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Executive Summary 
The Watershed 

The Lower Bear Creek watershed is defined by roughly 35 square miles of land that drain into Bear 
Creek between the outfall of the Bear Creek Reservoir and the confluence with the South Platte 
River.  The 8.2 mile stretch of creek flows through Lakewood in Jefferson County, the City and 
County of Denver, and the City of Sheridan in Arapahoe County.  Land use types include low- and 
high density-residential areas, open spaces, and business developments. Map 2 shows the full 
boundary for the watershed, the project boundary, and the communities contained within the 
watershed boundary. 

Problems 

Clean Water Act Section 303(d) requires each State to identify waters that do not meet standards 
for their designated use and develop a Total Maximum Daily Load (TMDL) for identified 
contaminants.  Lower Bear Creek’s designated uses as identified in Regulation 38 (Stream 
Classifications and Water Quality Standards) are Aquatic Life Warm I, Recreation E, Water Supply, 
and Agriculture (CDPHE, 2012). Recreation E describes any activity where people are in direct 
contact with the water, including wading, water play by children, tubing, and swimming.   

Swimming is an example of a primary contact recreation activity in Lower Bear Creek.  Photo: Rachel Hansgen. 
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The reach between Kipling Parkway and the confluence with the South Platte River was listed as 
impaired in 2010 by the Colorado Department of Public Health and Environment (CDPHE) because 
of elevated levels of the bacterium Escherichia coli (E. coli).   

E. coli is an indicator organism that designates fecal contamination in environmental waters.  Fecal 
pollution may contain pathogenic bacteria, parasites and viruses, such as Shigella, Giardia, and 
Hepatitis.  There is risk of infection if contaminated water enters an open wound on the skin. 
Ingesting contaminated water can lead to various water-borne diseases.   
 
Watershed Plan Recommendations 

The watershed plan was shaped by the communities living, working and recreating in the Lower 
Bear Creek watershed.  The recommendations contained in this plan were researched and discussed 
with a wide array of stakeholders to create a comprehensive and proactive framework.  The 
structure of the plan follows short-, mid- and long-term goals and objectives.   Primary 
recommendations in the plan include conducting at least one full year of water quality monitoring 
to better inform selection of structural best management practices (BMP), and establishing 
interactive education and information programs with communities in close proximity to Bear Creek. 

Goals  

The environmental goals of this watershed plan are to reduce non-point source concentrations of E. 
coli and to investigate potential pollution contributions of oil and grease, trash, pesticides and 
metals in Lower Bear Creek.  The plan provides information and action items to engage residents, 
businesses, and other stakeholders in reducing pollution in urban Bear Creek, and ultimately to help 
remove Lower Bear Creek from Colorado’s 303(d) list before a TMDL for E. coli is instituted.   
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Element 1 - Causes of Impairment 

  

Clean Water Act Section 303(d) requires each State to identify waters that do not meet standards 
for their designated use.  Lower Bear Creek’s designated uses are Aquatic Life Warm 1, Recreation E, 
Water Supply, and Agriculture. Recreation E describes any activity where people are in direct 
contact with the water, including wading and swimming.  The reach between Kipling Parkway and 
the confluence with the South Platte River was listed as impaired in 2010 by the Colorado 
Department of Public Health and Environment (CDPHE) because of elevated Escherichia coli (E. coli) 
levels.  Contact with or ingestion of contaminated water poses potential health risks. 

E. coli is an indicator organism that denotes fecal contamination in environmental waters.  Fecal 
pollution may contain pathogenic bacteria, parasites and viruses, such as Shigella, Giardia, and 
Hepatitis.  Ingesting contaminated water can lead to various water-borne illnesses (Leclerc, 2002).   

Sources of E. coli Contamination in Urban Waters  

E. coli is a subgroup of Total Coliform bacteria that is regularly present in environmental waters and 
is associated with the feces of humans and other warm-blooded animals (EPA, 2012). Figure 1.1 
illustrates the proportional relationship of E. coli, Fecal Coliforms and Total Coliforms. 
   
E. coli enters waters when wildlife (mammals and birds) defecate in or near streams, when domestic 
animal feces wash into streams and rivers, and when sanitary sewer lines or septic systems leak into 
storm sewers or streams.  
 
Assessing the species of origin of E. coli contamination requires genetic source typing of the bacteria 
or concurrent sampling for pharmaceuticals and personal care products indicative of human waste.  
While there is speculation about the sources of E. coli in Lower Bear Creek, additional sampling and 
research must occur in order to more definitively identify sources.  This watershed plan includes 
ongoing water quality monitoring and E. coli source typing as means of more completely 
understanding possible sources. 
 
 
1  image from - http://img3.etsystatic.com/000/0/5369791/il_fullxfull.124255779.jpg 

 

Photo:  Rachel Hansgen 
1 
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Figure 1.1  E. coli as a portion of Total Coliforms and Fecal Coliforms in environmental waters. 

Natural History and Investigation of E. coli in Urban Waters 

The primary environment of E. coli is the lower part of the gastrointestinal tract of warm blooded 
animals.  This host environment provides E. coli high concentrations of amino acids and sugars and a 
stable, warm temperature.  These conditions are ideal for bacterial growth (Winfield, 2003). 

E. coli is used as an Indicator Organism in environmental waters because the bacterium is able to 
survive in secondary environments for a period of time.  Researchers are investigating the potential 
for bacteria to remain in environmental waters in a Viable But Nonculturable (VBNC) state. This 
state is thought to be a survival strategy in secondary environments.  Bacteria in VBNC can be in a 
water sample analyzed for the presence of E. coli, but will not grow in culture and are not 
represented in the MPN/100 mL or CFU/100 mL count.  Discussions about whether or not E. coli can 
live in secondary environments outside the lower gastrointestinal tract of warm blooded animals 
are relevant for numerous reasons: 

1 Seasonal and diurnal variations affecting E. coli concentrations in Lower Bear Creek can 
inform discussions about VBNC bacteria and potential reservoirs in the environment, such as 
biofilms (Tanaka, 2000).    

2 Bacteria in the VBNC state, including E. coli, do not grow in culture and are therefore are not 
part of the MNP/100 mL could alter our understanding of the Indicator Organism paradigm, 
especially if resuscitation in more favorable conditions is possible (Harwood, 2005). 

3 Bacteria in VBNC state are resistant to antibiotics.  There are numerous potential public 
health implications of antibiotic resistant bacteria (Wexler, 2007). 
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Fecal 
Coliforms 
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Further investigation in the Lower Bear Creek watershed is needed to ascertain if storm sewer pipes 
and biofilms in the Lower Bear Creek watershed provide secondary environments for E. coli.  If 
environmental growth of E. coli is discovered, its use as an Indicator Organism will require review. 

Monitoring and Evaluation List – Aquatic Life 

In addition to being impaired for recreational use due to elevated E. coli levels, the segment of Bear 
Creek below Kipling Parkway (COSPBE02) is also on the Monitoring & Evaluation (M&E) list for 
Aquatic Life, Class 1 – Warm Water Aquatic Life.  This classification denotes 

waters that (1) currently are capable of sustaining a wide variety  
of warm water biota, including sensitive species, or (2) could  
sustain such biota but for correctable water quality conditions.  
Waters shall be considered capable of sustaining such biota where  
physical habitat, water flows or levels, and water quality conditions  
result in no substantial impairment of the abundance and diversity  
of specifies (CDPHE, 2010). 

 

Bear Creek’s classification as a water body that can support warm water aquatic life, specifically 
macroinvertebrates and the larger organisms that consume them, provides a second way of 
measuring the relative health of the stream.  Macroinvertebrates are animals without backbones 
living on or in a streambed that are generally large enough to be seen by the unaided eye (CDPHE, 
2010).  The number and type of macroinvertebrates living in a stream are compared to Colorado’s 
Multi-Metric Index (MMI) Bioassessment Tool (CDPHE, 2010) to determine if a healthy community 
exists.   

Colorado’s Water Quality Control Commission approved the Methodology to Determine Use 
Attainment for Rivers and Streams (Policy Statement 10-1) in October 2010.  The policy provides 
“methodology to determine whether the aquatic life use is attained in rivers and streams” (CDPHE, 
2010).  The procedures rely on directly counting macroinvertebrates as opposed to “comparing 
existing water quality to numeric standards for individual pollutants (e.g. copper, zinc, ammonia) set 
to protect aquatic life (CDPHE, 2010). 

Macroinvertebrates are active or dormant during certain times of the year.  Collection and 
identification of macroinvertebrates must occur when the creatures are active, between July 1 and 
October 1.  This is known as the standard index period.  The reason Lower Bear Creek is listed on the 
M&E list is because the majority of macroinvertebrate counts occurred outside the standard index 
period, meaning the counts are not representative of the number and type of organisms active 
between July 1 and October 1. 

The “M&E” list identifies water bodies  
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where there is reason to suspect water quality problems, but there is  
also uncertainty regarding one or more listing factors, such as the  
representative nature of the available data. Water bodies that are 
 impaired but it is unclear whether the cause of impairment is  
attributable to pollutants as opposed to pollution are also included  
on the M&E List (CDPHE, 2012). 

 

Attainment of the aquatic life standard is determined by the number and type of 
macroinvertebrates that exist in Lower Bear Creek based on their relative sensitivity to pollution or 
specific pollutants.  The River Watch program (described in more detail in Element 9) will gather data on 
specific pollutants (metals and nutrients) that will provide supplemental information about the number and 
types of macroinvertebrates living in Lower Bear Creek. 

            

 

      Adult Stonefly                         Adult black fly                      Isopod                                            Scud 

Figure 1.2  Types of macroinvertebrates.  Source:  DEH Critter ID cards. 
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Element 2 - Data Analysis  
Existing Bear Creek E. coli Data Analysis 

Existing water quality data for Lower Bear Creek is limited. This is a preliminary assessment of 
historical Lower Bear Creek E. coli data gathered from the City of Denver for the time period 2000-
2013, and from Groundwork Denver for sampling conducted in 2013. Data was analyzed for 
patterns and trends.  Statistical significance was not analyzed or implied. 

The permissible limit for E. coli in Lower Bear Creek is 126 CFU/100 mL (EPA, 2012), as illustrated in 
Figure 2.1 below.  This standard is determined using the geometric mean for results in a 30-day 
interval.  For natural swimming areas, the single day standard of 235 CFU/100 mL is established by 
the Code of Colorado Regulations pertaining to swimming pools and mineral baths (CDPHE, 1973). 

 

Figure 2.1 Table from 2012 EPA Recreational Water Quality Criteria 

The following Denver sampling site names and locations are used in the following analysis and 
referenced on Map 3 and Map 7. 
 
BC75 – Downstream of the Wadsworth footbridge 
BC46 – Near playground at Bear Creek Park (Hampden and Raleigh Street 
BC33 – Downstream of Knox Court 
BC21 – Bear Creek/South Platte Confluence (see Map 7 for location of confluence) 
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City of Denver Historical Data 
Temporal Variations  

Box and whisker plots were made using the Denver dataset (sampling locations between 
Wadsworth Boulevard and the confluence with the South Platte River), shown in Figure 2.1. The 
middle line in the box represents the median (50th percentile) of the data, and the box top and 
bottom represent the 75th and 25th percentiles respectively. The whiskers represent the 5th and 95th 
percentile of the data. 

All sites sampled in each month were combined. A target E. coli level of 126 CFU/100 mL was also 
shown to provide clarity. 

 

Figure 2.2  Temporal E. coli data from Denver dataset. 

E. coli levels appear to be higher during summer and fall months, particularly July, August, and 
September. Months with the median close to or above the target level may be important targets for 
Best Management Practices (BMPs) and for public health education strategies. This means that half 
of all samples taken in those months were close to or above the 126 CFU/ 100 mL level. 
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Spatial Analysis 

Box and whisker plots were made using methods outlined above, and are shown in Figure 2.3. Data 
for spatial analysis was gathered from the City of Denver (from Wadsworth Boulevard to the 
confluence with the South Platte River), and is organized by site. All data collection was performed 
monthly from 2007 to 2012 and nearly all samples were collected on the same day as others. 
Numbers of samples at each site are marked on the chart. 

 

 

Figure 2.3 Site specific box and whisker plots from Denver dataset. 
Site locations: BC21- Bear Creek/South Platte Confluence, BC33 – Downstream of Knox Ct near CDOT yard, BC46 – Near playground at 
Bear Creek Park, BC75 – Downstream of Wadsworth footbridge  
          
Data from BC33 and BC46 show that more than half of samples taken from these sites were above 
the target level. These sites are suggested for further research into causes, and possible 
implementation of BMPs and public health education strategies.   
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Load Duration Curves  

Flow duration and load duration curves were made for Lower Bear Creek. Flow duration data was 
gathered from the USGS gage located in Sheridan near Hampden Avenue and Knox Court. E. coli 
concentrations were calculated from Denver sample results. 

A hydrograph was made for the creek, shown in Figure 2.4. 

 

Figure 2.4 Flow duration curve for lower Bear Creek. 

This curve represents the percentage of time that the daily average flow in cubic feet per day 
exceeds a particular value. High flows are shown on the left, and characterized by a low percent of 
days that a particular flow is exceeded, while low flows are on the right.  

This was used in conjunction with observed data from Denver to construct load duration curves, 
shown in Figure 2.5. 
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Figure 2.5  Concentration duration curve of E. coli in Lower Bear Creek.  BC75 is located downstream of the Wadsworth footbridge. 

Load duration curves are typically used to understand how the pollutant behaves under various flow 
conditions. In the figure above, it appears that E. coli concentrations exceed the standard in several 
different flow conditions, indicating that there is not a flow where the stream is more susceptible to 
unacceptable loads.  

Since a dam at an upstream location moderates the stream, it is instructive to acquire flow data for 
only the watershed without influence from upstream. To determine this “watershed flow,” the daily 
flow out of the Bear Creek Reservoir was subtracted from the daily flow at the Sheridan gage. This 
may represent a more meaningful picture of what is occurring in only the Lower Bear Creek 
watershed. The load duration curve and associated points are presented in Figure 2.6. 
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Figure 2.6  Concentration duration curve for flows between Bear Creek Reservoir and Sheridan.  BC75 is located downstream of the 
Wadsworth footbridge. 

Again, it appears that unacceptable loads occur in many conditions. One intriguing observations is 
that there appears to be no load violations above the 70% level. This may be caused by a high 
portion of the flow in the creek coming from the reservoir, which is thought to have low E. coli 
levels at the outfall. 
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Seasonal  Load Duration Curves  

Since it is suspected that E. coli levels in the creek are dependent on season, separate concentration 
duration curves were constructed for each season.  All graphs use data collected from the site 
located downstream of the Wadsworth footbridge. 

 

Figure 2.7  Concentration Duration Curve for BC75-Summer.   

 

Figure 2.8  Concentration Duration Curve for BC75-Fall.   
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Figure 2.9  Concentration Duration Curve for BC75-Winter.   

 

Figure 2.10  Concentration Duration Curve for BC75-Spring.   

Consistent with the seasonal box plots, it appears that summer and fall are the most likely times for 
high concentrations to occur in the creek. Instances of summer concentration violations appear to 
occur independently of stream flow, with several violations at high flow, and several at low flow. 
Load violations in fall occurred in dry conditions, but there was also a lack of high flow conditions to 
compare. 
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Comparing E. coli  Results with Other Factors  

The data available from the City of Denver contained multiple characteristics of water quality that 
were compared to E. coli levels. Scatter plots of water quality characteristics and E. coli results are 
shown below. 

 

Figure 2.11  pH and E. coli 

 

Figure 2.12  Temperature and E. coli 
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Figure 2.13  Dissolved Oxygen and E. coli 

 

Figure 2.14 Turbidity and E. coli 
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Although the correlation coefficient is low at 0.51, there is an apparent trend in the plot. This also 
agrees with previous knowledge about turbidity relationships with E. coli concentrations. 
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• Measurements were only taken in summer months. 
• Data was available from Denver for E. coli levels at the reservoir outfall. 

Due to these inconsistencies with other forms of data obtained previously, it was determined that 
attempting to add this data would limit the quality of the analysis. 

Load Reduction Calculations 

Load reduction calculations are not included in this watershed plan because a source assessment 
requires flow data to identify exact sources and their relative contributions, and because there is 
not an active E. coli TMDL for Lower Bear Creek. 
 
More complex pathogen modeling programs such as HSPF (Hydrological Simulation Program – 
Fortran), SWMM (Storm Water Management Model) or SWAT (Soil and Water Assessment Tool) are 
not feasible at this stage because they require large amounts of data (soil properties, storm water 
routing, and stream cross sections), calibration, and validation that necessitate additional E. coli 
testing.  The monitoring component outlined in Element 9 provides foundation for collecting 
additional E. coli data for use in future pathogen modeling. 
 

2013 and 2014 E. coli Sampling Results  

[Note on interchangeable use of CFU/100 mL and MPN/100 mL E. coli concentration measurements.  
The State Standard for E. coli in recreational waters is 126 CFU/100 mL, where CFU = “colony 
forming units”.   The CFU laboratory procedure is membrane filtration. Method 9223 B (Colilert) 
enumerates E. coli concentrations in MPN/100 mL, or “most probable number”.  This Method 
employs multiple-tube fermentation (MTF) decimal dilution analysis.  While observed research 
values of MPN/100 mL are often higher than CFU/100 mL, the values are described as differences in 
the probabilistic basis for calculating MPN, not in human error or laboratory procedure variability 
(Gronewold 2008).  Since Method 9223B is an EPA approved Method for E. coli enumeration, the 
MPN/100 mL measurement is used interchangeably with CFU/100 mL in these discussions.] 

[The State Standard for E. coli is 126 CFU/100 mL.  This Standard is measured using either a 60-day 
geometric mean or a 60-day rolling geometric mean.  It is important to distinguish whether or not 
concentration data are listed as single-day concentrations and are measured against the 235 
CFU/100 mL referenced in the Water Quality Control Commission’s 5 CCR 1003-5 (Swimming Pools 
and Mineral Baths); OR if concentrations are a reflection of a 60 day or 60-day rolling geometric 
mean measured against the State Standard of 126 CFU/100 mL.  The 126 CFU/100 mL value is used 
in determining whether or not a water body is attaining the recreational use E. coli Standard, and is 
used in calculating a Total Maximum Daily Load (TMDL).]  
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EPA Region 8 Water Quality Unit, EPA Region 8 Laboratory, and interns from Metropolitan State 
University supported sampling and analysis in 2013 and 2014.   
 
In 2013, eight samples were collected at 12 in-stream locations for Lower Bear Creek, and at one in-
stream location for Weaver Creek, a tributary of Bear Creek.  Five more in-stream sites were added 
along Lower Bear Creek in 2014.  Sites were distributed at locations bracketing tributaries in 
Lakewood, supplementing Denver Environmental Health monitoring sites in Denver, and throughout 
the reach in Sheridan, as shown in Map 4. 
 
Sampling in 2013 occurred in May, July, August and September.  Sampling in 2014 occurred in May, 
June, July, August and September.  Results from September 2014 were not available at the time of 
writing the watershed plan. 

Weaver Creek is a right bank tributary that confluences with Lower Bear Creek about 100 meters 
upstream of Kipling Parkway.  This is the only tributary sampled, and a duplicate sample was 
collected at Weaver Creek on each sampling date.  

Samples were analyzed for E. coli using the 9223B Method, brand name Colilert, at the EPA Region 8 
Laboratory during summer and autumn of 2013 and 2014.  The reporting limit of Colilert is 2419.6 
MPN/100 mL.  Samples with >2419.6 MPN/100 mL had more E. coli colonies than the upper-most 
limit of the test. 

Single-day concentrations by date and sample site are shown in Table 2.1 and site locations are 
illustrated on Map 4.  Gray boxes in Table 2.1 indicate sites where sampling began in 2014. 

Maps 5, 6 and 7 are located after the graphic representation section. 
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Single-Day E. coli Concentrations by Site, 2013-2014 

 2013 MPN/100 mL     2014 MPN/100 mL     

  
5/1/ 
2013 

5/15/
2013 

7/10/
2013 

7/24/
2013 

8/7/ 
2013 

8/21/
2013 

9/4/ 
2013 

9/24/
2013 

5/7/ 
2014 

5/21/
2014 

6/4/ 
2014 

6/18/
2014 

7/9/ 
2014 

7/23/
2014 

8/6/ 
2014 

8/20/
2014 

BCL1 1 5.2 13.2 7.3 5.2 4.1 15.8 10 1 25 5.2 3 57.6 3.1 1 8.4 
BCL3 10.8 18.3 17.1 7.5 64.4 30.5 31.8 41.7 4.1 52 16.1 18.9 48 31.3 23.1 80.1 
BCL4 48.8 7.3 50.4 6.2 57.6 31.8 64.4 45.2 3.1 36.9 6.3 11 63.1 12 26.2 140.1 
BCL5 192 20.1 62.4 13 47.8 42 44.1 66.3 6.3 121 10.9 2 53.7 9.7 22.6 178.5 
BC-
Estes                 7.5 21.6 13.5 13 83.3 23.3 42 59.4 
BC-
Wads                 5.2 24.6 35.5 21.1 106.7 39.5 59.1 28.8 
BCD1 114 10.8 201 93.4 128 185 101 1300 14.8 44.8 44.8 37.3 193.5 60.5 72.7 53.8 
BC-
Sher                 19.7 36.8 31.3 43.5 228.2 68.9 75.9 64.4 
BC-
BCP                 43.5 81.6 34.5 98.5 285.1 219 411 172.2 
BCD2 238 12.1 291 102 727 276 411 1120 38.3 87.8 41 62.2 365.4 98.7 517 461.1 
BCD3 199 21.6 548 122 613 613 365 1120 51.2 73.3 60.2 156 365.4 130 365 435.2 
BCS1 517 19.9 308 210 866 816 192 461 46.4 125 21.3 66.3 387.3 148 192 218.7 
BCS2 548 42.6 308 461 921 1550 233 192 90.8 158 26.2 77.1 275.5 261 285 218.7 
BCS3 980 32.3 326 613 687 2419.6 184 96 74.9 121 37.3 105 275.5 260 326 228.2 
BCS4 488 29.2 140 172 579 345 461 120 84.2 90.8 135 140 435.2 152 206 344.8 
BCS5 579 22.8 161 137 687 206 549 102 104 133 178 122 547.5 326 435 260.3 
SPDS
BC                 51.2 101 104 88.2 209.8 79.4 206 204.6 

WEC 727 51.2 365 50.4 411 28.8 299 387 70.6 
>2419.

6 71.2 42.2 648.8 73.3 92.5 248.9 
WEC 
DUP 649 55.6 649 45.9 411 44.1 308 548 67 

>2419.
6 78.9 39.3 547.5 51.2 88.2 167 

Table 2.1  E. coli single-day concentrations from 2013 and 2014 sampling sites.  Results are single-day concentrations, not geometric means.  Note: samples not taken in consecutive 
months for both years, and only in summer and autumn.  WEC = Weaver Creek, a right bank tributary of Bear Creek in Lakewood near Kipling Parkway. DUP = Duplicate sample taken 
at Weaver Creek. 
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            Map 4 – 2013 and 2014 sampling sites in the Lower Bear Creek watershed. 

34 
 



Graphic Representations of Data 

The following graphs provide temporal and spatial snapshots of E. coli levels, and are not exhaustive 
explorations of the data. 

Single day E. coli concentrations by site are shown in Figure 2.15.  Sites sampled in both years were 
sampled 16 times, and sites added in 2014 were sampled 8 times.  Sites are arranged in the legend 
from the upstream-most site (BCL1) to the downstream-most site (BCS5).  Please reference Maps 4, 
5, 6 and 7 for site locations.  The State Standard of 126 CFU/100 mL is identified on all graphs. E. coli 
concentrations ranged between 1 CFU/100 mL and 2400 CFU/100 mL.   

Box and whisker plots of data from 2013 and 2014 were created to determine the number of graphs 
needed to visually represent changes in E. coli concentrations throughout the reach.  These initial 
plots showed E. coli levels were below the State Standard at the upstream sites (BCL1-BCL5), and 
increased from the midstream sites to the downstream sites (BC-Estes – BCS5).  Sites BC-Estes 
downstream to BCS5 also reflect the official impaired portion of Lower Bear Creek (CDPHE, 2011). 

Figures 2.16 and 2.17 show the two groups the sampling sites were divided into: Upstream (BCL1-
BCL5) and Midstream to Downstream (BC-Estes – BCS5).  Two-month interval data were used to 
create plots for May/June 2014, June/July 2014 and July/August 2014.  These month pairs follow 
the Colorado Water Quality Control Commission’s 303 (d) listing methodology and represent high 
recreational use months (CDPHE, 2011). 

Data from 2014 were used to create Figures 2.16 through 2.23.  Data from 2013 were used to create 
the Upstream and Midstream to Downstream plots in Figures 2.24 and 2.25, respectively.  The data 
indicate E. coli levels are lower at upstream sites, and exceed the State Standard at several sites in 
the midstream and downstream sections.  Two-month interval data were used to create plots for 
June/July 2013 and July/August 2013. 

Geometric mean graphs follow each two-month interval graph for 2014 data.  Geometric means can 
be paired with flow data when conducting an E. coli source assessment. The relative contributions 
of each segment are used to determine exact sources and inform mitigation strategies, as described 
in Element 3. 
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Figue 2.15  Single-day E. coli Concentrations in 2013 and 2014.  No samples were collected between 9/24/2013 and 5/1/2014, creating a 
pronounced downward line on the graph.
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Figure 2.16 Upstream site E. coli levels for 2014 (refer to Maps 4 and 5). The red line is the average E. coli level and the green line is the State 
Standard for E. coli in recreational waters. 
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Figure 2.17 Midstream to downstream sites (refer to Maps 4, 6 and 7).  The red line is the average E. coli level and the green line is the State 
Standard for E. coli in recreational waters.
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Figure 2.18 Midstream to downstream sites May/June 2014 E. coli levels (refer to Maps 4, 6 and 7).  
The red line is the average E. coli level and the green line is the State Standard for E. coli in 
recreational waters.

 

Figure 2.19 Midstream to downstream sites May/June 2014 E. coli geometric means (refer to Maps 
4, 6 and 7).  The red line is the geometric mean of E. coli and the green line is the State Standard for 
E. coli in recreational waters. 
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Figure 2.20 Midstream to downstream sites June/July 2014 E. coli levels (refer to Maps 4, 6 and 7).  
The red line is the average E. coli level and the green line is the State Standard for E. coli in 
recreational waters. 

Figure 2.21 Midstream to downstream sites June/July 2014 E. coli geometric means (refer to Maps 
4, 6 and 7).  The red line is the geometric mean of E. coli and the green line is the State Standard for 
E. coli in recreational waters. 
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Figure 2.22 Midstream to downstream sites July/August 2014 E. coli levels (refer to Maps 4, 6 and 
7).  The red line is the average E. coli level and the green line is the State Standard for E. coli in 
recreational waters. 

Figure 2.23 Midstream to downstream sites July/August 2014 E. coli geometric means (refer to 
Maps 4, 6 and 7).  The red line is the geometric mean of E. coli and the green line is the State 
Standard for E. coli in recreational waters. 
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Figure 2.24 Upstream site E. coli levels for 2013 (refer to Maps 4 and 5). The red line is the average 
E. coli level and the green line is the State Standard for E. coli in recreational waters. 

