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I. WQCC Summary

The Bear Creek Watershed is a specific geographic area identified in the Bear Creek Watershed Control
Regulation (Regulation #74, 5 CCR 1002-74) that requires special water quality management. The Bear Creek
Watershed Association is the local water quality agency responsible for implementation of monitoring and
tracking water quality in the Bear Creek Watershed.

Regulation #74 identifies the Association’s annual reporting requirements for presentation to the Water Quality
Control Commission (WQCC). The Bear Creek Watershed Association Annual Report includes five reporting
requirements as listed in the control regulation: 1) Summarize status of water quality in the watershed for the
previous calendar year. 2) Provide information on the wastewater treatment facilities loading and compliance
with permit limitations. 3) Nonpoint source loading and appropriate best management practices. 4) Demonstrate
through in-stream and reservoir data analyses the status of water quality goals and standards for the watershed.
5) Characterize any active phosphorus trading programs.

Status of Water Quality

The average inflow into Bear Creek Reservoir from both Turkey Creek & Bear Creek (1987-2018) was 30,123
acre-feet per year. The 2018 inflow is estimated at 7,000 acre-feet (Figure 1) with the May runoff flow at 27%
of the annual total flow. There was no flood stage (> 2,000 ac-ft) for BCR. The U.S. Army Corps of Engineers
lowered BCR from August to December by about 450 ac-ft.
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Figure 1 Estimated Bear Creek Reservoir Inflow 1987-2018

The estimated annual Bear Creek inflow into Bear Creek Reservoir was about 5,625 acre-feet (80%) and 1,375
acre-feet (20%) from Turkey Creek. The internal loading problem (total phosphorus) with Bear Creek Reservoir
has not diminished over the last 10-years (Figure 2). The total phosphorus deposition into reservoir bottom
sediments is about 35,930 pounds since 2008.

The reservoir continues to experience late summer phytoplankton blooms (2018 peak density of Diatoma
vulgare, peak biovolume of 2,623,626 um®/ml; BCWA TM 2018.09 BCR Phytoplankton Summary), which is
linked to the internal nutrient loading problem. The problematic bluegreen algae was Microcystis aeruginosa
(Peak density was 2,137 cells/ml with peak biovolume of 1,083,089 um?/ml. This biovolume of Microcystis can
produce harmful toxins. BCWA Fact Sheet 57 Cyanotoxins provides information on the potential toxic risk from
high concentrations of bluegreens and BCWA Fact Sheet 58 Cyanobacteria Guide BCR can be used to visually
identify major species. Fact Sheet 60 Managing Harmful Algal Blooms and Fact Sheet 61 HABs Exposure and
Risks were developed by the BCWA to help manage problem bluegreen blooms. The BCWA has identified
some strategies to address the internal loading problem (BCWA Policy 20 Preferred Management Strategies
EGL and BCR).
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Figure 2 Annual Total Phosphorus Deposition into Bear Creek Reservoir Bottom Sediments

The total phosphorus load from the watershed comes from a combination of wastewater treatment plant point
source loads, other sources (e.g., onsite disposal systems; see BCWA Policy 11 Vault & SS Disposal Systems),
nonpoint sources (e.g., onsite wastewater treatment systems, stabling operations [BCWA Policy 4 BC Manure
Management], roads, public lands, illegal dumping [BCWA Policy 18 Illegal Dumping], and regulated
stormwater runoff). The estimated total phosphorus load in 2018 from all sources reaching the reservoir was
well below normal with only about 741 pounds (90% from Bear Creek). There was about 18,250 pounds of total
nitrogen loading into the reservoir with 85% derived from the Bear Creek drainage.

The Association monitors watershed nutrients by major stream segments beginning near Mt. Evans (segment 7)
and extending downstream to Bear Creek Reservoir. 2018 was a below average nutrient loading year with 36%
of the total phosphorus (Figure 3) and 30% of the total nitrogen (Figure 4) load occurring in the May-June spring
runoff period. Most nutrient load comes from the Upper Bear corridor of segment 1a (above Evergreen Lake to
the Clear Creek County Line), and segment 1e, which is the mainstem of Bear Creek from Evergreen Lake to the
Harriman Ditch Diversion.

There was about 397 pounds of total phosphorus passed through Evergreen Lake, with an additional 128 pounds
added from the Cub Creek drainage. Additional total phosphorus loading into Bear Creek between Evergreen to
Morrison was over 5,700 pounds during the monitoring season with only about 13% reaching the reservoir. The
BCWA has established specific monitoring sites to better characterize specific tributary drainages with elevated
total phosphorus loading and develop improved management strategies for these areas (BCWA Policy 15
Nonpoint Source Strategies and BMPs). The BCWA also improved integrated planning efforts with other
agencies to help resolve several identified pollutant loading problems (BCWA Policy 29 BCWA Integration with
Other Planning Efforts).
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Figure 3 Total Phosphorus Loading by Stream Segments in the Watershed
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Figure 4 Total Nitrogen Loading by Stream Segment in the Watershed

Wastewater Treatment Facilities Loading and Compliance

In 2018, wastewater dischargers reduced total phosphorus waste load contributions to just 990 pounds annually.
BCWA analysis of the total phosphorus data record indicates that only about 20-35% of this total phosphorus
load from permitted dischargers reaches the Bear Creek Reservoir. Significant permit compliance problems
were reported for Geneva Glen for total phosphorus, which are being addressed under compliance orders with
the Water Quality Control Division. The Brook Forest Inn treatment facility is closed, and the owners no longer
participate in the Association cost share program. At closure, the treatment works was not in compliance with
Bear Creek Control Regulation #74.

The Bear Creek Cabins and the Singing River Ranch permitted wastewater treatment facilities are formally
closed and converted to onsite wastewater treatment systems. They also no longer participate in the Association
cost share program. The Tiny Town operation continues hauling wastewater off site and the treatment facility is
non-operational. The Jefferson County Mt. Evans Outdoor Laboratory has a new wastewater facility that began
operation in 2016. Some of the smallest dischargers are finding it difficult to meet the total phosphorus permit
limit of 1.0 mg/l, but they do meet their annual wasteload allocations.

Regulation 85 monitoring and reporting that took effect in 2014, continues as a watershed program. The program
collects nutrient monitoring data for most surface discharging wastewater dischargers. Larger WWTFs chose to
participate in BCWA watershed level Regulation 85 sampling and reporting in conjunction with stream sampling
for data comparability.

Nonpoint Source Loading

The BCWA tracks nutrient loading in the watershed. The studies detail information on OWTS, horse properties
and pastures, and unpaved roads. This data includes screening level analysis in EPA BASINS GWLF-E to
estimate non-point source contributions. Results and watershed data from the last 10-years indicate the annual
nonpoint phosphorus base-flow load from all sources in the watershed ranges from 5,000 to 6,000 pounds,
annually. A single major flood event in the watershed can generate 1,000 to 30,000 pounds of total phosphorus.
Clearly, only a fraction of this load transports to the Bear Creek Reservoir on an annual basis (Table 1).

The point source load of total phosphorus in 2018 (Table 1) was 990 pounds. The estimated nonpoint source
load in Bear Creek above the Harriman Diversion was about 1,000 pounds with about 50% of this load diverted
into the Harriman Diversion. On average over 18 years of data record, only about 30% of the total phosphorus
load reaching Bear Creek Reservoir is attributable to point sources (Figure 5). Some of the nonpoint source load
reduction can be attributed to improved Jefferson and Clear Creek county management practices for road
maintenance, construction practices, stormwater controls and land use controls. This 2018 nonpoint source
phosphorus loading was heavily influenced by the spring runoff period.



