photo of the
Foothills Legacy 1
site on Left Hand
Creek showing
geomorphic and
ecological
complexity.

Photo of
riparian monitoring
methods using point-intercept within
6-ft X 12-ft plots along a transect. Pink
flags show plot corners of plot. Click
the link to read on methods.
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Riparian Vegetation
Species Richness

Figure 11. Species richness of native and introduced species at long-term sites in Left Hand (top) and
St. Vrain (bottom) Watersheds. Sites are oriented from upstream (left) to downstream (right). Error
bars = one standard error from the average; number above each bar = sample size. No defined
threshold, though decreasing native and increasing introduced richness may indicate an issue.
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Riparian Vegetation
Proportion of Native vs. Introduced Cover

Figure 12. Proportion of vegetation cover by native and introduced individuals at long-term sites in
Left Hand (top) and St. Vrain (bottom) Watersheds. Sites are oriented from upstream (left) to
downstream (right). The dashed black line at 0.50 represents the 50% proportion line as a visual aid.
No defined threshold, though decreasing native species and increasing introduced species
proportions may indicate an issue.
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Riparian Vegetation
Structural Diversity

Figure 13. Proportion of native and introduced individuals and their growth forms at long-term sites
in Left Hand (top) and St. Vrain (bottom) Watersheds. Sites are oriented from upstream (left) to
downstream (right). The dashed black line at 0.50 represents the 50% proportion line as a visual aid.
Shades of purple and green represent different growth forms for introduced and native species,
respectively. No defined threshold, though dominance of a single growth form would indicate a
potential issue.
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Discrete Monitoring

Discrete monitoring efforts are developed on an on-going basis based on the need to assess discrete
impacts, issues, or projects within the basin. Discrete monitoring efforts are selected by joint partnerprioritization based on monitoring data (e.g., long-term monitoring thresholds are not being met),
knowledge of known issues or expected impacts of disturbances (e.g., impacts of fire, nutrient loading, or
environmental spills), and projects (e.g., pre/post project monitoring on restoration or management
project). In 2021, we focused on five monitoring categories (Table 3). In the pages that follow, we discuss
questions, locations, indicators, and results for each discrete effort.

Table 3. Discrete monitoring categories, context, and report location (page number) prioritized for 2021
monitoring in St. Vrain and Left Hand Watersheds.
Discrete
Categories

Context

Pg.
#

Post-fire
Impacts in
Rivers

The Calwood Fire burned over 10,000 acres in St Vrain and Left Hand
Watersheds in October 2020. Rivers are susceptible to post-fire runoff,
impacting the water supply and aquatic life.
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Post-fire
Impacts in
Forests

The Calwood Fire burned over 10,000 acres and the Left Hand Fire burned
more than 400 acres in St Vrain and Left Hand Watersheds in October 2020.
Due to high burn severity, forest landscapes were left bare and are
susceptible to erosion and poor regeneration.

32

Post-Tanker
Rollover

In April 2021, a tanker carrying gasoline was involved in a rollover accident on
Highway 36 northwest of Lyons. An estimated 1,000-1,600 gallons of gasoline
were spilled at the site, although it is not known how much flowed into North
St. Vrain Creek. A fish kill was observed over 3 miles downstream of the spill,
indicating immediate impacts to aquatic life.
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Mining
Impacts in
Rivers

Historical legacy mining continues to impact rivers in the upper Left Hand
Watershed. While millions of dollars have been put forth to restore mines and
improve conditions, abandoned mines still continue to leave stretches of
creek in the watershed impaired through acid mine drainage. Notably, in Fall
2018, a mine water release from the Captain Jack Mill Superfund site resulted
in a fish kill for up to eight miles downstream on Left Hand Creek.
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Adaptive
Restoration

Stage Zero restoration is a restoration technique designed to dissipate the
energy of a stream by creating multiple channels through a valley floor to
create a wetland complex as opposed to a single channel that transports the
majority of water. This restoration technique has the potential to reduce
future impacts of climate change such as drought, floods, and fire. Adaptive
Restoration aims to assess the ecological benefits of this restoration design.
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Discrete Monitoring

Post-Fire Impacts in Rivers
Known Issue: The Calwood Fire burned
over 10,000 acres in St Vrain and Left
Hand Watersheds in October 2020.
Rivers are susceptible to post-fire runoff,
impacting the water supply and aquatic
life.
Black water (filled with ash and fine sediment)
coming from the Calwood Burn via Geer Creek
into Left Hand Creek in May 2021. Photo:
Watershed Science and Design.

