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BMW ADAPTIVE IMPLEMENTATION PLAN FOR pH TMDL AND
DO ADDENDUM
EXECUTIVE SUMMARY
In 2020, Barr Lake and Milton Reservoir Watershed Association (BMWA) updated this pH and DO TMDL
Implementation Plan (Plan). This update was finalized in October 2020, which is the most recent update
since April 2013. Changes to the original Plan include a discussion of regulatory drivers for TMDL
implementation, updates to model estimates for internal and external (point source) loading, and
quantification of the effectiveness of non-point source controls such as bioretention, media filters, retention
ponds, etc. This section summarizes the major revisions that were made during the 2020 update of the Plan.

Reason for 2020 Update
Since the TMDL was first issued, BMW has completed multiple studies to address uncertainties and has also
compiled more data, which allow the Plan to be more data-driven and graphical, resolving some of the
uncertainties that shrouded the TMDL.
Since 2013 the Water Quality Control Division (WQCD) has established new regulatory guidelines that
directly affect BMW’s TMDL. These include a voluntary incentive program (VIP) for point source
dischargers and the reissuance of many point source discharge permits to include changes designed to attain
the goals of the TMDL. The BMW TMDL uses an adaptive management approach, making it crucial to
monitor progress made to the Plan and align TMDL work with new information. Resolving the uncertainties
in the assumptions on which the TMDL goals are based is one example of how adaptive management is
implemented in the TMDL process. In addition, the WQCD has developed a roadmap of how to implement
water quality targets that is intricately intertwined with the BMW TMDL. The roadmap specifically describes
how Regulations 85 and 31 will be implemented. Currently the TMDL remains in Phase I, which will reduce
uncertainty through research, Regulation 85 and 31 reductions, and activities to meet or revise the existing
water quality targets.

Regulatory Drivers
The alignment of the TMDL and the WQCD’s roadmap is detailed in a new section of the Plan. Phase I
consists of three stages that coincide with past and upcoming regulatory initiatives made by the WQCD.
During Stage 1 of Phase I (2012-2017), BMW focused on conducting in-lake studies to quantify internal
loading and developed a robust data collection program.
Currently, the TMDL is in Stage 2 of Phase I (2018-2027), where uncertainties from Regulation No. 85 and
the VIP will be addressed. As the major point sources reduce effluent TP to below 1.0 mg/L, reductions to
external loading and in-lake water quality will continue to be monitored.
The final stage of Phase I will begin after 2028, when numeric nutrient standards for TP and total nitrogen
will be adopted. At that time, the TMDL may be reevaluated if the water quality standards are more or less
stringent than the TMDL targets.

Updates on Past, Current, and Future Phase I Studies
In order to document progress made on the Plan, additional sections were added to archive past Phase I
studies, update current studies, and describe future activities to address any outstanding uncertainty.
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Results from Past Phase I Studies
Past Phase I studies addressed initial uncertainties of the correlations between in-lake TP, chlorophyll-a,
alkalinity, and pH, as well as the quantification of internal and external loads, and the effectiveness of
stormwater source controls. Through the limnocorral study, it was found that adding alum and sodium
aluminate to lower TP in the water column correlated with lower pH, alkalinity, and chlorophyll-a. However,
the relationship between the nitrogen to phosphorus ratio and chlorophyll-a is still not well defined, as
additional complexities are introduced when determining the limiting factor for algal growth under lower
nutrient concentrations.
Uncertainty of internal and external loading to Barr Lake and Milton Reservoir was addressed through
numerical and empirical modeling, as well as an in-reservoir study. In 2006, ENSR modeled the BMW
datashed with various empirical models. Annual loads were then recalculated in 2019, which decreased the
average annual TP load from 63,000 kg/year to 30,500 kg/year for Barr Lake and 32,500 kg/year to 19,800
kg/year for Milton Reservoir. This decrease is likely due to TP reductions from Metro Wastewater
Reclamation District (Metro) and the fact that effluent flows to the Burlington Canal from Metro were
decreased. Through the in-canal treatment study, it was determined that dosing alum to chemically remove
TP from the Burlington Ditch, Beebe Canal, and/or the Platte Valley Canal could help provide nutrient
reductions from NPSs and sources upstream of the BMWA.
In 2016, Ken Wagner collected sediment samples from the lakes to calculate sediment oxygen demand,
determine the amount of iron-bound phosphorus, and recalculate internal loading. The results from this study
indicate that internal loading is lower than as stated in the TMDL – 4,000 kg/year to 1,360 kg/year for Barr
and 2,000 kg/year to 1,300 kg/year for Milton.
Another study focused on source controls of TP from stormwater. The City and County of Denver’s Water
Quality group has been quantifying the phosphorus removal attributed to Denver’s street sweeping activities.
It was found that since the start of data collection, Denver has collected, on average, 70,000 pounds of TP.

