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Executive Summary

At the request of Douglas County, URS was retained to provide “An Evaluation of Nonpoint
Source Pollution Risks from On-Site Wastewater Systems (OWS’) in the Franktown Planning
Area”. Three future development scenarios were compared to evaluate the nonpoint pollution
risk from OWS’, including the risk to downstream drinking water supplies located in the Cherry
Creek alluvium. Considerable existing studies and research on OWS’ provided the foundation to
these evaluations. The three evaluation scenarios were identified as part of the Douglas County
Franktown Sub-Area Plan Revision process and differ in the number of residential dwellings,
square-footage of commercial development, service by public sanitary sewer or OWS and/or
public water supply service.

As described in Section 4, the study evaluation resulted in the following conclusions:

s Potential long-term impacts of Franktown OWS’ in environmentally sensitive areas,
including the Cherry Creek floodplain, alluvium, and stream preservation areas are
substantial.

¢ Conventional wastewater treatment options result in less nonpoint pollution risk.

o There is a role for appropriately sited designed, constructed, operated and maintained
OWS in outlying areas of Franktown.

¢ Pumping and hauling septage from existing, aged OWS’ to an adjacent wastewater
treatment facility is not an appropriate long-term water quality treatment option.

Based on the aforementioned conclusions, the following recommendations are described in
Section 4.

e Nonpoint pollution risk in the Franktown Village Core Area should be minimized by
phasing out OWS use in this area and converting to conventional wastewater treatment. .

e Evaluate funding options for conversion of the Franktown Village Core Area OWS’ to
conventional wastewater treatment.
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SECTIONONE Introduction

1.1 INTRODUCTION AND OVERVIEW

URS was retained by Douglas County to examine and compare the extent of the nonpoint
pollution risk from on-site wastewater systems (OWS’), (commonly referred to in previous
studies and discussions as individual sewage disposal systems (ISDS) or septic systems) to water
quality in the Cherry Creek Watershed. The Franktown Planning area lies within the Cherry
Creek Basin, an environmentally sensitive watershed recognized by the Colorado Water Quality
Control Commission (WQCC) and United States Environmental Protection Agency (EPA). As
such, special consideration must be given to the impacts of future development, potential
proliferation of OWS’, wastewater issues, water quality, and source water protection of drinking
water supplics. This study evaluated potential water quality impacts from existing and future
development in the Franktown Planning Area.

Three future development scenarios were compared to evaluate the nonpoint pollution tisk from
OWS’, including the risk to downstream drinking water supplies located in the Cherry Creek
alluvium. The three evaluation scenarios were identified as part of the Douglas County
Franktown Sub-area Plan Revision process and differ in the number of residential dwellings,
square-footage of commercial development, service by public sanitary sewer or OWS and/or
public water supply service. The three scenarios are summarized as follows:

Scenario a

Additional development in the Franktown Village Core Area served by public sanitary sewer and
water. Such development will ultimately include an additional 1,125 residential dwelling units
and 235,000 commercial square feet. Assume an additional 25 residential dwelling units and
25,000 commercial square feet in the Cherry Creek alluvium, as well as 200 single-family
dwellings on large lots scattered throughout the rural Franktown area served by OWS and well.
Assume all existing development in the core area will hook up to public sanitary sewer and
water.

Scenario b

Additional development in the Franktown Village Core Area served by public sanitary sewer, but
with no public water supply. Such development will ultimately include an additional 225
residential dwelling units and 235,000 commercial square feet. Assume an additional 25
residential dwelling units and 25,000 commercial square feet in the Cherry Creek alluvium, as
well as 200 single-family dwellings on large lots scattered throughout the rural Franktown area
served by OWS and well. Assume all existing development in the core area will hook up to
public sanitary sewer and water.

Scenarioc

Additional development in the Cherry Creek alluvium within the Franktown Planning Area
served only by OWS and well. Such development may include an additional 25 restdential
dwellings and 25,000 commercial square feet (note: commercial uses are limited to those with
low water and sanitary sewer requirements). Also assume an additional 200 single-family
dwellings on large lots scattered throughout the rural Franktown area served by OWS and well.
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SECTIONONE | Introduction

Water quality impacts from OWS’ are occurring in a number of specific areas in Colorado,
particularly where OWS’ are sited at or near urban densities (Denver Regional Council of
Governments [DRCOG], 1999). The impacts associated with the three aforementioned scenarios
are of particular interest due to the nonpoint pollution risk that may result from the potential
long-term impacts of OWS’ in the Cherry Creek Watershed, including the Franktown Planning
Area and other downstream municipalities.




SECTIONTWO Background

21  STUDY AREA

The Franktown Planning area lies within the Cherry Creek Watershed, approximately 17 miles
south of the widely recreated Cherry Creek Reservoir and 2 miles south of the Pinery Water and
Sanitation District (Figure 2-1). Over 75 residential and commercial OWS’ are currently located
within the core Franktown planning area (Douglas County, 2002). From a national perspective,
the Cherry Creek Basin has been recognized as an environmentally vulnerable watershed due to
the phosphorus impacts on water quality in Cherry Creek Reservoir (WQCC, 2001).

2.2  WATER QUALITY ISSUES

Water quality has been on the forefront of issues in the Cherry Creek Watershed for nearly two
decades. The most significant watershed issue is that of point and nonpoint source control of
phosphorus in the Cherry Creek Basin and reducing phosphorus and chlorophyll a concentrations
in the extensively used Cherry Creek Reservoir. The Cherry Creek Control Regulation (5 CCR
1002-72) sets forth the basic elements of the Total Maximum Annual Load (TMAL) and point
and nonpoint source reduction strategies.