Discrete
Monitoring
Questions

Does post-Calwood fire runoff increase percent sands during low flow at
impacted (downstream) sites on Left Hand and South St. Vrain Creeks?
Does post-Calwood fire runoff impair the BMI community at impacted
(downstream) sites on Left Hand and South St. Vrain Creeks?

Indicators
and Why

Percent sands to assess post-fire sedimentation
BMI community scores to assess post fire runoff impacts on aquatic life:
MMI
Shannon Weiner Diversity
Hilsenhoff Biotic Index (HBI)

Locations
and
Methods

Our monitoring design assessed impacts of post fire runoff from two main
tributaries: Geer Creek that flows into Left Hand Creek and Central Gulch that flows
into South St. Vrain Creek. To do so, we leveraged existing data and monitored at
sites on Left Hand Creek and South St. Vrain situated upstream and downstream of
these tributaries. On Left Hand Creek (Fig. 14 top), we compared past and present
data from two upstream sites (Legacy 1 US and Legacy 1 DS) to one
downstream/impacted site (Ranch). On the South St. Vrain Creek (Fig. 14 bottom) we
compared past and present data from one upstream site (SSV Park) to three
impacted sites downstream (DS Central Gulch, Deadmans, and Hall Meadows).
Methods for percent sands and BMI were the same as used for long-term and
other discrete monitoring. Click links to read more on methods.
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Post-Fire Impacts in Rivers

Figure 14. Site locations on Left Hand Creek (top) and South St. Vrain Creek (bottom). Sites in green
(Legacy 1 US, Legacy 1 DS, and SSV Park) are reference or unimpacted sites. Sites in Red (Ranch, DS
Central Gulch, Deadmans and Hall Meadows) are all impacted, though there are reference or pre-fire
data also collected at most sites.
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Post-Fire Impacts in Rivers

Discrete Monitoring

Key takeaways and next steps
Overall, runoff from the Calwood fire had immediate impacts to water quality in Left Hand and St.
Vrain Watersheds, but those impacts improved the farther a site was downstream.
While still below the threshold, percent sands increased in all sites downstream of the fires. High
severity fire destroyed vegetation and created bare, hydrophobic soils, which increased surface
runoff flowing into creeks (Fig. 15). Continued growth of new vegetation, additional mulching on
bare ground, and river restoration projects should help decrease the amount of sediment flowing
into creeks into the future.
The BMI community was impacted at immediate downstream sites (DS Central Gulch and Ranch),
as indicated by a drop in diversity scores (Fig. 17) at both sites and impairments to MMI and HBI
(Fig. 16 and 18) at DS Central Gulch. This was likely due to increased sediment flowing into South St.
Vrain Creek. Fortunately, sites further downstream showed all scores were relatively consistent with
previous years' reference data.
What's Next?
We will continue to monitor impacts to water quality at these discrete sites in addition to long-term
sites to determine if sedimentation (percent sands) continues to be an issue and if the BMI
community remains impaired.
We will monitor BMI in a similar way to assess the post-Marshall Fire impacts on Coal Creek with
partners as the AM at Scale project expands to the Boulder Watershed in 2022.
We are prioritizing river and forest restoration projects that reduce the impacts of post-fire runoff
on drinking water supply, aquatic life, and overall watershed conditions, and we will consider
management actions to improve sediment trapping and implement pool management as
necessary.

Post-fire straw bale check dams are restoration
techniques used to capture sediment during
post-fire runoff in Heil Ranch and mitigate
post-fire impacts downstream. Photo: BCPOS.