Future Phase I Studies
The update of the Plan also identified new future Phase I studies, such as identifying the relationship between
wastewater treatment plant effluent alkalinity and in-lake alkalinity, quantification of TP loads from the urban
landscape, and further analysis for stormwater and non-point source controls since the long-term
effectiveness of BMPs to reduce TP loads from non-point sources is still not well understood.

Future Plan Updates
It is expected that this Plan will continue to be updated as the WQCD’s roadmap is implemented, or once
each stage has been completed and the uncertainties associated with that stage are resolved (e.g. quantifying
the in-lake effects from Regulation No. 85 implementation at wastewater treatment facilities). Due to the
adaptive approach of the TMDL, the Plan may be revised once additional data or information is available that
informs the existing water quality targets.
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BMW ADAPTIVE IMPLEMENTATION PLAN FOR pH TMDL AND
DO ADDENDUM
1.0

BACKGROUND

This Adaptive Implementation Plan (Plan) is intended as a companion document to the Phased Total Maximum
Daily Load to Achieve pH Compliance in Barr Lake and Milton Reservoir, Colorado (April 2013) and DO Addendum
(May 2013), prepared by the Barr Lake and Milton Reservoir Watershed Association (BMWA) (originally
dated May 2013). The pH TMDL was developed by the BMWA to address impairment in Barr Lake (Barr)
and Milton Reservoir (Milton) due to elevated pH. The phased pH TMDL and Plan are consistent with the
Environmental Protection Agency’s (EPA’s) Watershed Planning Guidelines (EPA 2005), which are designed
to achieve water quality improvement. As the state was finalizing the pH TMDL, an Addendum was added to
address DO impairment. Both TMDLs are collectively referred to in this document as “TMDL” unless
specified. Both the pH and DO impairments are associated with high total phosphorus (TP) concentrations.
Through evaluation of other lakes in Colorado, it was determined that the chlorophyll-a (Chl) and TP targets
and related TP reductions set to attain the pH standards in both lakes also will result in attainment of the DO
standards in both lakes.
This Plan is being updated to address several changes that have occurred since the TMDL was first issued.
These include,
•

BMWA has made progress on the Plan, and wishes to track this progress as part of the Plan
document on an ongoing basis.

•

A Voluntary Incentive Program (VIP) was established for point source (PS) dischargers that provides
for delayed implementation of nutrient criteria to incentivize early reductions of total inorganic
nitrogen and TP. The VIP directly addresses the BMWA TMDL and associated timing of
implementation.

•

The Water Quality Control Division (WQCD) has reissued several general permits and general
permit certifications that contain requirements specific to discharges within the BMWA watershed.

•

The BMWA and its members have compiled substantial datasets that allow this Plan to be more
data-driven and graphical.

•

This Plan summarizes activities associated with Phase I of the pH and DO TMDLs. This update
provides additional clarification on the TMDL structure, which is both phased and staged.

1.1 Watershed Description
Barr and Milton are two off-channel water bodies in the South Platte River (SPR) system, northeast of
Denver, Colorado. These reservoirs are used mainly as agricultural irrigation supplies but serve other uses,
including aquatic life, recreation, and drinking water supply. The BMWA is large, approximately 860 square
miles (533,000 acres). With over 500 miles of streams and rivers draining this area, it encompasses portions of
six counties: Adams, Weld, Arapahoe, Denver, Jefferson, and Douglas. Adding to the hydrologic complexity
of the watershed, these natural waterways are supplemented by over 629 miles of man-made canals and
ditches BMWA 2020). The watershed extends south of Denver along the path of the SPR, and north from
Denver onto the plains, with Barr and Milton as the defined terminal points. Not all drainage from the
watershed passes through these reservoirs, as neither is directly on the SPR; diversions from the river
represent the primary source of water for the two reservoirs. Barr is primarily filled via diversions from the
Burlington Canal, and Milton is filled via diversions from the Platte Valley Canal as well as groundwater
inflows from the Beebe Seep Canal.