 

Figure 2.25 Midstream to Downstream site E. coli levels for 2013 (refer to Maps 4, 6 and 7). The red 
line is the average E. coli level and the green line is the State Standard for E. coli in recreational 
waters. 
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Figure 2.26 Midstream to downstream sites July/August 2013 E. coli levels (refer to Maps 4, 6 and 
7).  The red line is the average E. coli level and the green line is the State Standard for E. coli in 
recreational waters. 

Figure 2.27 Midstream to downstream sites August/September 2013 E. coli levels (refer to Maps 4, 
6 and 7).  The red line is the average E. coli level and the green line is the State Standard for E. coli in 
recreational waters. 
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 Map 5 
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 Map 6 
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 Map 7 
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Precipitation and Sampling Results for BCS1 

Weather patterns have an impact on numerous parameters in environmental waters, including 
flow, turbidity, and temperature. Precipitation and its effects on environmental parameters 
may also impact E. coli concentrations.  Further investigation is required to determine if there 
may be correlations between E. coli concentrations and flow/turbidity/temperature. The 
following tables provide precipitation information three days prior to sampling and the E. coli 
concentration measured.  No trends were investigated or should be implied.  Precipitation data 
were gathered from WeatherUnderground.com. 

 

Figure 2.28  Single Day E. coli Concentrations for site BCS1. No samples were collected between 
9/24/2013 and 5/1/2014, creating a pronounced downward line on the graph. 
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Date Precip 
(in) 

Precip Times Precip Type Month to date  
Precip (in) 

Year to date 
precip (in) 

E. coli  (CFU/100 mL) 

4/28/13 0.00   0.80 2.96  

4/29/13 0.00   0.80 2.96  

4/30/13 0.00   0.80 2.96  

5/1/13 0.28 05:00 - 16:45 Snow 0.28 3.24 517 

       

5/12/13 0.00   1.56 4.52  

5/13/13 0.00   1.56 4.52  

5/14/13 0.00   1.56 4.52  

5/15/13 0.00   1.56 4.52 20 

       

7/7/2013 0.00   0.07 6.04  

7/8/2013 0.00   0.07 6.04  

7/9/2013 0.00   0.07 6.04  

7/10/13 0.01 14:00 - 15:00 Rain 0.08 6.05 308 

       

7/21/13 0.00   0.43 6.40  

7/22/13 0.00   0.43 6.40  

7/23/13 0.00   0.43 6.40  

7/24/13 0.00   0.43 6.40 210 

       

8/4/13 Trace   1.48 8.05  

8/5/13 Trace   1.48 8.05  

8/6/13 0.01 19:00 Rain 1.49 8.06  

8/7/13 0.01 08:53 & 15:53 Rain 1.50 8.07 866 

       

8/18/13 0.00   2.65 9.22  

8/19/13 0.00   2.65 9.22  

8/20/13 0.00   2.65 9.22  

8/21/2013 Trace 19:53  2.65 9.22  

9/1/2013 Trace 8:00 Rain Trace 9.81 816 

       

9/2/2013 0.00   Trace 9.81  

9/3/2013 0.02 18:51 - 19:53 Rain 0.02 9.83  

9/4/2013 0.00   0.02 9.83 192 

       

9/21/2013 0.00   5.52 15.33  

9/22/2013 0.38 17:32 -19:53 Rain 5.90 15.71  

9/23/2013 0.85 00:53 - 06:53 Rain 6.75 16.56  

9/24/13 0.00   6.75 16.56 461 

Table 2.2  Precipitation three days prior to 2013 sampling dates and E. coli concentrations at BCS1 
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Date Precip 
(in) 

Precip Times Precip Type Month to date 
precip (in) 

Year to date precip 
(in) 

E. coli        
(CFU/100 mL) 

5/4/2014 0.00   Trace 2.83  
5/5/2014 0.00   Trace 3.83  
5/6/2014 0.00   Trace 4.83  
5/7/2014 0.35 22:28 -24:00 Rain 0.35 3.18 46 

       
5/18/2014 0.00   1.19 4.02  
5/19/2014 0.00   1.19 4.02  
5/20/2014 0.04 14:20 - 15:20 Rain 1.23 4.06  
5/21/2014 0.04 16:33 - 16:53 Rain 1.27 4.10 125 

       
6/1/2014 0.00   0.00 4.48  
6/2/2014 0.00   0.00 4.48  
6/3/2014 0.00   0.00 4.48  
6/4/2014 0.16 15:30 - 18:30 Rain 0.16 4.64 21 

       
6/15/2014 0.00   0.91 5.39  
6/16/2014 0.00   0.91 5.39  
6/17/2014 0.00   0.91 5.39  
6/18/2014 0.08 0.83 Rain 0.99 5.47 66 

       
7/6/2014 0.00   Trace 5.60  
7/7/2014 0.02 16:53 - 22:00 Rain 0.02 5.62  
7/8/2014 0.00   0.02 5.62  
7/9/2014 0.00   0.02 5.62 387 

       
7/20/2014 0.00   1.77 7.37  
7/21/2014 0.00   1.77 7.37  
7/22/2014 0.00   1.77 7.37  
7/23/2014 0.04 17:28 - 18:53 Rain 1.81 7.41 148 

       
8/3/2014 0.00   0.00 9.51  
8/4/2014 0.00   0.00 9.51  
8/5/2014 0.02 13:53 - 16:53 Rain 0.02 9.53  
8/6/2014 0.13 17:46 - 18:42 Rain 0.15 9.66 192 

       
8/17/2014 0.00   1.09 10.60  
8/18/2014 Trace   1.09 10.60  
8/19/2014 0.21 15:53 - 16:53 Rain 1.30 10.81  
8/20/2014 0.01 21:53 Rain 1.31 10.82 219 

Table 2.3 Precipitation three days prior to 2014 sampling dates and E. coli concentrations for site BCS1 
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Weaver Creek (sample site WEC)  

Weaver Creek provides another example of variation of E. coli levels in the watershed (Figure 
2.28 and Map 8). Sampling teams have noticed flow emerging from what appears to be a 
groundwater source on several occasions. This will be more thoroughly investigated in future 
sampling events, and with the assistance of a hydrologist. The stream appears to exhibit either 
high or low E. coli concentration: average for high concentrations is 475 CFU/100 mL (n = 5) and 
average for low concentrations is 46 CFU/100 mL (n = 3). There is either an exceedance in E. coli 
water quality standard or not. The reason for this is unclear and further investigation is 
necessary. Weaver Creek flows are generally low and based on data from BCL5, E. coli 
concentrations from Weaver Creek are not negatively impacting Bear Creek concentrations. 
Nevertheless, as the data from Weaver Creek indicate, the average E. coli concentration 
exceeds the water quality standard for E. coli (Figure 2.29 ave). Because of the intermittent 
nature of the loading of Lower Bear Creek from Weaver Creek, it is problematic to ascertain the 
full impact of this discharge into Lower Bear Creek. There is one instance (sampling event of 
5/1/13) when BCL5 exceeded the water quality standard for E. coli (192 CFU/100 mL). The E. 
coli concentration in Weaver Creek during this event was 688 CFU/100 mL, the highest 
concentration recorded at that site in 2013. Future monitoring will help address what kind of 
impact Weaver Creek may have on the E. coli concentrations in Lower Bear Creek. 

 
Figure 2.29 E. coli concentrations at Weaver Creek appear to fluctuate between high, for 5/1, 
7/10, 8.7, 9/4, and 9/24/13 events, and low, for 5/15, 7/24, and 8/21/13 sample events. 
Averages for WEC high and WEC low concentrations averages and standard deviations are ten- 
and fifteen-times greater, respectively. 
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Conclusion 

The water quality standard for E. coli is exceeded in the Lower Bear Creek at sites downstream 
of BCL5 and is impaired from BC-Estes through BCS5 (CDPHE, 2011). The Lower Bear Creek 
receives flows from Bear Creek Reservoir, which in turn receives flows from near the 
continental divide from elevations in excess of 14,000 feet on Mt Evans. The Lower Bear Creek 
project and this watershed plan present opportunities to improve and protect a resource that 
thousands of people in the cities of Lakewood, Denver, Sheridan, and other communities in 
Colorado rely on for recreation and rejuvenation. Lower Bear Creek improves the lives of many 
people by providing valuable ecosystem services within the built environment. 

The presence of E. coli is not inherently detrimental. Environmental scientists consider E. coli an 
“indicator organism”, or one that indicates the presence of fecal contamination in 
environmental waters. At this time, it is unclear if the E. coli source is from wildlife, 
domesticated animals, humans or a combination of all sources. Continued monitoring, with 
additional water quality monitoring parameters and the inclusion of pharmaceutical and 
personal care product testing, are necessary to more confidently identify E. coli sources. 

There are many variables to consider in water quality investigations:  

1. wet weather flows 

 2. aging and failing infrastructure 

 3. irrigation returns 

 4. illegal and legal discharges 

 5. system hydrology  

6. wildlife 

 7. spatial and temporal variation 

 8. manipulation of flows by dams 

 

For example, if wet weather flows occur and the water released from the reservoir is reduced, 
net flow within Lower Bear Creek might not change appreciably, but a greater proportion of 
that flow would be contribution due to precipitation inside the watershed. This contribution 
may consist of concentrated surface water runoff from impervious surfaces. By contrast, during 
spring and early summer runoff season, the releases from the reservoir may be higher and the 
vast majority of flow would consist of water that originated in the Upper Bear Creek 
Watershed. These dynamics contribute to variability in stream water quality.  
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Based on the 2013 and 2014 data, E. coli impairment of Lower Bear Creek begins downstream 
of sample site BCL5.  Farther downstream, there are fluctuating temporal and spatial E. coli 
impairments. This suggests a complex situation that will likely require a multifaceted mitigation 
approach.  Additional monitoring may steer future recommendations towards infrastructure 
upgrades, low-impact development practices, public education, and continued E. coli source 
tracking. 

 

      
 

Gerry Martinez collects samples in Sheridan on May 1, 2013 (L) and August 7, 2013 (R). Photos:  Rachel 
Hansgen 
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 Map 8 
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Element 3 - Description of Nonpoint 
Source Management Measures 
Several best management practices (BMPs) can be implemented within the watershed to 
complement existing strategies and improve water quality related to bacteria and nutrient 
pollution. Best management practices include structural, non-structural, and maintenance. 
Descriptions of BMPs and strategies proven most effective at reducing E. coli levels are outlined 
below. The BMPs were selected from Urban Drainage and Flood Control District’s Urban Storm 
Drainage: Criteria Manual Volume 3 – Best Management Practices (UDFCD, 2010). 

Structural 

Structural infiltration BMPs are designed to reduce urban runoff, recharge ground water, protect 
stream channels, collect peak discharge from storm events, and improve water quality. Filtration 
BMPs work the same way with the exception of groundwater recharge. 

Bioretention  

Bioretention systems convey storm water runoff through a constructed vegetation channel to a 
capture site where it is filtered or infiltrated. Bioretention areas are planted with low maintenance 
plant materials that are well adapted to specific areas and site conditions. The vegetation channel 
does not require fertilization.  These systems are prone to sedimentation and erosion and removal 
of sediment occurs as needed. Erosion can lead to failure and/or export of sediment and 
phosphorous to the capture site.  

           

Bioretention channel in Lower Bear Creek watershed (L) and example from Lake County, Illinois (R). 

Photo: Rachel Hansgen 
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Bioswale in a parking lot (L) and filter strip designed to receive overland sheet flow (R). 

Media Filters (Proprietary)  

Media filters treat storm water before it is discharged into receiving water. These systems typically 
consist of structures that utilize settling, filtration, absorptive materials, vortex separation, 
vegetative, and other appropriate technologies to remove pollutants including E. coli. Others 
employ a media filter to contain bacteria and nutrients entering the system. Media filters are 
generally appropriate for small drainage areas with a high percentage of impervious surfaces that 
contribute to sediment and nutrient loading.  

Detention Basins  

Detention basins can be designed and constructed to accommodate a variety of storm water needs. 
Dry detention basins temporarily pool water to reduce erosion and protect against flooding. This 
system is not effective at removing bacteria due to the short holding time of the storm water. 
However, detention basins can be constructed to increase the holding time without creating a 
permanent pond. Pollutant removal efficiency increases with longer water holding times.  

Seasonal views of detention basin in Lower Bear Creek watershed in winter (L) and summer (R) - Sheridan. Photos: Rachel Hansgen 
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Two views of detention basin in Lakewood near Lower Bear Creek. (Photos: Rachel Hansgen) 
 

       
 
Catchment basins in detention area in Denver (L) and small detention basin (R) in Denver. (Photos: Rachel Hansgen) 
 
Retention Pond 

Retention ponds are similar to detention basins but are designed to hold a permanent pool of 
water. This system is designed to capture additional storm water runoff and treat the water through 
sedimentation and biological processes. Many retention ponds incorporate some wetland 
vegetation to assist with the biological process of improving water quality. These systems are 
effective in reducing E. coli when examining the influent and effluent levels.  

            

Retention pond design by Colorado Hardscapesi (L) and near a shopping center in Denver(R). 
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Constructed Wetland Channel  

Constructed wetland channels are conveyance BMPs that enhance storm water quality. Constructed 
wetland channels use dense vegetation to slow down runoff and treat storm water through 
straining, settling, and biological processes.  

 
Wetland terrace in Palmisano Park, Chicago (L), wetland delineation and channel relocation, Bozman (C, R). 

 

 
 

        

A constructed wetland area in Lakewood Greenbelt promotes water quality through filtration and biological processes.  
(Photos: Rachel Hansgen) 
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Influent/Effluent Summary Statistic for E. coli  (#/100mL)    

Geosyntec Consultants & Wright Water Engineers Inc. developed the table below after reviewing 
efficacy of BMPs indicated for the reduction of E. coli in environmental waters. Statistically 
significant decreases of E. coli concentrations from influent to effluent were noted for detention 
basins and retention ponds. 

As the Stewardship Group begins vetting BMPs for prioritized locations within the Lower Bear Creek 
watershed, it will be important to review studies where BMPs have been installed and evaluated in 
similar geologic and climatologic conditions. 

Maps 9, 10, and 11 illustrate storm sewer outfalls relative to Lower Bear Creek.  Based on land use 
type and degree of development near the creek, these locations can be investigated as potential 
sites for structural BMPs. 
 
Ongoing water quality monitoring at locations upstream and downstream of newly installed BMPs 
will provide data about the relative efficacy of the BMP.   
 

 
BMP Type 

 

Count of Studies 
and EMCs 

 

25th 
Percentile 

 
Median (95% Conf. Interval*) 

 
75th Percentile 

In Out In Out In Out In Out 
Grass Strip NA NA NA NA NA NA NA NA 
Bioretention 3, 54 3, 54 42 5 150 (50, 210) 44 (6, 137) 1820 965 
Bioswale 5, 39 5, 39 295 1200 3990 (200, 5600) 4190 (1200, 5900) 11000 10000 
Composite NA NA NA NA NA NA NA NA 
Detention Basin 3, 32 3, 32 398 60 1300 (460, 1990) 429 (82, 720)** 12600 1880 
Green Roof 1, 6 3, 39 8 5 232 (1, 550) 16 (5, 48) 5.0 61 
Manufactured Device-D NA NA NA NA NA NA NA NA 
Manufactured Device-F NA NA NA NA NA NA NA NA 
Manufactured Device-P NA NA NA NA NA NA NA NA 
Media Filter NA NA NA NA NA NA NA NA 
Retention Pond 4, 68 4, 69 607 10 2800 (1350, 4300) 150 (31, 387)** 17500 800 
Wetland Basin 3, 42 3, 42 257 65 785 (363, 1350) 632 (199, 1160) 2510 3580 

*Computed using the BCa bootstrap method described by Efron and Tibishirani (1993) 
**Hypothesis testing in Attachment 2 shows statistically significant decreases for this BMP category. 
Source: International Stormwater Best Management Practices (BMP) Database Pollutant Category Summary Statistical 
Addendum: TSS, Bacteria, Nutrients, and Metals 

 
Table 3.1  BMP influent/effluent comparisons for E. coli 
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Map 9 
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Map 10 
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Map 11 

61 
 



 

Denver Water Quality Improvement Project on Lower Bear Creek 

In 2013, the Natural Resources Division (NRD) of Denver Parks and Recreation received funding to 
investigate suitable locations for structural BMPs to improve water quality in Lower Bear Creek.  In 
collaboration with Denver Environmental Health, NRD identified three likely inflow and outflow 
structures. Maps 3 and 7 below indicate locations for each pair of inflow and outflow structures.   

      
Inflow (L) and outflow (R) structures at NRD-01.  Photos: Cinceré Eades 
 

 

Inflow (L) and outflow (R) structures at NRD-02. Photos:  Cinceré Eades 
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Map 3 
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Map 7 
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Inflow (L) and outflow (R) at NRD-03. Photos: Cinceré Eades 

The NRD project was the first opportunity during the watershed planning process to select sites and 
implement a structural BMP that may be efficacious in lowering in-stream E. coli concentrations.  
Ongoing water quality monitoring is part of the evaluation process and will inform future BMP 
selection throughout the watershed. 

Estimated Costs for Structural Best Management Practices 

The costs of implementing and maintaining structural BMPs are typically assumed by the respective 
municipalities implementing them, as they will be responsible for maintenance and repair.  These 
costs can be included in storm sewer charges for residents or included in upcoming municipal 
budgets.  Therefore, these costs are not included in the overall watershed plan budget.  

As monitoring results and research on BMPs offer additional information, the Stewardship Group 
and municipal partners will exchange all relevant information.  Table 3.2 is an introduction to six 
structural BMPs, construction and maintenance costs, as well as water quality efficacy parameters 
that the NRD is considering for one of the three sites listed in the previous section. 
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 Removal Efficiency Requirements Considerations and 
Maintenance 

Pros Cons Cost 

Constructed Wetland Wetland provides water quality functions 
 
 Depends on design, size, quantity and retention 
time 
 

Typical Pollutant Removal Rates of Wetlands (%) 
(Winer, 2000) 

Pollutant 

Stormwater Treatment Practice Design 
Variation 

Shallow 
Marsh 

ED 
Wetland1 

Pond/Wetland 
System 

Submerged 
Gravel 

Wetland1 
TSS 83±51 69 71±35 83 
TP 43±40 39 56±35 64 
TN 26±49 56 19±29 19 

NOx 73±49 35 40±68 81 

Metals 36 - 85 
(-80) - 

63 0 - 57 21 - 83 
Bacteria 761 NA NA 78 

1:Data based on fewer than five data points 
 

Base flow and water rights 
 
Surface area ≥1% of 
drainage area 
 
Length to width ratio 1.5:1 
 
Upgradient slope ≤15% 
 
Trash rack at inlet 
 
Stabilized outfall to 
prevent erosion 
 
Microtopography: shallow 
and deep zones 
 
Emergency spillway for 
flood events 

Pretreatment:  sediment 
forebay 
 
Treatment 
 
Conveyance 
 
Maintenance: access to 
forebay and shallow pool; 
drain pipe incorporated 
into shallow pool to allow 
dredging of main cell 
every 7-10 years 
 
Planting plan: 
submergent, emergent, 
dry tolerant plants, upland 
border plants 

6-12 hour retention pond 
 
Removal of coliforms and 
pathogens 

Requires continual base 
flow 
 
Difficult to maintain in 
semi-arid climate 
 
Cold climate freezing of 
shallow pond 

Construction typically 
costs 25% more than 
storm water ponds of 
equivalent volume 
 
C = 30.6V0.705 

Where: 

C = Construction, Design 
and Permitting Cost 
V = Wetland Volume 
needed to control the 10-
year storm (cubic feet) 
Using this equation, 
typical construction costs 
are: 
 

$ 57,100 for a 1 acre-foot 
facility 

 
$ 289,000 for a 10 acre-
foot facility 

 
$ 1,470,000 for a 100 
acre-foot facility 

Maintenance:  annual cost 
of routine maintenance is 
typically estimated at 
about 3% to 5% of the 
construction cost (or 3:1 
for lifetime estimate) 
 

Table 3.2A  Constructed Wetland specifications.  Source – stormwatercenter.net 
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 Removal Efficiency Requirements Considerations and 
Maintenance 

Pros Cons Cost 

Wet Pond Bacterial: 70%±32 (standard 
deviation) 
 
Highly dependent on water 
quality and base flow 
 
A function of Vro to Vpool 
 
 

 Pollutant Removal 
Efficiency of 

Stormwater Wet 
Ponds (Winer, 2000) 
Pollutant Removal 

Efficiency 
(%) 

TSS 80±271 
TP 51±21 
TN 33±20 

NOx 43±38 
Metals 29-73 

Bacteria 70±32 
1: ± values represent one 
standard deviation 

 

Base flow and water rights 
 
Surface Area = 2-3% of 
drainage area 
 
Sized to treat 85% volume of 
runoff 
 
Submergent and emergent 
vegetation < 25% 
 
Access path to forebay for 
sediment pumping or 
excavation 
 
Need draw down Time of 48 
hrs 
 
Water depth < 8 ft 
 
Energy dissipater at inlet or 
sediment forebay 
 
Impermeable liner in 
sandy/loamy soils 
 
Overflow by-pass for high 
peak flow events 
 

Primary mechanism is settling 
 
Design cost / construction & 
maintenance cost  costs may 
be lower at outfall with 
existing ponds 
 
Vector Control and vegetation 
management 
 
Waterfowl use / potential for 
additional nutrient and 
pollutant inputs 
 
Primarily Total Suspended 
Solids and nutrient removal 
 

Aesthetic value, wildlife 
habitat if constructed & 
maintained properly 
 
Can be placed in existing 
footprint of culvert if surface 
area is sufficient 
 
Can easily replace dry 
detention basin 
 

Need a relatively large area of 
land 
 
Needs a constant base flow 
 
Limited success in semi-arid 
climates because of need for 
supplemental water 
 
Vector control & weed 
control 
 
With higher pollutant load 
comes increased potential for 
Invasive Plant colonization 
 
RE is highly dependent on 
base flow water quality 
 

C = 24.5V0.705 

Where: 

C = Construction, Design 
and Permitting Cost 

 
V = Volume in the Pond to 
Include the 10-Year Storm 
(cubic feet) 

 
Using this equation, a 
typical construction costs 
are: 

 
$ 45,700 for a 1 acre-foot 
facility 

 
$ 232,000 for a 10 acre-
foot facility 

 
$ 1,170,000 for a 100 acre-
foot facility 

 

Table 3.2B  Wet pond specifications.  Source – Stormwatercenter.net 

 

 

 

 

 

 

 

67 
 

http://stormwatercenter.net/


 

 Removal Efficiency Requirements Considerations and 
Maintenance 

Pros Cons Cost 

Wet Pond +  
Constructed Wetland 

Improved bacterial removal 
from additional storm water 
treatment  BMP 
 

Base flow and water rights 
 
Similar to requirements of 
wet pond alone 
 
Wetland vegetation planted 
upstream of outlet; greater 
density when wet pond alone 
 
Water depth < 8 ft 
 
Water detention time of 12-
24 hours 
 
Overflow by pass for high 
peak flow events required 
 
 

Same as extended detention 
basin + constructed wetland 
 
 
Costs may be lower at outfall 
with existing wet ponds 
 
Vector control and vegetation 
management - costs, labor, 
time 
 
Waterfowl use/potential for 
additional nutrient and 
pollutant loading 
 
 

Same as wet pond alone 
 
Additional removal efficiency 
from secondary treatment 

Relatively large area of land 
needed 
 
Constant base flow needed 
 
Limited success in semi-arid 
climates 
 
Vector and weed control 
costs 
 
Removal efficiency is highly 
dependent on water quality 
of base flow 
 

Wetland pond + constructed 
wetland costs combined 

Table 3.2C  Wet pond + constructed wetland specifications.  Source – Stormwatercenter.net 

 

Figure 3.1  Wet pond and constructed wetland design.  Source: Stormwatercenter.net 
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 Removal Efficiency Requirements Considerations and 
Maintenance 

Pros Cons Cost 

Submerged Gravel 
(Constructed) Wetland 

Bacteria 78%; Total 
Suspended Solids 83%; Total 
Phosphorous 64%; Metals 21-
83% 
 

Water rights 
 
2 cells minimum 
 
Length of each cell at least 15 
feet (30' length min) 
 
Length to width ratio >0.5 
 
limited hydraulic head 
requirement > 4 inches 
 
conversion of wet pond to dry 
pond 
 
impermeable or low K soils; 
impervious liner would be 
required at proposed sites 
 
8" wetland soil (>15% OM, 
low conductivity) 
 
3" aggregate layer between 
soil and gravel 
 
24" gravel 
 
Can consume 3-5% of 
drainage area 

Pretreatment can be pond 
volume 
 
Dense stands of vegetation 
can inhibit E. coli RE & even 
create conditions conducive 
to E.Coli 
 
Monotypic stands of IP such 
as Typh  and Phragmites are 
likely where used to treat 
nutrient rich storm water 
 
Maintenance costs can be as 
high as 5% of construction 
costs 
 
Clean out of forebay every 4 
years; 1st year post-
construction maintenance 
with semi-annual monitoring 
and maintenance program 
 
Regular clean out of 
macrophytes and floating 
debris requires ongoing 
monitoring and training 

Well suited for retrofit of wet 
pond 
 
Can be placed in footprint of 
existing detention pond sized 
for flood event 
 

Requires more surface area 
and volume than modular 
units 
 
Construction costs 
 
More intensive maintenance 
 
May not function as 
efficiently during cold, dry 
weather 
 
 

C = 30.6V0.705 

Where: 

C = Construction, Design and 
Permitting Cost 

 
V = Wetland Volume needed 
to control the 10-year storm 
(cubic feet) 

Using this equation, typical 
construction costs are: 

 
$ 57,100 for a 1 acre-foot 
facility 

 
$ 289,000 for a 10 acre-foot 
facility 

 
$ 1,470,000 for a 100 acre-
foot facility 

Table 3.2D Submerged Gravel Constructed Wetland specifications. Source stormwatercenter.net 

            
Figure 3.2 Submerged Gravel Constructed Wetland Designs.  Images: University of California, Division of Agriculture and Natural Resources 
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 Removal Efficiency Requirements Considerations and 
Maintenance 

Pros Cons Cost 

Storm Treat System E. coli: 99%; FC: 98%; Total 
Suspended Solids: 87%; 
Phosphorous: 60%; Nitrogen: 
42%; Oil/grease: 93%; 
Zinc:66%; Copper: 58% 
 

Water rights 
 
9.5 foot diameter for each unit 
 
Number of units based on Total 
Water Quality Volume & sub-
drainage area 
 
Total Water Quality 
Volume=2880 gal/day with 
discharge flow = 2gpm per unit: 
2 units can handle total 5760 
gal day    
 
Treats 8640 gal over 72 hrs 
 
Direct connection to drainage 
structure via 4-inch diameter 
inlet pipe 
 
Storm Treat System designers 
conduct field visit to 
determine/select appropriate 
plants 
 
2-3 units / acre of impervious 
surface 
 
Surface area 5-10% of treated 
area= 
 ~0.6-1.2 ac for 44482STOF 
~0.7-1.4 ac for 44691STOF 
 2-3 units at each location 

Pre-treat, filter & CW 
combined in one unit 
 
Sediment c/o similar to catch 
basin c/o 
 
Inverted elbow trap 
maintenance unclear 
 
Annual maintenance for 
plants & sediment depth 
monitoring      
 
3-5 yr maintenance for 
sediment pumping 
 

Requires less surface area 
than constructed wetland 
(gravel submerged or surface 
flow) 
 
Modular unit  
 
Outlet valve can be closed at 
end of rainy season to 
preserve wetland system 
 
5 day retention period 
 
Polyethylene construction so 
unit can flex with ground as it 
freezes and thaws 
 

Five day retention period 
exceeds retention time 
allowed under current water 
law structure 
 
No built in overflow for high 
flow events that exceed inlet 
capacity - would need a catch 
basin or overflow structure if 
Total Water Quality Volume 
design basis is exceeded 
 
Does not process water very 
quickly 
 
 

$8500/unit + cost of pea 
stone, wetland plants 
(purchased from Storm Treat 
System) & freight (4 units / 
trailer)                                                                  
 
Cost includes cover bolts and 
tool to remove bolts              
 
 As needed oil and sand 
vacuumed out from unit 
(depends on inflow levels - 
cost includes truck & labor 
 
Installation/construction 
costs are owner 
responsibility; Storm Treat 
System can provide field 
oversight  
 
Currently 10 in stock; 
ordering lead time dependent 
on stock  
 

Table 3.2E  Storm Treat System specifications.   Source StormTreat.com 

 

Figure 3.3  Storm Treat System units.  Photos:  StormTreat.com 70 
 



 

 Removal Efficiency Requirements Considerations and 
Maintenance 

Pros Cons Cost 

Modular Wetlands-
Linear 

E. coli  < 70% w/ biofilter 
 

Water rights 
 
Flow based design or water 
quality design 
 
High flow by-pass built in 
 
Can be designed or modified 
for culvert.   Can be used for 
end of pipe treatment 
 
Depth is 4.13 ft for all sizes                           
Perimeter of wetland = 6.7' - 
88.8' for largest box 
 
Can build on slope 
 
Doesn't require base flow 
(Drain down system designed 
to keep dry when no water 
flow) 
 
6-12" aggregate needed for 
bottom, self source 
 

Pretreatment chamber - 12 
month maintenance cycle 
 
Bioretention Filter has 15 
year life 
 
50% of systems use secondary 
irrigation for wetland plants; 
proven track record in cold 
environments, but not semi-
arid & cold 
 
Cost includes 1 year 
maintenance and free 
training for staff responsible 
for ongoing maintenance 
 
Eight weeks lead time 

Can be designed or modified 
for culvert 
 
Can be used for end of pipe 
treatment 
 
Can be built on slope 
 
Doesn't require base flow 
(Drain down system designed 
to keep dry when no water 
flow) 
 

Even with biofilter media 
removal efficiency for E. coli is 
< 70% 
 
No proven track record in 
semi-arid, cold environment 
 

5' x 5-6' box = $8000 (+ tax 
and shipping)      
 
5' x 21' box = $21000 (+ tax 
and shipping)    
 
Installation = $300-4000  
 
Media Filters:  $100 every 12-
24 months 
 
Installation supervisor at 
additional cost 
 

Table 3.2F  Modular Wetlands – Linear specifications.  Source:  Stormwatercenter.net 

   

Figure 3.4  Modular wetland examples (L) and (R) and design.  Source: modularwetlands.com.  