Table 1 Point Source versus Nonpoint Source Phosphorus Loading, Bear Creek Reservoir

2018 Total Phosphorus Loading (Pounds)

Toal TP PS %PS NPS %NPS
Turkey Creek Drainage 75 39 52.2% 36 48%
Bear Creek Drainage 666 951 142.7% -285 -43%
Discharged into Reservoir 741 990 133.6% -249 -34%
Site 45 Outflow BCR 409
BCR Total Phosphorus Deposition 332
Site 90 - Lower Bear Creek 747
NPS load increase between 45 and 90 | 45% 338 |

Total Phosphorus (pounds) Discharge from
WWTFs Reaching BCR

Figure 5 Point Source Load Reaching BCR

The nutrient data shows three areas along the mainstem of Bear Creek where elevated nonpoint source nutrients
are commonly measured: the mainstem of Bear Creek between Golden Willow and the Keys on the green
(Upper Bear Creek), downtown Evergreen, and below Idledale. The Tributaries with elevated nutrient loading
are Yankee Creek drainage, Troublesome drainage, Cub Creek drainage and Mt. Vernon drainage. Upper Bear
Creek, Troublesome and Mt. Vernon are addressed in BCWA WQSD02 Upper Bear, BCWA WQSD01
Troublesome and BCWA WQSD04 Mt Vernon.

The May watershed sampling period above Evergreen Lake represented a higher flow condition on both the
mainstem and tributaries throughout the upper watershed. In this higher flow period, Upper Bear segment was
the largest source of total phosphorus (90%) load. Under historic flow conditions, Vance Creek tributary is only
about 7-8% of both the TP and TN load to Bear Creek.

The BCWA special studies have shown an estimated 30-75% of the total phosphorus on the Troublesome
Drainage comes from a cluster of homes on OWTS located at the lower confluence of Stagecoach and the
northern drainage system. This same area contributes 90-111% of the total nitrogen load in the middle drainage.
A single horse stabling operation in lower Troublesome contributes about 25-60% of the TP load and about 12%
of the TN load reaching Bear Creek.

A special study of Cub Creek from 2013-2016 showed the tributary discharges from 250 to 3,040 pounds of total
phosphorus per monitoring season into Bear Creek downstream of Evergreen Lake. The 2018 total phosphorus
load was estimated at about 130 pounds during the monitoring season. The seasonal average total phosphorus
load in upstream waters is 304 pounds with the downstream average substantially increasing to 1,378 pounds.
There are an estimated 5,450 people in the Cub Creek drainage that utilize OWTS. The phosphorus load in this
drainage is likely a result of seepage from these OWTS located within the alluvial corridor.

The Association online system is a permanent management policy (BCWA Policy 21, December 2013).
Watershed plan and administration policies were developed by the Association, related to: priority zones, park
latrines, plan development, watershed boundaries, data collection, nonpoint source loading and strategies,



membership, recycling, illegal dumping, trading eligibility, and reservoir management strategies (See the
BCWA PGOI Master Index List and PGO2 Document Categories,> 20 categories of documents). Association
policies (35) are an essential component of the Association’s interactive online watershed plan. The
Association’s adaptive electronic watershed plan (www.bearcreekwatershed.org) helps to continually improve
watershed-planning efforts and provide tools and information to understand watershed dynamics. The
Association keeps the community informed about water quality, watershed programs and management activities
through a quarterly newsletter.

Status of Water Quality Goals and Standards

The Association has 37-years of active service to the watershed in Clear Creek, Jefferson and Park Counties.
The Association has 34-years of data and studies to support watershed science. During this time, the
Association has removed or immobilized about 376 tons of phosphorus in the watershed. The 87 volunteer-
years of effort by Association membership has helped waters in the watershed meet standards and classified
uses.

In 2015, the Water Quality Control Commission revised the chlorophyll standard to 12.2 pg/L.. The exceedance
threshold of 12.2 pg/L was derived with a “translator” developed with data from Bear Creek Reservoir. The
translator connects the concentration at the allowable exceedance frequency (once in five years) to the typical
concentration at the mesotrophic-eutrophic boundary (8 pg/L). The Commission also revised the phosphorus
standard to 22.2 pg/L.. The standard is calculated in two steps based on the methodology used to develop
statewide nutrient criteria for the 2012 Nutrient hearing. The first step involves the creation of a statistical
“linkage” between phosphorus and chlorophyll based on summer average concentrations measured in Bear
Creek Reservoir. The linkage is used to define the phosphorus concentration corresponding to the mesotrophic-
eutrophic boundary in the reservoir; that concentration is 16 ug/L. The second step involves a translator for
phosphorus that performs the same function described for the chlorophyll translator. The concentration at the
exceedance threshold is 22.2 pg/L.

The 2018 average seasonal total phosphorus of 61.8 png/L in Bear Creek Reservoir far exceeds the 22.2 pg/L
goal-standard. Average seasonal chlorophyll-a of 14.5 pg/L exceeds the 12.2 pug/L standard. The trophic status
of the reservoir remains at the Eutrophic-Hypertrophic boundary based on Carlson and Walker indices. Seasonal
average reservoir temperature in the top 2-meters of the water column were higher than normal. There were 32
exceedances of the Weekly Average Temperature (WAT) and 86 exceedances of the Daily Maximum
Temperature (DM). A new aeration system was installed in Bear Creek Reservoir (BCWA Fact Sheet 47 New
BCR Aeration System). The Association is monitoring the effectiveness of the aeration configuration and
oxygen transfer during the growing season. Lake aeration maintained dissolved oxygen levels at or above 6
mg/L throughout most of the growing season. There was one low oxygen excursion in August. There was
recreational fishing throughout the year.

In Bear Creek and Turkey Creek segments, there were several temperature compliance problems in the warm
and cold seasons with 77% compliance for the WAT and 95% compliance for the DM. Sampling and
monitoring were performed at 38 sites within the watershed at varying intervals. Measurements of pH and DO
showed 99% compliance for pH and 96% compliance for Dissolved Oxygen. There was 96% compliance for the
proposed Total Nitrogen of 1250 ug/L and 91% compliance for the proposed Total Phosphorus of 110 ug/L
below the treatment facilities. There were exceedances of the new total phosphorus standard measured at the
site-specific Summit Lake Fen study area (BCWA TM 2018.02 UBCW Summary).