Sediment buildup in a seasonally activated BDA
pond designed to attenuate sediment during
runoff. This restoration technique is also used
to mitigate post-fire impacts downstream.
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Discrete Monitoring

Percent Sands

Type of Impact
Post-fire
Reference

Figure 15. Average percent sands at sites in Left Hand (left) and St. Vrain (right) Watersheds from
2017/2020-2021. Sites are oriented from upstream (left) to downstream (right). Horizontal, red dashed
lines represent thresholds for each sediment region associated with each site, if applicable ( CDPHE
WQCD R31:98-1, 2014). Data below the threshold line indicate no issue (signified with a thumbs-up)
and data above the threshold line indicate a potential issue (thumbs-down). Error bars = one standard
error from the average; number above each bar = sample size. Blue bars represent reference data
(data collected upstream of the fire or before the fire). Yellow bars represent data impacted by the fire.

Photos of fine sediment deposition in a pool at Hall Meadows (left) and in a riffle at Deadmans (right).
Both sites were impacted by post-fire runoff on South St. Vrain Creek.
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Post-Fire Impacts in Rivers

Discrete Monitoring

BMI Community MMI Scores (Figure 16)

Type of Impact
Post-fire
Reference

BMI Community Diversity Scores (Figure 17)

BMI Community HBI Scores (Figure 18)

Figures 16-18. MMI, Diversity, and HBI scores at discrete sites in Left Hand (left column) and St. Vrain
(right column) Watersheds. Sites are oriented from upstream (left) to downstream (right) in each graph.
Horizontal, dashed lines represent thresholds for each biotype region applicable to each score
(
CDPHE WQCD R31:10-1, 2020). The thumbs up icon above or below the threshold line signifies
no issue and thumbs-down signifies a potential issue. Blue bars represent reference data (data
collected upstream of the fire or pre-fire). Yellow bars represent sites impacted by the fire.
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Post-Fire Impacts in Forests

High severity fires burn hot enough to crack
rock and create hydrophobic soils (water
repelling soils).
Discrete
Monitoring
Questions

Indicators
and Why

Locations
and Methods

Known Issue: The Calwood Fire burned
over 10,000 acres and the Left Hand Fire
burned more than 400 acres in St Vrain
and Left Hand Watersheds in October
2020. Due to high burn severity, forest
landscapes were left bare and are
susceptible to erosion, increases in
invasive species abundance, and poor
regeneration.

How does understory community composition differ among burned and
unburned meadows and burned and unburned mitigated and unmitigated
forests?
Is understory community composition more resilient (e.g., more native
composition, vegetated cover, structure) in meadows and mitigated forests than
unmitigated forests to fire?
Proportion of native vs. introduced cover to assess community cover types and
native establishment.
Species richness to assess composition of cover and potential encroachment of
introduced species.
Structure to assess ground cover types (including bare ground) and understory
canopy composition.
Our monitoring design assessed three burn sites and six site conditions within the
Calwood and Left Hand Fire scars. Burn sites included Left Hand (Left Hand Fire),
Calwood (Calwood Fire), and Heil (Calwood Fire) and site conditions included:
Unburned Unmitigated Forest, Burned Unmitigated Forest, Unburned Mitigated
Forest, Burned Mitigated Forest, Unburned Meadow, and Burned Meadow (Fig. 19).
Each burn site had all six site conditions except Heil, which did not have any
Unburned Meadows. Each site condition was represented by three transects.
Transects were monitored using a transect
line-point-intercept method. Click
the link to read methods.
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Post-Fire Impacts in Forests

Figure 19. Left Hand Burn transects for all six site conditions on private and Forest Service land (top)
and Calwood Burn transects (bottom) for site conditions on Calwood Education Center (Calwood
Sampling, bottom left) and Boulder County land (Heil Sampling, bottom right).
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Post-Fire Impacts in Forests