 

71 
 

http://modularwetlands.com/


 

Non-structural (Source control) 

Non-structural BMPs include maintenance strategies and public education.  These can sometimes 
be the most effective measures for reducing E. coli and nutrients in urban waters. Regular 
inspection and maintenance of storm water BMPs also ensure that the structures are functioning 
properly.  

Street Sweeping 

Public Works Departments are responsible for regular street sweeping activities for many of the 
jurisdictions in the watershed. The process of removing trash and debris from the street reduces 
pollutant loading to receiving waters by reducing clogging of storm sewers and outlet structures of 
structural BMPs. Street sweeping can also remove thousands of cubic yards of sediment, which can 
act as a surface area for E. coli to adhere to and colonize. Street sweeping is an appropriate 
technique in urban areas where sediment and litter accumulation on streets is of concern for 
aesthetic, sanitary, and water quality reasons. 

 

Street sweeping in Lakewood.ii 

Storm Sewer Cleaning 

Routine storm sewer cleaning can help remove accumulated sediment and trash from the inlets, 
pipes and BMPs. Maintenance and cleaning reduces the amount of pollutants that enter receiving 
waters and maintains the capacity of the storm pipes. Cleaning also increases dissolved oxygen, 
reduces levels of bacteria, and supports in-stream habitat. 

          

Storm sewer footage from Rockdale County, Georgiaiii (L), and a storm sewer cleaning truck in Floridaiv (R). 
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Sanitary Sewer Line Scoping 

Scoping sanitary sewer lines annually ensures pipes are structurally sound and confine sanitary 
waste between homes, schools and other facilities to treatment facilities.  A remote controlled 
video camera is attached to a cable connected to a truck.  An operator inside the vehicle rotates the 
camera around the circumference of the pipe searching for damage.  Damage is recorded with 
location and pertinent details and repair priorities are established. 

MWWRD takes annual sanitary sewer line video to ensure pipe integrity and prioritze repairs. Photo: Rachel Hansgen 

 

A camera cable attached to the truck in the photo above. Photo: Rachel Hansgen 

 

A camera operator inside the truck views real-time footage inside the sewer line. Photo: Rachel Hansgen 
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Domestic Pet Waste 

Public education about effects of pet waste on the health of a watershed is another non-structural 
BMP. 
   As pet waste decays in a water body, the degradation process  

uses oxygen and sometimes releases ammonia. Low oxygen levels  
and the presence of ammonia, combined with warm temperatures,  
can be toxic to fish and aquatic life. Pet waste also contains nutrients  
that promote weed and algae growth. Perhaps most importantly, pet  
waste carries microbes, such as bacteria, viruses, and parasites, that  
can pose a health risk to humans and wildlife. (Glausiusz, 2002) 
 

These messages can be communicated in a variety of ways and are included in the Education and 
Outreach component in Element 5: door-to-door canvassing, door hangers, signage, social media, 
special events, etc. In areas directly adjacent to water sources, signage with facilities could be 
incorporated to encourage the public to pick up after pets.   
 

               

Walking dogs along Greenbelt in Lakewood (L), Poo Free Parks sign with waste bags near Stone House in Lakewood (R). Photos: 
Rachel Hansgen 

      

Community notice to pick up after your pet (L) and cat litter box emptied in ditch that drains to Lower Bear Creek in same community 
(R).  Photos: Rachel Hansgen 
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Illicit Discharges   

Illicit discharges are non-storm water discharges into storm drain systems. Some examples of illicit 
discharges include, illegal dumping, spills, failing septic systems, and improper sewage disposal. 
Control of illicit discharges involves a thorough knowledge and background of storm sewer 
infrastructure. The development of coordinated plans to detect and address illicit discharges, and 
public education can aid in the problems associated with this issue.  

 

Storm sewer covers in Denver (L) and Lakewood (R). Photos: Rachel Hansgen 

 

A worker cleaning a machine on a surface that drains directly to Lower Bear Creek in Denver (L) and a carpet cleaning truck draining 
water into storm sewer in Lakewood (L). Photos: Rachel Hansgen 
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Restoration BMPs 

Landscape Restoration  

Appropriate landscape and lawn maintenance is important to reduce nutrient and bacterial loading to 
storm systems. This type of management is applicable to residential, commercial, and municipal uses. 
Additionally, restoration of landscapes can improve ground saturation and biological process prior to 
storm water reaching the sewer systems. Specific plants can be installed along with incorporating 
vegetated basins to increase infiltration.  

Riparian Buffering & Floodplain  Restoration 

Along waterways, restoration activities are very useful in improving water quality. By stabilizing 
banks with wetland and native vegetation, erosion is reduced and water is filtered prior to entering 
the receiving waters. Increasing vegetation by creating a riparian buffer slows down storm water 
sheet flow and reduces flooding.  

      

Kipling Street facing north over Lower Bear Creek (L), riparian buffer east of Kipling (C), water enters creek after filtering through 
riparian buffer (R). Photos: Rachel Hansgen 

Other Best Management Practices in Use in the Watershed 

The communities within the Lower Bear Creek watershed utilize a number of best management 
practices to protect overall water quality in urban streams and rivers.  

Stormsewer charges  

Storm drainage charges fund the collection and disposal of rain water and snow melt.  Charges are 
typically based on the amount of impervious surface on a property.  As Denver’s Wastewater 
Management site explains, “a parking lot will have more storm runoff than a grassy area of the 
same size”.v   Lakewood also includes elements such as driveways, rooftops, sidewalks and patios 
intheir impervious surface calculation.vi  Typically, the higher the ratio of impervious surface, the 
greater the stormsewer rate.  Lakewood, Denver, and Sheridan all collect a stormsewer charge to 
fund the “operation, maintenance, construction, improvement, and replacement of drainage 
services and facilities”.vii 
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Construction and Post Construction Control Measures  

While construction is regulated in all cities in the watershed, it is relevant to reinforce the principles 
behind construction control measures.  Sediment is the most the most common pollutant from 
construction sites.  Sediment (and other pollutants in sediment) in environmental waters can 
negatively impact temperature, transmission of light, and aquatic life habitat.  The pictures below 
present examples of construction control measures from the Lower Bear Creek watershed. 

 

Construction on the Wadsworth bridge over Bear Creek in April 2013 (L), sediment barricad upstream of Wadsworth bridge in April 
2013 (C), storm outfall rock filter in Sheridan.  Photos:  Rachel Hansgen 

Household Hazardous Waste Disposal  Programs 

All communities in the watershed provide hazardous waste disposal programs.   These programs are 
crucial in keeping hazardous compounds out of environmental waters.  Preventing contamination 
reduces costs associated with cleaning drinking water. 

Jefferson County:  Rooney Road Recycling Center, www.rooneyroadrecycling.org , 303-316-6262. 

Denver County: Denver’s Household Hazardous Waste Collection Program, 
http://www.denvergov.org/trashrecycling/TrashandRecycling/TrashCollection/HazardousWaste/tab
id/438319/Default.aspx, 1-800-449-7587. 

Arapahoe County:  Arapahoe County Trash and Recycling Services, 
http://www.arapahoegov.com/index.aspx?nid=118, 1-800-449-7587. 

Household Medical and Pharmaceutical Waste Disposal Programs 

Emerging contaminants, especially those from medical and pharmaceutical waste, is a growing 
problem in urban waters.  The full effects on wildlife, habitat, and human health are not fully 
understood. 
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The Colorado Medication Take Back Pilot Program is managed by the Colorado Department of Public 
Health and Environment with funding and other support from groups including: 

• Pollution Prevention Advisory Board 
• King Soopers and City Market 
• Tri-County Health Department 
• Denver Health 
• EPA Region 8 
• Denver Water 
• Aurora Water 
• Consortium for Education and Research on Emerging Contaminants (CREEC) 
• Southeast Metro Stormwater Authority 
• Metro Wastewater Reclamation District 
• Littleton-Englewood Wastewater Treatment Plant 

Current information and takeback locations are available at www.colorado.gov/cs/Satellite/CDPHE-
DEHS/CBON/1251587109913.  
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Element 4 - Technical and Financial 
Assistance Needs 
Table 4.1 includes only costs for the Education and Outreach component and the Monitoring 
component.  Please see Element 5 for the complete Education and Outreach plan, and Element 9 for 
the complete Water Quality Monitoring component.  These costs are an estimated minimum to 
begin implementing the recommendations identified in this watershed plan. 

Plan Item 2015-2017  
Estimated Cost 

2018-2020  
Estimated Cost 

2021-2023 
Estimated Cost 

Total 
Estimated 
Cost 

Education and Outreach 
component 

$224,821  $341,974  $190,274  $757,069  

Monitoring component $57,846  $57,846  $57,846  $173,538  
     

Estimated Technical and Financial Assistance Total $930,607  
Table 4.1  Estimated short-, mid-, and long-term costs for Education and Outreach and Monitoring components only. 

Table 4.2 identifies the yearly costs (for all 9 years of the watershed plan) based only on the 
Education & Outreach and Monitoring components.  Budget justifications for Short-, Mid-, and 
Long-term phases are included in Element 5 – Education and Outreach. 

Year Education & Outreach Monitoring Total 

2015 $85,707 $19,282 $104,989 
2016 $72,657 $19,282 $91,939 
2017 $66,457 $19,282 $85,739 
2018 $124,408 $19,282 $143,690 
2019 $113,208 $19,282 $132,490 
2020 $104,358 $19,282 $123,640 
2021 $69,158 $19,282 $88,440 
2022 $63,658 $19,282 $82,940 
2023 $57,458 $19,282 $76,740 

Table 4.2  Estimated yearly costs for Education and Outreach and Monitoring components only. 

Table 4.3 consolidates expenses from each Element within the plan.  Costs are outlined by phases of 
implementation and include technical expertise and additional staff required.  Structural BMP 
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installation and maintenance are not included in this budget as they are the responsibility of the 
municipalities in the Lower Bear Creek watershed. 

Plan Item 2015-2017  
Estimated 
Cost 

2018-2020  
Estimated 
Cost 

2021-2023 
Estimated 
Cost 

Total 
Estimated 
Cost 

Education and Outreach component $224,821  $341,974  $190,274  $757,069  

Monitoring component $57,846  $57,846  $57,846  $173,538  
Research Hydrologist 
($50/hr for 120 hr/year) 

$18,000  $6,000  $0  $24,000  

E. coli Source Typing (4+ tests/sample, 
$4,250/event, 24 events/yr) 

$102,000 $102,000 $102,000 $306,000  

Data Analysis – Graduate Student 
($15/hr) 

$1,200  $1,200  $1,200  $3,600  

GIS – Student 
($15/hr) 

$1,800  $1,800  $1,800  $5,400  

Estimated Technical and Financial Assistance Total $1,269,607  
Table 4.3  Estimated technical and financial assistance needs total including source typing,  hydrologist and student GIS and data 
analysis. 
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Element 5 - Education and Outreach  
The Education and Outreach subcommittee approached the creation of this component as an opportunity to 
develop recommendations that provide an emotional, economic and science-based approach to change 
behaviors that effect short-term and long-term water quality in Lower Bear Creek. 

Education and Outreach Elements and Approaches 

The following short, mid and long-term goals were established based on the EPA 9 Elements.  

The 3-tiered implementation calendar approach was devised to ensure sufficient water quality data 
are gathered to inform structural and non structural Best Management Practice implementation for the 
watershed. 

Watershed Plan Element Short-term (2015-2017) Mid-term (2018-2020) Long-term (2021-2023) 

Education & Outreach 
Objectives: 

Focus education and 
outreach in the 
communities next to 
Bear Creek with 
highest levels of in-
stream E. coli. 

 

Conduct outreach to 
groups outside the 
watershed that have 
interest in the health of 
the creek and 
surrounding 
environment. 

Continue education and 
outreach within 
watershed to 
communities beyond 
the initial areas with the 
highest E. coli 
contamination. 

 
Continue conducting 
outreach to groups 
outside the watershed 
that have interest in the 
health of the creek and 
surrounding 
environment. 

Continue education and 
outreach to areas in 
the watershed not 
addressed by short and 
mid-term goals. 

 

Continue conducting 
outreach to groups 
outside the watershed 
that have interest in the 
health of the creek and 
surrounding 
environment. 

Table 5.1  Education and Outreach objectives 

In addition to the tiered timeline, the following categories for strategies were discussed and adopted.  
The tables in the remainder of the section provide additional details for each strategy and budget 
estimates. 

• Outreach:  Unidirectional information only (from Stewardship Group to audience) 

• Active Education:  Active strategies engage audiences in discussion 

• Interactive Education: Interactive strategies engage audiences in participatory learning 
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Education & Outreach 

Short-term (2014-2017) 

OUTREACH 

Project Parties Involved Cost Estimate per Unit 

Public Health Signagea Municipalities, Cities, Stewardship 
Group, Groundwork Denver 

$450 per sign (12 signs) 

Watershed Video Stewardship Group, Groundwork Denver $3,000 (one time) 

Newspaper articles and 
inexpensive advertising 

Stewardship Group, Groundwork Denver $1,500 per year (3 years) 

Interpretive Ecological 
Exhibitsa 

Municipalities, Cities, Stewardship 
Group, Groundwork Denver 

$1,200 per sign (6 signs) 

Create a mascot Stewardship Group, Groundwork Denver $1,500 (one time) 

Social Media Stewardship Group, Groundwork Denver $ 8,281 per yearb   

Short-term OUTREACH Estimated Cost (3 year total) $46,443c 

a Signs may need to conform to design and messaging standards within each county or city.  Costs may vary. 
b Estimate based on $60,000 ($31.25/hr) at 5 hrs/wk for 53 weeks (one year) 
c (3.5 year total) - $,5000  (to reflect one watershed video expense) 
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Budget Justification – Short-term OUTREACH 

# ITEM COST per UNIT QTY 2015 QTY 2016 QTY 2017 Item TTLs 
1 Public health 

signage 
$450 per sign 6  $2,700  3  $1,350  3  $1,350  $5,400  

2 Watershed video $3000 one time 1  $3,000  0  $0  0  $0  $3,000  
3 Articles/Advertising $1,500 per year   $1,500    $1,500    $1,500  $4,500  
4 Interpretive 

Ecological Exhibits 
≥$1200 per sign 3  $3,600  2  $2,400  1  $1,200  $7,200  

5 Mascot $1,500 one 
time 

1  $1,500  0  $0  0  $0  $1,500  

6 Social media $8,281 per year 1  $8,281  1  $8,281  1  $8,281  $24,843  
 Total   $20,581    $13,531    $12,331  $46,443  
 

 

EXPENSE UNIT 3 year Total 
Materials (Items 1-5) 3 year total, 2015-2017 $21,600  

Administration (Item 6) 3 year total, 2015-2017 $24,843  

Total $46,443 
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Education & Outreach 
Short-term (2015-2017) 

ACTIVE 
Project Parties Involved Cost Estimate 

Initiate dialogue with CDOT, Waste 
Water, USACE, USFWS 

Stewardship Group, Groundwork 
Denver 

$3,000 per yeard 

1:1 meetings with city staff from 
Lakewood, Denver and Sheridan 

Stewardship Group, Groundwork 
Denver 

$5,250 per yeare 

Speak with law enforcement, animal 
control  about community safety 
concerns 

Stewardship Group, Groundwork 
Denver 

$750 yearf 

Door to door canvassing Groundwork Denver, Stewardship 
Group 

$5,000 per neighborhood 

Outreach to groups outside watershed 
who are interested in Bear Creek 

Stewardship Group, Groundwork 
Denver 

$3,313 per yearh 

Hold events along Bear Creek Stewardship Group, Groundwork 
Denver, Community-Based 
Organizations 

$5,000 per event 

Initiate conversations with stream and 
social science partners 

Stewardship Group, Groundwork 
Denver 

$4,500 per yeari 

Short-term ACTIVE Estimated Cost (3 year total) $135,439  
 d Estimate based on $60, 000 ($31.25/hr) at 24hr/Q = 96hr/year  h Estimate based on $60,000 ($31.25/hr) at 2hr/week = 106hr/year 
e Estimate based on $60,000 ($31.25/hr) at 42hr/Q = 168hr/year i Estimate based on $60,000 ($31.25/hr) at 36hr/Q = 144hr/year 
f Estimate based on $60,000 ($31.25/hr) at 6hr/Q = 24hr/year  

         

 

2013 Fair at the Bear logo 
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Budget Justification – Short-term ACTIVE 

# ITEM UNIT QTY 2015 QTY 2016 QTY 2017 Item TTL 
1 Initiate dialog with 

CDOT, Wastewater, 
USACE, USFWS 

$3,000 per 
year 

1  $3,000  1  
  
  

$3,000  1  
  
  

$3,000  $9,000 

2 1:1 meetings with city 
staff from Lakewood, 
Denver and Sheridan 

$5,250 per 
year 

1  $5,250  1  $5,250  1  $5,250  $15,750 

3 Speak with Law 
Enforcement/Animal 
Control 

$750 per year 1  $750  1  $750  1  $750  $2,250 

4 Canvassing $5,000 per 
neighborhood 

3  $15,000  3  $15,000  2  $10,000  $40,000 

5 Outreach to groups 
outside  watershed 

$3,313 per 
year 

1  $3,313  1  
  
  

$3,313  1  
  
  

$3,313  $9,939 

6 Events on LBC $5,000 per 
event 

3  $15,000  3  $15,000  3  $15,000  $45,000 

7 Initiate conversations 
with stream and social 
science partners. 

$4,500 per 
year 

1  $4,500  1  
  

  

$4,500  1  
  

  

$4,500  $13,500 

 

  Total 
  

  

$46,813    $46,813    $41,813  $135,439 

                                                                                   

EXPENSE UNIT 3 year Total 
Materials (Items 4, 6)  3 year total, 2015-2017 $85,000  

Administration (Items 1, 2, 3, 5, 7)  3 year total, 2015-2017 $50,439  

Total $135,439  
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Education & Outreach 
Short-term (2015-2017) 

INTERACTIVE 
Project Parties Involved Cost Estimate 
Work with communities to 
establish a collective community 
vision for the watershed through 
stewardship 

Stewardship Group, GWD $3,313 per yearj 

Adopt-a-Creek in target areas Stewardship Group, GWD, CBOs, 
volunteers 

$3,000 per segment 

Storm drain stenciling program in 
target areas 

Volunteers, Stewardship Group, GWD $3,000 per event 

Short-term INTERACTIVE Estimated Cost (3 year total) $42,939  

 

j Estimate based on $60,000 ($31.25/hr) at 2hr/week = 106hr/year 

Budget Justification - Short-term INTERACTIVE 

# ITEM UNIT QTY 2015 QTY 2016 QTY 2017 Item TTL 
1 Collective vision 

across 
communities 

$3,313 per 
year 

1 $3,313  1 $3,313  1 $3,313  $9,939  

2 Adopt-a-Creek $3,000 per 
segment 

3 $9,000  2 $6,000  2 $6,000  $21,000  

3 Storm drain 
stenciling 

$3,000 per 
event 

2 $6,000  1 $3,000  1 $3,000  $12,000  

  Total 
  
  

$18,313    $12,313    $12,313  $42,939  

 

EXPENSE UNIT 3 year Total 
Materials (Items 2, 3) 2015-2017 $33,000  

Administration (Item 1) 2015-2017 $9,939  

Total $42,939  
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TOTAL SHORT-TERM ESTIMATED COSTS 

Short-term OUTREACH Estimated Cost  
(3 year total) 

$46,443  

Short-term ACTIVE Estimated Cost  
(3 year total) 

$135,439  

Short-term INTERACTIVE Estimated Cost  
(3 year total) 

$42,939  

Total Short-term Estimated Cost  
(3 year total) 

$224,821  

Table 5.2  Education and Outreach Total Short-term estimated costs 

EXPENSE UNIT 3 year Total 
Materials  2015-2017 $139,600  

Administration 2015-2017 $85,221  

Total $224,821  
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Education & Outreach 
Mid-term (2018-2020) 

OUTREACH 
Project Parties Involved Cost Estimate per Unit 
Public Health Signagea Municipalities, Cities, Stewardship Group, 

Groundwork Denver 
$450 per sign  

Newspaper articles and 
inexpensive advertising 

Stewardship Group, Groundwork Denver $1,500 per year 

Interpretive Ecological Exhibitsa Municipalities, Cities, Stewardship Group, 
Groundwork Denver 

$1,200 per sign  

Social Media Stewardship Group, Groundwork Denver $8,282 per yearb 

Mid-term OUTREACH Estimated Cost (3 year total) $39,846  
a Signs may need to conform to design and messaging standards within each county or city.  Costs may vary. 
b Estimate based on $60,000 ($31.25/hr) at 5 hrs/wk for 53 weeks (one year) 
 
Budget Justification – Mid-term OUTREACH 

# ITEM COST per 
UNIT 

QTY 2018 QTY 2019 QTY 2020 Item TTL  

1 Public health 
signageª 

$450 per 
sign 

6 $2,700  3 $1,350  3 $1,350  $5,400  

2 Articles/Advertisingª $1,500 
per year 

1 $1,500  1 $1,500  1 $1,500  $4,500  

3 Interpretive 
Ecological Exhibitsª 

$1,200 
per sign 

3 $3,600  2 $240  1 $1,200  $5,040  

4 Social mediaª $8,282 
per year 

1 $8,282  1 $8,282  1 $8,282  $24,846  

 Total   $15,032    $12,832    $11,982  $39,786  
ª Items in 2016 and 2017 overlap – cost estimates assume full use of funds in short-term and mid-term periods 

 

EXPENSE UNIT 3 year total 
Materials (Items 1, 2, 3) 2018-2020 $15,000  
Administration (Item 4) 2018-2020 $24,846  

Total $39,846  
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Education & Outreach 
Mid-term (2018-2020) 

ACTIVE 
Project Parties Involved Cost Estimate 
Continue dialogue with CDOT, 
Wastewater, USACE, USFWS 

Stewardship Group, Groundwork 
Denver 

$3,000 per yeard 

Continue 1:1 meetings with city staff 
from Lakewood, Denver and Sheridan 

Stewardship Group, Groundwork 
Denver 

$5,250 per yeare 

Follow up on conversations with Law 
Enforcement (and Animal Control) 

Stewardship Group, Groundwork 
Denver 

$750 per yearf 

Continue door-to-door canvassing Stewardship Group, Groundwork 
Denver 

$5,000 per 
neighborhood (8 total) 

Hold events along Bear Creekª Stewardship Group, Groundwork 
Denver, Community-Based 
Organizations, volunteers 

$5,000 per event (9 
total) 

Market and show Watershed video Stewardship Group, Groundwork 
Denver 

$2,250 per yeark 

Outreach to communities beyond 
most polluted reaches of Bear Creek 

Stewardship Group, Groundwork 
Denver 

$3,313 per yearm 

Continue conversations with stream 
and social science partners 

Stewardship Group, Groundwork 
Denver 

$1,500 per yearn 

Mid-term ACTIVE Estimated Cost(3 year total) $133,189  

 
d 

Estimate based on $60, 000 ($31.25/hr) at 24hr/Q = 96hr/year 
e Estimate based on $60,000 ($31.25/hr) at 42hr/Q = 168hr/year 
f Estimate based on $60,000 ($31.25/hr) at 6hr/Q = 24hr/year  
ª
 Items in 2016 and 2017 overlap – cost estimates assume full use of funds in short-term and mid-term periods 

k Estimate based on $60,000 ($31.25/hr) at 38hr/Q = 72 hr/year 
m Estimate based on $60,000 ($31.25/hr) at 2hr/week = 106hr/year 
n Estimate base on $60,000 (31.25/hr) at 12hr/Q = 48hr/year 
 

     
Green Mountain High School Video Production students Phoenix Chu, James Grebb (L) and Cody Korsmeyer (R) conduct 
interviews and film images of Lower Bear Creek for the watershed video. 
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Budget Justification – Mid-term ACTIVE 