This section provides an overview of key water quality issues within the Cherry Creek Basin,
including water quality impairment in the Cherry Creek Basin, on-site wastewater and disposal
systems, conventional wastewater treatment in the Cherry Creek Basin, and source water
protection of drinking water supplies in the Cherry Creek alluvium.

2.2.1 Water Quality impairment in the Cherry Creek Basin

The chlorophyll a standard of 15 pg/l and the phosphorus goal of 40 pg/l were established by the
Colorado Water Quality Control Commission (WQCC) to protect the aquatic life and
recreational uses of the reservoir. These standards and goals have not been met. The Cherry
Creek mainstem upstream of the reservoir is “Use Protected” and classified for the following
uses: Recreation, Class 2; Aquatic Life, Class 2, Agriculture; Water Supply (WQCC, 2002).
Segment 1 of Cherry Creek is listed on the State of Colorado’s 2002 "303(d) List of Impaired
Waterbodies” for phosphorus. Pursuant to the 2001 Cherry Creek Control Regulation, the
TMAL of phosphorus shall be implemented under a phased approach consistent with EPA
guidance until further studies support development of a new TMAL (WQCC, 2001). The
evolving phased TMAIL of 14,270 pounds includes the following annual mass loads of
phosphorus from these sources annually:

+ Nonpoint and Regulated Stormwater Sources 10,290 Pounds/Year
* Background Sources 1,170 Pounds/Year
o  Wastewater Facilities 2,310 Pounds/Year
» Industrial Process Wastewater 50 Pounds/Year

e On-site Wastewater and Disposal Systems 450 Pounds/Year

Seven specific wastewater facilities have been authorized as centralized wastewater service
providers in the Cherry Creek Control Regulation and Cherry Creek Basin Master Plan
(DRCOG, 1985):

URS 2-1






SECTIONTWO Background

Arapahoe County Water and Wastewater Authority,
Cottonwood Water and Sanitation District,

Pinery Water and Sanitation District,

Inverness Water and Sanitation District,

Meridian Water and Sanitation District,

Parker Water and Sanitation District, and

A o

Stonegate Village Metropolitan District.

In order to meet the established water quality standards and to preserve the beneficial uses of the
reservoir, the Cherry Creek Basin Water Quality Authority (CCBWQA), comprised of elected
and governor appointed representatives within the Cherry Creck Basin, have committed to
implement water quality management strategies for the watershed. These strategies complement
the development and implementation of the phosphorus TMAL and support comprehensive
water quality improvement in the Cherry Creek Basin.

For water quality purposes, the CCBWQA has identified “Stream Preservation Areas” within
the Cherry Creek Watershed as special lands requiring additional levels of water quality
protection (CCBWQA, 2000). Stream preservation areas include those areas within the Cherry
Creek Basin that transport a higher percentage of stormwater runoff and nonpoint source
pollutants to the water system and Reservoir, including:

s All direct flow sub-basins to the Reservoir,

e All of Cherry Creek State Park,

* Drainage discharged to the Park within 100 feet of the Park boundary,
* Lands overlying the Cherry Creek alluvium, and

* All lands within the 100-year floodplain, as defined by the Urban Drainage and Flood
Control District (UDFCD). '

2.2.2  On-site Wastewater Treatment and Disposal Systems (OWS)

The primary water quality issues associated with OWS use is the accumulative amount of
phosphorus and nitrogen species reaching waterbodies and the high threat of pathogenic bacteria
contamination of groundwater (EPA, 1977). Cumulative phosphorus and nitrogen loading from
OWS’ can be a significant nonpoint nutrient contributor in urbanized watersheds (DRCOG,
1999). In Colorado, OWS’ are regulated by the Individual Sewage Disposal Systems Act (CRS
25-10-101) and play a role in water quality management in the watershed (Appendix A). The
State Board of Health is responsible for the adoption of statewide guidelines and rules governing
OWS’ (DRCOG, 1999). An OWS provides wastewater treatment and disposal, primarily for
individual homes (as well as some commercial and businesses), in those areas primarily
considered rural or large lot (greater than five acres) where central sewer systems and wastewater
treatment plants do not provide service.

Issues have been raised regarding potential water quality impacts from OWS’ and the adequacy
of current efforts to minimize such impacts, particularly as growth has led to a rapid proliferation
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SECTIONTWO Background

of OWS’ in some portions of Colorado. One-fourth of the population in Colorado is served by
such systems, rather than by centralized wastewater treatment (Colorado Department of Public
Health and Environment [CDPHE], 2002). It is estimated that there are currently over 600,000
OWS’ in the state, with roughly 7,000 to 8,000 permits tssued each year, Pursuant to state
statute, the State Board of Health has adopted guidelines on OWS’. The guidelines establish
minimum standards for location, construction, performance, installation, alteration and use of
OWS’. These guidelines are implemented principally through rules and regulations adopted by
local Boards of Health (CDPHE, 2002). The CCBWQA has addressed installation of OWS’ in
the Cherry Creek Watershed and does not allow for construction of OWS’ in stream preservation
areas due to potential water quality impacts (CCBWQA, 2000).

The Tri-County Health Department (Tri-County) is the local health department with jurisdiction
on OWS issues in Douglas County. Tables 2-1a and 2-1b summarize the evolutionary nature of
Tri-County’s OWS regulations over the past 35 years, Prior to 1973, there were no minimum
standards or regulatory requirements for OWS’. According to Douglas County and Tri-County
data, there are an estimated 174 OWS’ located within the vicinity of Cherry Creek in the
Franktown Planning Area (Appendix B), many of which were installed prior to 1950, some even
installed in the 1800’s (Douglas County, 2002).