Discrete Monitoring

Key takeaways and next steps
Data shown in the figures in this section are from 2021 and reflect the immediate impacts that the
Calwood and Left Hand Fires had on vegetation in Left Hand and St. Vrain Watersheds. Notably, the
largest impact of the fires was a general increase in bare ground compared to unburned areas.
Proportion of native vs. introduced cover and richness: With the exception of mitigated forests
at Heil, introduced species do not appear to be an issue as introduced richness and proportion of
cover are generally low (Fig. 20 and 21). The high proportion of introduced species in burned
mitigated forests at Heil may be due to past mechanical disturbance. Stewardship (weed control
and planting/seeding) will be important these areas and areas with high bare ground to prevent
introduced colonizer species from establishing.
Structural diversity: Generally, there was a higher proportion of bare ground in burned forests
than unburned forests, with burned unmitigated having the most bare ground (Fig. 22). Vegetated
areas generally have varying growth forms, indicating good understory structural diversity.
Meadows were most resilient to the fires with little difference in bare ground between burned and
unburned conditions. However, introduced species were greater in burned meadows than
unburned meadows. Like other burned areas, burned meadows might need extra stewardship to
prevent establishment of introduced colonizer species.
What's Next?
These data highlight the need for stewardship in burned areas as the landscape revegetates,
focusing on introduced species that can establish and spread faster than native species.
These data also highlight the resilience of meadows in forest structure, as vegetative cover
rebounded in the first growing season after fire. Meadows and gap areas will be essential parts
of future forest restoration projects.
We will continue monitoring these locations to inform best management practices in the years
to come as the post-fire landscape continues to revegetate and/or introduced species get
established and spread.

Photos of burned unmitigated forest, burned meadow, and burned mitigated forest conditions from
left to right.
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Discrete Monitoring

Proportion of Native vs. Introduced Cover (Figure 20)

Native and Introduced Species Richness (Figure 21)

Structural Diversity of Cover (Figure 22)

Figure 20-22. Proportion of native and introduced cover (top), native and introduce richness (middle)
and structural diversity of cover for six site conditions in Left Hand (left column), Calwood (middle
column), and Heil (right column) sites in the Calwood and Left Hand burn scars. Site conditions include
Forest Mitigated Burned/Unburned, Forest Unmitigated Burned/Unburned, and Meadow
Burned/Unburned. Heil did not have an unburned meadow. The dashed black line at 0.50 represents the
50% proportion line as a visual aid. Species richness error bars = one standard error from the mean and
number above = sample size.
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Discrete Monitoring

The power of community science!
Front Range Fire Followers is a Watershed Center project that leverages volunteer power to capture species
observations across the entire growing season in the Calwood and Left Hand burn areas, getting a much more
detailed look at vegetation over time than our single annual monitoring effort. This project would not be possible
without our partners: Boulder County, Calwood Education Center, and private landowners. See the data collected
in the Calwood burn area below!
Fire Followers documented more than
150 species in the Calwood Fire burn
area from May through September of
2021 (Fig. 23). This type of community
science effort allows us to see how
species richness changes over time
from year to year and throughout the
growing season. We also use these
data to prioritize stewardship actions.
For example, this year we are focused
on conducting weed control on large
patches of Canada Thistle - a noxious
weed that will take over if left
unattended! Thanks to all our
volunteers - join us again this season!
Figure 23. Native and introduced species richness in the Calwood burn area for 2021 (left) and by month (right).
Species were surveyed by Front Range Fire Followers volunteers, a Watershed Center community science project
that uses iNaturalist to photo document and identify plant species. Species shown were given "research grade"
level of identification, meaning they were identified by more than one individual.

Photos from 2021 Fire Followers events. Photos: Watershed Center staff and Omar Pearlman.
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Post-Tanker Rollover

Apple Valley tanker spill along North St.
Vrain Creek in April 2021.
Discrete
Monitoring
Questions

Indicators
and Why

Locations
and Methods

Known Issue: In April 2021, a tanker
carrying gasoline was involved in a rollover
accident on Highway 36 northwest of
Lyons. An estimated 1,000-1,600 gallons
of gasoline were spilled at the site,
although it is not known how much flowed
into North St. Vrain Creek. A fish kill was
observed over three miles downstream of
the spill, indicating immediate impacts to
aquatic life.

What are the spatial and temporal impacts of the tanker rollover on the BMI
community, a critical part of river and riparian systems?