Phosphorus Trading Program

There was no active total phosphorus trading by Association membership in 2018 (See Table 23 in the BCWA
2018 Annual Report for a status of trading activity summary). The Association has established four trading
policies to improve future trading programs (BCWA Policy I Trading Program, BCWA Policy 19 Nutrient
Trading Program Eligibility, BCWA Policy 26 Point to Point Trade Administration, and BCWA Policy 35
Membership Entity Termination and Permit Closure). The Association Coyote Gulch Restoration Project has
established the annual available total phosphorus trade pounds consistent with the Association trade program at
78 pounds (BCWA TM 2016.03 Coyote Gulch Summary). The project has effectively reduced total phosphorus
loading by about 75% on an annual basis (Figure 6).
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Figure 6 Total Phosphorus Reduction at Coyote Gulch Restoration Site

II. Bear Creek Watershed Association Program

The Bear Creek Watershed (Figure 7) is a specific geographic area identified in the Bear Creek Watershed State
Control Regulation (Regulation #74, 5 CCR 1002-74) (Control Regulation) requiring special water quality
management. The watershed includes all tributary water flows that discharge into Bear Creek Reservoir (BCWA
Policy 13 Watershed Boundary). The watershed extends from the Mount Evans Wilderness on the western end
to the Town of Morrison on the eastern end (BCWA Map 01 Watershed Boundary). The two major tributaries
are Bear Creek and Turkey Creek. The goal of the Control Regulation is to attain site-specific water quality
standards and classifications through control of total phosphorus and chlorophyll (BCWA Fact Sheet 10 Control
Regulation 74). The Bear Creek Watershed Association (Association) oversees implementation of the Control
Regulation (BCWA Fact Sheet 1 BCWA Overview, BCWA Policy 12 Vision Mission & Targets).

Figure 7 Bear Creek Watershed

The Association is the local water quality agency responsible for implementation of monitoring and tracking
water quality in the Bear Creek Watershed (BCWA Policy 13 Watershed Boundary). The Association
membership includes counties, local general-purpose governments, special districts (wastewater dischargers),
associate agencies, and local citizen groups (Table 2). The Association membership monitors point sources and
tracks nonpoint source practices, programs and loadings within the watershed. The Association management
and implementation programs are at a watershed level (BCWA Policy 28 BCWA Watershed Plan).



The Association provides watershed reporting as posted on the Association Website
www.bearcreekwatershed.org, which serves to keep federal, state, local governments and others informed on the
state of the watershed. The Control Regulation defines specific reporting requirements, which helps the
Association keep the Water Quality Control Commission and Water Quality Control Division staff updated on
progress of the Association in implementing the Control Regulation (BCWA Policy 29 BCWA Integration with
Other Planning Efforts).

Table 2 Association Membership, Dischargers and Participation
Members & Participants Wastewater 2018 Participation
Discharger
Counties
Jefferson County Active
Clear Creek County Active
City and Towns
City of Lakewood Active
Town of Morrison Yes Active
Water & Sanitation Districts
Aspen Park Metropolitan District Yes Active
Conifer Sanitation Association Yes Dues Paid, Not Active
Evergreen Metropolitan District Yes Active
Forrest Hills Metropolitan District Yes Active
Genesee Water & Sanitation District Yes Active
Geneva Glen Yes Dues Paid, Not Active
Jefferson County School District Yes Active
Kittredge Water & Sanitation District Yes Active
Tiny Town Foundation, Inc. Yes Not Paid, Not Active
West Jefferson County Metropolitan District Yes Active
Other Member
Denver Water Department Active
Denver Heath Attended
Participant Agencies

U.S. Army Corps of Engineers Attended
Jefferson Conservation District Active
WQCD Attended
ETU Active

' — Active membership is defined as attending 2 or more Board and/or TRS meetings (BCWA PGO32 By-Laws).

III. Status of Water Quality in the Reservoirs and Watershed

Monitoring Program Update

The BCWA monitoring plan details the 2018 reservoir and watershed monitoring programs as approved by the
BCWA Board and submitted to the Water Quality Control Division staff (WQCD). This monitoring plan serves
as a supplement to the adopted Association Quality Assurance Project Plan (Bear Creek Watershed Association,
2006). The 2018 monitoring program (version 2018.01 and version 2018.02) details changes, updates, major
continuation studies and monitoring program elements. The BCWA Policy 14 Data Collection in the Bear Creek
Watershed defines expectations for other groups or agencies that conduct overlapping monitoring activities
within the watershed.

The routine monitoring program (P1) focuses on Turkey Creek drainage and Bear Creek drainage inputs, and
discharge from Bear Creek Reservoir into lower Bear Creek with a central pool characterization of the reservoir
near the dam (Figure 8; BCWA site 40). The outlet structure is near BCWA site 41 with Bear Creek inflow near
BCWA site 44 and Turkey Creek inflow near BCWA site 43 (Site 43 and site 44 were not monitored in 2018).
The reservoir chemistry and biological characterization monitoring occurs at BCWA site 40. Vertical probe
samples for specific conductance, temperature, dissolved oxygen, and pH measured at /2 and 1-meter intervals at
all reservoir sites. The current monitoring program optimizes data generation to evaluate reservoir inflow

7



loading, chemical and biological changes within the reservoir, and reservoir outflow, while minimizing
monitoring cost. Figure 9 shows all active and historic monitoring stations within Bear Creek Park. The
Association maintains maps of recent and historic sampling sites, wastewater treatment plant locations and
special study areas in the Association’s electronic watershed plan.

P17 BERisie 41

{P1 BCR Site 40

Googl'.e” Earth

Figure 8 Reservoir Monitoring Stations; Site 40 is the Routine P1 Station (2018 image)

@) CoyotelGuichiSitel47a

@ CoyotelGulchiSite/47b!

Figure 9 Monitoring Stations (Active and Historic) in Bear Creek Lake Park

Watershed Studies

Stream Flow Studies

The BCWA obtains stream flow data at multiple stations throughout the watershed. Manual flows were
measured with most watershed-sampling events. For watershed sites, manual flows are measured at up to 17
sites during the May to November timeframe. Year-round flows are measured at the P1 sites. The Association
installed stream staff gages were destroyed by the September 2013 flood and they have not been replaced. The
Association also conducts tributary stream flow studies.



Hydrology

The BCWA evaluates the basin hydrology. In 2018, the total estimated annual discharge into Bear Creek
Reservoir was about 7,000 acre-feet (Figure 10) with about 6,300 acre-feet flow-through and 9% evaporation
and infiltration. The Reservoir wasn’t in flood stage in 2018 (Figure 11) with draw-down of the pool for about
five-months.

Bear Creek Reservoir 2018 In-Flow Estimates
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Figure 10 In-Flow Estimates by Month into Bear Creek Reservoir
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Figure 11 Flood Stage in Bear Creek Reservoir

Bear Creek flow diverts at the Harriman Ditch in Morrison, and a portion of the Turkey Creek flow diverts for
water uses. Bear Creek flow diverts into the Arnett-Harriman during the irrigation season. The Arnett-Harriman
ditch reduces flows in lower Bear Creek below 10 cfs in the operational season about 35% of the time. The
ditch systems can completely dewater lower Bear Creek for periods of up 15 consecutive days. For example, the
Harriman can divert water for up to 275 days with about 5,000 acre-feet of removal as reported by Denver Water
Department. Lower Bear Creek between the Harriman/ Ward ditch diversions and the inlet into Bear Creek
reservoir is often dewatered (<5 cfs flow) for about 50 days annually or 15% of the time. The BCWA analyzed
the nutrient load removal from the Harriman Ditch (Table 3). The diversion reduces the total phosphorus load to
Bear Creek Reservoir by about 20%. The 2018 diversion record is similar to the 1992-2017 data record.