Typically, OWS’ have septic tank effluent or drainfield influent phosphorus concentrations
ranging from 4 milligrams per liter (mg/L) to 90 mg/L. with a mean concentration of about 15
mg/L (EPA, 1977). In the Cherry Creek Basin, influent data has characterized total phosphorus
concentrations to an average of 10 mg/L. In OWS’, phosphorus is typically fixed in soil by
sorption reactions or as phosphate precipitates of calcium, iron or aluminum. Generally speaking,
the greater the distance from the waterbody the greater the potential for total phosphorus
removal. The type of soil will affect the phosphorus sorption reaction with clays and silts
generally having better adsorption characteristics (DRCOG, 1999). Phosphorus can leak into
either the underlying groundwater system or adjacent waterways, where systems have been built
in areas of coarse sand, gravel and alluvial soils or where surface malfunctions have occurred
because of heavy hydraulic loading. Total phosphorus concentrations over 5 mg/L have been
measured under these circumstances (EPA, 1977). From a national perspective, the phosphorus
removal efficiency of more sophisticated, recent technology OWS’ (including recirculating sand
filter systems), can be as high as 95% effective in appropriate conditions and soil types. Studies
in Colorado have documented phosphorous removal in the range of 20% to 42%, averaging 28%
(Van Cuyk, 2001).

Nitrogen concentrations of OWS influent are 40 to 60 mg/L. Recent ammonia (a form of
nitrogen) concentrations were characterized at the Parker Water and Sanitation District and
averaged 27 mg/L. OWS’ do not provide effective nitrogen removal, with documented removal
efficiencies ranging from 25% to 50% (DRCOG, 1999). Recirculating sand filter systems report
total nitrogen performance of 40% to 50% removal. Van Cuyk (2001) recently completed
extensive studies at the Colorado School of Mines documenting OWS treatment effectiveness.
These studies documented an average of 6% nitrogen removal for OWS’.

2.2.3 Conventional Wastewater Treatment

Conventional wastewater treatment in the Cherry Creek Basin is extensively regulated, with
wastewater treatment facilities meeting some of the most stringent phosphorus reduction

URS 23



Table 2-1a

Tri-Ceunty Health Department
Summary of Requirements for 1SDS’

Regulation
and Effective
Date

Soils Test
Required?

Percolation
Test
Required?

Setbacks?
(e.g. minimum
distance
between well
leachfield,
etc.)

Minimum Sizing Requirements
For Absorption Areas
(*leachfields”)
Conventional (non-engineered

systems)
(Percolation Rates fess than 5 mpi or
greater than 60 mpi require an
engineered system)

2-69 (3/11/69)

No

No

none

I-72 (4/11/72)

No

No

none

I-73 (10/1/73)

Yes

Yes

Based on percolation rate from §
minutes per inch (mpi) to 60 mpi,
square feet per bedroom, in
increments of 5 mpi (See Table #2)

1-80 (5/16/30)

Yes

Yes

Yes

Based on percolation rate from 5
minutes per inch (mpi) to 60 mpi,
square feet per bedroom, in
increments of 5 mpi (See Table #2)

1-85 (12/1/85)

Yes

Yes

Yes

Based on percolation rate from 5
minutes per inch (mpi) to 60 mpi,
square feet per bedroom, in
increments of 5 mpi (See Table #2)

1-88 (2/1/88)

Yes

Yes

Yes

Based on percolation rate from 5 to
60 mpi, square feet per bedroom in
three categories (5-20 mpi, 21-40
mpi and 41-60 mpi)

1-96 (6/3/96)

Yes

Yes

Yes

Based on percolation rate from 5 to
60 mpi, square feet per bedroom in
three categories (5-20mpi, 21-40
mpi and 41-60 mpi)

1-02 (6/3/02)

Yes

Yes

Yes

Based on percolation rate from 5 to
60 mpi, square feet per bedroom in
three categories (5-20mpi, 21-40
mpi and 41-60 mpi)




Table 2-1b

Tri-County Health Department
Summary of Sizing Requirements for Conventional (Non-Engineered)
Absorption Area, Based on Regulation

Percolation Per Bedroom Minimum Soil Per Bedroom Minimum Soil
Rate Absorption Area Absorption Area
(minutes per (square feet) (square feet)
inch) Regulations 1-73, 1-80, I-85 Regulations 1-88, 1-96 and 1-02
5 165 325
10 225 325
15 275 325
20 325 325
25 365 450
30 400 450
35 425 450
40 450 450
45 475 560
50 500 560
55 525 560
60 550 560
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requirements nationally. Water and sanitation districts (Districts) within the basin have
implemented sophisticated treatment technologies to reduce point source contributions.
Similarly, the Districts and municipalities have worked aggressively to address nonpoint source
controls in the adoption and implementation of the “Cherry Creek Reservoir Watershed
Stormwater Quality Requirements” (CCBWQA, 2000) and Cherry Creek Control Regulation.
The point source controls for phosphorus reduction include advanced wastewater treatment
(AWT) processes, such as the addition of chemicals (aluminum sulfate or ferric chloride) to
precipitate phosphorus.

At the 2000 WQCC hearing, wasteload allocations were set at levels based on the design
capacity that is expected to serve the respective service area until the 2007 to 2010 timeframe,
reasonably available treatment technology, and the fact that water quality standards are not
currently being met. The wasteload allocations were also based on a maximum allowable
effluent concentration of 0.05 mg/L total phosphorous. The Control Regulation states that, “by
no later than August 1, 2004, no direct discharger within the Cherry Creek Watershed shall
discharge an effluent with a total phosphorus concentration greater than 0.05 mg/L total
phosphorus as a 30-day average”. Each District is limited to an annual wasteload allocation of
total phosphorus as specified in the Control Regulation. Wastewater treatment facilities in the
basin also provide significant nitrogen removal — typically greater than 95% removal of nitrogen
species.