BMI community scores as indicators of water quality impacts:
MMI as an overall assessment of water quality impacts to aquatic life.
Percent intolerant taxa as an indicator of impacts to sensitive species
(mayflies, stoneflies, caddisflies) commonly found in Front Range streams.
Our monitoring design assessed BMI impacts over time and space using a beforeafter-control-impact (BACI) approach and included long term and new data at four
sites along North St. Vrain and St. Vrain Creeks (Fig. 24). Our reference/control site
(Button Rock) was located upstream of the rollover on North St. Vrain. Our beforeafter impact sites included two sites (Apple Valley North and South) downstream of
the rollover on North St. Vrain and one site (Bohn) on St. Vrain Creek. BMI samples
were collected in Spring 2021 immediately after the rollover and again in Fall 2021.
Kick sampling methods were the same as long term and other discrete
monitoring. Click the link to read methods.
Figure 24. Tanker
rollover monitoring
locations including an
upstream reference
(Button Rock), and three
impacted sites: Apple
Valley North (0.7 mi
downstream), Apple
Valley South ( 1.5 mi
downstream), and Bohn
(3.8 mi downstream on
St. Vrain Creek).
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Discrete Monitoring

Key takeaways and next steps
Overall, the tanker rollover impacted the BMI community downstream of the spill in North St. Vrain
Creek, but the BMI community appears to be recovering over time.
Sensitive species were immediately impacted by the gasoline in Spring 2021. At Apple Valley
North, the first site downstream of the rollover, MMI decreased from relatively stable levels prior to
the rollover to just above the attainment threshold (Fig. 25). Notably, percent intolerant taxa were
reduced by half at Apple Valley North and also dropped at the remaining two sites downstream (Fig.
26). This species loss was initially concerning, as these species (such as mayflies, stoneflies and
caddisflies) are critical to the aquatic ecosystem (e.g., fish and other wildlife food, nutrient cycling,
and organic matter breakdown).
By Fall 2021, however, sensitive species and the overall community rebounded. At all sites,
MMI and percent intolerant species were back to pre-rollover levels (Fig. 25 and 26). This rebound is
good news for reestablishing fish populations needing a quality food source.
What's Next?
Now that the BMI community has recovered to pre-rollover conditions, we will discontinue
monitoring at these discrete sites, although long-term monitoring at other sites in this area will
continue.
We shared these data with Colorado Parks and Wildlife (CPW) to help with their broader
assessment on impacts to aquatic life. In doing so, we learned that restocking will likely occur
this year. While Brown Trout (Salmo trutta) will likely reestablish on their own, CPW plans to
restock Rainbow Trout (Oncorhynchus mykiss).
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Post-Tanker Rollover

Figure 25. MMI scores at discrete sites along North St. Vrain Creek in St. Vrain Watershed. Sites are
oriented from upstream (left) to downstream (right). Horizontal, black upper dashed lines represent
attainment thresholds for each site's associated biotype region and lower red dashed lines represent
impairment thresholds ( CDPHE WQCD R31:10-1, 2020). Data above the attainment threshold
indicate no issue (signified by a thumbs-up) and data below the impairment threshold indicate a
possible issue (thumbs-down). Data that fall between the two thresholds warrant further investigation.
Blue bars represent reference data (data collected upstream of the rollover or before the rollover.
Green bars represent sites impacted by the rollover.

Figure 26. Percent intolerant taxa at discrete sites along North St. Vrain Creek in St. Vrain Watershed.
Sites are oriented from upstream (left) to downstream (right). Blue bars represent reference data (data
collected upstream of the rollover or before the rollover). Green bars represent sites impacted by the
rollover.
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Mining Impacts in Rivers

Photo from 2019 of the reclamation
occurring at the Captain Jack Big Five
Tunnel in upper Left Hand Watershed.

Known Issue: Historical legacy mining
continues to impact rivers in the upper Left
Hand Watershed. While millions of dollars
have been put forth to restore mines and
improve conditions, abandon mines still
continue to leave stretches of creek in the
watershed impaired through acid mine
drainage. Notably, in Fall 2018, a mine water
release from the Captain Jack Mill Superfund
site resulted in a fish kill for up to eight miles
downstream on Left Hand Creek.

The Watershed Center investigates impacts from abandoned mines through two efforts:
1. Captain Jack Assessment: a monitoring effort to assess water quality impacts from Captain Jack
on aquatic life (BMI) throughout the reclamation process.
2. Upper Left Hand Assessment: a monitoring effort to identify abandoned mine impacts
(including Captain Jack) on water chemistry in Upper Left Hand Watershed creeks: Left Hand Creek,
James Creek, and Little James Creek. These results can be found in a separate report. It is currently
in progress and will be linked here when available.
While these assessments are complementary and have implications for our overall understanding of
impacts and potential sources, results are shared separately in the pages to follow.