Table 3 Harriman Ditch Nutrient Load Removal
DWD Harriman Ditch
. Season May-October

Segment BCWA Site Nitrate Pounds | TN Pounds | TP Pounds | Ac-Ft
Seg le Site 14a 12,468 25,806 3,275 24,885

Seg 4a Site 34 2,803 4,572 85 1,468
Total Above Harriman 15,271 30,378 3,360 26,353
Seg 1b Site 15a 11,536 25,095 2,652 16,519

Removal Harriman 3,735 5,283 708 9,834

% Removal 24% 17% 19% 37%




Comparing in-flow estimates at the Morrison gaging station (2018, 9,675 ac-feet) and at the BCWA site in Bear
Creek Park (2018, 6,988 ac-feet) provides an estimate of the amount of water diverted from the watershed by the
Arnett-Harriman Canal and Ward Ditch. For example, in 2018 the Bear Creek water use diversions reduced
flow to the reservoir by about 2,687 ac-ft (-28 %).

The reservoir inflow represents flows below the water diversions and is not representative of the total watershed
flows. Figure 12 compares the 2018 reservoir monthly inflow estimates from Bear Creek (80%) and Turkey
Creek (20%). Peak spring and stormwater runoff occurred in May 2018. Figure 13 shows the Bear Creek in-
flow estimates (1987-2018) above Bear Creek Reservoir, in Bear Creek Park. Figure 14 shows the flow
estimates at the Evergreen station. Additionally, the longer time trends shown in Figures 13 and 14 depict a
basic linear trend of declining flow in Bear Creek.

2018 Reservoir Inflow [Ac-Ft Per Month]

TOTAL MONTHLY INFLOW ACRE-FEET

Jun Jul
Bear Creek Inflow

Figure 12 Annual Flows into Bear Creek Reservoir
sy Estimated Bear Creek Reservoir Inflow (Acre-Ft/Year)
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Figure 13 Bear Creek Reservoir Inflow Estimates
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Figure 14 Bear Creek at Keys-on-the-Green, above Evergreen

Water Quality Studies

The BCWA summarizes its watershed-monitoring program in a data report (Bear Creek Watershed Association
Data Report, April 2018). The BCWA collects annual water quality data from multiple sampling locations
throughout the watershed. The watershed-monitoring program has three major water quality and environmental
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data generating elements, as defined in the Water Monitoring Program and Sample Analyses Plan Version
2018.01, BCWA January 2018, and subsequent annual updates:

1. Bear Creek Watershed surface water characterizations during selected months beginning at the

headwaters of both Bear Creek and Turkey with a primary focus on nutrients and base field parameters,

2. Bear Creek Watershed surface water temperature characterization by major stream segments for both the
cold and warm seasons, which is also defined in the Water Monitoring Program and Sample Analyses
Plan Version 2018.01 and subsequent annual updates.

3. Special water quality characterization and analyses studies completed on a site-specific basis.

The 2018 P1 data results are contained in the MS2018 Bear Creek Master Spreadsheet posted on the
Association website monitoring page and a specific watershed spreadsheet for the temperature data. Monthly
summary reports are provided to the Association Board. Stream and lake sampling and monitoring data,
including pH, Temperature, Dissolved Oxygen, Specific Conductance, Ammonia, Nitrate +Nitrite, Total
Inorganic Nitrogen (calculated), Total Nitrogen, Dissolved Phosphorus, Total Phosphorous, and Total
Suspended Solids were collected from July through September, including the special pollution study sites in
Mount Evans Wilderness Area. Stream and lake temperature data-loggers were placed at 16 sites, including the
Evergreen Lake profile station, and the Bear Creek Reservoir profile station, excluding the five WWTPs. Six
selected sites collected data logger temperatures from January through December. The remaining sites collected
temperature data from April through September and May through October. Some data-loggers were lost. All
loggers were removed, and data downloaded after September 2018.

The Association produces an annual series of technical memorandum designed to summarize the site-specific
studies for any given year (Table 4).

Table 4 2018 Technical Memorandum of the Association
TM2018.01 Sediment Survey BCR

T™M2018.02  UBCW Summary

TM2018.03 Coyote Gulch Summary

TM2018.04 BCR Summary Statistics and Graphs
TM2018.05 MBCW 2017 Nutrient Summary
TM2018.06  P1 Summary

TM2018.07 Barr Milton TMDL Summary
TM2018.08 EGL Summary

TM2018.09  BCR Phytoplankton Summary
TM2018.11 Macroinvertebrates

TM2018.12 Copper Study

TM2018.13 Regulation 85 Summary

Table 5 lists the 2018 middle watershed seasonal average chemistry results (full results shown in 2018 Master
Spreadsheet). BCWA Technical Memorandum 2018.05 summarizes the middle watershed data. Table 6 lists
the Summit Lake area watershed chemistry results (full results shown in 2018 Master Spreadsheet). BCWA
Technical Memorandum 2018.02 summarizes the Summit Lake data.

Table 5 Middle Watershed Chemistry
Site ID Site Location by Stream Segment Seasonal Average
TN Ug/l | T Phos Ug/l |
Seg 7 Evans Site 36 Summit Lake 191 4
Site 37 Bear Creek Below Summit Lake 315 9
Site 58 Bear Creek below Wilderness 193 8
Seg 1a ggfrer Site 2a Golden Willow Road UBC 160 12
Site 3a Above Evergreen Lake at CDOW Site 176 18
Seg 3 Tribs Site 25 Vance Creek (Mt. Evans Wilderness drainage) 95 21
Segld | EGL Site 4a Evergreen Lake 319 27
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Site ID Site Location by Stream Segment Seasonal Average
TN Ug/l_| T Phos Ug/l |
Site 5 Above EMD WWTP, CDOW downtown site 284 35
. Site 8a Bear Creek Cabins at CDOW Site 663 59
Seg T ll;/[el:lflle Site 9 O'Fallon Park, west end at CDOW Site 475 38
Creek Site 12 Lair o' the Bear Park, at CDOW site 848 43
Site 13a Below Idledale, Shady Lane at CDOW site 589 48
Site 14a Morrison Park west, CDOW Site 644 62
Site 26 Cub Creek, Mouth 339 38
Seg 5 ITJEiIl))eSr Site 64 Troublesome at Culvert above West Jeff 519 67
Site 32 Troublesome Mouth 1,079 131
Segd4a | Mt. V Site 34b Mt Vernon Drainage, Morrison 762 16
Seg1b | BCP Site 15a Bear Creek Park 963 56
Seg 6b | Turkey Site 19 North Turkey Creek Flying J Ranch Bridge 353 76
Seg 6 Turk Site 18 South Turkey Creek Aspen Park 466 46
€g oa urkey Site 16a South Turkey Creek, Park 616 37
Seglc | BCR Site 40a Bear Creek Reservoir 666 39
Lower Site 45 Bear Creek below BCR 752 41
BELl Bear Site 90 Bear Creek Wadsworth 899 31
Table 6 Upper Watershed (Summit Lake) Chemistry
Site | Parameter | 6/8/2018 | 7/13/2018 | 8/10/2018 | 9/13/2018 | Average
BCWA Segment Sample Sites
36 - Outlet Summit Total Nitrogen, ug/l 241 133 180 211 191
Lake Phosphorus, total, ug/l 2 2 4 7 4
Total Nitrogen, ug/l 495 187 253 326 315
37 - Upper Bear Creck Phosphorus, total, ug/l 8 5 9 12 9
. Total Nitrogen, ug/l 256 3197 1614 1689
Site 63 - Bottom Fen Phosphorus% totalf;ug/l 115 1492 746 784

Reservoirs

Bear Creek Reservoir and Inflow Nutrients

The watershed-monitoring program characterizes nutrient loading into Bear Creek Reservoir from two primary
drainages: Bear Creek and Turkey Creek. The Association monitors for total phosphorus and total nitrogen
monthly. The Association has established preferred management strategies for Bear Creek Reservoir (BCWA
Policy 20). The total phosphorus load from the watershed comes from a combination of wastewater treatment
plant point source loads, un-regulated point sources, and nonpoint sources, including runoff. There are over
9,000 septic systems in the watershed. The estimated total phosphorus load in 2018 from all sources reaching
the reservoir was 741 pounds at a flow of about 7,000 acre-feet. Bear Creek drainage contributed 90% of the TP
load (Figure 15). The management program targets reduction of total phosphorus reaching the reservoir on an
annual basis. Figure 16 shows the total phosphorus reservoir trend.