2.2.4 Source Water Protection of Drinking Water Supplies

Based on nationwide research and published reports, the most serious threat to groundwater
drinking supplies is caused by the movement of pathogenic bacteria and/or viruses from OWS’.
The movement of nitrate into groundwater from on-site systems also poses a potential health
risk, as OWS’ are very ineffective in the removal of nitrogen (Van Cuyk, 2001). While
phosphorus is generally bound by soil systems, some fractured bedrock, sand and gravel areas
(such as that identified in the vicinity of the Cherry Creek floodplain) transport phosphorus from
on-site systems directly into surface or groundwater (DRCOG, 1999).

Source water protection is critical in the Cherry Creck Watershed, given the extensive drinking
water use of the alluvial groundwater and the decades it would take to self-flush tainted
groundwater from the system. Recent studies completed in cooperation with the United States
Geological Survey (USGS), the CDPHE, the EPA, and the United States Soil Conservation
Service assessed the vulnerability of the shallow groundwater resources in the greater Denver
area (Water Resources Investigation Report 92-4143). According to the study, the alluvial
aquifer is valnerable to contamination because of the shallow depth of groundwater and the
transmissive nature of the alluvial aquifer sediments. Therefore, a contaminant introduced at the
surface can easily enter the aquifer system, is mnot likely to be attenuated or dispersed
significantly, and will move rapidly away from the point of entry in a relatively short period of
time.

2.3  PREVIOUS WATER QUALITY AND OWS STUDIES

Numerous OWS’ are located in the Cherry Creek Basin and the uplands adjacent to the basin.
Several studies that document the water quality and impact of OWS’ have been performed and
will provide a foundation to this evaluation.
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SECTIONTWO Background

2.3.1 State of Colorado OWS Steering Committee

In 1999, the Governor of Colorado requested the Colorado Board of Health and WQCC convene
an OWS Steering Committee to address critical water quality issues that have resulted from the
proliferation of OWS’ in Colorado. The OWS Steering Committee identified higher water
quality risk when OWS’ have the following five characteristics:

1. Present in high numbers and density,

2. Present in areas served by privately owned drinking water wells that are shallow or poorly
constructed,

3. Tmproperly sited, particularly in sensitive environments,

4. Installed prior to 1973, when uniform design and siting standards were first established, and
5. Tnappropriate or inadequate design, installation, operation, and maintenance.

The recommendations from the steering committee included the following;

e Establish new OWS performance criteria so a performance-based OWS program can achieve
adequate protection of public health and water quality,

e Enhance local programs, including authorization for local governments to implement OWS
renewable permits,

» Provide more state leadership on OWS issues and authorize resources for one full-time
employee to provide state level leadership,

e Develop model management strategies, including system inventory and maintenance needs,
operating permits, and utility ownership and management, and

e Advance education and training efforts and address ongoing OWS research needs.

As recommended by the Steering Committee, an effective OWS program needs to be
performance-based. That is, there is a need to identify the levels of performance that OWS’
should be expected to achieve in order to provide adequate protection of public health and water
quality. In contrast, the existing Colorado program is based on specific design requirements that
are focused primarily on disposal of wastewater rather than treatment. OWS’ need to provide
long-term solutions to wastewater management in those areas where they exist, and will continue
to exist (CDPHE, 2002).

Appropriate performance criteria may vary by location, depending on different receiving
environments. However, the overall management strategy needs to define such criteria to
provide a target or reference point for formulating the other elements of program and assessing
their success.

2.3.2 Tri-County Health Department Studies

In order to implement the recommendations of the 1985 Cherry Creck Watershed Master Plan,
Tri-County proposed a phased study approach to determine phosphorus contributions to Cherry
Creek Reservoir from OWS’. Phase 1 of the study provided a 1987 assessment of present and
future phosphorus contributions to Cherry Creek Reservoir from OWS'. The preliminary
assessment was based upon existing data relative to basin soils, geology, and hydrology and did
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not include any on-site field investigations or laboratory testing. The loading projections were
obtained by:

1. Utilizing existing data to assign basin soils a Phosphorus Removal Classification,
2. Projecting probable ranges of phosphorus removal for each soil type,

3. Determining the approximate number of present and future residences in each soil
classification, and

4, FBstimating present and future loads.

2.3.3 Denver Regional Council of Governments OWS Task Force

The OWS Task Force identified significant issues and problems associated with OWS programs
and recommended potential solutions. The OWS Task Force developed and evaluated pilot load
studies in selected watersheds to ascertain pollutant risks and water quality issues. The OWS
Task Force recommendations focused on the following four categories:

1. Problem identification — Constituents of concern and extent of problem areas in Colorado.

2. Growth and development — Appropriate setbacks, minimum lot sizes, registration of existing
OWS’, and permitting.

3. System Performance — Operation and maintenance of the OWS’, homeowner responsibilities,
education, and inspection. :

4. Information and Technology — Alternate technologies, alternate development patterns, and
record-keeping processes.

2.3.4 Cherry Creek Basin Water Quality Authority

In 1997, the CCBWQA authorized John C. Halepaska and Associates, Inc. to conduct a one-yeat
study to evaluate the potential impacts on water quality in the Upper Cherry Creek Basin and/or
to Cherry Creek Reservoir as a tesult of development of large-lot homes which utilize OWS’.
These OWS’ generally discharge water into alluvial/co-alluvial soils in the near-surface profile.
This study provided additional information regarding potential water quality impacts from
nonpoint sources along two sub-drainages of Cherry Creek, Bayou Gulch and Baldwin Gulch.
The study found nitrogen-nitrate loads relatively elevated in Baldwin Gulch, which could be
attributable to OWS’ in this drainage (CCBWQA,, 2000).