Indicators
and Why

Watershed Center staff
sampling after the
Captain Jack mine
release in 2019. The iron
precipitate in the stream
is an indication of acid
mine drainage.
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Mining Impacts in Rivers:
Captain Jack Assessment
Discrete
Monitoring
Question

How does Captain Jack mine drainage impact aquatic life in Left Hand Creek during the
reclamation process?

Indicators
and Why

MMI Score as an indicator of water quality impacts to BMI.

Locations
and Methods

Our monitoring design to assessed spatial impacts of mining on BMI. We included two
reference sites, one on Left Hand Creek upstream of the Captain Jack mine (Peak to
Peak) and one on James Creek (Harms), a main tributary to Left Hand with its own
legacy mining activities. The nine impact sites are situated throughout upper Left Hand
Creek from 0.5 miles to 15 miles downstream of Captain Jack (Fig. 27).
Kick sampling methods were the same as long term and other discrete
monitoring. Click the link to read methods.

Figure 27. BMI monitoring locations in Upper Left Hand Watershed on Left Hand and James Creeks.
Sites include two references: one upstream of the mine (Peak to Peak) and one on James Creek
(Harms), a major tributary, and nine impacted sites ranging from 0.5 to 15 miles downstream of
Captain Jack.
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Mining Impacts in Rivers:
Captain Jack Assessment
Key takeaways and next steps
MMI scores decreased downstream of the Captain Jack Mine after the release in October 2018,
indicating impacts to the BMI community, however most sites recover further downstream.
Notably, there may be other impairment sources at Upper Left Hand, Legacy 7, and Legacy 5 sites
from 2019-2021 (Fig. 28). While the Captain Jack Mine might not be impacting water quality, it is
possible that there are other sources of contamination flowing into Left Hand Creek.
What's Next? The Watershed Center will continue to monitor all sites during the Captain Jack
reclamation process and at Upper Left Hand, Legacy, 7, and Legacy 5 sites to identify the source(s)
of contamination. We plan to use remote sensed images/unmanned aerial vehicles (UAVs) to
conduct a spatial analysis over time paired with ground truthing to identify the source(s) of
contamination.

Figure 28. MMI scores at discrete sites along Left Hand Creek in Left Hand Watershed. Sites are
oriented from upstream (left) to downstream (right). Horizontal, black upper dashed lines represent
attainment thresholds for each site's associated biotype region and lower red dashed lines represent
impairment thresholds (
CDPHE WQCD R31:10-1, 2020). Data above the attainment threshold
indicate no issue (signified by a thumbs-up) and data below the impairment threshold indicate a
possible issue (thumbs-down). Data that fall between the two thresholds warrant further investigation.
Blue bars represent reference data (data collected upstream of the Captain Jack Mine on Left Hand
Creek or in James Creek). Red bars represent sites downstream of the mine on Left Hand Creek.
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Adaptive Restoration

Site photo of the Stage Zero design.

Adaptive Restoration aims to assess the
ecological benefits of the Stage Zero
restoration design. Stage Zero restoration
is a restoration technique designed to
dissipate the energy of a stream by creating
multiple channels through a valley floor to
create a wetland complex as opposed to a
single channel that transports the majority
of water. This restoration technique has the
potential to reduce future impacts of
climate change such as drought, floods,
and fire.

Overarching question: How does a Stage Zero restoration site increase geomorphic
complexity, ecological resilience, and attenuation of fluxes? *Note that this year we
are only featuring our assessment of sediment attenuation capacity in pools:
Sediment attenuation: What is the actual and relative sediment volume a BDA
can hold versus a restored mainstem pool?

Discrete
Monitoring
Questions

Absolute sediment volume as an indicator of how much sediment is deposited in
the pool year to year.
Relative sediment volume as an indicator of how much sediment a pool holds
relative to its size year to year.

Indicators
and Why

Locations
and Methods

Our monitoring design for sediment attenuation in BDAs assessed total and relative
sediment volume in three BDAs and three mainstem channel pools. The BDAs are
situated on a secondary channel upstream of the three mainstem pools (Fig. 29). We
measured sediment volume in pools during low flow using
methods developed by
Hilton and Lisle. Click the link to read more on methods.