Figure 15

BCR Total Phosphorus Load (Pounds, %)

Site 16a-Turkey
Creek Inflow
75
10%

Site 15a-Bear
Creek Inflow
666
90%

* Site 16a-Turkey Creek Inflow * Site 15a-Bear Creek Inflow

Estimated Total Phosphorus loading into Bear Creek Reservoir
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Bear Creek Watershed - Total Phosphorus Loading Trends
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Figure 16 Total Phosphorus Trend BCR
The total nitrogen loading (Figure 17, about 48,410 pounds) had 85% of the load coming from Bear Creek.
Figure 18 shows the Total Nitrogen trend in BCR.

Total Nitrogen Pounds Site 16a-

Turkey Creek
Inflow;. 2,706,
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Figure 17 Total Nitrogen Loading into Bear Creek Reservoir
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Figure 18 Estimated Total Nitrogen Loading Trend for Bear Creek Reservoir

Bear Creek Reservoir Indicator Trend Variables

The Association’s reservoir monitoring program collects samples to analyze nutrient (nitrogen and phosphorus)
concentrations, chlorophyll-a, total suspended sediments (rarely), dissolved oxygen, pH, specific conductance,
Secchi depth, and phytoplankton population dynamics as trend variables. Table 7 lists the summary statistics for
the monitoring variables. Table 8 summarizes the reservoir loading data. Table 9 compares 2018 data with the
long-term patterns from 1991 through 2017. In 2018, the chlorophyll concentrations were below the long-term
trends, while nitrogen loads were elevated and total phosphorus in the surface waters were reduced. Table 10
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summarizes the phytoplankton data. Figure 19 shows the phytoplankton species diversity during summer
sampling period. Figure 20 shows the general clarity trend in the water column using Secchi measurements.
May through October had the poorest clarity caused by runoff.

Table 7 Bear Creek Reservoir Summary Statistics (July September)
Reservoir Monitoring Parameters | Reservoir
Chlorophyll (Site 40)
Average Growing Season Chlorophyll-a [ug/l (-1m)] 14.6
Average Annual Chlorophyll-a [ug/l (-1m)] 16.4
Peak Chlorophyll-a [ug/1] 44.5
Total Phosphorus
Average Annual Total Phosphorus [ug/l]: Water Column 44.6
Average Annual Total Phosphorus [ug/l] -1m 414
Average Annual Total Phosphorus [ug/l] -10m 479
Growing Season Total Phosphorus [ug/1]: Water Column 61.8
Growing Season Total Phosphorus [ug/l]: -1m 56.5
Growing Season Total Phosphorus [ug/l]: -10m 67.2
Peak Annual Total Phosphorus [ug/l] Water Column 82.5
Total Nitrogen
Average Annual Total Nitrogen [ug/l]: Water Column 810
Average Total Nitrogen [ug/l]: -1m 800
Average Total Nitrogen [ug/l]: -10m 820
Growing Season Total Nitrogen [ug/l]: Water Column 1219
Growing Season Total Nitrogen [ug/l]: -1m 1170
Growing Season Total Nitrogen [ug/l]: -10m 1267
Clarity (All Profiles)
Average Annual Secchi Depth (meters) 1.54
Growing Season Average Secchi Depth (meters) 1.21
Dissolved Oxygen (site 40 Profile)
Annual Average at -1/2m - 2m [mg/1] 9.11
Seasonal Average at -1/2 - 2m [mg/1] 7.42
Seasonal Minimum at -1/2 - 2m [mg/1] 6.16
pH
Annual Average at -1/2m - 2m [mg/1] 8.25
Seasonal Average at -1/2 - 2m [mg/1] 8.28
Seasonal Maximum at -1/2 - 2m [mg/I] 8.56
Specific Conductance
Annual Average at -1/2m - 2m [uS/cm] 610.0
Seasonal Average at -1/2 - 2m [us/cm] 626.0
Seasonal Minimum at -1/2 - 2m [us/cm] 668.0
Phytoplankton Species
Phytoplankton Co-dominant Species - Site 40 (July- October 2018) Anabaena flos-aquae
Aphanizomenon flos-aquae
Microcystis aeruginosa
Cryptomonas erosa
Asterionella formosa
Diatoma vulgare
Melosira ambigua
Stephanodiscus niagarae
Chlamydomonas sp.
Peak Phytoplankton
Diatoma vulgare Density cells/ml = 1.339
Peak Biovolume (um?/mL) =
Diatoma vulgare 2,623,626
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Table 8 Annual Bear Creek Reservoir Load Estimates

Loading - Annual Pounds
Total Nitrogen -Total Load In to BCR 18,249
Total Nitrogen -Total Load From BCR 15,538
Total Nitrogen -Total Deposition into BCR 2,712
Total Phosphorus -Total Load In to BCR 741
Total Phosphorus -Total Load From BCR 409
Total Phosphorus -Total Deposition into BCR 332

Table 9 Bear Creek Reservoir Select Trend Parameters

¥ Green

91-2017 | 91-2017
Parameter 2018 Mean Median
Chlorophyll-a (ug/L) Top 16 14 13
Total Nitrogen ug/l Top 800 740 753
Bottom 820 758 762
Water Column | 810 739 761
Total Phosphorus Top 41 57 39
(ug/L) Bottom 48 83 60
Water Column 45 68 50
Secchi Depth (m) Top 1.5 2.1 2.1
Table 10 Bear Creek Reservoir Phytoplankton Summary Data
. Seasonal Ave Seasonal Ave
Species . q
Functional Group Density #/ml | Biovolume, um3/mL
Bluegreen 5 315 181,402
chrysophyte 5 463 143,145
Diatom 39 59 56,418
Green 6 70 18,721
Phytoplankton Seasonal Biovolume um3/ml
¥ Bluegreen ¥ chrysophyte ™ Diatom
Figure 19 Bear Creek Reservoir Phytoplankton Biovolume
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The reservoir had several algal blooms in 2018 as evidenced by peak August through December chlorophyll
concentrations (Figure 21). The peak Diatoma vulgare phytoplankton biovolume was 2,623,626 um?/mL caused
by diatom phytoplankton bloom. Historically, blue-green phytoplankton species are associated with major
blooms in the reservoir (BCWA Fact Sheet 57 Cyanotoxins and BCWA Fact Sheet 58 Cyanobacteria Guide
BCR). The reservoir trophic state was eutrophic (Walker Index, Figure 22). The Carlson Index shows a similar
eutrophic trend. Although external nutrient loads were lower than historic trends, the reservoir continues to have
an internal nutrient loading problem, which causes eutrophic water quality conditions.