2.35 Pinery Water and Sanitation District Source Water Protection Studies

The Pinery Water and Sanitation District’s (Pinery) drinking water supply is obtained from both
deep Denver Basin aquifer wells and shallow wells completed within the Cherry Creek alluvial
aquifer system. Shallow alluvial water supply wells typically produce water that is in close
contact to the surface. As a result, groundwater supplies not only require protection from
contamination in the immediate vicinity of the wellhead, but also require large surface areas
beneath which protection is needed. '

The initial phase of the Pinery study provided a general understanding of the hydrogeology of
the Cherry Creek Alluvial System in the vicinity of the Pinery and the Pinery wellfield
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operations and well ownership in the study area. Data needs were identified relative to the
development of the Pinery’s wellhead protection program (WHP).

According to alluvial well information obtained from the Pinery’s files, the average alluvial
thickness is approximately 61 feet and thickness generally decreases with distance away from the
creek bed. For the wells where transmissivity values were reported, fairly high values were
indicated with the average value being 90,000 gallons per day per foot (gpd/ft). The high
transmissivity values indicate that at the locations tested, the aquifer sediments are quite
permeable. ‘

Subsequent phases of the Pinery study included development of a Groundwater Protection
Program geared toward protection of the District’s drinking water supplies from potential
contamination. The wellhead protection area delineation included a vulnerability analysis and
contaminant inventory. An assessment of the vulnerability of the alluvial aquifer to
contamination indicated that due to the shallow depth to groundwater and the transmissive nature
of the alluvial aquifer sediments, a contaminant introduced upstream of the supply can easily
enter the aquifer system and will move rapidly away from the point-of-entry in a relatively short
period of time. As a result, protection of the alluvial water supply should focus on the
management of the surface areas beneath which the waters are derived. '

23.6 Colorado School of Mines OWS Research

In 2001 a team of researchers at the Colorado School of Mines performed a study to characterize
the hydraulic and purification behaviors and their interactions during wastewater treatment in
soil infiltration systems. Four three-dimensional lysimeters were established in a pilot
laboratory. Each lysimeter was dosed four times daily with septic tank effluent (STE). Weekly
monitoring was performed to characterize the STE. Bromide tracer tests were completed at
weeks 0, 8, and 45. After 48 weeks, soil cores were collected and analyzed for chemical and
microbial properties. It was found that the nitrogen removal treatment efficiency ranged from 3%
to 11%, with an average removal of 6%. Ammonia removal treatment efficiency was on the
order of 100%. This efficiency was gained after a 10-week period in which the ammonia fully
converted to nitrate. Phosphorous removal treatment efficiency ranged from 20% to 42%, with
an average removal of 28%.




SECTIONTHREE OWS Evaluation for the Franktown Planning Area

As part of this study, the existing and long-term nonpoint source pollution impacts from OWS
development in the Franktown Planning Area on water quality of Cherry Creek and the alluvium
were evaluated. '

3.1 EVALUATION APPROACH AND ASSUMPTIONS

Similar to the study performed by Tri-County (in conjunction with Dr. Thomas C. Peterson), the
approach taken to evaluate the nonpoint pollution risk of three different OWS development
scenarios within the vicinity of Cherry Creek in the Franktown Planning Area considers soil type
and accounts for the phosphorus removal classification referenced in Tri-County studies (Tri-
County, 1985). Ground and surface water quality data and approximate number of existing and
future residences are also taken into account.

For purposes of this evaluation, several assumptions were made, which include:
e 2.5 people per residential dwelling unit,

« 100 square feet per person as it applies to future commercial development,
e 20 people per business as it applies to existing commercial development,

e 75 gal/day/person as an average residential effluent flow,

e 50 gal/day/person as an average commercial effluent flow, .

e 27 mg/L average Ammonia concentration of influent,

e 65 mg/L average Total Nitrogen concentration of influent,

e 10 mg/L average Total Phosphorous concentration of influent,

e Soil Hydrologic Group Loading:

_ 45% unretained (i.e. reaches the alluvial groundwater) Phosphorous and Nitrogen for
OWS’ in the floodplain, alluvium, and stream preservation areas.

_ 25% unretained (i.e. reaches the alluvial groundwater) Phosphorous and Nitrogen for
OWS’ in soil hydrologic group B.

. 10% unretained (i.e. reaches the alluvial groundwater) Phosphorous and Nitrogen for
OWS’ in soil hydrologic group C.

e 28% Phosphorous removal efficiency for future OWS’,
e 6% Nitrogen removal efficiency for future OWS’,
¢ 18% Phosphorous removal efficiency for existing OWS’, and

e 5% Nitrogen removal efficiency for existing OWS’.

3.2 EXISTING OWS ANALYSIS

Figure 3-1 identifies existing OWS’ within the Franktown Planning Area, including failed
OWS’, and the different soil types within this region. Appendix B summarizes existing OWS’ in
the planning area. The information contained in Appendix B includes the land use, location and
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SECTIONTHREE OWS Evaluation for the Franktown Planning Area

the year built for each existing OWS’. In addition to the existing OWS’ found in Appendix B,
1,125 additional OWS’, based on 2000 census data, as well as 27 businesses and 1 school were
evaluated for Franktown’s outlying areas. Table 3-1 summarizes the results of the evaluation.
Based on information obtained from Douglas County staff, the analysis accounted for 100
residential dwelling units and 20 commercial properties in the Cherry Creek alluvium within the
Franktown Planning Area and 1,125 residential dwelling units, 27 businesses and 1 school in the
outlying areas of the Franktown Planning Area.

The combined residential and commercial annual phosphorous loading was 1,184 pounds for
residences and businesses in the Cherry Creek alluvium within the Franktown Planning Area.
Assuming 18% removal efficiency for the existing OWS’, the resultant annual phosphorous
loading was reduced to 971 pounds. A soil hydrologic group loading factor of 45% was applied
based upon location of the OWS’ in the alluvium (soil group A) resulting in an annual
phosphorous load of 437 pounds. Existing OWS’ in the vicinity of the Cherry Creek alluvium
and floodplain provide a high nonpoint source pollution risk.