#  ITEM UNIT QTY 2018 QTY 2019 QTY 2020 Item 
TTTL 

1 Continue 
dialogue with 
CDOT, 
Wastewater, 
USACE, USFWS ª 

$3,000 per 
year 

1 $3,000  1  $3,000  1  $3,000  $9,000  

2 Continue 1:1 
meetings with 
city staff from 
Lakewood, 
Denver and 
Sheridan ª 

$5,250 per 
year 

1 $5,250  1  $5,250  1  $5,250  $15,750  

3 Follow up on 
conversations 
with Law 
Enforcement/A
nimal Control ª 

$750 per 
year 

1 $750  1  $750  1  $750  $2,250  

4 Continue door-
to-door 
canvassing ª 

$5,000 per 
neighborh
ood 

3 $15,000  3  $15,000  2  $10,000  $40,000  

5 Hold events 
along Bear 
Creek ª 

$5,000 per 
event 

3 $15,000  3  $15,000  3  $15,000  $45,000  

6 Market and 
show 
watershed 
video 

$2,250 per 
year 

1 $2,250  1  $2,250  1  $2,250  $6,750  

7 Outreach to 
groups outside  
watershed 

$3,313 per 
year 

1 $3,313  1  $3,313  1  $3,313  $9,939  

8 Continue 
conversations 
with stream 
and social 
science 
partners ª 

$1,500 per 
year 

1 $1,500  1  $1,500  1  $1,500  $4,500  

 

  Total   
  

$46,063    
  

$46,063    
  

$41,063  $133,189  

ª
 Items in 2016 and 2017 overlap – cost estimates assume full use of funds in short-term and mid-term periods 
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EXPENSE UNIT 3 year total 
Materials (Items 4, 5) 2018-2020 $85,000  

Administration (Items 1, 2, 3, 6, 7, 8) 2018-2020 $48,189  

Total $133,189  
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Education & Outreach 
Mid-term (2018-2020) 

INTERACTIVE 
Project Parties Involved Cost Estimate 
Meet with multi-city partners to encourage 
participation on Stewardship Group or 
become advocates for Bear Creek 

Stewardship Group, 
Groundwork Denver 

$3,313m 

Establish stream science program in targeted 
schools in watershed 

Stewardship Group, 
Groundwork Denver, 
Community Based 
Organizations, volunteers 

$9,000 per school 

Hold events along Bear Creek ª Stewardship Group, 
Groundwork Denver, 
Community Based 
Organizations, volunteers 

$5,000 per event 

Establish Adopt-a-Creek program in 
tributaries of Bear Creek 

Stewardship Group, 
Groundwork Denver, 
Community Based 
Organizations, volunteers 

$3,000 per segment 

Continue storm drain stenciling in areas not 
completed in short-term 

Volunteers, Stewardship 
Group, Groundwork 
Denver 

$3,000 per event 

Mid-term INTERACTIVE Estimated Cost (3 year total) $168,939  
m Estimate based on $60,000 ($31.25/hr) at 2hr/week = 106hr/year 
ª Items in 2016 and 2017 overlap – cost estimates assume full use of funds in short-term and mid-term periods 
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Budget Justification – Mid-term INTERACTIVE  

# ITEM UNIT QTY 2018 QTY 2019 QTY 2020 
1 Meet with multi-city 

partners to encourage 
participation on 
Stewardship Group or 
become advocates for 
Bear Creek 

$3,313 
per year 

1 $3,313  1  $3,313  1  $3,313  

2 Establish stream science 
program in targeted 
schools in watershed 

$9,000 
per 
school 

3 $27,000  2  $18,000  2  $18,000  

3 Hold events along Bear 
Creek 

$5,000 
per 
event 

3 $15,000  3  $15,000  3  $15,000  

4 Establish Adopt-a-Creek 
program in tributaries of 
Bear Creek 

$3,000 
per 
segment 

3 $9,000  3  $9,000  2  $6,000  

5 Continue storm drain 
stenciling in areas not 
completed in short-term 

$3,000 
per 
event 

3 $9,000  3  $9,000  3  $9,000  

 Total   $63,313    $54,313    $51,313  
 

 

EXPENSE UNIT 3 year total 
Materials (Items 2, 3, 4, 5) 2018-2020 $159,000  
Administration (Item 1) 2018-2020 $9,939  

Total $168,939  
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TOTAL MID-TERM ESTIMATED COSTS 

Mid-term OUTREACH Estimated Cost  
(3 year total) 

$39,846  

Mid-term ACTIVE Estimated Cost  
(3 year total) 

$133,189  

Mid-term INTERACTIVE Estimated Cost  
(3 year total) 

$168,939  

Total Mid-term Estimated Cost  
(3 year total) 

$341,974  

Table 5.3  Education and Outreach total Mid-term estimated costs 

EXPENSE UNIT 3 year total 
Materials  2018-2020 $259,000  
Administration  2018-2020 $82,974  

Total $341,974  
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Education & Outreach 
Long-term (2021-2023) 

OUTREACH 
Project Parties Involved Cost Estimate per Unit 

Communicate Law Enforcement 
Success 

Stewardship Group, Groundwork 
Denver 

$3,313 per yearm  

Public Health Signage ª Municipalities, Stewardship Group, 
Groundwork Denver 

$450 per sign (12 
total) 

Newspaper articles and inexpensive 
advertising ª 

Stewardship Group, Groundwork 
Denver 

$1,500 per year 

Interpretive Ecological Exhibits ª Municipalities, Stewardship Group, 
Groundwork Denver 

$1,200 per sign 

Social Media ª Stewardship Group, Groundwork 
Denver 

$8,282 per yearb 

Long-term OUTREACH Estimated Cost (3 year total) $50,835  
m Estimate based on $60,000 ($31.25/hr) at 2hr/week = 106hr/year 
ª
 Items in 2017 and 2018 overlap – cost estimates assume full use of funds in mid-term and long-term periods 

b Estimate based on $60,000 ($31.25/hr) at 5 hrs/wk for 53 weeks (one year) 
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Budget Justification – Long-term OUTREACH 

# ITEM COST 
per UNIT 

QTY 2021 QTY 2022 QTY 2023 

1 Communicate Law 
Enforcement Success 

$3,313 
per year 

1 $3,313  1  $3,313  1  $3,313  

2 Public health signageª $450 per 
sign 

6 $2,700  3  $1,350  3  $1,350  

3 Articles/Advertisingª $1,500 
per year 

1 $1,500  1  $1,500  1  $1,500  

4 Interpretive Ecological 
Exhibitsª 

$1,200 
per sign 

3 $2,550  2  $2,400  1  $1,200  

5 Social mediaª $8,282 
per year 

1 $8,282  1  $8,282  1  $8,282  

 Total   $18,345    $16,845    $15,645  
 

 

EXPENSE UNIT 3 year total 
Materials (Items 2, 3, 4) 2021-2023 $16,050  
Administration (Items 1, 5) 2021-2023 $34,785  

Total $50,835  
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Education & Outreach 
Long-term (2021-2023) 

ACTIVE 
Project Parties Involved Cost Estimate 
Continue dialogue with CDOT, 
Wastewater, USACE, USFWS ª 

Stewardship Group, 
Groundwork Denver 

$3,000 per yeard 

Continue 1:1 meetings with city staff ª Stewardship Group, 
Groundwork Denver 

$5,250 per yeare 

Continue door- door canvassing in  
communities not covered in short- and 
mid-term ª 

Stewardship Group, 
Groundwork Denver 

$5,000 per neighborhood 

Continue meetings with multi-city partners 
to encourage participation on Stewardship 
Group or become advocates for Bear Creek 

ª 

Stewardship Group, 
Groundwork Denver 

$3,000 per yeard 

Hold events along Bear Creek ª Stewardship Group, 
Groundwork Denver, 
Community-Based 
Organizations 

$5,000 per neighborhood 

Redesign, market and show watershed 
video 

Stewardship Group, 
Groundwork Denver 

$4,000 redesign + $2,250 per 
yeark 

Continue outreach to communities beyond 
most polluted reaches of Bear Creek ª 

Stewardship Group, 
Groundwork Denver 

$3,313 per yearm 

Long-term ACTIVE Estimated Cost (3 year total) $139,439  
 

ª Items in 2017 and 2018 overlap – cost estimates assume full use of funds in mid-term and long-term periods 
d Estimate based on $60, 000 ($31.25/hr) at 24hr/Q = 96hr/year 
e Estimate based on $60,000 ($31.25/hr) at 42hr/Q = 168hr/year 
k Estimate based on $60,000 ($31.25/hr) at 38hr/Q = 72 hr/year 
m Estimate based on $60,000 ($31.25/hr) at 2hr/week = 106hr/year 
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Budget Justification – Long-term ACTIVE  

# ITEM UNIT QTY 2021 QTY 2022 QTY 2023 
1 Continue dialogue 

with CDOT, 
Wastewater, USACE, 
USFWS  

$3,000 per 
year 

1 $3,000   1 $3,000   1 $3,000  

2 Continue 1:1 meetings 
with city staff in 
Lakewood, Denver 
and Sheridan 

$5,250 per 
year 

1 $5,250   1 $5,250   1 $5,250  

3 Continue door- door 
canvassing in  
communities not 
covered in short- and 
mid-term 

$5,000 per 
neighborhood 

3 $15,000   3 $15,000  2  $10,000  

4 Continue meetings 
with multi-city 
partners to encourage 
participation on 
Stewardship Group or 
become advocates for 
Bear Creek 

$3000 per 
year 

1 $3,000   1 $3,000  1  $3,000  

5 Hold events along 
Bear Creek  

$5,000 per 
event 

3 $15,000   3 $15,000   3 $15,000  

6 Redesign, Market and 
show watershed video 

$4,000 
+($2,250 per 
year) 

1 $6,250   1 $2,250   1 $2,250  

7 Outreach to groups 
outside  watershed 

$3,313 per 
year 

1 $3,313  1  $3,313   1 $3,313  

   Total   $50,813    $46,813    $41,813  

       
 

 

EXPENSE Unit 3 year total 
Materials (Items 3, 5, 6) 2021-2023 $89,000  

Administration (Items 1, 2, 4, 7) 2021-2023 $50,439  

Total $139,439  
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Education & Outreach 
Long-term (2017-2019) 

INTERACTIVE 
Project Parties Involved  Cost Estimate 
None Identified   

Long-term INTERACTIVE Estimated Cost  
 

Budget Justification for Long-Term N/A 

TOTAL LONG-TERM ESTIMATED COSTS 

Long-term OUTREACH Estimated Cost  
(3 year total) 

$50,835  

Long-term ACTIVE Estimated Cost  
(3 year total) 

$139,439  

Long-term INTERACTIVE Estimated Cost  
(3 year total) 

$0  

Total Long-term Estimated Cost  
(3 year total) 

$190,274  

Table 5.4  Education and Outreach Total Long-term Estimated Costs 

 

Total Projected Education and Outreach Plan Expenses (2015-2023) 

Total Short-term Estimated Cost (3 year total) $224,821  

Total Mid-term Estimated Cost (3 year total) $341,974  
Total Long-term Estimated Cost (3 year total) $190,274  

Total Education & Outreach Plan Estimated Cost 
 (9 years)  

$757,069  

Table 5.5  Education and Outreach Total Estimate Costs 

 

EXPENSE  Unit 9 year total 
Materials   2015-2023 $503,650  
Administration   2015-2023 $253,419  

Total $757,069  
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Element 6 - Implementation Elements & 
Schedule 
Based on the EPA 9 Elements, the following short, mid and long-term goals were established by 
the Lowe Bear Creek project subcommittees.  Detail on the Education and Outreach component 
is contained in Element 5.  Detail on the Monitoring component is contained in Element 9.  
Detail on existing municipal, and proposed E. coli-specific management measures is contained 
in Element 3.  Detail on the estimated cost of implementation for all elements is located in 
Element 4. 

Watershed Plan Element Short-term (2015-2017) Mid-term (2018-2020) Long-term (2021-2023) 
Education and Outreach Focus education and 

outreach in the 
communities next to Bear 
Creek with highest levels 
of in-stream E. coli.   
 
Conduct outreach to 
groups outside the 
watershed that have 
interest in the health of 
the creek and surrounding 
environment. 

Continue education and 
outreach within 
watershed to 
communities beyond the 
initial areas with the 
highest E. coli 
contamination.   
 
Continue conducting 
outreach to groups 
outside the watershed 
that have interest in the 
health of the creek and 
surrounding environment. 

Continue education and 
outreach to areas in the 
watershed not addressed 
by short and mid-term 
goals.  
 
Continue conducting 
outreach to groups 
outside the watershed 
that have interest in the 
health of the creek and 
surrounding environment. 
 

Management Measures 
Monitoring  
Structural Best 
Management Practices 
Community Engagement 

Implement yearly water 
quality monitoring.   
 
Support structural 
management measure at 
location determined by 
Denver Parks and 
Recreation.  Evaluate 
efficacy of structural 
management measure 
using yearly water quality 
monitoring and load 
reduction criteria.  
 
Establish stewardship 
group to carry plan into 
implementation and 
evaluation phases. 

Continue water quality 
monitoring.   
 
Using water quality data 
and evaluation of 
structural management 
measure in Denver, 
participate in discussions 
about next locations for 
installing structural 
management measures.   
 
Support evaluation of 
structural management 
measure using load 
reduction criteria. 
 
Engage new members for 
stewardship group to 
continue watershed work. 

Continue water quality 
monitoring.   
 
Using water quality data 
and evaluation of 
structural management 
measures, participate in 
discussions about next 
locations for installing 
structural management 
measures.   
 
Support evaluation of 
structural management 
measure using load 
reduction criteria. 
 
Engage new members for 
stewardship group to 
continue watershed work. 

Table 6.1  Lower Bear Creek Watershed Plan Elements Implementation Schedule 
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Element 7  
Interim Measurable Milestones 
Measurable milestones were created for each element in each term using the following SMART 
criteria: 

• Specific 
• Measurable 
• Achievable 
• Relevant 
• Time-Sensitive 

The tables below incorporate the overarching goals for Education and Outreach, and for 
Management Measures with enumerated tasks included in Short-, Mid-, and Long-Term 
sections of the plan.  Tasks are arranged chronologically and may be identified by a different 
task number through successive sections of the plan. 

Responsible parties and resources required are described in Element 5 for Education and 
Outreach, in Element 9 for the Monitoring component, and in Element 4 for overall financial 
needs. 

Task Completion Timelines  

Each task within an Element was selected with an approximate timeframe for completion.  The 
tasks involving participation and feedback from numerous partners may require additional 
time, such as Task 4 in the Short-term Education section - Interpretive Ecological Signs.  As one 
component of the larger plan, completing this task later than scheduled will not impede the 
completion of any other tasks. Taking additional time to ensure a quality product that all 
partners support is crucial.   

If any task is completed ahead of schedule, successive tasks can begin ahead of schedule.                 
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Education and Outreach – Short-Term 

Watershed Plan 
Element 

Short-term (2015-2017) Goals 

Education and 
Outreach 

Focus education and outreach in the communities next to Bear Creek with 
highest levels of in-stream E. coli.   
 
Conduct outreach to groups outside the watershed that have interest in the 
health of the creek and surrounding environment. 

Short-term Outreach Tasks  and SMART Criteria 

Task 1 Specific Measurable Achievable Relevant Time-Sensitive 
Create public 
health signage 
for display 
along Lower 
Bear Creek in 
each 
municipality 
(DEH and DPR 
are creating 
signs for River 
Vision project 
along South 
Platte River – 
messaging will 
be used 
throughout 
Denver and 
will be 
available to the 
Stewardship 
Group when 
complete). 

Discuss, design 
and install 
public health 
signage in 
Lakewood, 
Denver, and 
Sheridan in 
these 
quantities 
(combined) per 
year: 
6 in 2015 
3 in 2016 
3 in 2017 

Number of signs 
completed and 
installed per 
year 

Relationships 
with all 
municipalities 
already 
established.  
Need to discuss 
language used 
on signs, 
placement, and 
maintenance. 

Public health 
signage is 
one strategy 
for informing 
people about 
risk of 
playing in 
urban water.  
Signs would 
be located in 
areas where 
people have 
direct 
contact with 
water.  

Initiating 
signage project 
in tandem with 
outreach 
efforts 
strengthens 
overall 
message about 
protecting 
urban water 
quality. 

Task 2 Specific Measurable Achievable Relevant Time-Sensitive 
Create a 
Watershed 
Video 

Create video to 
market 
watershed 
project and 
provide action 
items to 
community 
audiences. 

Completion and 
dissemination of 
watershed 
video one year 
after receipt of 
funding to 8 
groups each 
year. 

Groundwork 
Denver is 
already working 
with a team of 
student 
videographers 
to produce the 
video. 

A 2-3 minute 
documentary 
highlighting 
the 
importance 
of clean 
urban water, 
and what 
people can 
do to protect 
it. 

One pro-bono 
version of the 
project is 
underway as of 
Summer 2014. 
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Short-term Outreach Tasks  and SMART Criteria 

Task 3 Specific Measurable Achievable Relevant Time-Sensitive 
Produce 
articles and 
advertising 
about 
watershed 
health/ the 
watershed 
plan.  Link to 
social media 
and make 
available to 
partner 
organizations. 

Write monthly 
articles for the 
Sheridan 
community 
newsletter, 
Lakewood 
Sentinel, and 
Harvey Park 
Improvement 
Association 
newsletter 

Publication of 3 
articles per 
month 

Stories and 
announcements 
about the 
watershed plan 
have been 
published in 
each of these 
publications 

Local print and 
online sources 
reach a wide 
audience and 
complement 
other outreach 
methods 

Monthly 
articles will 
keep the 
watershed plan 
and associated 
activities at the 
forefront of 
community 
news 

Task 4 Specific Measurable Achievable Relevant Time-Sensitive 
Design 
interpretive 
ecological 
signs 

Work with 
existing design 
standards in 
municipalities, 
or ask city 
councils to 
approve 
H2Only 
messaging 

7 signs 
designed and 
constructed 
between 2015 
and 2017 

Partnerships 
with 
municipalities 
established, 
template 
available 

Interpretive 
signs impart 
information 
and activities 
for Creek users 
and 
complement 
other outreach 
methods  

Engaging in 
learning and 
activities while 
near the Creek 
increases 
awareness of 
ecological and 
water quality 
issues 

Task 5 Specific Measurable Achievable Relevant Time-Sensitive 
Create a 
mascot for the 
watershed 

Engage the 
community in 
creating a 
meaningful 
mascot  

Create mascot 
by 2015 

Communities 
already 
engaged in 
discussion 
about 
watershed plan 

A mascot is a 
method of 
branding the 
project for 
easier 
recognition 

Can be used in 
print materials 
and at 
stewardship 
events in each 
project phase 

Task 6 Specific Measurable Achievable Relevant Time-Sensitive 
Engage in 
social media  

Present 
current 
watershed 
activities, 
events, and 
water quality 
facts through 
Groundwork 
Denver 
Facebook 
page 

Weekly “Lower 
Bear Creek” 
post by 
Groundwork 
Denver staff 

Groundwork 
Denver 
maintains daily 
Facebook posts, 
watershed plan 
information 
and events are 
easily added.  
Link to Task 3 

Social media is 
a mainstream 
communication 
form that 
permits wide 
dissemination 
of watershed 
messages  

Weekly 
communication 
with social 
networks 
improves 
visibility of the 
project and 
encourages 
participation in 
stewardship 
events 
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Short-term Active Tasks and SMART Criteria 

Task 1 Specific Measurable Achievable Relevant Time-Sensitive 
Initiate 
dialogue with 
CDOT, Waste 
Water in 
Lakewood, 
Denver and 
Sheridan, 
USACE, 
USFWS 

Discuss 
pollution from 
storm water 
runoff, water 
treatment 
related to 
environmental 
waters, flood 
control design, 
and wildlife 
habitat with 
subject experts  

Incorporate 
information 
gleaned from 
discussions in 
decision 
making table 
for structural 
BMPs 

Groundwork 
Denver staff 
and 
Stewardship 
Group 
members 
have 
relationships 
or contacts 
with subject 
experts 

Non point 
source 
management 
measures 
require 
participation 
from diverse 
experts with a 
relationship to 
maintaining 
urban water 
quality 

Conversations 
with these 
experts should 
occur in this 
phase so 
information 
can be 
included in 
selection of 
future 
structural 
BMPs 

Task 2 Specific Measurable Achievable Relevant Time-Sensitive 
Conduct 1:1 
meetings with 
city staff 

Meet with 
Public Works, 
Environmental 
Health, 
Planning, and 
other staff from 
Lakewood, 
Denver, and 
Sheridan to 
share progress 
on watershed 
plan and invite 
participation on 
implementation 
elements 

Document 
conversations 
and outcomes 
(eg – city 
proclamation 
regarding water 
quality, city 
staff 
participation on 
Stewardship 
Group, etc) 

Relationships 
with all 
municipalities 
currently 
exist 

The watershed 
encompasses 
these 
communities 
and the 
watershed plan 
is as strong as 
those 
participating in 
its 
implementation 

Meetings 
should occur 
early in the 
process to 
maintain open 
communication 
with all 
partners 

Task 3 Specific Measurable Achievable Relevant Time-Sensitive 
Speak with 
law 
enforcement 
and animal 
control about 
community 
safety 
concerns 

Community 
members have 
voiced concern 
about physical 
safety when 
recreating on 
Bear Creek trail 
or in parks 
along the trail 

Communicate 
suggestions to 
residents at 
community 
meetings and 
include in 
revisions to 
watershed plan 

Resident 
safety is a 
primary 
concern of 
each 
municipality  

Safety concerns 
are integral to 
use of parks 
and trails; the 
more people 
use areas near 
the Creek, the 
more education 
about water 
quality and 
habitat is 
possible 

These concerns 
should be 
addressed in 
the short-term  
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Short-term Active Tasks and SMART Criteria 

Task 4 Specific Measurable Achievable Relevant Time-Sensitive 
Conduct door-
to-door 
canvassing 

Select 
neighborhoods 
in close 
proximity to 
sections of 
Lower Bear 
Creek with high 
E. coli levels to 
conduct 
education and 
outreach door-
to-door 

Canvass one 
neighborhood 
per city per 
quarter with, 
“What You Can 
Do At Home” 
door knockers 
and talking 
points 

Groundwork 
Denver 
conducts 
successful 
canvassing 
events 
frequently 
and can 
coordinate all 
facets of 
quarterly 
canvassing 

Personal 
contact with 
residents living 
in close 
proximity to 
the Creek is 
one of many 
ways residents 
can learn about 
and engage in 
protecting 
water in Bear 
Creek 

Public 
comment and 
involvement in 
each aspect of 
the watershed 
plan will 
facilitate 
successive 
element 
implementation 

Task 5 Specific Measurable Achievable Relevant Time-Sensitive 
Outreach to 
groups 
outside the 
watershed 
who are 
interested in 
Bear Creek 

Contact  groups 
that utilize Bear 
Creek for 
recreation and 
involve them in 
stewardship or 
education 
activities 

Contact one 
group per 
quarter that 
utilizes Bear 
Creek for 
recreation, 
whose 
members do 
not live in the 
watershed 

Groundwork 
Denver staff 
and 
Stewardship 
Group 
members 
reach out to 
groups using 
Lower Bear 
Creek 

Watersheds are 
impacted by all 
people using 
roads, open 
spaces,  and 
businesses, 
whether or not 
they live in the 
watershed 

This task is 
ongoing, and 
can be 
coordinated 
with current 
efforts by other 
groups to 
educate the 
public about 
urban water 
quality 

Task 6 Specific Measurable Achievable Relevant Time-Sensitive 
Hold events 
along Bear 
Creek 

Host one event 
per year in the 
three 
communities 
within the 
watershed 

Three events 
per year – one 
in Sheridan, 
one in Denver 
and one in  
Lakewood (one 
event per city) 

Fair at the 
Bear was 
hosted in 
Summer 
2013 and 
several 
stewardship 
events have 
occurred in 
Lakewood 
and Denver 
in 2013/2014 

Community 
events 
complement 
messages 
shared with 
residents 
through 
canvassing, 
social media, 
and print 
material 

Events should 
occur when 
threat of 
inclement 
weather is 
minimal (late 
spring, 
summer, early 
autumn)  
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Short-term Active Tasks and SMART Criteria 

Task 7 Specific Measurable Achievable Relevant Time-Sensitive 
Initiate 
conversations 
with stream 
and social 
science 
partners 

Meet with 
hydrologists 
and life 
scientists to 
discuss water 
quality 
influences not 
addressed in 
planning phase. 
 
Integrate 
models of 
behavior 
change in tasks 
associated with 
Education and 
Outreach 
component 

Include 
suggestions 
from experts in 
structural BMP 
decision-
making and in 
Education and 
Outreach 
component as 
plan is revised 
through 
implementation 
stages 

Experts from 
several areas 
have 
informed the 
creation of 
the 
watershed 
plan to date  
and 
additional 
material will 
be included 
in revisions 
to the plan 

The ecological 
and social 
perspectives of 
urban water 
quality are 
critical to 
include in plan 
revisions 
because 
positive change 
in water quality 
and individual 
behavior are 
inherent  in 
protecting the 
recreational 
status of Lower 
Bear Creek 

Developing 
outreach 
messages that 
integrate 
ecological and 
social 
perspectives in 
the early stages 
ensures 
consistent and 
appropriate 
messaging 

 

 

A vegetative buffer in Wildcat Park near Bear Creek Trail in the City of Sheridan.  Photo:  Rachel Hansgen 
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Short-term Interactive Tasks and SMART Criteria 

Task 1 Specific Measurable Achievable Relevant Time-Sensitive 
Work with 
communities 
to establish a 
collective 
community 
vision for the 
watershed 
through 
stewardship 

Hold 1 
visioning 
meeting per 
quarter in 
neighborhoods 
closest to 
Creek sections 
with highest 
levels of E. coli  

List of visioning 
statements 
from one 
meeting per 
quarter and 
inclusion in 
watershed plan 
revisions 

Communities 
have been 
engaged in 
providing 
priorities and 
concerns for 
the watershed 
plan 

Success of 
watershed 
plans are 
contingent 
upon 
community 
participation 

The visioning 
process must 
occur in the 
short-term to 
facilitate 
continued open 
dialogue and 
ongoing 
community 
participation 

Task 2 Specific Measurable Achievable Relevant Time-Sensitive 
Establish 
Adopt-a-Creek 
in target areas 

Create formal 
stewardship 
groups through 
Adopt-a-Creek 
programs 
throughout the 
watershed 

Establish 8 
Adopt-a-Creek 
groups in the 
watershed by 
2017 

Current 
relationships 
with 
neighborhoods, 
schools and 
civic groups 
support 
transition to 
Adopt-a-Creek 
groups 

Stewardship 
actively 
engages 
communities 
in protecting 
Lower Bear 
Creek and 
sharing  

Adopt-a-Creek 
activities 
permit 
residents 
monthly 
opportunities 
to improve 
their natural 
environment  

Task 3 Specific Measurable Achievable Relevant Time-Sensitive 
Host storm 
drain stenciling 
program in 
target areas 

Paint or apply 
plaques on 
storm drains in 
each city 

5 storm drain 
stenciling 
events by 2017 

Partnerships 
with Public 
Works in 
Sheridan, 
Denver, and 
Lakewood 
facilitate easy 
coordination of 
these 
volunteer 
events 

Storm drain 
stencil 
messages 
are a public 
reminder 
about how 
our 
behaviors 
impact 
urban water 
quality 

Storm drain 
stenciling 
projects can 
occur 
throughout the 
implementation 
phase 
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Education and Outreach – Mid-Term 

Watershed Plan 
Element 

Mid-term (2018-2020) Goals 

Education and 
Outreach 

Continue education and outreach within watershed to communities beyond the 
initial areas with the highest E. coli contamination.   
 
Continue conducting outreach to groups outside the watershed that have 
interest in the health of the creek and surrounding environment. 