Chlorophyll-a Bear Creek Reservoir
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Figure 21 Bear Creek Reservoir Chlorophyll Trend
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Figure 22 Walker Trophic Index Trend Bear Creek Reservoir

Bear Creek Reservoir Aeration Practice Manages Summer Dissolved Oxygen

The reservoir aeration system reduces chlorophyll productivity, possibly through the partial control of internal
nutrient loading that can trigger algal blooms (BCWA Policy 8 Bear Creek Reservoir Aeration). The Association
adopted Policy 8 to make the reservoir aeration system a permanent reservoir management tool. The
Association determined through ongoing monitoring that the de-stratifying aeration system in Bear Creek
Reservoir is a long-term or permanent management practice necessary to protect the quality reservoir fishery
(Figure 23) and prevent dissolved oxygen standard exceedances during summer months of June 1-September 30.

Reservoir aeration is also a necessary management tool in low flow conditions. The aeration system has been
operational since the summer of 2002 and uses a fine-bubble diffusion system with aerators distributed across
the hypolimnion. In 2018, the Association and Lakewood operated the aeration system to maximize oxygen
transfer during phased on-off cycling (Figure 24), with the aeration system phased on in the growing season. In
2018, the dissolved oxygen in the upper water column was below the standard in early July. The aeration
system can increase the dissolved oxygen concentrations throughout the water column by about 2 mg/l within a
two-week period.
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Figure 23 Fishing Very Popular on Bear Creek Reservoir, Both Winter and Summer

BCR Dissolved Oxygen Average 1/2-2 Meters
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Figure 24 Bear Creek Reservoir Dissolved Oxygen Trend

Aeration System BCR
The September 2013 flood event used Bear Creek Reservoir as a major flood control structure, which caused
displacement and reduced efficiency of the in-reservoir aeration system as installed by the City of Lakewood and
monitored by the BCWA (BCWA Fact Sheet 6 Aeration BCR). A video survey was completed on the BCR
aeration system on April 30, 2014 (BCWA TM2014.01 BCR Video Survey Aerators). The survey demonstrated
air supply line damage (kinks and holes), aeration pan displacement, overturned aeration pans, reduced function,
and some losses, which reduced the overall system efficiency by 40-70% (BCWA Fact Sheet 47 New BCR

Aeration System).

Since FEMA requires like-kind replacement, Lakewood determined it would be more cost effective to upgrade
and replace the aeration system using Lakewood funding. The BCWA assisted with new aeration configuration,
system requirements and replacement options. BCWA and Lakewood staff removed most of the old aeration
system and recycled these materials. The company Underwater Repairs Specialist installed 6 Quad Duraplate
Diffusers (DDP9X4 Keeton Industries) and weighted line in November 2014 with assistance of Lakewood staff
that corresponds to the pattern shown in Figure 25. The diffusers are fine bubble (air supplied by a 15 hp
compressor) and they will increase the dissolved oxygen transfer into the reservoir water column. Lakewood
and BCWA are conducting a three-year evaluation (2016-2018) on the effectiveness and efficiency of the new
aeration system in the spring/ summer growing season. At the end of the 2018 monitoring season, The
Association and Lakewood are evaluating the addition of several new aeration modules in the reservoir.

Figure 25 BCR Aeration Configuration
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Sediment Studies Bear Creek Reservoir and Evergreen Lake

The total suspended sediment load in the reservoir has been generally constant over the historic monitoring
period with periodic storm events dumping large volumes of sediment into the reservoir. Bottom sediments are
a mixture of fine sand, silt and mud. The September 2013 flood event introduced extremely large amounts of
sediments. The BCWA had no reliable method to determine the total amount of sediment transported by the
2013 floods. The BCWA approximated the amounts deposited into Evergreen Lake (Table 11) and Bear Creek
Reservoir (Table 12). It is very apparent that storm waters moved millions of pounds of sediments. There was
extensive erosion throughout the watershed. Streambanks were lost, and channel configurations were altered
throughout the segment le. In August 2018, the BCWA collected sediment samples from six locations in BCR.
Sediments were analyzed for total phosphorus content (Table 13 and Figure 26) and organic content (BCWA TM
2018.01 BCR Sediment Survey).

Table 11 Estimated Sediment Load into Evergreen lake
Evergreen Reservoir
Sep-13 Oct-13
TSS Based (SSL Load) TSS Based (SSL Load)
Tons/month Cubic Yards/Month Tons/month Cubic Yards/Month
905 745 28 23
Estimated Bedload Estimated Bedload
Tons/month Cubic Yards/Month Tons/month Cubic Yards/Month
13,582 11,179 142 117
Table 12 Estimated Sediment Load into Bear Creek Reservoir
Bear Creek Reservoir
Sep-13 Oct-13
TSS Based (SSL Load) TSS Based (SSL Load)
Tons/month Cubic Yards/Month Tons/month Cubic Yards/Month
40,933 33,690 1,587 1,306
Estimated Bedload Estimated Bedload
Tons/month Cubic Yards/Month Tons/month Cubic Yards/Month
1,023,331 842,248 7,933 6,529
Table 13 Phosphorus Content of BCR Sediments
mgP/kg Mud
Bear Creek | SedBC03 11.82
Transect SedBCOS 521
Pelican Point | SedPel08 3.86
Transect | geqpel0 533
Turkey Creek | SedTC14 4.20
Transect SedTC16 4.51

Phosphorus (mgP/kg Wet Mud)

SedBCO03 SedBCO05 SedPel08 SedPel10 SedTC14 SedTC16

Bear Creek Transect Pelican Point Transect Turkey Creek Transect

Figure 26 Sediment Phosphorus by Transect in BCR
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Evergreen Lake Study

Evergreen Lake (Segment 1d) is a small reservoir constructed in 1927 and serves as a major direct use water
supply for the Evergreen community. The lake is an important year-round recreational facility with fishing and
winter ice activities. The Evergreen Park & Recreation District provides maintenance around Evergreen Lake.
These efforts aid in maintaining good water quality. The District maintains the wetlands located on the west end
of the lake, retaining walls and rocks structure that support the road and walking paths, maintains erosion control
features of the area and periodically removes rooted vegetation located along the shoreline and in the lake. In
recent years, the Association has increased monitoring efforts to better characterize the reservoir and help protect
the quality (Table 14). The Association has established preferred management strategies for Evergreen Lake
(BCWA Policy 20).

In the last few years, the dissolved oxygen concentrations in the water column were becoming very low with
periodic bottom waters having less than 5 mg/l DO. The Evergreen Metropolitan District in cooperation with
the recreation district installed an aeration system near the dam outlet area to help maintain elevated DO levels
throughout the lake. The districts in cooperation with the Colorado Department of Parks and Wildlife
introduced Grass Carp into the reservoir with the first release of about 100 fish at 20 inches’ length. This
program reduces the excess Elodea algal (introduced invasive species) growth that contributes to the depressed
DO problem. The combination of the aeration system and grass carp program resulted in DO compliance in
2018 monitoring program. The water quality summary data is shown in Tables 14 and 15. The Association
monitoring program data supports the designation of Evergreen Lake as a direct use water supply.