The combined residential and commercial annual nitrogen loading was 7,695 pounds. Assuming
5% removal efficiency for the existing OWS’, the resultant annual nitrogen loading was reduced
to 7,310 pounds. Again, a soil hydrologic group loading factor of 45% was applied based on the
proximity to the floodplain, therefore resulting in an annual nitrogen load of 3,290 pounds.

Based on 2000 census data, an estimated 1,125 houscholds are located in outlying areas of
Franktown. Based on information from Douglas County staff, it is estimated that 27 businesses
and 1 school, served by OWS’ exist in outlying areas of the Franktown Plannin g Area. The vast
majority of these homes and businesses are located in soil group B and rely on OWS’ for
treatment of wastewater. Including a soil hydrologic group loading factor of 25% based on the
properties of soil group B, the annual phosphorus loading from these rural residences is
estimated at 1,610 pounds. The annual nitrogen loading from these rural residences and
businesses, including the same soil group B hydrologic group loading factor is estimated at
11,960 pounds. It should be emphasized that while these loads are quite high, the nonpoint
source pollution risk from these outlying areas is very low due to a number of factors, including
the soil type in these areas, greater distance from stream preservation areas (i.e. alluvium,
floodplain, and Cherry Creek Reservoir), and the extensive assimilation of phosphorus and
nitrogen that occurs in the hydrologic/soil system.

3.3 FUTURE OWS ANALYSIS

Three future development scenarios were compared to evaluate the nonpoint pollution risk from
OWS’, including the risk to downstream drinking water supplies located in the Cherry Creek
Alluvium. The three evaluation scenarios (Scenarios “a”, “b” and “c”) were identified as part of
the Douglas County Franktown Sub-area Plan Revision process and differ in the number of
residential dwellings, square-footage of commercial development, service by public sanitary
sewer or OWS’ and/or public water supply service. Future Douglas County land use projections
provided the foundation for a long-term evaluation of OWS impacts in the Franktown Planning
Area. Figure 3-2 represents future community development planning in the area and projects
future OWS installation in Franktown. Table 3-2 summarizes the results of the future OWS
analysis, which includes OWS’ proposed in the Cherry Creek alluvium within the Franktown
Planning Area and OWS’ in outlying, rural areas. Generally, OWS’ located in the outlying areas
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SECTIONTHREE OWS Evaluation for the Franktown Planning Area

have minimal impact to the floodplain, alluvium, and stream preservation areas because of the
considerable distance of the facilities from Cherry Creek.

Scenario a

Additional development in the Franktown Village Core Area served by public sanitary sewer and
water. Such development will ultimately include an additional 1,125 residential dwelling units
and 235,000 commercial square feet. Assume an additional 25 residential dwelling units and
25,000 commercial square feet in the Cherry Creek alluvium, as well as 200 single-family
dwellings on large lots scattered throughout the rural Franktown area served by OWS and well.
Assume all existing development in the core area will hook up to public sanitary sewer and
water.

The combined future residential and commercial annual estimated phosphorous loading, served
by public sanitary sewer and water, is 10,034 pounds. Due to the fact that the entire loading is
- delivered to the public sanitary sewer and poses no threat of groundwater contamination, a risk
of 0% is assumed for unretained phosphorous. The combined residential and commercial annual
nitrogen loading, served by public sanitary sewer and water, is 65,221 pounds. Again, 0% risk
was assumed for unretained nitrogen.

The combined future residential and commercial annual phosphorous loading, as served by OWS
and well in the Cherry Creek alluvium within the Franktown Planning Area was 525 pounds.
Assuming 28% removal efficiency, the resultant annual phosphorous loading is reduced to 378
pounds. A soil hydrologic group loading factor of 45% was applied based upon proximity to the
floodplain resulting in an annual phosphorous load of 170 pounds. The combined future
residential and commercial annual nitrogen loading, as served by OWS and well in the Cherry
Creek alluviom within the Franktown Planning Area is 3,413 pounds. Assuming 6% removal
efficiency, the resultant annual nitrogen loading is reduced to 3,208 pounds. Again, after
applying the floodplain soil hydrologic group loading factor, the resulting annual nitrogen load
is 1,444 pounds.

Future residential development located in outlying areas, as served by OWS and well, will
produce an annual phosphorous load of 1,146 pounds. Assuming 28% removal efficiency, the
resultant annual phosphorous loading is reduced to 825 pounds. Certain soil hydrologic group
loading factors were applied, as can been seen in Table 3-2, resulting in an increased annual
phosphorous load of 201 pounds per year. From the single-family dwellings located in outlying
areas, as served by OWS and well, the annual nitrogen loading is 7,447 pounds. Assuming 6%
removal efficiency, the resultant annual nitrogen loading is reduced to 7,000 pounds. Again, soil
hydrologic group loading factors were applied resulting in an annual nitrogen load of 1,704
pounds. From a pollution risk and impact standpoint, these loading estimates in rural areas are
minimal and not comparable to pollutant loading from OWS’ estimated in the vicinity of the
Cherry Creek floodplain, alluvium, and stream preservation areas.

Scenario b

Additional development in the Franktown Village Core Area served by public sanitary sewer, but
with no public water supply. Such development will ultimately include an additional 225
residential dwelling units and 235,000 commercial square feet. Assume an additional 25
residential dwelling units and 25,000 commercial square feet in the Cherry Creek alluvium, as
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well as 200 single-family dwellings on large lots scattered throughout the rural Franktown area
served by OWS and well. Assume all existing development in the core area will hook up to
public sanitary sewer and water.