Mid-term Outreach Tasks  and SMART Criteria 

Task 1 Specific Measurable Achievable Relevant Time-
Sensitive 

Create public 
health signage for 
display along 
Lower Bear Creek 
in each 
municipality (DEH 
and DPR are 
creating signs for 
River Vision 
project along 
South Platte River 
– messaging will 
be used 
throughout 
Denver and will 
be available to 
the Stewardship 
Group when 
complete). 

Discuss, 
design and 
install public 
health signage 
in Lakewood, 
Denver, and 
Sheridan in 
these 
quantities 
(combined) 
per year: 
3 in 2018 
3 in 2019 
3 in 2020 

Number of 
signs 
completed and 
installed per 
year 

Relationships 
with all 
municipalities 
already 
established.  
Need to discuss 
language used 
on signs, 
placement, and 
maintenance. 

Public 
health 
signage is 
one strategy 
for 
informing 
people 
about risk of 
playing in 
urban 
water.  Signs 
would be 
located in 
areas where 
people have 
direct 
contact with 
water.  

Initiating 
signage 
project in 
tandem with 
outreach 
efforts 
strengthens 
overall 
message 
about 
protecting 
urban water 
quality. 

Task 2 Specific Measurable Achievable Relevant Time-
Sensitive 

Produce articles 
and advertising 
about watershed 
health/watershed 
plan. Link to 
social media and 
make available to 
partner 
organizations. 

Write monthly 
articles for the 
Sheridan 
community 
newsletter, 
Lakewood 
Sentinel, and 
Harvey Park 
Improvement 
Association 
newsletter 

Publish articles 
in 3 community 
papers/online 
forums per 
month 

Stories and 
announcements 
about the 
watershed plan 
have been 
published in 
each of these 
publications 

Local print 
and online 
sources 
reach a 
wide 
audience 
and 
complement 
other 
outreach 
methods 

Monthly 
articles will 
keep the 
watershed 
plan and 
associated 
activities at 
the forefront 
of community 
news 
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Mid-term Outreach Tasks  and SMART Criteria 

Task 3 Specific Measurable Achievable Relevant Time-Sensitive 
Design 
interpretive 
ecological 
exhibits/signs 

Work with 
existing design 
standards in 
municipalities, 
or ask city 
councils to 
approve 
H2Only 
messaging 

6 signs 
designed and 
constructed 
between 2018 
and 2020 

Partnerships 
with 
municipalities 
established, 
template 
available 

Interpretive 
signs impart 
information 
and activities 
for Creek users 
and 
complement 
other outreach 
methods  

Engaging in 
learning and 
activities while 
near the Creek 
increases 
awareness of 
ecological and 
water quality 
issues 

Task 4 Specific Measurable Achievable Relevant Time-Sensitive 
Engage in 
social media 

Present 
current 
watershed 
activities, 
events, and 
water quality 
facts through 
Groundwork 
Denver 
Facebook 
page 

Weekly “Lower 
Bear Creek” 
post by 
Groundwork 
Denver staff.  
Link to Task 2. 

Groundwork 
Denver 
maintains daily 
Facebook 
posts, 
watershed plan 
information 
and events are 
easily added 

Social media is 
a mainstream 
communication 
form that 
permits wide 
dissemination 
of watershed 
messages  

Weekly 
communication 
with social 
networks 
improves 
visibility of the 
project and 
encourages 
participation in 
stewardship 
events 

Mid-term Active Tasks and SMART Criteria 

Task 1  Specific Measurable Achievable Relevant Time-Sensitive 
Continue 
dialogue with 
CDOT, Waste 
Water in 
Lakewood, 
Denver and 
Sheridan, 
USACE, USFWS 

Focus 
discussions on 
areas indicated 
for pollution 
from storm 
water runoff, 
water 
treatment 
related to 
environmental 
waters, flood 
control design, 
and wildlife 
habitat with 
subject experts  

Continue to 
incorporate 
information 
gleaned from 
discussions in 
decision making 
table for 
structural BMPs 

Groundwork 
Denver staff 
and 
Stewardship 
Group 
members 
maintain 
relationships 
with subject 
experts 

Non point 
source 
management 
measures 
require 
participation 
from diverse 
experts with 
a 
relationship 
to 
maintaining 
urban water 
quality 

Conversations 
with these 
experts should 
continue in this 
phase to inform 
selection of 
future 
structural BMPs 
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Mid-term Active Tasks and SMART Criteria 

Task 2 Specific Measurable Achievable Relevant Time-Sensitive 
Continue 1:1 
meetings with 
city staff from 
Lakewood, 
Denver and 
Sheridan 

Quarterly 
meetings with 
Public Works, 
Environmental 
Health, 
Planning, and 
other staff from 
Lakewood, 
Denver, and 
Sheridan to 
share progress 
on watershed 
plan and invite 
participation on 
implementation 
elements 

Document 
conversations 
and outcomes 
(e.g. – city 
proclamation 
regarding water 
quality, city 
staff 
participation on 
Stewardship 
Group, etc) 

Relationships 
with all 
municipalities 
fortified 
through 
short-term 
tasks 

The watershed 
encompasses 
these 
communities 
and the 
watershed plan 
is as strong as 
those 
participating in 
its implementa-
tion 

Meetings 
should occur 
throughout the 
process to 
maintain open 
communication 
with all 
partners 

Task 3 Specific Measurable Achievable Relevant Time-Sensitive 
Follow up on 
conversations 
with law 
enforcement 
and animal 
control 

Community 
members have 
voiced concern 
about physical 
safety when 
recreating on 
Bear Creek trail 
or in parks 
along the trail 

Communicate 
suggestions to 
residents at 
community 
meetings and 
include in 
revisions to 
watershed plan 

Resident 
safety is a 
primary 
concern of 
each 
municipality  

Safety concerns 
are integral to 
use of parks 
and trails; the 
more people 
use areas near 
the Creek, the 
more 
education 
about water 
quality and 
habitat are 
possible 

These concerns 
should be 
addressed 
throughout all 
phases  of 
implementa-
tion 

Task 4 Specific Measurable Achievable Relevant Time-Sensitive 
Continue 
door-to-door 
canvassing 

Expand 
neighborhoods 
in close 
proximity to 
sections of 
Lower Bear 
Creek with high 
E. coli levels to 
conduct 
education and 
outreach door-
to-door 

Canvass one 
neighborhood 
per city per 
quarter with, 
“What You Can 
Do At Home” 
door knockers 
and talking 
points 

Groundwork 
Denver 
conducts 
successful 
canvassing 
events 
frequently 
and can 
coordinate all 
facets of 
quarterly 
canvassing 

Personal 
contact with 
residents living 
in close 
proximity to 
the Creek is 
one of many 
ways for 
residents to 
learn about 
and engage in 
protecting 
water in Bear 
Creek 

Public 
comment and 
involvement in 
each aspect of 
the watershed 
plan will 
facilitate 
successive 
element 
implementa-
tion 
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Mid-term Active Tasks and SMART Criteria 

Task 5 Specific Measurable Achievable Relevant Time-Sensitive 
Hold events 
along Bear 
Creek 

Host one event 
per year in the 
three 
communities 
within the 
watershed 

Three events 
per year – one 
in Sheridan, 
one in Denver 
and one in 
Lakewood (one 
event per city) 

Fair at the 
Bear was 
hosted in 
Summer 
2013 and 
several 
stewardship 
events have 
occurred in 
Lakewood 
and Denver 
in 2013/2014 

Community 
events 
reinforce 
messages 
shared with 
residents 
through 
canvassing, 
social media, 
and print 
material 

Events should 
occur when 
threat of 
inclement 
weather is 
minimal (late 
spring, 
summer, early 
autumn)  

Task 6 Specific Measurable Achievable Relevant Time-Sensitive 
Market and 
show 
watershed 
video 

Show 
watershed 
video at 
community 
visioning and 
other outreach 
meetings in 
neighborhoods 
closest to Creek 
sections with 
highest levels 
of E. coli, 
distribute video 
online 

Record 
quarterly 
meetings, 
events and 
online posts of 
video 

Video 
becomes part 
of visioning 
meetings, is 
posted on 
Groundwork 
Denver and 
other partner 
websites 

Video will 
specify 
opportunities 
for residents to 
become active 
in stewardship 
events and 
serve on the 
Stewardship 
Group 

Sharing the 
video at 
community 
meetings 
facilitates open 
dialogue and 
ongoing 
community 
participation 

Task 7 Specific Measurable Achievable Relevant Time-Sensitive 
Outreach to 
communities 
beyond most 
polluted 
reaches of 
Bear Creek 

Contact 
communities 
within the Bear 
Creek 
watershed to 
involve them in 
stewardship 
and education 
activities 

Meet with one 
neighborhood 
per quarter to 
involve them in 
stewardship 
and education 
activities, and 
invite 
individuals from 
these 
neighborhoods 
to participate 
on the 
Stewardship 
Group  

Groundwork 
Denver staff 
and 
Stewardship 
Group 
members 
reach out to 
groups using 
Lower Bear 
Creek 

Watersheds are 
impacted by all 
people using 
roads, open 
spaces, and 
businesses; it is 
important to 
spatially orient 
people to the 
water way 
within their 
watershed 

This task is 
ongoing, and 
can be 
coordinated 
with current 
efforts by other 
groups to 
educate the 
public about 
urban water 
quality 
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Mid-term Active Tasks and SMART Criteria 

Task 8 Specific Measurable Achievable Relevant Time-Sensitive 
Continue 
conversations 
with stream 
and social 
science 
partners 

Continue 
discussions 
with 
hydrologists 
and life 
scientists to 
discuss water 
quality 
influences not 
addressed in 
planning phase. 
 
Adapt 
Education and 
Outreach tasks 
to integrate 
models of 
behavior 
change  

Include 
suggestions 
from experts in 
structural BMP 
decision-
making and in 
Education and 
Outreach 
component as 
plan is revised 
through 
implementation 
stages 

Experts from 
several areas 
have 
informed the 
creation of 
the 
watershed 
plan to date 
and 
additional 
material will 
be included 
in revisions 
to the plan 

The ecological 
and social 
perspectives of 
urban water 
quality are 
critical to 
include in plan 
revisions 
because 
positive change 
in water quality 
and individual 
behavior are 
inherent in 
protecting the 
recreational 
status of Lower 
Bear Creek 

Continued fine-
tuning of 
outreach 
messages that 
integrate 
ecological and 
social 
perspectives 
throughout the 
plans evolution 
ensures 
consistent and 
effective 
messaging 

 

River Watch volunteers conduct analysis of creek water in 2014.  Photo:  Rachel Hansgen 
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Mid-term Interactive Tasks and SMART Criteria 

Task 1  Specific Measurable Achievable Relevant Time-Sensitive 
Meet with 
multi-city 
partners to 
encourage 
participation 
on 
Stewardship 
Group or 
become 
advocates for 
Bear Creek 

Meet with 
residents, 
business 
owners, and 
others living, 
working or 
recreating in 
the watershed 
and invite 
participation 
on 
Stewardship 
Group or as an 
advocate for 
the watershed 
plan 

3 advocates or 
potential 
Stewardship 
Group members 
per quarter sign 
a commitment 
letter 

Groundwork 
Denver staff 
and 
Stewardship 
Group 
members to 
conduct 
meetings 

Ongoing and 
diverse 
support of 
the 
watershed 
plan is 
essential to 
its success 

Implementing 
the watershed 
plan and 
revising 
strategies 
based on 
current 
knowledge 
require a 
steady stream 
of active 
participants  

Task 2 Specific Measurable Achievable Relevant Time-Sensitive 
Establish 
stream science 
program in 
targeted 
schools in 
watershed 

Introduce 
watershed 
program that 
complements 
Common Core 
State 
Standards 
(CCSS) and 
Colorado 
Academic 
Standards 
(CAS) for 
science  

Coordinate 
stream science 
program in 7 
schools within 
the watershed 
by 2018 

Earth Force, 
Audubon 
Society of 
Greater 
Denver, 
Colorado 
Foundation for 
Water 
Education and 
other groups 
currently have 
CCSS and CAS 
based water 
education 
programs 
available 

Experiential 
learning 
about stream 
ecology, 
human 
impacts, and 
opportunities 
for active 
learning 
enhance 
retention of 
water 
protection 
messages 

Relationships 
with schools 
and districts 
within the 
watershed will 
expand during 
the short-term 
phase of 
watershed plan 
implementation 

Task 3 Specific Measurable Achievable Relevant Time-Sensitive 
Hold events 
along Bear 
Creek 

Host one event 
per year in the 
three 
communities 
within the 
watershed 

Three events 
per year – one 
in Sheridan, one 
in Denver and 
one in 
Lakewood (one 
event per city) 

Fair at the Bear 
was hosted in 
Summer 2013 
and several 
stewardship 
events 
occurred in 
Lakewood and 
Denver in 
2013/2014 

Community 
events 
reinforce 
messages 
shared with 
residents 
through 
canvassing, 
social media, 
and print 
material 

Events should 
occur when 
threat of 
inclement 
weather is 
minimal (late 
spring, 
summer, early 
autumn)  
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Mid-term Interactive Tasks and SMART Criteria 

Task 4 Specific Measurable Achievable Relevant Time-Sensitive 
Establish 
Adopt-a-Creek 
program in 
tributaries of 
Bear Creek 

Create formal 
stewardship 
groups 
through 
Adopt-a-Creek 
programs 
throughout the 
watershed 

Establish 5 
Adopt-a-Creek 
groups for the 
main stem of 
Bear Creek or 
tributaries (eg – 
Weaver Creek) 
by 2018 

Current 
relationships 
with 
neighborhoods, 
schools and 
civic groups 
support 
transition to 
Adopt-a-Creek 
groups 

Stewardship 
actively 
engages 
communities 
in protecting 
Lower Bear 
Creek and 
sharing  

Adopt-a-Creek 
activities 
permit 
residents 
monthly 
opportunities 
to improve 
their natural 
environment  

Task 5 Specific Measurable Achievable Relevant Time-Sensitive 
Continue 
storm drain 
stenciling in 
areas not 
completed in 
short-term 

Paint or apply 
plaques on 
storm drains in 
each city 

9 storm drain 
stenciling 
events by 2018 

Partnerships 
with Public 
Works in 
Sheridan, 
Denver, and 
Lakewood 
facilitate easy 
coordination of 
these 
volunteer 
events 

Storm drain 
stencil 
messages are 
a public 
reminder 
about how 
our 
behaviors 
impact urban 
water quality 

Storm drain 
stenciling 
projects can 
occur 
throughout the 
implementation 
phase 

 

 

River Watch volunteers collecting creek samples.  Photo:  Rachel Hansgen 
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Education and Outreach Long-Term 

Watershed Plan 
Element 

Long-term (2021-2023) Goals 

Education and 
Outreach 

Continue education and outreach to areas in the watershed not addressed by 
short and mid-term goals.  
 
Continue conducting outreach to groups outside the watershed that have 
interest in the health of the creek and surrounding environment. 
 

 

Long-term Outreach Tasks and SMART Criteria 

Task 1 Specific Measurable Achievable Relevant Time-Sensitive 
Communicate 
law 
enforcement 
safety-
concerns 
success 

Community 
members 
voiced 
concerns 
about physical 
safety when 
recreating on 
Bear Creek 
trail or in 
parks along 
the trail 

Include 
suggestions or 
programs 
designed to 
protect the 
physical well-
being to 
residents at 
community 
meetings and 
in revisions to 
watershed 
plan, and 
discuss at 
public 
meetings and 
in print 
publications 

Resident safety 
is a primary 
concern of each 
municipality 
and 
mechanisms for 
public safety 
can be fine-
tuned 

Safety 
concerns are 
integral to use 
of parks and 
trails; the more 
people use 
areas near the 
Creek, the 
more 
education 
about water 
quality and 
habitat are 
possible 

These concerns 
should be 
addressed 
throughout all 
implementation 
phases and 
remain a critical 
component of 
residents’ 
enjoyment of 
Lower Bear 
Creek 

Task 2 Specific Measurable Achievable Relevant Time-Sensitive 
Create public 
health signage 
for display 
along Lower 
Bear Creek in 
each 
municipality 

Discuss, design 
and install 
public health 
signage in 
Lakewood, 
Denver, and 
Sheridan in 
these 
quantities 
(combined) 
per year: 
6 in 2021 
3 in 2022 
3 in 2023 

Number of 
signs 
completed and 
installed per 
year 

Relationships 
with all 
municipalities 
already 
established.  
Need to discuss 
language used 
on signs, 
placement, and 
maintenance. 

Public health 
signage is one 
strategy for 
informing 
people about 
risk of playing 
in urban water.  
Signs would be 
located in 
areas where 
people have 
direct contact 
with water.  

Initiating 
signage project 
in tandem with 
outreach 
efforts 
strengthens 
overall message 
about 
protecting 
urban water 
quality. 

127 
 



 

Long-term Outreach Tasks and SMART Criteria 

Task 3 Specific Measurable Achievable Relevant Time-Sensitive 
Produce 
articles and 
advertising 
about 
watershed 
health/ 
watershed 
plan. Link to 
social media 
and make 
available to 
partner 
organizations. 

Write 
monthly 
articles for 
the Sheridan 
community 
newsletter, 
Lakewood 
Sentinel, 
Harvey Park 
Improvement 
Association 
newsletter, 
and others 

Publish articles 
in 3 community 
papers/online 
forums per 
month 

Stories and 
announcements 
about the 
watershed plan 
have been 
published in 
each of these 
publications 

Local print and 
online sources 
reach a wide 
audience and 
complement 
other outreach 
methods 

Monthly 
articles will 
keep the 
watershed plan 
and associated 
activities at the 
forefront of 
community 
news 

Task 4 Specific Measurable Achievable Relevant Time-Sensitive 
Design 
interpretive 
ecological 
exhibits/signs 

Using 
template 
designed by 
Bear Creek 
Watershed 
Association, 
extend 
opportunities 
for learning in 
lower 
watershed 

6 signs 
designed and 
constructed 
between 2021 
and 2023 

Partnerships 
with 
municipalities 
established, 
template 
available 

Interpretive 
signs impart 
information 
and activities 
for Creek users 
and reinforce 
other outreach 
methods  

Engaging in 
learning and 
activities while 
near the Creek 
increases 
awareness of 
ecological and 
water quality 
issues 

Task 5 Specific Measurable Achievable Relevant Time-Sensitive 
Engage in 
social media 

Present 
current 
watershed 
activities, 
events, and 
water quality 
facts through 
Groundwork 
Denver 
Facebook 
page 

Weekly “Lower 
Bear Creek” 
post by 
Groundwork 
Denver staff. 
Link to Task 3. 

Groundwork 
Denver 
maintains daily 
Facebook posts, 
watershed plan 
information 
and events are 
easily added 

Social media is 
a mainstream 
communication 
form that 
permits wide 
dissemination 
of watershed 
messages  

Weekly 
communication 
with social 
networks 
improves 
visibility of the 
project and 
encourages 
participation in 
stewardship 
events 
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Long-term Active Tasks and SMART Criteria 

Task 1  Specific Measurable Achievable Relevant Time-Sensitive 
Continue 
dialogue with 
CDOT, Waste 
Water in 
Lakewood, 
Denver and 
Sheridan, 
USACE, 
USFWS 

Quarterly 
meetings with 
Public Works, 
Environmental 
Health, 
Planning, and 
other staff from 
Lakewood, 
Denver, and 
Sheridan to 
share progress 
on watershed 
plan and invite 
participation on 
implementation 
elements 

Document 
conversations 
and outcomes 
(e.g. – city 
proclamation 
regarding 
water quality, 
city staff 
participation 
on 
Stewardship 
Group, etc) 

Relationships 
with all 
municipalities 
fortified 
through 
short-term 
tasks 

The watershed 
encompasses 
these 
communities 
and the 
watershed plan 
is as strong as 
those 
participating in 
its 
implementation 

Meetings should 
occur 
throughout the 
process to 
maintain open 
communication 
with all partners 

Task 2 Specific Measurable Achievable Relevant Time-Sensitive 
Continue 1:1 
meetings with 
city staff from 
Lakewood, 
Denver and 
Sheridan 

Quarterly 
meetings with 
Public Works, 
Environmental 
Health, 
Planning, and 
other staff from 
Lakewood, 
Denver, and 
Sheridan to 
share progress 
on watershed 
plan and invite 
participation on 
implementation 
elements 

Document 
conversations 
and outcomes 
(eg – city 
proclamation 
regarding 
water quality, 
city staff 
participation 
on 
Stewardship 
Group, etc) 

Relationships 
with all 
municipalities 
fortified 
through 
short-term 
tasks 

The watershed 
encompasses 
these 
communities 
and the 
watershed plan 
is as strong as 
those 
participating in 
its 
implementation 

Meetings should 
occur 
throughout the 
process to 
maintain open 
communication 
with all partners 

Task 3 Specific Measurable Achievable Relevant Time-Sensitive 
Continue 
door-to-door 
canvassing in 
communities 
not reached 
in short- and 
mid-term 

Expand 
canvassing in 
neighborhoods 
farther from 
Lower Bear 
Creek, but still 
within 
watershed 

Canvass one 
neighborhood 
per city per 
quarter with, 
“What You Can 
Do At Home” 
door knockers 
and talking 
points 

Groundwork 
Denver 
conducts 
successful 
canvassing 
events 
frequently and 
can coordinate 
all facets of 
quarterly 
canvassing 

Personal 
contact with 
residents living 
within the 
watershed 
builds cohesion 
among 
watershed 
neighborhoods  

Public comment 
and 
involvement in 
each aspect of 
the watershed 
plan will 
facilitate 
successive 
element 
implementation 
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Long-term Active Tasks and SMART Criteria 

Task 4 Specific Measurable Achievable Relevant Time-Sensitive 
Continue 
meetings with 
multi-city 
partners to 
encourage 
participation 
on 
Stewardship 
Group or 
become 
advocates for 
Bear Creek  

Continue 
meetings with 
residents, 
business 
owners, and 
others living, 
working or 
recreating in 
the watershed 
and invite 
participation on 
Stewardship 
Group or as an 
advocate for 
the watershed 
plan 

3 advocates or 
potential 
Stewardship 
Group 
members per 
quarter sign a 
commitment 
letter 

Groundwork 
Denver staff 
and 
Stewardship 
Group 
members to 
conduct 
meetings 

Ongoing and 
diverse support 
of the 
watershed plan 
is essential to 
its success 

Implementing 
the watershed 
plan and 
revising 
strategies based 
on current 
knowledge 
require a steady 
stream of active 
participants  

Task 5 Specific Measurable Achievable Relevant Time-Sensitive 
Hold events 
along Bear 
Creek 

Host one event 
per year in the 
three 
communities 
within the 
watershed 

Three events 
per year – one 
in Sheridan, 
one in Denver 
and one in 
Lakewood (one 
event per city) 

Fair at the 
Bear was 
hosted in 
Summer 
2013 and 
several 
stewardship 
events 
occurred in 
Lakewood 
and Denver 
in 2013/2014 

Community 
events 
reinforce 
messages 
shared with 
residents 
through 
canvassing, 
social media, 
and print 
material 

Events should 
occur when 
threat of 
inclement 
weather is 
minimal (late 
spring, summer, 
early autumn)  

Task 6 Specific Measurable Achievable Relevant Time-Sensitive 
Redesign, 
market and 
show 
watershed 
video 

Create updated 
video with 
current water 
quality data, 
BMPs 
information, 
and 
opportunities 
for community 
participation 

Completion 
and 
dissemination 
of watershed 
video six 
months after 
receipt of 
funding and 
dissemination 
to 8 groups 
each year 

Updated 
video can 
utilize 
previous 
partnerships 
or solicit new 
proposals 

A 2-3 minute 
documentary 
highlighting the 
importance of 
clean urban 
water 
(specifically, 
Lower Bear 
Creek), and 
what people 
can do to 
protect it 

The video 
should include 
historic 
information, 
progress on the 
watershed plan 
implementation, 
as well as 
current findings 
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Long-term Active Tasks and SMART Criteria 

Task 7 Specific Measurable Achievable Relevant Time-Sensitive 
Continue 
outreach to 
communities 
beyond most 
polluted 
reaches of 
Bear Creek 

Contact 
communities 
within the Bear 
Creek 
watershed to 
involve them in 
stewardship 
and education 
activities 

Meet with one 
neighborhood 
per quarter to 
involve them 
in stewardship 
and education 
activities, and 
invite 
individuals 
from these 
neighborhoods 
to participate 
on the 
Stewardship 
Group  

Groundwork 
Denver staff 
and 
Stewardship 
Group 
members 
reach out to 
groups using 
Lower Bear 
Creek 

Watersheds are 
impacted by all 
people using 
roads, open 
spaces, and 
businesses; it is 
important to 
spatially orient 
people to the 
water way 
within their 
watershed 

This task is 
ongoing, and 
can be 
coordinated 
with current 
efforts by other 
groups to 
educate the 
public about 
urban water 
quality 

 

No Long-term Interactive Strategies Identified 
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Management Measures - Short-Term 

Management Measure Short-term Goals 

Watershed Plan 
Element 

Short-term (2015-2017) Goals 

Management 
Measures 
Monitoring  
 
Structural Best 
Management 
Practices 
 
Community 
Engagement 

 
 
Implement yearly water quality monitoring.   
 
Support structural management measure at location determined by Denver 
Parks and Recreation.  Evaluate efficacy of structural management measure 
using yearly water quality monitoring and load reduction criteria.  
 
Establish stewardship group to carry plan into implementation and evaluation 
phases. 

 

 

Short-term Monitoring Tasks  and SMART Criteria 

Task 1  Specific Measurable Achievable Relevant Time-Sensitive 
Collect and 
analyze water 
quality samples 
for selected 
analytes 
through the 
River Watch 
program 

Conduct 
monthly field 
and lab work 
for 2 River 
Watch sites on 
Lower Bear 
Creek 

Enter field 
measurements 
on River Watch 
site and submit 
field sheets and 
samples 
 

River Watch 
program 
began in late 
2013 and a 
new contract 
for 2014-2015  
submitted 

Analytes for 
River Watch 
program 
include 
metals and 
nutrients  

This program 
will continue 
into the 
watershed 
implementation 
phase 

Task 2 Specific Measurable Achievable Relevant Time-Sensitive 
Collect and 
analyze water 
quality samples 
for E. coli  

Conduct EPA-
supported and 
Metro State 
University-
supported E. 
coli sampling 
and analysis 
monthly or as 
often as 
resources 
permit for 17 
selected 
locations 

Schedule 
monthly or 
bimonthly 
events, track all 
field data and E. 
coli results, 
produce data 
analysis and 
graphs to 
describe trends 

EPA-
supported 
sampling 
occurred in 
Summer 2013 
and Summer 
2014.  Metro-
supported 
sampling will 
begin in 2014 
following 
approval of a 
QAPP and SAP 

Include DEH 
and 
watershed-
wide data in 
analyses 

This program 
will continue 
into the 
watershed 
implementation 
phase 
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Short-term Structural Best Management Practices Tasks  and SMART Criteria 

Task 1  Specific Measurable Achievable Relevant Time-Sensitive 
Support 
structural 
management 
measure at 
location 
determined by 
Denver Parks 
and Recreation  

Stewardship 
Committee to 
offer input on 
site selection 
and design of 
BMP to reduce 
E. coli 
concentrations 
in Denver 
section of 
Lower Bear 
Creek 
 
 
Groundwork 
Denver to 
share 
information 
about project 
and solicit 
feedback from 
community 
groups during 
outreach 
activities 

Meeting(s) to 
learn about site 
and design 
criteria, 
completion of 
input form 
 
 
 
 
 
 
 
 
Based on the 
timeline of the 
Denver BMP 
project, 
Groundwork 
Denver will 
share updates at 
all outreach and 
education 
events for Lower 
Bear Creek 

Relationships 
between 
Denver Parks 
and 
Recreation 
and members 
who will join 
the   
Stewardship 
Committee 
already exist. 
 