Photo of monitoring pool
sediment in one of the
downstream mainstem
channel pools.
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Adaptive Restoration

Figure 29. Adaptive Restoration (1) BDA and
mainstem pool sediment monitoring locations
and (2) a close-up of BDA locations on the
Stage Zero Adaptive Restoration project area.

Key takeaways and next steps
As expected, the absolute volume of sediment held in a BDA is far greater than a mainstem pool,
totaling as much as 1,300 cubic feet of sediment in the farthest upstream BDA-3 (Fig. 30). Notably,
sediment volume decreased from upstream to downstream in the BDA sequence, indicating that
most sediment deposits upstream. Mechanical maintenance of the upstream BDA may be
necessary to prevent plugging and for the downstream BDAs to function as intended.
The relative volume of sediment in the upstream BDA-3 was similar to mainstem pools 1 and 2,
indicating these pools are holding a similar amount of sediment relative to their size (Fig. 31).
However, we expect the BDA's to continue filling with sediment and see this value increase and
exceed the mainstem pools from year to year.
What's Next?
The Watershed Center will continue to monitoring sediment volume in these pools in years to
come to assess the attenuation capacity of BDA's in the Stage Zero site over time.
We may need to manage the upstream BDA-3 by dredging out some of the sediment in order
for downstream ponds to continue to fill and function as intended.
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Discrete Monitoring

Adaptive Restoration

Figure 30. Absolute sediment volume in three BDAs and three mainstem pools (Ps) in 2020 and 2021
at the Stage Zero Adaptive Restoration site on Left Hand Creek.

Figure 31. Relative sediment volume (V*) in three BDAs and three Ps in 2020 and 2021 at the Stage
Zero Adaptive Restoration site on Left Hand Creek.
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Adjust and Iterate

Takeaways and Next Steps
Adjusting and iterating is inherent to the adaptive management process. Below, we consolidate what
was learned through monitoring and collaboration into takeaways and next steps for monitoring,
collaboration, and projects in 2022 and the future.

Key Takeaway
Sediment Capture
While Left Hand and St. Vrain
Watersheds currently do not have longterm sediment issues, post-fire runoff
has locally increased fine sediment and
impacted aquatic life. As expected, BDAs
in our Stage Zero design are attenuating
large volumes of sediment.

Flows
Most Left Hand and St. Vrain sites have
lost pool area over time. A continued loss
of instream habitat complexity could
suggest lack of flushing flows appropriate
for maintaining depositional areas that
are critical for habitat and attenuating
sediment and high flows. Aquatic life in
the Plains is also likely impacted by dryup conditions near diversion structures as
flows are diverted from the creek for
domestic and agricultural use.

Next Steps: Collaboration and Projects
Collaboration: Work with partners to identify
priority sediment capture locations and
sediment source issues in the St. Vrain Basin.
Projects: Implement river restoration projects
to strategically reduce impacts of current and
future fires and other sediment sources
downstream.
Projects: 2022 projects include Camp St. Malo
Concept Designs for restoration on Cabin
Creek upstream of Highway 72 and a DesignBuild implementation river restoration project
on the South St. Vrain upstream of Lyons.

Collaboration: Work with partners to
understand flow issues and opportunities for
managing flushing flows across the St. Vrain
Basin.
Projects: The St. Vrain Left and Hand Water
Conservancy District is leading a flow-related
focus group that aims to improve our
understanding of flows across St. Vrain and
Left Hand Watersheds and find opportunities
to improve water delivery.

Stewardship
While limited to one year of vegetation
monitoring, we found the upper riparian
plains and post-fire landscape (Calwood
and Left Hand) have stewardship needs.
There are a high proportion of introduced
species in the upper riparian areas of the
Plains, bare ground in unmitigated burned
areas, and weed control issues in
mitigated burned forests of the post-fire
landscape.

Collaboration: Continue annual collaboration
with partners to build consensus on crossboundary weed control priorities and projects.
Projects: Ongoing projects include weed
control in the Calwood burn area and
surrounding watersheds in partnership with
Boulder County, as well as continued adaptive
management in completed river restoration
projects.
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