The combined future residential and commercial annual phosphorous loading, served by just
public sanitary sewer, is 4,879 pounds. Again, due to the fact that the entire loading is delivered
to the public sanitary sewer and poses no threat of groundwater contamination, a risk of 0% is
assumed for unretained phosphorous. The combined residential and commercial annual nitrogen
loading, served by just public sanitary sewer, is 31,711 pounds. Again, 0% risk was assumed for
unretained nitrogen.

The combined future residential and commercial annual phosphorous loading, as served by OWS
and well in the Cherry Creek alluvium within the Franktown Planning Area is 525 pounds.
Assuming 28% removal efficiency, the resultant annual phosphorous loading is reduced to 378
pounds. A soil hydrologic group loading factor of 45% was applied based upon proximity to the
floodplain resulting in an annual phosphorous load of 170 pounds. The combined future
residential and commercial annual nitrogen loading, as served by OWS and well in the Cherry
Creek alluvium within the Franktown Planning Area is 3,413 pounds. Assuming 6% removal
efficiency, the resultant annual nitrogen loading is reduced to 3,208 pounds. After applying the
soil hydrologic group loading factor for soil group A the resulting annual nitrogen load is 1,444
pounds.

Future residential development located in outlying areas, as served by OWS and well, will
produce an annual phosphorous load of 1,146 pounds. Assuming 28% removal efficiency, the
resultant annual phosphorous loading is reduced to 825 pounds. Certain soil hydrologic group
loading factors were applied, as can been seen in Table 3-2, resulting in an annual phosphorous
load of 201 pounds. From the single-family dwellings located in outlying areas, as served by
OWS and well, the annual nitrogen loading is 7,447 pounds. Assuming 6% removal efficiency,
the resultant annual mtrogen loading is reduced to 7,000 pounds. Again, soil hydrologic group
loading factors were applied resulting in an annual nitrogen load of 1,704 pounds. Similar to
Scenario “a”, from a pollution risk and impact standpoint, these loading estimates in rural areas
are minimal and not comparable to pollutant loading from OWS’ estimated in the vicinity of the
Cherry Creek floodplain, alluvium, and stream preservation areas.

Scenario ¢

Additional development in the Cherry Creck alluvium within the Franktown Planning Area
served by OWS and well. Such development may include 25 additional residential dwellings
and 25,000 commercial square feet (note: commercial uses are limited to those with low water
and sanitary sewer requirements). Also assume an additional 200 single-family dwellings on
large lots scattered throughout the rural Franktown area served by OWS and well.

The combined residential and commercial annual phosphorous loading, as served by OWS and
well in the Cherry Creek alluvium within the Franktown Planning Area is 525 pounds.
Assuming 28% removal efficiency, the resultant annual phosphorous loading was reduced to 378
pounds. A soil hydrologic group loading factor of 45% was applied based upon proximity to the
floodplain resulting in an annual phosphorous load of 170 pounds. The combined residential and
commercial annual nitrogen loading, as served only by OWS and well in the Cherry Creek
alluvium within the Franktown Planning Area is 3,413 pounds. Assuming 6% removal

URS 34



SECTIONTHREE OWS Evaluation for the Franktown Planning Area

efficiency, the resultant annual nitrogen loading is reduced to 3,208 pounds. Again, the
floodplain soil hydrologic group loading factor was applied resulting in an annual nitrogen load
of 1,444 pounds.

From the single-family dwellings located in outlying areas, as served by OWS and well, the
annual phosphorous loading is 1,146 pounds. Assuming a 28% removal efficiency, the resultant
annual phosphorous loading is reduced to 825 pounds. Certain soil hydrologic group loading
factors were applied, as can been seen in Table 3-2, resulting in an increased annual phosphorous
load of 201 pounds. From the single-family dwellings located in outlying areas, as served by
OWS and well, the annual nitrogen loading is 7,447 pounds. Assuming a 6% removal
efficiency, the resultant annual nitrogen loading is reduced to 7,000 pounds. Again, soil
hydrologic group loading factors were applied resulting in an annual nitrogen load of 1,704
pounds. As mentioned above, from a pollution risk and impact standpoint, these loading
estimates in rural areas are minimal and not comparable to pollutant loading from OWS’
estimated in the vicinity of the Cherry Creek floodplain, alluvium, and stream preservation areas.




SECTIONFOUR ~ conclusions and Recommentations

41 CONCLUSIONS

Potential long-term impacts of Franktown OWS”’ in environmentally sensitive areas,
including the Cherry Creek floodplain, alluvium, and stream preservation areas are
substantial.

Existing OWS’ in the Franktown Village Core Area already contribute an estimated 437 pounds
of phosphorus annually to Cherry Creek (including the alluvium). An increase in the number of
OWS’ would increase the phosphorous loading to Cherry Creek and the Reservoir, which could
ultimately exceed the TMAL. The Cherry Creck TMAL has a 450-pound phosphorus allocation
for OWS (which assumes all OWS in the Cherry Creek Basin and assimilation of phosphorus
from OWS as it is conveyed to the reservoir). The evaluation suggests a potentially significant
water quality impact from existing and future OWS in the Franktown area.

Most existing development in the Franktown Village Core Area and environs has occurred
within the Cherry Creek alluvium (along Highway 86 and Highway 83). OWS’ in the alluvium
and floodplain provide a conduit connection to Cherry Creck and its tributaries, ultimately
impacting the Pinery’s drinking water supply and Cherry Creek Reservoir. The CCBWQA does
not recommend OWS treatment within the 100-year floodplain, Cherry Creek alluvium, or
stream preservation areas and historically has not recommended approval of such OWS
applications.

Conventional wastewater treatment options result in less nonpoint pollution risk.