Table 14 Water Quality Data Summary for Evergreen Lake
|Site Parameter (ug/l) 9-May 13-Jun 11-Jul 10-Aug 12-Sep 24-Oct Average
EGL 4a |Total Nitrogen 227 254 355 518.0 363 196 319
Phosphorus, total 1" 21 25 62 25 20 27
Residue, Non-Filterable (TSS) 9.2 9
Chlorophyll a Average 1.2 3.4 11.7 33.2 3.2 2.6 9.2
EGL 4e |Total Nitrogen 325 252 319 407 287 304 315.7
Phosphorus, total 23 24 28 52 38 44 34.8
Total
Total Nitrogen, Pounds/month 16.1 12.4 12.6 12.8 10.6 6.4 71
EGL 4a |Total Phosphorus, Pounds/month 0.8 1.0 0.9 1.5 0.7 0.7 6
TSS, pounds/month 651.3 0.0 0.0 0.0 0.0 0.0 651
Table 15 Field Summary Data Evergreen Lake
Parameter Summary 9-May 13-Jun 11-Jul 10-Aug 12-Sep 24-Oct
Dissolved Oxygen 1/2-2m 8.95 7.16 6.99 6.49 7.15 11.12
Water Temperature (C) 1/2-2m 11.70 18.43 21.08 19.28 16.30 7.73
Column | pH water column 7.79 7.58 7.30 7.08 8.63 7.78
Specific Conductance (us/m) 115.42 83.23 86.95 85.67 83.02 83.43
Flows Bear Creek Keys (cfs) Monthly Avg 26.0 17.9 13.0 9.0 10.7 12.0
Bear Creek EGL (cfs) daily 30.4 15.0 10.0 8.8 11.0 11.6
IV. Meeting Water Quality Goals and Standards for the Watershed

Dissolved Oxygen Compliance in Bear Creek Reservoir

The Association takes multiple profile readings at three profile stations in the reservoir to determine dissolved

oxygen compliance. The Association dissolved oxygen data set from 2003-2018 for Bear Creek Reservoir
shows over 99% compliance with the standard for the upper water column (surface through the mixed layer).
The monthly dissolved oxygen values in the mixed layer in 2018 were generally greater than 6 mg/l (Figure 27).
There was an oxygen sag in early August, that correlated with a massive phytoplankton bloom. Data collected in
the 2018 growing season shows the aeration system adds a maximum of 1.5 mg/I dissolved oxygen to the water
column when under normal operation. Generally, the aeration system increases water column dissolved oxygen
by about 1 mg/l, which results in dissolved oxygen compliance within the mixed layer.
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DO Compliance Bear Creek Reservoir Site 40 Central Pool
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Figure 27

DO Compliance Bear Creek Reservoir

Temperature Standards Bear Creek Watershed

Table 16 shows the adopted temperature standards by segment for the watershed.

Table 16 Temperature Standards in Bear Creek Watershed
STANDARD STANDARD
Segment Description Standard Month (&) Month (&)
(MWAT) | (DM) (MWAT) | (DM)

Mainstem Bear Creek from Tune- Oct-

la Mt. Evans Wilderness to T=TVS(CS-I) °C Sent 17.0 21.2 M 9.0 13.0
Evergreen Lake P ay
Maiqstem Bgar Creek from T=TVS(CS-II) °C, )

b Harriman Ditch to Bear April-Oct; April- | g 5 238 | Nov- g 13.0
Creek Reservoir T(WAT)=19.3 oC Oct March
Bear Creek Reservoir T=TVS(CLL) °C; April- Jan-

Ic April-Dec; Dgc 23.3 23.8 Mar 9.0 13.0

T(WAT)=23.30C
1d Evergreen Lake T=TvscLLyec | AP g 238 |1 g9 13.0
Dec Mar

Mainstem Bear Creek from | T=TVS(CS-II) Abril- Nov-

le Evergreen Lake to Harriman | °C; April-Oct; OI(? + 19.3 23.8 March 9.0 13.0
Ditch T(WAT)=19.3 oC
Mainstem Bear Creek from

2 Bear Creek Reservoir to T(; TVS(WS-ID %ji‘;h' 275 28.6 Iggch 13.7 14.3
South Platte River
All tributaries to Bear Creek

3 from source to outlet of T=TVS(CS-Iy°C | U1 | 17,0 212 |9 19 13.0
Evergreen Lake Sept May
All tributaries to Bear Creek March- Dec-

4a from the outlet of Evergreen | T=TVS(WS-I) °C Nov 242 29.0 Feb 12.1 14.5
Lake to South Platte River
Swede, Kerr, Sawmill,
Troublesome, and Cold _ o April- Nov-

5 Springs Gulches, and T=TVS(CS-II) °C Oct 18.2 23.8 March 9.0 13.0
mainstem of Cub Creek
Turkey Creek system from Aoril- Nov-

6a source to Bear Creek T=TVS(CS-II) °C Olgt 18.2 23.8 March 9.0 13.0
Reservoir
Mainstem of North Turkey . o June- Oct-

6b Creck T=TVS(CS-I) °C Sept 17.0 21.2 May 9.0 13.0
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STANDARD STANDARD
Segment Description Standard Month () Month (9
(MWAT) | (DM) (MWAT) | (DM)
Mainstem and all tributaries June- Oct-
7 within the Mt. Evans T=TVS(CS-I) °C Sent 17.0 21.2 Ma 9.0 13.0
Wilderness Area P Y
Lakes and reservoirs in Mt. _ o April- Jan-
8 Evans Wilderness area T=TVS(CL)°C Dec 17.0 212 Mar 9.0 13.0
Lakes and reservoirs from .
9 Mt. Evans Wilderness area | T=TvS(CL)°C | 2P | 17,0 212 |18 g 13.0
to Evergreen Lake Dec Mar
Lakes and reservoirs in
drainages of Swede Gulch, April- Jan-
10 Sawmill Gulch, T=TVS(CL) °C Dec 17.0 21.2 Mar 9.0 13.0
Troublesome Gulch, and
Cold Springs Gulch
Lakes and reservoirs from April- Jan-
11 the outlet of Evergreen Lake | T=TVS(CL) °C Dgc 17.0 21.2 Mar 9.0 13.0
to South Platte River
Lakes and reservoirs in the _ o April- Jan-
12 Turkey Creck system T=TVS(CL) °C Dec 17.0 21.2 Mar 9.0 13.0

Bear Creek Reservoir Temperature Compliance

The Association takes multiple profile readings at three profile stations in the reservoir and has a temperature

data-logger set at site 40 to determine temperature compliance. Figure 28 shows temperature standards and the
monthly sampling compliance record for Bear Creek Reservoir. The temperature probe string at site 40
measures temperature in the top 2m of the water column (-1/2m, -1m, -1.5m, and 2m). Table 17 summarizes the
temperature record for the probes. The reservoir had 86 daily maximum temperature exceedances in 2018

during the warm season. There were 32 exceedances in the warm season for the weekly average temperature.