 
 
Information 
and events 
from other 
partners have 
been shared 
with 
community 
groups for the 
planning 
process and 
can continue 

Denver will 
be the first 
municipality 
to 
implement a 
structural 
BMP 
following the 
completion 
of the 
watershed 
plan 
 
 
Communities 
invited to 
share 
feedback or 
ask 
questions 
about 
projects are 
more 
engaged in 
overall 
watershed 
protection 

Communication 
about Denver’s 
BMP project 
has already 
occurred and 
will continue 
into the 
watershed plan 
implementation 
phase 
 
 
 
 
Communication 
about Denver’s 
BMP project 
has already 
occurred and 
will continue 
into the 
watershed plan 
implementation 
phase 

Task 2 Specific Measurable Achievable Relevant Time-Sensitive 
Evaluate 
efficacy of 
structural 
management 
measure using 
yearly water 
quality 
monitoring and 
load reduction 
criteria 

After 
construction of 
BMP, adopt 
two sampling 
locations 
before and 
after the 
structure to 
evaluate 
efficacy of E. 
coli 
concentration 
reduction 

Schedule 
monthly or 
bimonthly 
sampling events, 
track all field 
data and E. coli 
results, produce 
data analysis 
and graphs to 
describe trends 

Two sites can 
be included in 
both the EPA-
supported 
and the 
Metro-
supported 
sampling 
calendars 

This initial 
evaluation of 
one 
structural 
BMP will 
inform 
future 
discussions 
about 
locating 
additional 
BMPs in the 
watershed 

Evaluating E. 
coli 
concentration 
reduction 
efficacy of the 
BMP will inform 
future decisions 
about BMPs 
elsewhere in 
the watershed 
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Short-term Community Engagement Tasks  and SMART Criteria 

Task 1  Specific Measurable Achievable Relevant Time-Sensitive 
Establish 
stewardship 
group to carry 
plan into 
implementation 
and evaluation 
phases 

Steering 
Committee 
members 
transition to 
Stewardship 
Group  

Tasks and 
SMART criteria 
for each 
element are 
completed on 
time 

Several 
Steering 
Committee 
members 
have 
identified 
they would 
like to serve 
on the 
Stewardship 
Group 

Previous 
experience 
with goals, 
objectives 
and tasks will 
promote 
timely 
completion 
of tasks  

Members who 
transition to 
the 
Stewardship 
Group will have 
historic 
knowledge of 
the process and 
dedication to 
implementation 
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Management Measure Mid-Term  

Watershed Plan 
Element 

Mid-term (2018-2020) Goals 

Management 
Measures 
Monitoring  
 
Structural Best 
Management 
Practices 
 
 
 
 
Community 
Engagement 

 
 
Continue water quality monitoring.   
 
Using water quality data and evaluation of structural management measure in 
Denver, identify next locations for installing structural management measures 
in the watershed.   
 
Support evaluation of structural management measure using concentration 
reduction criteria. 
 
Engage new members for stewardship group to continue watershed work. 

 

Mid-term Monitoring Tasks  and SMART Criteria  

Task 1  Specific Measurable Achievable Relevant Time-Sensitive 
Collect and 
analyze water 
quality samples 
for selected 
analytes 
through the 
River Watch 
program 

Conduct 
monthly field 
and lab work 
for 2 River 
Watch sites on 
Lower Bear 
Creek 

Enter field 
measurements 
on River Watch 
site and submit 
field sheets and 
samples 
 

River Watch 
program 
began in late 
2013 and a 
new contract 
for 2014-2015 
was 
submitted 

Analytes for 
River Watch 
program 
include 
metals and 
nutrients  

This program 
will continue 
into the 
watershed 
implementation 
phase 

Task 2 Specific Measurable Achievable Relevant Time-Sensitive 
Collect and 
analyze water 
quality samples 
for E. coli  

Conduct EPA-
supported and 
Metro State 
University-
supported E. 
coli sampling 
and analysis 
monthly or as 
often as 
resources 
permit for 17 
selected 
locations 

Schedule 
monthly or 
bimonthly 
events, track all 
field data and E. 
coli results, 
produce data 
analysis and 
graphs to 
describe trends 

EPA-
supported 
sampling 
occurred in 
Summer 2013 
and Summer 
2014.  Metro-
supported 
sampling will 
begin in 2014 
following 
approval of a 
QAPP and SAP 

Include DEH 
and 
watershed-
wide data in 
analyses 

This program 
will continue 
into the 
watershed 
implementation 
phase 
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Mid-term Structural  Best Management Practices Tasks  and SMART Criteria 

Task 1  Specific Measurable Achievable Relevant Time-Sensitive 
Using water 
quality data 
and evaluation 
of structural 
management 
measure in 
Denver, 
identify next 
locations for 
installing 
structural 
management 
measures in 
the watershed   
 

Identify most 
feasible 
locations for 
structural 
BMPs with 
water quality 
data from 
Denver Parks 
and 
Recreations 
initial BMP and 
corroborate 
with 
longitudinal 
water quality 
data 

Prioritize 3 
initial locations 
for BMPs   

Decisions 
about BMPs 
rely on 
accumulating 
water quality 
data related 
to prior BMPs 
or baseline 
conditions 

The initial 
BMP 
implemented 
by Denver will 
provide site- 
and 
watershed-
specific 
examples of 
BMPs effective 
in reducing E. 
coli 
concentrations 
in Lower Bear 
Creek  

At least 6 years 
of data on the 
in-stream E. 
coli 
concentration 
reductions 
from DPR’s 
BMP will be 
available in the 
Long-term 
phase. 

Task 2 Specific Measurable Achievable Relevant Time-Sensitive 
Support 
evaluation of 
structural 
management 
measure using 
concentration 
reduction 
criteria 
 

After 
construction of 
new BMPs, 
adopt two 
sampling 
locations 
before and 
after the 
structure(s) to 
evaluate 
efficacy of E. 
coli 
concentration 
reduction 

Schedule 
monthly or 
bimonthly 
sampling 
events, track all 
field data and E. 
coli results, 
produce data 
analysis and 
graphs to 
describe trends 

Adjust 
sampling site 
locations 
based on 
resources 
available 
through both 
the EPA-
supported 
and the 
Metro-
supported 
sampling 
calendars 

Evaluation of 
successive 
structural 
BMPs will 
inform future 
discussions 
about locating 
additional 
BMPs in the 
watershed 

Evaluating in-
stream E. coli 
concentration 
reduction 
efficacy of 
BMPs informs 
future 
decisions about 
additional  
BMPs in the 
watershed 
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Mid-term Community Engagement Tasks  and SMART Criteria 

Task 1  Specific Measurable Achievable Relevant Time-Sensitive 
Engage new 
members for 
stewardship 
group to 
continue 
watershed 
work 

Current 
Stewardship 
Group 
members and 
Groundwork 
Denver staff 
invite 
prospective 
members to 
meetings or 
stewardship 
events 

Based on size of 
Stewardship 
Group, identify 
and solicit 
participation 
from 1 or 2 new 
people as 
members’ terms 
conclude 

Stewardship 
Group and 
Groundwork 
Denver staff 
have 
numerous, 
diverse 
connections 
suited to 
serving on the 
Stewardship 
Group 

Rotating 
membership 
on the 
Stewardship 
Group 
ensures fresh 
energy and 
insight in 
carrying out 
the 
watershed 
plan 
elements 

Stewardship 
Group 
members will 
serve for 
various lengths 
of time and 
inviting new 
people to 
support the 
watershed plan 
is an ongoing 
process 
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Management Measures Long-Term 

Watershed Plan 
Element 

Long-term (2021-2023) Goals 

Management 
Measures 
Monitoring  
 
Structural Best 
Management 
Practices 
 
 
 
 
Community 
Engagement 

 
 
Continue water quality monitoring.   
 
Using water quality data and evaluation of structural management measures, 
participate in discussions about next locations for installing structural 
management measures.   
 
Support evaluation of structural management measure using load reduction 
criteria. 
 
Engage new members for stewardship group to continue watershed work. 

 

Long-term Monitoring Tasks and SMART Criteria 

Task 1  Specific Measurable Achievable Relevant Time-Sensitive 
Collect and 
analyze water 
quality samples 
for selected 
analytes 
through the 
River Watch 
program 

Conduct 
monthly field 
and lab work 
for 2 River 
Watch sites on 
Lower Bear 
Creek 

Enter field 
measurements 
on River Watch 
site and submit 
field sheets and 
samples 
 

River Watch 
program 
began in late 
2013 and a 
new contract 
for 2014-2015 
submitted 

Analytes for 
River Watch 
program 
include 
metals and 
nutrients  

This program 
will continue 
into the 
watershed 
implementation 
phase 

Task 2 Specific Measurable Achievable Relevant Time-Sensitive 
Collect and 
analyze water 
quality samples 
for E. coli  

Conduct EPA-
supported and 
Metro State 
University-
supported E. 
coli sampling 
and analysis 
monthly or as 
often as 
resources 
permit for 17 
selected 
locations 

Schedule 
monthly or 
bimonthly 
events, track all 
field data and E. 
coli results, 
produce data 
analysis and 
graphs to 
describe trends 

EPA-
supported 
sampling 
occurred in 
Summer 2013 
and Summer 
2014.  Metro-
supported 
sampling will 
begin in 2014 
following 
approval of a 
QAPP and SAP 

Include DEH 
and 
watershed-
wide data in 
analyses 

This program 
will continue 
into the 
watershed 
implementation 
phase 
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Long-term Structural Best Management Practices Tasks and SMART Criteria 

Task 1  Specific Measurable Achievable Relevant Time-Sensitive 
Using water 
quality data 
and evaluation 
of structural 
management 
measure in 
Denver, 
identify next 
locations for 
installing 
structural 
management 
measures in 
the watershed   
 

Identify most 
feasible 
locations for 
structural 
BMPs with 
water quality 
data from 
Denver Parks 
and 
Recreations 
initial BMP and 
corroborate 
with 
longitudinal 
water quality 
data 

Prioritize 3 
initial locations 
for BMPs   

Decisions 
about BMPs 
rely on 
accumulating 
water quality 
data related 
to prior BMPs 
or baseline 
conditions 

Prioritization 
and 
evaluation of 
structural 
BMPs is an 
integral facet 
of 
maintaining 
urban water 
quality  

Typically five to 
ten years of 
data are 
necessary to 
draw 
statistically 
valid 
conclusions. At 
the end of the 
Long-term 
phase, there 
should be 
approximately 
6 years of data 
from Denver’s 
BMP available 
for use in 
considering 
watershed-
wide BMPs 

Task 2 Specific Measurable Achievable Relevant Time-Sensitive 
Support 
evaluation of 
structural 
management 
measure using 
concentration 
reduction 
criteria 
 

After 
construction of 
new BMPs, 
adopt two 
sampling 
locations 
before and 
after the 
structure(s) to 
evaluate 
efficacy of E. 
coli 
concentration 
reduction 

Schedule 
monthly or 
bimonthly 
sampling events, 
track all field 
data and E. coli 
results, produce 
data analysis 
and graphs to 
describe trends 

Adjust 
sampling site 
locations 
based on 
resources 
available 
through both 
the EPA-
supported 
and the 
Metro-
supported 
sampling 
calendars 

Evaluation of 
successive 
structural 
BMPs will 
inform 
future 
discussions 
about 
locating 
additional 
BMPs in the 
watershed 

Evaluating E. 
coli 
concentration 
reduction 
efficacy of 
BMPs informs 
future 
decisions about 
additional  
BMPs in the 
watershed 
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Long-term Community Engagement Tasks and SMART Criteria 

Task 1  Specific Measurable Achievable Relevant Time-Sensitive 
Engage new 
members for 
stewardship 
group to 
continue 
watershed 
work 

Current 
Stewardship 
Group 
members and 
Groundwork 
Denver staff 
invite 
prospective 
members to 
meetings or 
stewardship 
events 

Based on size of 
Stewardship 
Group, identify 
and solicit 
participation 
from 1 or 2 new 
people as 
members’ terms 
conclude 

Stewardship 
Group and 
Groundwork 
Denver staff 
have 
numerous, 
diverse 
connections 
suited to 
serving on the 
Stewardship 
Group 

Rotating 
membership 
on the 
Stewardship 
Group 
ensures fresh 
energy and 
insight in 
carrying out 
the 
watershed 
plan 
elements 

Stewardship 
Group 
members will 
serve for 
various lengths 
of time and 
inviting new 
people to 
support the 
watershed plan 
is an ongoing 
process 

 

 

Volunteers cleaning up an abandoned camp in a natural area park in Denver.  Photo:  Rachel Hansgen 
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Element 8 - Criteria for Determining 
Management Measure Success 
Compliance with primary contact recreation standards (126 CFU/100 mL) is the ultimate goals 
of both monitoring and BMPs. 

Structural Best Management Practices are typically the products designed to determine 
management measure success.  Because BMPs will be implemented after years of water quality 
data are collected and analyzed, this section addresses Monitoring as a method of establishing 
pre-management measure E. coli concentrations, and for determining efficacy of BMPs once 
they are implemented.   

Monitoring supported by EPA Region 8 Water Quality Unit and Region 8 Laboratory occurred in 
2013 and 2014.  These water quality data, combined with those from Denver’s Department of 
Environmental Health (DEH) will provide baseline measurements for E. coli concentrations in 
Lower Bear Creek. Beginning in 2015, year round sampling conducted by Metropolitan State 
University Biology students will provide data to investigate seasonal variations in E. coli 
concentrations.  Techniques referenced in CDPHE’s 303 (d) listing methodology will be 
employed. 

As Coffey and Smolen noted, “water quality monitoring is the most direct and defensible tool 
available to evaluate water quality and its response to management and other factors” (EPA, 
2012).  Because E. coli analysis will be conducted by both the EPA Region 8 Laboratory and 
students from Metropolitan State University (MSU), this presents an opportunity to assess 
consistency of analysis using the IDEXX SM 9223B (Colilert) method.  Quarterly split samples at 
selected sites will provide either evidence of standard scientific practice, or of discrepancies 
that must be addressed.  Duplicating techniques in the field and in the lab is critical to sound 
science and legally-defensible data. 

A Quality Assurance Project Plan (QAPP) and Sampling and Analysis Plan (SAP) were approved 
for EPA-supported sampling events in 2013 and 2014.  A QAPP, SAP, and Health and Safety Plan 
(HASP) will be developed by Groundwork Denver and approved by CDPHE for the MSU 
sampling team in 2014.   

Monitoring in the short-term will be used to ascertain the efficacy of the structural BMP Denver 
Parks & Recreation will install on Lower Bear Creek in 2015.  The Stewardship Group and DEH 
will continue to conduct water quality monitoring for E. coli above and below the structure. This 
strategy will continue for all structural BMPs in successive years. 
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As structural BMPs and other management measures are implemented, monitoring will help 
define the relative success of reducing E. coli concentrations in Lower Bear Creek.  In order to 
determine whether specific BMPs (most likely in series, not individually) are efficacious, single 
samples will be taken during months when recreational contact occurs, and yearly geometric 
means will provide an overall picture.   

Adaptive management principles will guide systemic adjustments to all Elements within the 
watershed plan.  The diagrams below illustrate examples of adaptive management for 
Monitoring and BMPs. 

 

Figure 8.1  Example of Adaptive Management Cycle for Water Quality Monitoring 
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Figure 8.2 Example of Adaptive Management Cycle for Structural BMP 
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Element 9 – Water Quality Monitoring in 
Lower Bear Creek 
The monitoring calendar will utilize the 12 water quality sampling sites established in 2013 with 
five additional sites.  Monitoring will occur each year from 2014 through 2019.  Table 9.1 
provides the location of in-stream sampling sites for 2013 and 2014.  Map 4 illustrates sampling 
site locations. 

Site Name City Longitude Latitude 
BCL1  Lakewood -105.132793 39.657495 
BCL3 Lakewood -105.119548 39.660587 
BCL4  Lakewood -105.114173 39.662225 
BCL5 Lakewood -105.112716 39.662810 
BC-Estes * Lakewood -105.093470 39.663300 
BC-Wadsworth * Denver -105.079651 39.661992 
BCD1  Denver -105.069232 39.659463 
BC-Sheridan * Denver -105.053991 39.654435 
BC-BCP * Denver -105.041507 39.653439 
BCD2 Denver -105.032976 39.652224 
BCD3 Denver -105.029729 39.651701 
BCS1 Sheridan -105.026965 39.650653 
BCS2 Sheridan -105.024587 39.650960 
BCS3 Sheridan -105.022653 39.651879 
BCS4 Sheridan -105.016108 39.651218 
BCS5 Sheridan -105.015392 39.651145 
SPDSBC * Sheridan -105.009554 39.650866 
Weaver Creek-tributary of Bear Creek Lakewood -105.113277 39.662547 
Table 9.1  Names and coordinates for sampling sites 
* Site added in 2014 
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Map 4 
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Water Quality Monitoring Protocol  

All monitoring will be conducted using the methods described in the Quality Assurance Project 
Plan (QAPP) and Sampling and Analysis Plan (SAP) used during sampling in 2013-2014. 

The QAPP for this watershed plan is available at http://www.GroundWorkDenver.org. The SAP 
is located in Appendix F. 

Entities involved in water quality sampling and analysis are:  Groundwork Denver; EPA Region 8 
Water Quality Unit and EPA Region 8 Laboratory; and Metropolitan State University Biology 
Department. 

Staff and volunteers from each participating group maintain current training certifications in all 
methods identified in the QAPP and SAP. 

Monitoring Calendar 

Monitoring and analysis will be conducted by students in the Biology Department at 
Metropolitan State University throughout the year.  Sampling will occur twice per month.  
Analysis will be conducted at the MSU laboratory. Quality control and quality assurance are 
maintained through adherence to the QAPP and SAP.  

Contingent upon financial and technical resources availability, EPA Region 8 Laboratory will 
conduct analysis of samples collected by Groundwork Denver staff/volunteers twice during 
May, June, July, August and September. 

Water Quality Data Sharing 

Sampling results data will be checked for accuracy as outlined in the QAPP (Appendix F).  
Results will be available through the Colorado Data Sharing Network and submitted to the 
Colorado Department of Public Health and Environment Water Quality Division and the Region 
8 Environmental Protection Agency Water Quality Unit.   

Health & Safety  

The Health & Safety Plan (HASP) in Appendix E identifies protocol for monitoring events.  All 
monitoring participants will adhere to the safety measures identified in the HASP.  
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Monitoring Costs  

Item Cost per year 

Sampling and Analysis Materials $10,000  

Water Quality Field Training (assumes 1 person trained 
each year) 

$1,000  

Administration of Monitoring Program $8,282a 

Yearly Total $19,282  

2015-2023 Total (Yearly Total * 9 years) $173,538  
a Estimate based on $60,000 ($31.25/hr) at 5 hrs/wk for 53 weeks (one year) 
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A. Characteristics of Lower Bear Creek 
Location and Description 

The Lower Bear Creek watershed drains into the last 8.2 miles of Bear Creek, from the discharge 
of Bear Creek Reservoir to the confluence with the South Platte River (WBID: COSPBE02; 
HUC12: 101900020809). This section of Bear Creek is a perennial stream that drains a 35 square 
mile watershed in portions of unincorporated Jefferson County, the City of Lakewood, the City 
and County of Denver, and the City of Sheridan. 

Bear Creek originates on Mt. Evans in the mountains southwest of Denver and is a left bank 
tributary of the South Platte River. The total drainage area at the mouth is 261 square miles of 
which 164 square miles are upstream of Morrison. The basin includes parts of Jefferson, 
Denver, Arapahoe, Clear Creek and Park Counties, and ranges in elevation from 5,265 feet at 
the confluence with the South Platte River to 14, 264 feet at Mt. Evans  

Source - http://www.udfcd.org/FWP/ebb/bear_history.html 

Topography 

The nearest topographic feature to the Lower Bear Creek Basin is the Front Range.  
Physiographically, the basin resides in the Interior Plains Division; the Great Plains Province; and 
the Colorado Piedmont Region. 

The highest point in the watershed can be found at the extreme southwest corner, near the 
end of Stone Gate Dr., at an elevation of 7925 feet. The other high point in the watershed is at 
the northwest corner, at William F Hayden Green Mountain Park in Lakewood, CO at 6695 feet. 
Otherwise, the majority of the watershed sits between 5265 feet and 5600 feet.   

Geology and Soils 

  The Late Cretaceous and Early Tertiary periods were geologically 
eventful in the West.  The Rocky Mountains, which were uplifted  
about 50 to 100 million years ago, extended from southern Colorado  
northwest  to the Canadian border.  Their rocks and topography are  
diverse and highly complex.  Many of the individual ranges that  
make up the Rocky Mountains appear on the map as variously  
shaped bull’s-eyes surrounding a red-hued center.  Each crudely  
ringed pattern was created by the Tertiary erosion of Paleozoic  
and Mesozoic sedimentary rocks that once overlaid and now surround  
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a core of uplifted Precambrian granite.  
 
Source - http://tapestry.usgs.gov/features/15rockies.html 
 

The soils present in the Lower Bear Creek basin are sandy, stony clays; loess (upper 
Pleistocene); colluvium; gravelly, sandy loams; Slocum Alluvium (Pleistocene); Denver 
formation.  Soil types will play a role in the construction of structural BMPs.  Specific types will 
be investigated  as water quality results accumulate and locations are prioritized for BMPs. 

Source - http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx 

Hydrology 

Surface water flow in Lower Bear Creek is impacted by the Bear Creek Dam.   The dam was 
constructed by the U. S. Army Corps of Engineers in 1977 as a flood control reservoir that 
intercepts flows from areas in the upper and middle parts of the basin. At the Bear Creek Dam, 
peak flows from the 100-year event have been reduced from 30,000 cubic feet per second (cfs) 
to approximately 1,000 cfs through storage in the reservoir (Matrix, 2010).  Historic flows are 
highest during the months of May and June, with very low flows September through April. 

Source - http://water.usgs.gov/edu/hydrology.html 

The impacts of groundwater on flow and contaminant concentrations are unknown at this time.  
A hydrologist is included in the budget for the watershed plan and will investigate groundwater 
qualities an 

Tributaries and Other Water Bodies   

Bear Creek Tributary K (left bank, Jefferson County); Bear Creek Tributary L (left bank, Jefferson 
County); Weaver Creek (right bank, Jefferson County); Ward Reservoir No. 2 (left bank 
drainage, Jefferson County);  New Gate Tributary (left bank, Denver County); Henry’s Lake 
Drainageway (right bank, Denver County); Floil Split (right bank, Denver County); Ingalls 
Tributary (right bank, Denver County); Pinehurst Tributary (right bank, Denver County); 
Marston Lake North (dewatering point for Marston Reservoir, Denver Water, right bank, 
Denver County); Lowell Street Drainage (right bank, Arapahoe County); Hampden Avenue 
Drainage (left bank, Arapahoe County); Irvine Street Drainage (right bank, Arapahoe County); 
Bear Creek Drive Drainage (right bank, Arapahoe County); Federal Street Drainage (right bank, 
Arapahoe County); Clay Street Drainage (right bank, Arapahoe County); Bryant Court Outfall 
(left bank, Arapahoe County).   
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Henry’s Lake Basin resides in the City of Lakewood and Jefferson County.  The upper end of the 
basin is just west of Kipling Street at Quincy Avenue.  The confluence with Lower Bear Creek is 
located east of Pierce Street.  The basin drains in a northeasterly direction.  In 1983, a 
comprehensive study was conducted with the goal of alleviating flooding caused by 
development of the area without adequate drainage facilities.  

Harriman Lake includes the 138 year old Dam and Reservoir.  Denver Water uses the Lake to 
provide irrigation water to Fort Logan National Cemetery, Jefferson County Public Schools, 
Pinehurst Country Club and other areas.  Foothills Parks & Recreation District manages the park 
around the Lake. 

Marston Lake (DFA 0066 Basin) is a 66-foot deep reservoir, constructed over 110 years ago, 
stores 250 million gallons per day of water diverted from the South Platte River and piped 12 
miles to the site with ultimate final treatment at the Marston Water Treatment Plant. 

The Marston Lake drainage basin consists of approximately 2.1 square miles of limited 
developed area, in the southwest corner of Denver. Various areas within the basin are subject 
to flooding which could increase in severity and frequency with continued urbanization of the 
basin without drainageway improvements. The basin originates approximately ½ mile west of 
Kipling Street between Belleview and Quincy Avenues, and extends approximately 4.4 miles in a 
northeasterly direction to its confluence with Bear Creek. Continued development in these 
areas, planned for mostly residential with some light commercial business, is expected to 
increase runoff rates.  

Marston Lake is owned and operated by the Denver Water Board and serves as a major link in 
the water supply system for Denver and much of the metropolitan area. The Lake acts as a 
sump and is isolated from receiving or discharging storm water.  
  

Sources - http://UDFCD.gisworkshop.com/ 

http://www.eco2tech.com/documents/Project%20Profile%20-%20Marston%20Reservoir.pdf 

http://www.denvergov.org/Portals/711/documents/2009%20CCD%20Drainage%20Master%20
Plan%20-%20Rev%20June%202010.pdf 

Channel Morphology 

This section is included as additional information only, and has not been mentioned in the body 
of the watershed plan. 
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Rosgen’s Channel Classification can be used to address three crucial questions when reviewing 
the Proper Functioning Condition of the Lower Bear Creek channel: 

• What elements provide stability? 
• How is energy dissipated? 
• What happens to flood flows? 

It is important to keep in mind that the Bear Creek Dam has a significant impact on the surface 
water flows of Lower Bear Creek and that urbanization of the watershed plays a role in channel 
morphology.  Factors to consider when assessing the relative function of the creek are the 
levels of development within the riparian buffer and erosion to bedrock in some reaches. 

Generally, the riparian buffer and the sinuosity of the creek have been maintained in the 
Lakewood and Denver sections.  The Bear Creek Greenbelt and parks along the Greenbelt 
provide the creek a range of movement necessary when flood waters are released from the 
Bear Creek Dam.  Foliage in the riparian areas also promotes bank stability.   

 

Sinuosity and riparian area in Lower Bear Creek evident in Lakewood (L) and Denver (R). Photos:  Rachel Hansgen 

Channelization and severe erosion occur in the Sheridan reach where development up to the 
bank has occurred.  While reaches of the creek in Sheridan are functional based on the severely 
degraded conditions, structural best management practices may be best utilized in areas of the 
watershed where riparian regions still exist, or where land within the basin is available. 
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Source – Rosgen, David L. “A Classification of Natural Rivers”.  Catena: 22 (1994): 179 wildlandhydrology.com 
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Source – Rosgen, David L. “A Classification of Natural Rivers”.  Catena: 22 (1994): 179 wildlandhydrology.com 
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Bank stabilization measures in Sheridan near on outfall active in dry weather.  Photo:  Rachel Hansgen 

 

Steep banks covered in rock and concrete downstream of the Sheridan Boulevard bridge in Sheridan.  Photo:  Rachel Hansgen 

 

Steep, sandy and worn bank in Lakewood.  Photo:  Rachel Hansgen 
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Climate 

The Denver metro area lies within the semi-arid, continental climate zone (Köppen climate 
classification BSk). It has four distinct seasons and receives 15 inches of precipitation over the 
course of one year. Due to its inland location on the High Plains, at the foot of the Rocky 
Mountains, Denver, like all cities along the eastern edge of the Rocky Mountains, is subject to 
sudden changes in weather. The climate is sunny, averaging 3,107 hours or 115 clear days a 
year . 