Authorized dischargers in the Cherry Creek Basin (such as the Pinery Water and Sanitation
District) provide advanced wastewater treatment processes that result in a very high quality
effluent that meets the permit limits established by CDPHE and EPA. Of the three scenarios
evaluated, scenarios “a” and “b” result in less nonpoint pollution risk from OWS, including the
risk to downgradient drinking water supplies.  Both scenarios “a” and “b” include new
development within the Village Core Area being served by sanitary sewer. Service for outlying
rural areas within Franktown will continue with OWS.  As suggested in scenario “c”, new

development served by OWS and wells is not desirable due to the pollution risk from OWS.

There is a role for appropriately sited designed, constructed, operated and maintained
OWS in outlying areas of Franktown.

OWS provide appropriate wastewater treatment service to outlying rural areas in Franktown.
There is a continued role for properly engineered and managed OWS in Franktown. Assuming
proper OWS siting, engineering, operation and maintenance, these OWS provide the essential
treatment needed in those rural areas within Franktown which have appropriate soils and are not
in proximity to the Cherry Creek alluyium.

Recirculating sand filter systems are a more recent OWS technology that provide a higher quality
effluent than traditional OWS systems and could be considered for future development in
outlying areas within Franktown. These recirculating sand filter systems provide higher pollutant
removal efficiencies, while still not being capable of treating to the low effluent limits achieved
by the advanced wastewater treatment processes required and utilized in the Cherry Creek basin.
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Pumping and hauling septage from existing, aged OWS’ to an adjacent wastewater
treatment facility is not an appropriate long-term water quality treatment option.

Long-term operation and maintenance costs of this method of sewage disposal are quite high, not
to mention the long-term contracted cost to treat and dispose of the effluent at an approved
wastewater treatment facility. The environmental issues associated with transporting septage
along Highway 83, Highway 86 and the Cherry Creek alluvium and potential septage spills are
appreciable. This may be considered as an intermediate short-term solution until other treatment
measures are in place (i.c. conventional wastewater treatment).

42 RECOMMENDATIONS

Nonpoint pollution risk in the Franktown Village Core Area should be minimized by
phasing out OWS use in this area and converting to conventional wastewater treatment.

Based upon the above analysis and conclusions, the nonpoint source risk from OWS’ sited in the
Franktown Village Core Area are significant due to the location of these systems within the
Cherry Creek floodplain, alluvium, and stream preservation areas. Reducing future OWS
proliferation within these environmentally sensitive areas can minimize the potential threat to the
Pinery’s drinking water supply and Cherry Creek Reservoir. In addition, existing OWS’ located
within the stream preservation areas should be phased out and converted to conventional
wastewater treatment.

It is understood that those OWS’ in outlying areas, not in connection with alluvium, if well
maintained, will not pose a great risk of contamination. It is also more economically feasible to
utilize OWS’ in those outlying areas, as opposed to using conventional wastewater treatment.

Evaluate funding options for conversion of the Franktown Village Core Area OWS’ to
conventional wastewater treatment.

Economic consideration needs to play a key role when addressing the approach of phasing out
OWS’ in the Franktown Village Core Area. Given the magnitude of water quality issues in the
Cherry Creek basin, BPA grant dollars may be available to fund conversion of OWS’ to
conventional sewer. Other research foundations such as the Water Environment Research
Foundation (WERF) and American Water Works Research Foundation (AWW ARF) may also be
potential funding sources to this conversion effort, Very low interest loans may also be available
via the Colorado Water and Power Authority and State of Colorado Revolving Loan Program.
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Table #1: TRI-COUNTY HEALTH DEPARTMENT
SUMMARY OF REQUIREMENTS FOR INDIVIDUAL SEWAGE DISPOSAL SYSTEMS

Regulation Soils Test | Percolation Sethacks? Minimum Sizing Requirements
and Effective | Required? Test (e.g. minimum For Absorption Areas
Date Required? distance (“leachfields”’)
between well Conventional (non-engineered
leachfield, systems)
etc.) (Percolation Rates less than 5 mpi or
ereater than 60 mpi require an
engineered system)
2-69 (3/11/69) No No No none
1-72 (4/11/72) No No No none
I-73 (10/1/73) Yes Yes Yes Based on percolation rate from 5
- minutes per inch (mpi) to 60 mpi,
square feet per bedroom, in
increments of 5 mpi (See Table #2)
1-80 (5/16/80) Yes Yes Yes Based on percolation rate from 5
minutes per inch (mpi) to 60 mpi,
square feet per bedroom, in
increments of 5 mpi (See Table #2)
1-85 (12/1/85) Yes Yes Yes Based on percolation rate from 3
minutes per inch (mpi) to 60 mpi,
square feet per bedroom, in
increments of 5 mpi (See Table #2)
1-88 (2/1/88) Yes Yes Yes Based on percolation rate from 5 to
60 mpi, square feet per bedroom in
three categories (5-20 mpi, 21-40
mpi and 41-60 mpi)
1-96 (6/3/96) Yes Yes Yes Based on percolation rate from 5 to
60 mpi, square feet per bedroom in
three categories (5-20mpi, 21-40
mpi and 41-60 mpi)
1-02 (6/3/02) Yes Yes Yes Based on percolation rate from 3 to

60 mpi, square feet per bedroom in
three categories (5-20mpi, 21-40
mpi and 41-60 mpi)




Table #2: SUMMARY OF SIZING REQUIREMENTS FOR CONVENTIONAL
(Non-Engineered) ABSORPTION AREAS, BASED ON REGULATION

Percolation Per Bedroom Minimum Soil Per Bedroom Minimum Soil
Rate Absorption Area Absorption Area
(minutes per (square feet) (square feet)
inch) Regulations 1-73, 1-80, 1-85 Regulations 1-88, 1-96 and 1-02
5 165 325
10 225 325
15 275 325
20 325 325
25 365 450
30 400 450
35 425 450
40 450 450
45 475 560
50 500 5.60
55 525 560
60 550 560
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