Table 17 Temperature Compliance Summary Bear Creek Reservoir
Segment 1c Data logger Temperature Summary 2018
All Temperatures in °C 30-Min Temp. [Nov 1-Mar Nov 1-Mar [Nov 1-Mar |Apr 1-Oct 31 |Apr 1-Oct |Apr 1-Oct
COLD/WARM 31 Stream [31 2-Hr Avg. 31 Stream [Stream Std. 31 2-HR [31 DM
SEASONS Std. WAT [Temp. Std. DM [WAT Avg. (23.8°C)
(9°C) (13°C) (18.2°C) Temp.
Min 6.7 1.5 7.8 6.8 7.4 2.6 1.7 23
Max 103 | 259 8.0 10.1 10.1 24.0 25.6 25.6
Avg 8.3 14.9 7.9 8.3 8.7 15.0 14.9 15.4
Std. Dev. 0.7 6.8 0.1 0.7 0.7 6.7 6.8 6.9
Measurements 2,304 | 52,800 4 576 48 156 13,200 1,100
# 9°C WAT exceeded 0
% Compliance WAT 100%
# 13°C DM exceeded 0
% Compliance DM 100%
#18.2°C WAT 32
% Compliance WAT 50%
# 23.8°C DM 86
% Compliance DM 92%
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Figure 28 Temperature Compliance Bear Creek Reservoir

Watershed Stream and Lake Compliance

The Association conducts special stream monitoring programs within the Bear Creek Watershed including Bear
Creek, and a portion of the Turkey Creek Drainage (North and South Turkey Creek). The monitoring year
divides into a warm-season period with more intense sampling and a cold-season period, designed to provide
minimal winter and spring data. The Association 2018 Data Report summarizes temperature and water quality
monitoring data, sampling results obtained from in-stream locations, and data from five-wastewater treatment
plant effluents. The complete water quality data set is an electronic data report.

279,254 individual temperature data points were obtained from the twenty-five data logger sites within the
watershed (excluding the WWTP data). The warm-season and cold-season temperature compliance summary is
shown in Table 18. A limited number of temperature compliance problems occurred in the cold season during
the shoulder season and the warm season.

Table 18 Watershed Temperature Compliance Summary Warm/ Cold Seasons
Segment Cold-season Warm Season
Segment 3 9°C WAT 13°C DM 17°C WAT 21.2°C DM
# Exceedances 4 24 0 5
% Compliance 82% 79% 100% 96%
Segment 1a 9°C WAT 13°C DM 17°C WAT 21.2°C DM
# Exceedances 9 64 2 18
% Compliance 76% 76% 95% 94%
Segment 1d 9°C WAT 13°C DM 18.2°C WAT 23.8°C DM
# Exceedances 32 0
% Compliance 50% 100%
Segment le 9°C WAT 13°C DM 19.3°C WAT 23.8°C DM
# Exceedances 0 0 11 31
% Compliance 100% 100% 939%, 97%
Segment 1b 9°C WAT 13°C DM 19.3°C WAT 23.8°C DM
# Exceedances 0 0 0 0
% Compliance 100% 100% 100% 100%
Segment 5 9°C WAT 13°C DM 18.2°C WAT 23.8°C DM
# Exceedances 0 0 0 0
% Compliance 100% 100% 100% 100%
Segment 6a 9°C WAT 13°C DM 18.2°C WAT 23.8°C DM
# Exceedances 0 0 7 0
% Compliance 100% 100% 88% 100%
Segment 6b 9°C WAT 13°C DM 17°C WAT 21.2°C DM
# Exceedances 1 8 0 0
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Segment Cold-season Warm Season
% Compliance 95%, 949, 100% 100%
Segment 2 13.7°C WAT | 14.3°C DM 27.5°C WAT 28.6°C DM
# Exceedances 0 0 0 0
% Compliance 100% 100% 100% 100%
Segment 1c 9°C WAT 13°C DM 23.3°C WAT 23.8°C DM
# Exceedances 0 0 13 86
% Compliance 100% 100% 92% 92%

Stream and lake sampling and monitoring data, including pH, temperature, dissolved oxygen, specific
conductance, total nitrogen and total phosphorous was collected from May through October (Table 19). Stream
and lake temperature dataloggers located at 28 Sites, including the Evergreen Lake profile station and Bear
Creek Reservoir profile station, excluding the five-wastewater treatment plants. Manual flows measured at 22
sites during the May to October timeframe. An aeration system was installed and operational for Evergreen
Lake. The only water chemistry exceedances of standards measured in the 2017 watershed-monitoring program
occurred at Summit Lake.

Table 19 Water Quality Compliance at Watershed Monitoring Sites
Stream Std. Stream Std. Proposed Stream Std  [Proposed Stream Std
pH (6.5-9 SU) DO (6.0 mg/L 2- Total Nitrogen 1250 [Total Phosphorous
meter avg. for lakes) ug/L (110 ug/L)

Segment 8

# Exceedances 0 0 0 0

# Measurements 4 4 4 4

% Compliance 100% 100% 100% 100%
Segment 7

# Exceedances 0 7 2 3

# Measurements 13 13 13 13

% Compliance 100% 46% 85% 77%
Segment 3

# Exceedances 0 0 0 0

# Measurements 6 6 6 6

% Compliance 100% 100% 100% 100%
Segment 1a

# Exceedances 0 0 0 0

# Measurements 21 21 18 18

% Compliance 100% 100% 100% 100%
Segment 1d

# Exceedances 0 0 0 0

# Measurements 70 70 12 12

% Compliance 100% 100% 100% 100%
Segment le

# Exceedances 0 0 1 2

# Measurements 48 48 36 36

% Compliance 100% 100% 97% 95%
Segment 1b

# Exceedances 0 0 4 0

# Measurements 15 15 15 15

% Compliance 100% 100% 73% 100%
Segment 5

# Exceedances 0 0 2 6

# Measurements 18 18 18 18

% Compliance 100% 100% 89% 67%
Segment 6a

# Exceedances 0 1 1 0

# Measurements 21 21 21 21

% Compliance 100% 95% 95% 100%
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Stream Std. Stream Std. Proposed Stream Std  [Proposed Stream Std
pH (6.5-9 SU) DO (6.0 mg/L 2- Total Nitrogen 1250 [Total Phosphorous
meter avg. for lakes) ug/L (110 ug/L)
Segment 6b
# Exceedances 0 0 0 1
# Measurements 6 6 6 6
% Compliance 100% 100% 100% 83%
Segment 4a
# Exceedances 0 0 0 0
# Measurements 5 5 5 5
% Compliance 100% 100% 100% 100%
Segment 2
# Exceedances 0 0 1 0
# Measurements 30 30 30 30
% Compliance 100% 100% 97% 100%

303(d) Listing

Table 20 shows the stream segments in the Bear Creek Watershed that are on the Colorado 303(d) list. In
January 2017, the Colorado Water Quality Control Commission adopted a revised 303(d) list of priority
pollutants causing impairment or those needing further monitoring and evaluation (Effective date March 2018).

Table 20 303(d) List Bear Creek Watershed
'WBID Segment Description Portion Colorado’s M & |303(d) Impairment 303(d)
E List Priority

COSPBEOla [Mainstem of Bear Creek from the boundary |Bear Creek below the Temperature H
of the Mt. Evans Wilderness area to the confluence with
inlet of Evergreen Lake. Yankee Creek

COSPBEO1b |[Mainstem of Bear Creek from Harriman all _ Temperature M
Ditch to the inlet of Bear Creek Reservoir

COSPBEOlc [Bear Creek Reservoir all Chl-a, phosphorus H

COSPBEOle [Mainstem of Bear Creek from the outlet of |Kerr/Swede to Mt Temperature H
Evergreen Lake to th