July is the warmest month, with a daily average temperature of 74.2 °F (23.4 °C). Summers 
range from mild to hot with occasional afternoon thunderstorms and high temperatures 
reaching 90 °F (32 °C) on 38 days annually, and occasionally 100 °F (38 °C). December, the 
coldest month of the year, has a daily average temperature of 29.9 °F (−1.2 °C). Winters range 
from mild to occasional bitter cold, with periods of snow and low temperatures alternating with 
periods of relatively milder weather, the result of chinook winds. Episodes of 50 °F (10 °C)+ 
highs alternate with nights of sub-0 °F (−18 °C) lows. 

Snowfall is common throughout the late fall, winter and spring, averaging 53.5 inches (136 cm) 
for 1981−2010. The average window for measurable (≥0.1 in or 0.25 cm) snow is October 17 
thru April 27 although measurable snowfall has fallen in Denver as early as September 4 and as 
late as June 3. Extremes in temperature range from −29 °F (−34 °C) on January 9, 1875 up to 
105 °F (41 °C) as recently as June 25 and 26, 2012. 

Sources - http://www.physicalgeography.net/fundamentals/7v.html 

http://www.climate-zone.com/climate/united-states/colorado/denver/ 

http://climate.colostate.edu/climateofcolorado.php 

http://www.currentresults.com/Weather/US/average-annual-sunshine-by-city.php 

http://www.nws.noaa.gov/climate/xmacis.php?wfo=bou 

http://voices.yahoo.com/all-time-record-hottest-coldest-temperatures-ever-12119625.html?cat=37 
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B. Land Use, Ownership and 
Demographics 
Please refer to Map 1 and Map 2 for land use types within the watershed. 

Counties in  the Watershed 

County Square Miles 
in County 

Square Miles 
in Watershed 

Percent of Lower 
Bear Creek 
Watershed 

Percent of County 
in Lower Bear 
Creek Watershed 

Jefferson 778.0 16.04 72% 2.06% 
Denver 154.9 5.29 23.7% 3.42% 
Arapahoe 805.0 0.95 4.25% 0.12% 
 

Populations  of Cities in  Watershed 

Lakewood: 143,224 total population, 45,995 in watershed. 8.4% unemployment. 

Denver: 603,440 total population, 30,394 in watershed. 8.3% unemployment. 

Sheridan: 5,692 total population, 4,350 in watershed. 13.1% unemployment. 77.3% white, 3.8% 
black, 3.9% American Indian, 2.5% Asian, 0.4% Pacific Islander, 17.7% Some other race; 40.5% 
Hispanic or Latino (of any race). 

City  2010 Total 
Population  

City Population in Lower 
Bear Creek Watershed 

Percent of City Population in 
Lower Bear Creek Watershed 

Lakewood 143,224 45,995 32% 
Denver 603, 440 30,394 5% 
Sheridan 5,692 4,350 76% 
Source - US. Census Bureau, 2010 Census, 2007-2011 American Community Survey 

Projected Growth 

City 2010 2020 2030 
Lakewood 143,224 575,088 (County) 616,453 (County) 
Denver 603,440 688,053 746,166 
Sheridan 5,692 667,037 (County) 762,228 (County) 
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Income and Education Levels by City 

City 2009 Median 
Household 
Income 

2009 
Colorado 
Median 
Household 
Income 

High School 
or Higher 

Bachelors 
Degree or 
Higher 

Graduate or 
Professional 
Degree 

Lakewood $54,238 $55,430 89.3% 32.8% 11.3% 
Denver $46,410 $55,430 78.9% 34.5% 12.4% 
Sheridan $31,350 $55,430 72.0% 7.0% 3.0% 
 

Major Activities in or near the Watershed 

Sheridan Recreation Center, Bear Valley Park, Bear Creek Park, Southwest Recreation Center, 
Schaefer Athletic Complex, Bear Creek Swim and Tennis Club, Weaver Hollow Pool, Riverside 
Soccer Club, Fox Hollow Golf Course, Homestead Golf Course, Foothills Golf Course. 

Bear Creek Lake Park: Located at Morrison Road and C-470, Bear Creek Lake Park offers an 
abundance of recreational and educational opportunities for all ages: 2,600 acres of open 
space; Miles of multiple-use trails to explore on foot, bicycle or horseback; Visitor Center 
featuring displays and naturalist programs; Swim beach and marina with boat rentals; 47 site 
campground with electrical hook ups; Horseback riding stables offering guided rides and day 
camps; Water ski school and fishing opportunities; Endless opportunities to explore, relax or 
learn! 

Water Quality 

The Water Quality Control Commission is responsible for adopting water quality standards for 
surface water and ground water in Colorado. These standards (including use classifications, 
narrative and numerical standards, and anti-degradation provisions) are set forth in specific 
Commission regulations. Standards are used for assessing the quality of Colorado waters and 
for establishing regulatory requirements for activities that may impact water quality. 

Source - http://www.colorado.gov/cs/Satellite/CDPHE-WQCC/CBON/1251590840282 
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State Water Quality Standards 

The following table of standards is included in 5 CCR 1002-38, Regulation No. 38 created by the 
Water Quality Control Commission.  Regulation No. 38 provides classifications and numeric 
standards for the South Platte River basin and all its tributaries. 

Classifications Physical & Biological Inorganic (mg/l) Metals (µg/l) 
Aquatic Life Warm 1 
Recreation E 
Water Supply 
Agriculture 

T=TVS(WS-II) °C  
D.O.=5.0 mg/l  
pH=6.5-9.0  
E. coli 
=126CFU/100ml 

NH3(ac/ch)=TVS* 
Cl2(ac)=0.019  
Cl2(ch)=0.011  
CN=0.005  
S=0.002  
B=0.75  
NO2=0.5  
NO3=10  
Cl=250  
SO4=WS 

As(ac)=340  
As(ch)=0.02(Trec)  
Cd(ac/ch)=TVS* 
CrIII(ac)=50(Trec)  
CrVI(ac/ch)=TVS* 
Cu(ac/ch)=TVS* 
Fe(ch)WS(dis)  
Fe(ch)=1000(Trec)  
Pb(ac/ch)=TVS* 
Mn(ac/ch)=TVS* 
Mn(ch)=WS(dis)  
Hg(ch)=0.01(Tot)  
Ni(ac/ch)=TVS* 
Se(ac/ch)=TVS* 
Ag(ac/ch)=TVS* 
Zn(ac/ch)=TVS* 

 
Abbreviations 
ac: acute 
CFU: colony forming unit 
ch: chronic 
dis: dissolved 
D.O.: dissolved oxygen 
T: temperature 
Trec: total recoverable 
TVS: Table Value Standards 
Tot: total 
WS: warm stream 
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Impaired Waters "303(d) List"  

Section 303(d) of the federal Clean Water Act (CWA) requires states  
to identify waters where effluent limitations mandated by Section  
301(b)(1)(A) and Section 301(b)(1)(B)are not stringent enough to attain 
water quality standards. These waters are compiled into the Section 303(d)  
list of impaired waters. The Colorado Section 303(d) List identifies those  
water bodies, where there are exceedances of water quality standards  
or non-attainment of uses (CDPHE, 2012). 

 
Priorities for development of Total Maximum Daily Load (TMDL) are based on the severity of 
the pollution and the sensitivity of the uses to be made of the waters, among other factors (40 
C.F.R. §130.7(b)(4)). States provide a long-term plan for completing TMDLs within 8 to 13 years 
from first listing. 

States must evaluate "all existing and readily available information" in developing their 303(d) 
lists (40 C.F.R. §130.7(b) (5)). EPA policy allows states to remove water bodies from the list after 
they have developed a TMDL or after other changes to correct water quality problems have 
been made. Occasionally, a water body may be removed from the 303(d) list as a result of a 
change in water quality standards or removal of designated uses; however, designated uses 
cannot be deemed unattainable and removed until a thorough analysis clearly shows that they 
cannot be attained. 

Urban Bear Creek (between Kipling Parkway and the confluence with the South Platte River) is 
currently on Colorado’s 303(d) list due to impairment for primary contact recreation. 

Sources -  CDPHE, Water Quality Control Division. 303(d) listing methodology, March 10, 2011. 
Retrieved from http://www.colorado.gov. 

EPA, Water: Total Maximum Daily Loads (303d). Retrieved from 
http://water.epa.gov/lawregs/lawsguidance/cwa/tmdl/overview.cfm.  

Drainage Master Planning 

Denver. The City and County of Denver has a drainage master plan. In it, they have identified 
current system deficiencies along with proposed improvements to address these deficiencies. 
Six drainage basins flow into Bear Creek: Basin: 5500-01 (Bear Creek - Fort Logan), Basin: 5500-
02 (Upper Bear Creek), Basin: 5500-03 (Academy Park), Basin: 5500-04 (Bear Creek – Marston 
Lake North), Basin: 5500-05 (Pinehurst Tributary), and Basin: 5501-01 (Henry’s Lake). 

162 
 

http://www.colorado.gov/
http://water.epa.gov/lawregs/lawsguidance/cwa/tmdl/overview.cfm


 

The Urban Drainage and Flood Control District has made available on their website a map of 
drainage basins that covers the entire Denver metropolitan area. This data will be used in lieu 
of more precise information to determine source areas of contamination.  

Source - 
http://www.denvergov.org/Portals/711/documents/2009%20CCD%20Drainage%20Master%20
Plan%20-%20Rev%20June%202010.pdf 
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C. Fish, Wildlife and Plants 
Fish 

Anecdotally, residents and anglers have mentioned catching fish in Lower Bear Creek 20 years 
ago.  There are minnows of unknown species in pools in Bear Creek Park. The River Watch 
program will help determine if macroinvertebrates and the fish that eat them are plentiful in 
Lower Bear Creek.   

Wildlife 

The Lower Bear Creek Watershed has a variety and abundance of wildlife. The riparian area 
along the creek acts as a transportation corridor, allowing wildlife to safely move from one end 
of the watershed to the other. Mammals such as raccoon, fox, coyote, skunk, deer, squirrel, and 
beaver are regularly observed along the creek and within the watershed. The bird population 
includes Great Blue Heron, Swanson Hawk, Canadian Geese, Mallard Ducks and a large variety 
of song birds. The Natural Areas Program of Denver Parks and Recreation has been using 
motion detection cameras to monitor wildlife within their jurisdiction over the last 4-5 years. 
This information is used to manage and improve wildlife habitat along Bear Creek. 

 

Great Blue Heron on the bank of Lower Bear Creek (L) and a Hooded Marganser in the creek in Denver (R).  Photos:  Rachel 
Hansgen 
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Squirrel (T), Robin (L), Great Horned Owl (C) and Barn Swallow nests under a bridge near Lower Bear Creek in Lakewood.  
Photos:  Rachel Hansgen 
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Mallard males swimming the creek near Bear Creek Park in Denver (L), mallard eggs in a ground nest in Lakewood (R) and 
females with chicks.  Photos:  Rachel Hansgen 

Beaver 

The North American Beaver is considered a keystone species in riparian habitats. They play a 
large role in the morphology, health, and ecosystems of Bear Creek by building dams. The 
ponds that form from dams are instrumental in increased diversity of both plants and wildlife. 
Aquatic plant growth and slower moving water benefits breeding fish while providing food and 
habitat for waterfowl and songbirds. Beaver dams assist in slowing creek flows during storm 
events, prevent flooding, reduce bank erosion and help maintain the water table. Although 
beaver dams play a positive role in stream bank health, there are differing opinions on how 
they contribute to the overall water quality within streams. One study examined the 
downstream effects of beaver ponds on water quality and found that in reaches that were un-
inhabited by beaver there were significantly lower concentrations of NO3 , NH4 , DOC and 
higher levels of dissolved oxygen (Błȩdzki, 2011). There is no definitive research on whether 
the presence of beaver within a watershed contributes to E. coli concentrations.  
 
In spring of 2013, seven beaver dams were observed by Denver Parks and Recreation (DPR) 
staff between Wadsworth Blvd and Lowell Blvd; with additional dams noted in the City of 
Lakewood. The Natural Areas Program of DPR installs flow devices to reduce flooding and 
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beaver activity within the riparian area. Volunteers worked with the City of Lakewood and 
Denver to protect trees by applying paint-sand mixtures and wire wrapping to deter activity and 
reduce damage.  

 

Beaver Dam across Lower Bear Creek in Lakewood (T) and a tree protected from continued beaver damage (B).  Photo:  Rachel 
Hansgen 

 

Prairie Dogs 

The Black-tailed prairie dog poses management challenges to landowners and resource 
managers. Due to the reduction in habitat, primarily from urbanization, prairie dog colonies 
have been establishing on smaller areas of open space. With large populations and small 
resources available to the species, over grazing may occur and create areas of bare ground.   

Black-tailed prairie dogs prefer short vegetation on relatively level terrain. The clipping and 
foraging habits of black-tailed prairie dogs create a unique habitat of bare ground and short, 
sparse vegetation. While this activity may benefit other prairie species, such as the Mountain 
plover and horned larks, it can also become a breeding ground for noxious weeds and nuisance 
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species. One of the most important characteristics of a healthy watershed is an adequate cover 
of vegetation. Bare ground causes rain to run off quickly, carrying with it sediment and soil 
nutrients. This causes erosion and influences water quality. Soils in weed-infested areas tend to 
have less organic matter due to increased erosion by both water and wind. This reduces water 
infiltration and availability to other plants.  
 

 
Black-tailed Prairie Dogs along the Greenbelt in Lakewood.  Photo: Rachel Hansgen 
 

Sources - http://terrell.agrilife.org/files/2011/03/watershed-bareground.pdf 

http://wildlife.state.co.us/SiteCollectionDocuments/DOW/WildlifeSpecies/SpeciesOfConcern/B
lackTailedPrairieDog/PDF/NRCS_Bulletin.pdf 

http://www.colostate.edu/Dept/CoopExt/Adams/sa/pdf/June2009-WeedImpact.pdf 

Critical, Threatened and Endangered Species 

These species are listed broadly for the region Lower Bear Creek watershed resides in.  This 
does not necessarily indicate these species have been identified within the watershed. 

Critical/Targeted Wildlife/Plants: Whooping Crane (non-essential, experimental population), 
Gunnison’s Prairie Dog. 

Threatened Species: Ute Ladies’-tresses orchid, Pawnee Montane Skipper, Mexican Spotted 
Owl, Canada Lynx, Colorado Butterfly plant, Piping Plover, Preble’s Meadow Jumping Mouse, 
Common Shiner 

Endangered Species: Least Tern, Northern Redbelly Dace 

Preble’s Meadow Jumping Mouse Photo: fws.gov 
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Noxious and Nuisance Species 

Plant species play a large role in the health of a watershed. Native plants provide many benefits 
to the ecology and water quality of the Lower Bear Creek Watershed. The introduction of 
noxious and nuisance weed species can significantly reduce biodiversity and destroy native 
plant communities.  

Bear Creek has a fairly large infestation of Purple loosestrife, a List A noxious weed. This weed 
species is found in wet riparian areas and wetlands. It is prolific and will destroy native wetland 
vegetation by shading the understory from the sun. Wetlands provide an ecosystem service by 
filtering pollutants before they enter Bear Creek.  It is vital to maintain these areas and 
eradicate Purple loosestrife.  

Russian-olive is a type of invasive tree that is commonly seen along Bear Creek and within the 
watershed. This species is known for contributing a large amount of leaf litter and olives to 
streams. They also fix nitrogen, converting it from the air into forms of nitrogen that end up in 
soils, but also in streams. This process can exacerbate water quality on streams that are already 
depredated (ISU, 2013). 

Nuisance species can be just as detrimental. These plants lack deep roots that are instrumental 
in holding dry soil in place during storm events. When a large storm event occurs, it can cause 
severe erosion due to a lack of native vegetation.  

Below are lists of noxious and nuisance species currently found in the Lower Bear Creek 
Watershed that should be managed, if not eradicated.  
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Noxious Weed Species   

Common Name Scientific Name Noxious Weed List 
Bouncing bet Saponaria officianalis B 
Bull thistle Cirsium vulgare B 
Canada thistle Cirsium arvense B 
Chicory Cichorium intybus C 
Common burdock Arctium minus C 
Common mullein Verbascum Thapsus C 
Common St. Johnswort Hypericum perforatum C 
Common teasel Dipsacus fullonum B 
Cutleaf teasel Dipsacus fullonum B 
Cypress spurge Euphorbia cyparissias A 
Dalmatian toadflax Linaria dalmatica B 
Dames rocket Hesperis matronalis B 
Diffuse Knapweed Centaurea diffusa B 
Downy brome Bromus tectorum C 
Field bindweed Convolvulus arvensis C 
Garlic mustard Alliaria petiolata Watch List 
Hoary cress Cardaria draba B 
Houndstongue Cynoglossum officinale B 
Japanese knotweed Polygonum cuspidatum Sieb A 
Leafy spurge Euphorbia esula B 
Musk thistle Carduus nutans B 
Myrtle spurge Euphorbia myrsinites A 
Orange hawkweed Hieracium aurantiacum A 
Oxeye daisy Chrysanthemum 

leucanthemum 
B 

Perennial pepperweed Lepidium latifolium B 
Plumeless thistle Carduus acanthoides B 
Poison hemlock Conium maculatum C 
Puncturevine Tribulus terrestris C 
Purple loosestrife Lythrum salicaria A 
Redstem filaree Erodium cicutarium C 
Russian knapweed Acroptilon repens B 
Russian-olive Elaeagnus angustifolia B 
Salt cedar Tamarix ramosissima B 
Scotch thistle Onopordum 

acanthium/tauricum 
B 

Yellow toadflax Linaria vularis B 
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Bull Thistle (L), Common Burdock (C) and Myrtle Spurge (R). 

                

Russian Olive stump and trees on the far bank of Lower Bear Creek        Poison Hemlock.  Photo:  King County.gov 
in Lakewood.  Photo: Rachel Hansgen 
 

Nuisance Species  

Common Name Species Name 
Alfalfa Medicago sativa 
Common buckthorn Rhamnus cathartica 
Crack willows Salix fragilis 
Crested wheatgrass Agropyron cristatum 
Curly Dock Rumex crispus 
Scentless chamomile Matricaria perforate 
Siberian elm Ulmus pumila 
Smooth brome Bromus inermis 

  

 

Rachel Hansgen 
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D. Watershed Planning Process  
Partners involved in the creation of this watershed plan served on one or more of the following 
groups: planning, steering, subcommittee, technical stakeholder, or community member. 

Planning Group 

A planning group comprised of The National Park Service provided facilitation and project 
support through the Rivers, Trails, Conservation Assistance program and the Denver Service 
Center. 

Member Agency 
Kelly Donahue National Park Service – Denver Service Center 
Rachel Hansgen Groundwork Denver 
Barbara (BJ) Johnson National Park Service – Denver Service Center 
Aarón Mohammadi Groundwork Denver 
Alan Ragins National Park Service – Rivers, Trails Conservation Assistance 

(RTCA) 

Steering Committee 

A steering committee comprised of representatives from numerous jurisdictions was convened 
to create the watershed plan. The primary function of the steering committee was to represent 
the various expertise and constituent areas needed to create the Lower Bear Creek watershed 
plan. The steering committee provided the expertise, resources and advice to assist and inform 
Groundwork Denver in developing the watershed plan and will work to identify and secure 
support for carrying out the plan’s recommendations. 

Member Group 
Shakti Lakewood Resident and Lakewood City Councilwoman 
John Aaron Cutthroat Chapter, Trout Unlimited 
Cinceré Eades Natural Areas Program, Denver Parks and Recreation 
Wendy Hawthorne Groundwork Denver 
Randy Mourning Public Works, City of Sheridan 
Jon Novick Denver Environmental Health 
Holly Piza Urban Drainage and Flood Control District 
Tom Slabe Lakewood Resident and EPA Region 8 Laboratory 
Jim West Lakewood Resident 
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Roles and Responsibilities  

The Steering Committee leveraged the experiences, expertise, and insight of key individuals 
committed to building the capacity for this watershed plan.  Steering Committee members 
provide support and guidance for Groundwork Denver staff responsible for managing Lower 
Bear Creek watershed activities.  

In practice, the Steering Committee members: 

• Considered ideas and issues raised 
• Reviewed the components of the watershed plan 
• Reviewed stakeholder input for reasonability and inclusion in watershed plan 
• Helped balance conflicting priorities and resources 
• Provided guidance and evaluated the feasibility of proposed actions 
• Fostered proactive communication with stakeholders regarding progress and outcomes 
• Reviewed and made recommendations on the final watershed plan 
• Assisted in gaining formal endorsement of the watershed plan by implementation 

partners 

The Steering Committee met quarterly throughout the watershed planning process. Additional 
optional informative meetings were held at the Steering Committee’s request. 

Subcommittees  

Two subcommittees formulated aspects of the watershed plan based on EPA’s 9 Elements: 

Data & BMP: This subcommittee addressed the first four elements of EPA’s 9 Elements for a 
Watershed Plan: 

1. Identification of causes of impairment and pollutant sources or groups of similar 
sources that need to be controlled to achieve needed load reductions. 

2. An estimate of the load reductions expected from management measures. 
3. A description of the nonpoint source management measures that will need to be 

implemented to achieve load reductions, and a description of the critical areas in 
which those measures will be needed to implement this plan. 

4. Estimate of the amounts of technical and financial assistance needs, associated 
costs, and/or the sources and authorities that will be relied upon to implement 
this plan. 

Subcommittee Members 
• Ryan Carney - Groundwork Denver Graduate Intern 
• Cinceré Eades - Natural Areas Parks, Denver Parks & Recreation 
• Curtis Hartenstine - Colorado Department of Public Health and Environment 
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• Jon Novick - Denver Environmental Health 
• Randy Mourning - Public Works, City of Sheridan 

 

Education and Outreach: This subcommittee addressed the fifth element of EPA’s 9 Elements 
of a Watershed Plan: 

5. An information and education component used to enhance public understanding 
of the plan and encourage their early and continued participation in selecting, 
designing, and implementing the nonpoint source management measures that 
will be implemented. 

Subcommittee Members 
• Shakti - Lakewood Resident and Lakewood City Councilwoman 
• John Aaron - Trout Unlimited Cutthroat Chapter 
• Tom Slabe - Lakewood Resident and EPA Region 8 Microbiologist 
• Jim West - Lakewood Resident 

The full Steering Committee addressed the last four of EPA’s 9 Elements of a Watershed Plan: 

6. Schedule for implementing the nonpoint source management measures 
identified in this plan that is reasonably expeditious. 

7. A description of interim measurable milestones for determining whether 
nonpoint source management measures or other control actions are being 
implemented. 

8. A set of criteria that can be used to determine whether loading reductions are 
being achieved over time and substantial progress is being made toward 
attaining water quality standards. 

9. A monitoring component to evaluate the effectiveness of the implementation 
efforts over time, measured against the criteria established under element 8. 

The recommendations developed by the subcommittees were vetted in steering committee 
meetings, by technical and community stakeholders, and finalized by the steering committee. 

Public Input 

Public feedback was solicited throughout the planning process by two methods: face to face 
meetings and through online surveys.   Groups involved in the initial discussions included 
homeowners associations, civic clubs, schools, local Ward and Council constituents, and 
business owners in the watershed. 

Groundwork Denver staff and Steering Committee members oriented participants to the 
watershed, shared goals and objectives about the project, and asked participants to complete a 
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paper or online survey.  Based on results from the surveys, the watershed plan reflects public 
priorities for safety in the parks near Bear Creek and on the Bear Creek Trail, and includes 
opportunities for ongoing stewardship. 

Two stewardship events during the planning process offered watershed residents and 
volunteers opportunities to learn about urban water quality, wildlife habitat preservation, and 
actions individuals can take to protect urban waters.  Activities at these events included riparian 
restoration through invasive species removal and willow staking, horse trail repair, trash 
surveys, and bicycle giveaways.  People were invited to sign up for quarterly e-newsletters and 
contact the Steering Committee with thoughts and concerns about water and watershed 
health. 

Stories in several community and local print and online outlets maintained the project’s face in 
the public eye throughout the planning process.  The inclusion of Metropolitan State University 
students in water quality sampling in 2013 and 2014 garnered media attention from the 
school’s Marketing Department and from CBS4. 

The River Watch program engages volunteers in a science-based exploration of urban water 
health through monthly monitoring.  Youth and adults participate in collecting and preserving 
water samples for metals and nutrients testing, as well as conducting experiments to determine 
hardness, alkalinity and dissolved oxygen content. 

As draft sections of the watershed plan were approved by the Steering Committee, and after 
review by technical stakeholders, the public was again invited to share feedback.  Time 
constraints prevented meeting with all the groups initially contacted, but notification of an 
online survey of the draft sections was disseminated to the distribution list of 600+ members. 

Members of the public voiced interest in serving on the Stewardship Group, the group the 
Steering Committee will transition to when implementation of the watershed plan begins.   
Several residents of the watershed have already committed to supporting implementation and 
ongoing coordination of public involvement in the watershed protection effort.  Ultimately, 
members of the public will guide and ensure the success of the Elements outlined in the plan. 
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Volunteers at the Lakewood Parks and Open Space Stewardship Day in April 2014.  Photos: Rachel Hansgen 
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Technical Stakeholders 

Technical stakeholder meetings were convened during the third month of the process to solicit 
informed feedback from experts in the fields of 1) water quality, 2) environmental education, 
and 3) parks and wildlife. This meeting provided valuable information that was then used to 
better guide the process. 

Member  Group 
Bill Battaglin US Geologic Survey 
Karl Brummert Audubon Society of Greater Denver 
Devon Buckles Urban Waters Partnership 
Isaac Carpenter Harvey Park Resident 
Jolon Clark Greenway Foundation 
Russ Clayshulte Bear Creek Watershed Association 
Ronnie Crawford Overland Park Association and Denver Trout Unlimited 
Stacey Eriksen US Environmental Protection Agency 
Mara Fielding-
Purdy 

Denver Parks and Recreation 

Margaret Herzog CSU PhD Candidate and Bear Creek Watershed Association 
Lorene Joos City of Lakewood - Arts 
Eric Knopinski Denver Parks and Recreation 
Lucretia Krause Lakewood Resident 
Steve Lundt Metro Wastewater Reclamation District and Barr Milton Watershed 

Association 
Mike Morin Jefferson County Open Space 
Erik Nilsen City of Lakewood – Parks and Open Space 
Marge Price Capital Representatives 
Donny Roush Earth Force 
Alan Searcy City of Lakewood – Public Works,  and Bear Creek Watershed Association 
Drew Sprafke City of Lakewood – Parks and Open Space 
John Steinle Jefferson County Open Space 
Sandy Vana-Miller US Fish and Wildlife Service 
Kim Weiss Environmental Learning for Kids 
Shawn Wissel South Suburban Parks and Recreation 
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Interns 

Interns from Colorado University/Boulder, Colorado University/Denver and Metropolitan State 
University provided crucial support to the project. 

Student School/Department Assistance Provided 
Ryan Carney UC-Boulder/Environmental 

Engineering 
Technical analysis of water quality 
data, concentration reduction 
calculations 

Chris Hampson 
 

UC-Denver/Environmental Science Water sampling 

Katie Keefe UC-Denver/Biology Water sampling, BMP research 
Gerry Martinez UC-Denver/Environmental Science Water sampling, watershed research 
Jaimie Reis UC-Denver/Environmental Science Water sampling, BMP research 
David Watson MSU/Biology & Chemistry Water sampling and analysis 
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E. Lower Bear Creek Watershed 
Health and Safety Plan 
This Health and Safety Plan (HASP) will be kept on the site during field activities and will be 
reviewed as necessary. The plan will be amended or revised as project activities or conditions 
change or when supplemental information becomes available. 

Project Information & Background 

PROJECT NAME: Lower Bear Creek Watershed Plan 

PROJECT SITE: Lower Bear Creek Watershed 

PROJECT MANAGER: Rachel Hansgen, Groundwork Denver, 303-455-5600 

OFFICE: 3050 Champa Street, Denver, CO 80205 

DATE HEALTH AND SAFETY PLAN PREPARED: 12/1/2013 

DATE(S) OF SITE WORK: December 2013 through January 2015 

SITE BACKGROUND AND SETTINGS: The watershed consists of the area downstream of Bear 
Creek Reservoir to the confluence with the South Platte River. This is an area of about 16 
square miles surrounding 8.2 miles of creek. 

Three cities and three counties comprise the area. These are: the City of Lakewood in Jefferson 
County, the City and County of Denver, and the City of Sheridan in Arapahoe County. 

The watershed consists of all lands within the 12 digit hydrologic unit code 101900020809, 
including open-space parks, residential areas, and commercial sites. 
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EPA WATER SAMPLING SITES AND INFORMATION 

 

Site Name City Longitude Latitude 
BCL1  Lakewood -105.132793 39.657495 
BCL3 Lakewood -105.119548 39.660587 
BCL4  Lakewood -105.114173 39.662225 
BCL5 Lakewood -105.112716 39.662810 
BC-Estes * Lakewood -105.093470 39.663300 
BC-Wadsworth * Denver -105.079651 39.661992 
BCD1  Denver -105.069232 39.659463 
BC-Sheridan * Denver -105.053991 39.654435 
BC-99 * Denver -105.041507 39.653439 
BCD2 Denver -105.032976 39.652224 
BCD3 Denver -105.029729 39.651701 
BCS1 Sheridan -105.026965 39.650653 
BCS2 Sheridan -105.024587 39.650960 
BCS3 Sheridan -105.022653 39.651879 
BCS4 Sheridan -105.016108 39.651218 
BCS5 Sheridan -105.015392 39.651145 
SPDSBC * Sheridan -105.009554 39.650866 
Weaver Creek-tributary of Bear Creek Lakewood -105.113277 39.662547 
*Site added in 2014 

RIVERWATCH SAMPLING SITES AND INFORMATION 

Locations: 

Latitude           Longitude           Site #      Site Name 

39.652608      -105.045876 759 Bear Creek @ 285 

39.650974      -105.024594         TBD       Bear Creek East of Federal 
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Lower Bear Creek Sampling Sites 2013-2014 

Emergency Contacts  

If involved in a medical, fire, or security emergency, call 911 

If injured on the job, notify Groundwork Denver (303.455.5600) and then call the appropriate 
entity for aid. 

Medical Facilities near Lower Bear Creek 

Doctors Express 
901 West Hampden Avenue #103 
Englewood, CO 80110 
(303) 761-1699 
doctorsexpressenglewood.com  

Porter Adventist Hospital 
2525 South Downing Street 
Denver, CO 80210 
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(303) 778-1955 
porterhospital.org  

   
Craig Hospital 
3425 South Clarkson Street 
Englewood, CO 80113 
(303) 789-8000 
craighospital.org  
 

 
Kaiser Permanente 
5257 South Wadsworth Boulevard 
Littleton, CO 80123 
(303) 338-4545 
Kaiserpermanente.org 
 

Urgent Care of Colorado 
9116 West Bowles Avenue 
Littleton, CO 80123 
(303) 904-2600 
urgentcareofcolorado.com  
 

Tasks  to be Performed Under this Plan 

The Lower Bear Creek Watershed Plan (LBC WP) is involved in two types of field activities: 
water sampling and public outreach. 

Water Sampling 

The LBC WP conducts two types of water sampling: E. coli-specific and River Watch. The E. coli-
specific sampling is conducted with assistance from the Environmental Protection Agency (EPA) 
and Metropolitan State University. The second is with the assistance of the Colorado 
Watershed Assembly and Colorado Parks and Wildlife through the River Watch program. Both 
programs involve collecting field measurements and include training before collecting water 
samples. 

Tasks 

• Surface water sampling 
• Ecological investigation/sampling 
• Chemical analysis 
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Public Outreach 

Public outreach may take different forms. This may consist of visiting neighborhood groups and 
organizations, holding public events, conducting educational activities, and other community 
outreach. 

Tasks 

• Informing the public about our project 
• Educating students and interested citizens about watershed science 
• Holding special events, such as: 

o Community fairs 
o Tours 
o Water sampling and analysis 
o Semi-private lessons (bird-watching, fishing, etc.) 

Hazard Controls  

Responsibilities 

1. All volunteer monitors shall be provided with an initial site safety briefing to 
communicate the nature, level, and degree of hazards expected at the sample site. 

2. Volunteers shall be adequately trained to perform their assigned tasks safely. 
 

General Considerations 

Depending on the circumstances, any or all of the safe work practices listed below will be 
adhered to while at the monitoring station. 

Inclement Weather 

Sudden inclement weather can rapidly encroach upon field personnel. Preparedness and 
caution are the best defenses. Anyone performing work outdoors should carry clothing 
appropriate for inclement weather. Take heed of the weather forecast for the day when 
conducting outdoor activities and pay attention for signs of changing weather. Signs of an 
impending storm include towering thunderheads, darkening skies, or a sudden increase in 
wind. If stormy weather ensues, field personnel and volunteers should discontinue work and 
seek shelter until the storm has passed. Seek shelter immediately. Some precautions include 
the following: 

• Know where to go and how long it will take to get there should conditions go bad. 
• Take refuge in a large building or vehicle. 
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• Do not go under a large tree that is standing alone. Avoid poles, antennas, and towers. 

Lightning can strike several miles from the parent cloud. The lightning safety recommendation 
is 20/20: seek refuge when thunder sounds within 20 seconds after a lighting flash, and do not 
resume activity until 20 minutes after the last thunder clap. 

High winds can cause unsafe conditions and activities should be halted until wind dies down. 
High winds can knock over trees. If winds increase, seek shelter or evacuate the area. 

Solar Radiation 

Ultraviolet radiation can cause health effects to the skin and eyes. Overexposure can result in 
many skin and eye conditions. Limit exposure time when UV radiation is at peak levels (2 hours 
before and after the sun is at its highest point in the sky). 

• Take lunch and breaks in shaded areas 
• Reduce UV radiation damage by wearing proper clothing (long-sleeved shirts with 

collars; long pants). 
• Head protection should be worn to protect the face, ears, and neck. Wide-brimmed hats 

with a neck flap offer added protection. 
• Wear sunglasses with UV-protection. 
• Apply sunscreen generously to all exposed skin surfaces at least 20 minutes before 

exposure. Reapply sunscreen at least every two hours; more frequently when sweating. 

Temperature Extremes 

• Recognize the symptoms of heat or cold stress 
• Take appropriate precautionary measures to minimize the risk of exposure to 

temperature extremes. 
• Communicate any concerns regarding heat and cold stress to your supervisor. 

Water Sampling 

• Always monitor with at least one partner. Teams of three or four people are best. 
• Always let someone else know where you are, when you intend to return, and what to 

do if you don’t come back at the appointed time. 
• Carry a first aid kit. 
• Know your equipment, reagents, sampling instructions, and procedures before going 

out in the field. 
• Prepare labels and make sure equipment is clean before you get started. 
• Check weather before sampling. Never go sampling if severe weather is predicted. 

184 
 



 

• Never wade in swift or high water (above waist level; lower for swifter water). 
• If you drive, park in a safe location. Be sure your car does not pose a hazard to other 

drivers or block traffic. 
• Watch for potentially dangerous wildlife (especially snakes) or domesticated animals. 

Keep in mind insects such as ticks, hornets, mosquitoes and wasps. Know what to do if 
bitten or stung. Inform your supervisor if you have experienced an allergic reaction in 
the past. 

• Never drink the water in the stream. After monitoring, wash your hands with 
antibacterial soap or hand sanitizer. 

• Do not monitor if the stream is posted as unsafe for body contact. If the water appears 
to be severely polluted, contact the program manager. 

• Do not walk on unstable stream banks. Disturbing these banks can accelerate erosion 
and might prove dangerous if a bank collapses. Disturb streamside vegetation as little as 
possible. 

• Be very careful when walking in the stream. Rocky-bottom streams can be very slippery 
and can contain deep pools. Muddy bottom streams might also prove treacherous. 

o If you cross the stream, use a walking stick to steady yourself and to probe for 
deep water or other hazards. 

o Your partner(s) should wait on dry land ready to assist you should you fall. 
• If you are sampling from a bridge, be wary of passing traffic. Never lean over bridge rails 

unless you are firmly anchored to the ground or the bridge with good hand/foot holds. 
• If at any time you feel uncomfortable about the conditions of the stream or your 

surroundings, stop monitoring and reassess the situation, and if warranted, leave the 
site at once. Your safety is the number one priority. 

• Chemicals 

When Using Chemicals 

• Know which chemicals you will be using. 
• Know how to use and store chemicals. Read and understand the Material Safety Data 

Sheets for the chemicals you are using. 
• Keep all equipment and chemicals away from small children. Many of the chemicals 

used in monitoring are poisonous. 
• Avoid contact between chemical reagents and skin, eye, nose, and mouth. Wear 

appropriate personal protective equipment when performing any chemical test or 
handling preservatives. 

• Know chemical cleanup and dispose procedures. Wipe up all spills when they occur. 
Close all containers tightly after use and store properly. 
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Chemical Hazards 

Nitric Acid (HNO3, ≤ 70% concentration) 
Warning: CAUTION! CORROSIVE MATERIAL 
Appearance:  Clear liquid 
Hazard: Causes eye burns, irritation to skin and respiratory tract. 
First Aid: Eyes and skin: flush with water for 15 minutes. 

Ingestion: drink 1 to 2 glasses of water. DO NOT induce vomiting. Call 
physician. 
Inhalation: remove to fresh air 

Safety 
equipment: 

Wear suitable protective clothing, safety goggles, lab coat, and gloves. 

Used for:  Metal sample preservative 
 

Sulfamic Acid Powder Pillows (NH2SON3H) 
Warning: CAUTION! CORROSIVE MATERIAL 
Appearance:  White crystalline powder 
Hazard: Causes eye burns, irritation to skin and respiratory tract. 
First Aid: Eyes and skin: flush with water for 15 minutes. 

Ingestion: drink 1 to 2 glasses of water. DO NOT induce vomiting. Call 
physician. 
Inhalation: remove to fresh air 

Safety 
equipment: 

Wear suitable protective clothing, safety goggles, lab coat, and gloves. 

Used for:  Dissolved oxygen preparation 
 

Manganous Sulfate Solution (MnSO4, 38% concentration) 
Warning: CAUTION! IRRITANT 
Appearance:  Pink liquid 
Hazard: May cause irritation on contact with skin, eyes, or mucous membranes. 
First Aid: Skin: wash thoroughly with soap and water. 

Eyes: rinse immediate with plenty of water for at least 15 minutes. 
Inhalation: remove to fresh air. 

Safety 
equipment: 

Protective gloves, safety glasses. Wash thoroughly after handling. 

Used for:  Dissolved oxygen preparation 
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Alkaline iodide-azide 
Warning: DANGER! CORROSIVE LIQUID, BASIC AND TOXIC 
Appearance:  Pink liquid 
Hazard: Skin and eyes: severe burns. 

Skin absorption: readily absorbed. 
Inhalation: irritates. 
Ingestion: toxic. 

First Aid: Skin and eyes: flush the contact area with lukewarm running water for at least 
15 minutes. 
Inhalation: remove to fresh air. 
Ingestion: DO NOT induce vomiting. Drink 200-400 ml of water to dilute. Call 
physician. 
Eyes: Rinse immediate with plenty of water for at least 15 minutes. 
Inhalation: Remove to fresh air 

Safety 
equipment: 

Approved vent fume hood, protective gloves, safety glasses, plastic apron, and 
sleeves as applicable. 

Used for:  Dissolved oxygen preparation 
 

Sulfuric Acid (H2SO4, ≤ 5% concentration) 
Warning: CAUTION! IRRITANT 
Appearance:  Colorless liquid 
Hazard: May cause eye and skin irritation. Do not ingest. 
First Aid: Skin and eyes: immediately flush eyes with lukewarm water for 15 minutes. 

Wash skin with soap and plenty of water. 
Ingestion: remove to fresh air immediately. 

Safety 
equipment: 

Wear suitable protective clothing, chemical safety goggles, lab coat, and 
gloves. 

Used for:  Alkalinity titration 
 

Ethyl Alcohol (C2H5OH, 100% concentration) 
Warning: CAUTION! FLAMMABLE 
Appearance:  Colorless liquid 
Hazard: May cause eye and skin irritation. Do not ingest. 
First Aid: Skin and eyes: immediately flush eyes with lukewarm water for 15 minutes. 

Ingestion: drink large quantities of water. Call physician. 
Inhalation: remove to fresh air. 

Safety 
equipment: 

Wear suitable protective clothing, chemical safety goggles, lab coat, and 
gloves. 

Used for:  Macroinvertebrate sampling 
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Public Outreach 

• Always conduct public outreach activities with at least one other person. Appropriate 
size will depend on the specific type of activity. 

• Always let someone else know where you are, when you intend to return, and what to 
do if you don’t come back at the appointed time. 

• Perform work/activities during daylight hours if possible. 
• Always obey speed limits while driving. It is okay to be late to a meeting if it cannot be 

avoided. 
• Know the potential hazards at the activity site. 
• When working with volunteers, make sure they have been properly trained to handle 

any equipment they will be using. 
• If taking part in physical activities, make sure all involved parties have enough food and 

drink for the time-period outside. 
• Wear proper clothing for the weather conditions, and remember to bring sunscreen 

and/or insect spray, if appropriate. 
• Report unsafe conditions or unsafe acts to your supervisor immediately. 

Emergency Procedures  

When a health or safety incident occurs, personnel should not restart work until: 

• The condition resulting in the emergency has been investigated by supervisory 
personnel, and has been corrected. 

• Hazards have been reassessed. 
• Personnel have been briefed on any changes in the operation and site safety plan. 

Response to Accidents involving Injuries  

1. Determine the extent of the injury to decide the best mode of response. Avoid further 
injury to the victim or to oneself. 

2. If the injury requires medical treatment other than first aid, call 911 immediately, 
providing directions and indicating whether or not chemicals or other agents are 
involved. 

3. Render first aid at the scene for minor injuries. More serious injuries will require 
professional medical treatment. 

4. Assist emergency personnel upon arrival, directing them to the scene. 
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Response to Chemical Spills  

1. Follow steps for accidents involving injuries. 
2. Protect yourself and others from exposure to chemicals and vapors. 
3. Clean up spills in accordance with MDSD sheets. 
4. Chemical burns: flush the affected area with water for 10 to 15 minutes and remove or 

cut away clothing. Give victim medical help as needed. 

Response to Weather Emergencies  

1. Monitor local radio/TV broadcasts for weather information. 
2. Adhere to travel warnings. 
3. Do not enter water if lightning or flash flood threat exist. 
4. Know the evacuation routes to your destination. Climb to safety in case of flash flood. 
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F.  Sampling and Analysis Plan - 2013 
Sampling Process and Design 

Sampling objectives are to collect surface water grab samples from Bear Creek and outfall sites 
along the reach of the lower Bear Creek segment (COSPBE02 - within 12-digit HUC 
101900020809) in the Denver Metro Area, of Colorado. Considerations for determining the 
fixed sampling sites include sample coverage of the reach, above and below outfalls of 
contributing water sources, and other factors such as access ability. If a site becomes 
temporarily inaccessible, then sampling at the site will be postponed until more favorable 
conditions apply. An alternate location for that event may be considered. Twelve Sample sites 
are known locations to samplers. If an alternate site is sampled, the site must be given an ID 
and its location is to be thoroughly documented. 
 
A maximum 15 E.Coli samples per sampling event (including QC samples) will be collected. This 
includes 12 sample sites, a replicate sample, a field blank, and a trip blank. The number of 
samples is limited by laboratory capacity, given the time sensitive requirement for the analyses. 
If the laboratory is unable to conduct sample analysis for any reason, sampling will not occur. 
 
Map 4 illustrates the selected sampling locations. 
 
Samples will be labeled and packed as described in B2 and delivered to the EPA Region 8 
Laboratory for analysis as arranged for by the EPA Project Manager. All sampling information to 
be collected is critical for the project. 
 

Accuracy 
Accuracy is a measure of the overall agreement of a measurement to a known value. Accuracy 
includes a combination of random error (precision) and systematic error (bias) components that 
are due to sampling and analytical operations. Accuracy is expressed in terms of precision and 
bias. 
 
The EPA Project Manager will optimize the accuracy of field measurements by using repeatable 
field practices following standard operating procedures, ensuring that field 
instruments/equipment are calibrated and maintained according to the manufacturer’s 
instructions, and by following the manufacturer’s instructions for operation of the equipment. 
 

Precision 
Precision is a measure of agreement among repeated measurements of the same property 
under identical, or substantially similar, conditions. Precision is normally reported in terms of 
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standard deviation, but since the number of measurements is small, for this project it will be 
reported as relative percent difference. 
 
Relative percent difference (RPD) is calculated by: 
 

RPD (%) = 100 x {[X1 - X2]/Xave 

Where: X1 = concentration observed with the first detector or equipment; 
X2 = concentration observed with the second detector, equipment, or absolute value;  
Xave = average concentration = ((X1 + X2) / 2) 
 

Information regarding precision will be collected in the field by collecting a field duplicate 
sample and duplicating field measurements at one site per sampling event. Laboratory 
precision is addressed in the methods and Laboratory QA Manual. The information will be 
reviewed and evaluated as part of the data review, verification, and validation process. 
 

Bias 
 
Bias is the systematic or persistent distortion of a measurement process that causes error in 
one direction (i.e., the expected sample measurement is different from the sample’s true 
value). Bias will be estimated using matrix spike analysis as described in the laboratory 
procedures and Laboratory QA Manual, reported in terms of percent recovery. 
 
Percent Recovery (%R) is calculated using the following equation: 
 

%R = 100 x (X – B) / T 
 

Where: X = measured concentration of the spiked sample; 
T = theoretical true concentration of the spiked sample; and 
B = background concentration of the unspiked sample. 

Representativeness 
 
Representativeness is the measure of the degree to which data accurately and precisely 
represent a characteristic of a population, parameter variations at a sampling point, a process 
condition, or an environmental condition. The project information is intended to represent the 
E.Coli contaminant distribution and magnitude trends from urban lands along the reach of 
lower Bear Creek. Samples will be collected according to the schedule in order to observe the 
peak of the spring/summer seasonal variations using grab sampling techniques for all Bear 
Creek and outfalls that are monitored. This sampling protocol was selected because grab 
sample methods are a practical means of collecting samples for small streams with 
homogenous water quality. Samples will be collected from downstream locations to 
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upstream locations to minimize the impact of sampling operations on the data. Variable factors 
that will be taken into consideration during this project will be stream peak flows and  
precipitation reports for the targeted sites. 
 

Completeness 
 
Completeness is a measure of the amount of valid data obtained from a measurement system. 
It is calculated as a ratio of the amount of valid or usable data collected to the amounts of valid 
or usable data planned. The goal for the project is 100% for all fixed sites and 80% for samples 
of opportunity; lesser completeness results will not fatally affect the project outcome. Field 
measurements are dependent on the availability of the multi-probe thus, the field 
measurement completeness goal is as many as possible. 
 
Percent Completeness (%C) is calculated using the following equation: 
 

%C = V x 100 / T 
 

Where: %C = percent completeness, 
  V = number of planned measurements determined valid, and 
  T = total number of measurements. 

Comparability 
 
Comparability is the measure of the confidence with which one data set or method can be 
compared to another. The comparability of project information is enhanced by the use of 
standard analytical methods, field practices and procedures. Documentation of the planning, 
implementation and assessment phases of the project also provides additional information to 
evaluate the comparability of data. 
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Sampling Methods 

Sampling will follow EPA Region 8 Standard Operating Procedures (SOPs) found in Appendices 
III and IV for operation of the HydroLab multi-probe meter / sonde and water surface water 
quality monitoring. 
 
These EPA Region 8 SOPs take precedence for specific SOPs to be used in the project. 
 
SOP Number     SOP Title 
EQOP-710, rev. 1.0    Hydrolab MiniSonde 5 (MS5) and Surveyor 4a 

Multiprobe Operation, Calibration, and Maintenance 
Procedure 

FLDM-720, rev 1.0    Field Sampling Procedure 
 
In this project, collection of all samples will utilize sterile bottles so, no rinsing applies. All 
samples are collected within a few days for each monthly sampling event as described in the 
sampling schedule. 
 

Region 8 E.Coli Sampling Method SOP 
All E.Coli samples collected for this study will follow the methods specified in Microbiological 
Methods for Monitoring the Environment: Water and Wastes (EPA/600/8-78/017). Table 1 and 
Table 3 describe the necessary preservative, container type, analysis method, reporting limits 
and holding times for this study. 
 

1. Coordinate with Tom Slabe (303-312-7797) of the EPA Region 8 Laboratory on when  
samples are to be collected and expected to be delivered at the laboratory. 

 
1.1  Plan is to collect samples on Wednesdays so that samples can be received 

and analyzed the same week. Hand-delivery is required to meet the 6-
hour holding time limit for the bacteriological samples. 

 

2. Sample Container Information. 
 

2.1 Use sterile sampling containers designed for microbiological samples. Use 
sodium thiosulfate in the sample container if the sample is expected to 
contain residual chlorine.  Otherwise, do not use sodium thiosulfate. 

 
2.2 Do not open or rinse the sample containers prior to use. If signs of 

potential contamination are present in the sample container (i.e., water, 
dirt, debris, or the container is open) discard the container and choose a 
new one. 
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3.         Water Sample Collection from a Stream. 
 

3.1  Wade to sampling location of interest. Carefully remove sample cap or lid 
without touching the inside of the lid or mouth of the sample bottle. Do 
not set the lid down during sampling. Hold the lid on the outside edge. 

 
3.2  Face upstream. You will want to collect the sample upstream of your 

body if you are standing in the water so as not impact the water quality. 
Blue Nitrile gloves will be worn to protect the sampler and the sample 
from contamination. 

 
3.3  Plunge the sample container mouth-down into the stream. Once the 

sample container is underwater, tilt the bottle’s mouth into the current 
and allow the bottle to fill. This avoids collection of surface scum. 

 
3.4  For microbiological samples, pour off excess sample volume so that  

approximately 100 milliliters (mls) is collected (leave at least 0.5 inch 
head space in the sample bottle). The sample water level should be 
between the 100 ml level and the 125 ml level. 

 
3.5 As quickly as possible seal the sample bottle, label or tag, place in a zip- 

lock baggie, and store upright in a cooler with ice. 
 

3.6 Make sure that the sample bottle is not submerged in water during  
transit to the laboratory. 

 
4.   Sample Delivery to the Region 8 Laboratory. 

 
4.1  Make sure the samples bottles are upright and sealed tightly. 

 
4.2 Ensure there is enough ice in the coolers to keep the samples cool.  

Double bag ice to ensure leakage is not a problem. 
 

4.3  Pack the cooler so that the contents will not shift during transport. 
 
Additional EPA Region 4 SOPs are included in the QAPP. These specific procedures are also 
listed in the QAPP: 
 
SOP Number      SOP Title 
SESDPROC-010-R4     Logbooks 
SESDPROC-005-R1     Sample and Evidence Management 
SESDPROC-110-R2     Global Positioning System 
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Sample Handling and Custody 
Sample handling and custody procedures described in Sampling Methods. The project examples 
of the Region 8 Laboratory chain of custody form are included on the following page. 
 
All samples will be hand delivered to the EPA Region 8 Laboratory on the day of sample 
collection. Samples will be put on ice in a cooler just after the samples are collected. The site 
IDs, time, and date will be recorded on each sample. The cooler with the samples and the 
completed chain of custody shall be delivered directly to Tom Slabe at the EPA Region 8 
Laboratory. 
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Analytical Methods 
Analytical methods, containers, sample preservation, and holding time requirements are 
described in Table 3. Laboratory procedures are controlled and performed by the EPA Region 8 
Laboratory in accordance with the Region 8 Laboratory QA Manual. From the time of sample 
receipt by the laboratory, report turnaround time is 60-90 days. 
 
Laboratory Information:    Laboratory Project Contact: 
EPA Region 8 Laboratory    Tom Slabe, Microbiologist 
16194 W. 45th Drive     slabe.thomas@epa.gov 
Golden, CO 80403-1790 
(Phone) 303/312-7797 
(FAX) 303/312-7800 

Quality Control Requirements 

Quality control samples are used to (1) verify that samples were not contaminated during 
sampling or by equipment, supplies or reagents, (2) to prove or disprove the contamination 
originated from the suspected sources and (3) to assess the accuracy and precision of analytical 
methods used for detection. For the purposes of this project, no field blank samples are 
planned. The specific location of the field duplicate sample will be determined by the EPA 
Project Manager. 
 

Replicate Samples 
Replicate (repeat) analysis of all field parameters is conducted at any sampling location where a 
laboratory replicate sample is collected. The Surface Water Sampling Lead will collect a field 
replicate samples as described in Table 3. 
 

Matrix Spike and Matrix Spike Duplicate Samples 
Matrix spike and matrix spike duplicate samples (MS/MSD) are designed to evaluate whether 
there are site-specific matrix interferences with the analytes, and to determine the overall 
accuracy of analytical results. No additional sample volume is required by the laboratory to 
perform MS/MSD analysis. Matrix spike samples produced in the laboratory for percent 
recovery studies will be conducted in accordance with the project laboratory’s standard QC 
protocols. 

Trip and Field Blanks 
Prior to a sampling event, a trip blank for E.Coli analysis will be prepared by the laboratory and 
will be provided to a Surface Water Sampling Lead. The trip blank will be placed in a sample 
bottle cooler on ice for the duration of the sampling event. A field blank will be collected in the 
field. The Surface Water Sampling Lead will acquire sterile water from the Laboratory to fill an 
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E.Coli sample bottle in the field for the field blank. The field blanks will be placed in a cooler on 
ice during sampling and transportation to the laboratory. 

Corrective Action 
If field, laboratory or other data indicates that problems are occurring or have occurred with 
sampling or field measurements, the EPA Project Manager will investigate; if a problem is 
identified, its cause and corrective actions will be explored. The EPA Project Manager will 
ensure that corrective actions are successfully implemented. 
 

 

 
 
 

 

Lower Bear Creek near Bear Creek Reservoir.  Photo by Rachel Hansgen 
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High flow over drop structure in Sheridan.  Photo by Rachel Hansgen 
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