Implementation_Plan_Final_October_2020

1-1

Section 1

BMWA Adaptive Implementation Plan for pH TMDL and DO Addendum

The land use map of the BMWA datashed is provided in Figure 1-1, with specific percentiles summarized in
Table 1-1 (AECOM 2009). Nearly 55% of the water in the watershed supports agriculture, including
grasslands, pasture, small grains, and row crops. Cattle and calves are the primary livestock. The BMWA area
includes over 75% of the Denver metropolitan area, with urban growth occurring near the reservoirs.
Impervious surface has increased from 17.9% in 2001 to 21.1% in 2016. Natural land cover (water, forest,
grasslands, and wetlands) has decreased from 27.4% in 2008 to 24.0% by 2018 (eRAMS CSU).
The complexities associated with the PSs, controlled water transfers, the influence of urbanization in the
southern half of the watershed, non-point source (NPS) contributions from Municipal Separate Storm Sewer
Systems (MS4s) and agricultural areas in the northern half, and overall variability associated with chemical
reactions in the reservoirs have cumulative impacts, creating a high level of uncertainty with respect to how to
solve the pH and DO problems in these water bodies.

1.2 Water Quality Status
Since 2002, Barr and Milton have been included on the 303(d) list as impaired due to exceedances at the
upper pH standard of 9.0 standard units (S.U.), resulting in nonattainment of the Class 2 Aquatic Life Warm
Water, Recreation, and Water Supply use classifications.
Although pH and DO are the parameters cited on the 303(d) list, the water quality issues are broader. Both
reservoirs are “hyper-eutrophic” (AMEC 2008a, 2008b) due to excessive nutrient loading. This is evidenced
by the typical summertime water clarity of two feet, Chl levels of 20–150 micrograms per liter (μg/L), and TP
concentrations of 200–400 μg/L. Both reservoirs can exhibit severe algae blooms during any month of the
year. Recent trends show additional water quality impacts from cooler season diatom growth from November
to April. Photosynthetically elevated pH, low clarity, low species diversity, and DO sags are all symptoms of a
persistent water quality problem in the reservoirs.
These symptoms impact other designated uses of the reservoirs. For example, the reservoirs are used for
agricultural irrigation on approximately 400 farms. Additionally, the reservoirs are used for recreation, with
approximately 175,000 people/year visiting the State Park at Barr Lake, and there is a private recreation club
established on Milton.
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Figure 1-1. Land use map of the BMWA datashed.
Table 1-1. Percentiles of land use type within the BMWA datashed.

Implementation_Plan_Final_October_2020

1-3

Section 1

BMWA Adaptive Implementation Plan for pH TMDL and DO Addendum

Figure 1-2. BMWA datashed with water quality locations included in the Colorado Data Sharing Network.
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Phased TMDL Implementation

2.1 Overview
The TMDL is structured as a phased TMDL per the EPA publication Guidance for Water Quality-Based Decisions:
The TMDL Process (April 1991) and an EPA memorandum Clarification Regarding “Phased” Total Maximum Daily
Loads (August 2, 2006). Selection of a phased TMDL necessitates use of an Adaptive Implementation Plan
that allows for the development of new information used to re-evaluate the original TMDL.
Per EPA’s August 2006 Guidance Memorandum, a phased TMDL approach is “…used in situations where
limited existing data are used to develop a TMDL and the State believes that the use of additional data or data
based on better analytical techniques would likely increase the accuracy of the load calculation and merit
development of a second phase TMDL.” The TMDL is currently written as a phased TMDL with the
possibility of multiple phases. The first phase includes LAs, WLAs, and an implicit margin of safety that are
established to attain and maintain the existing underlying pH standard, using the best available data and
modeling results to date. As described in Sections 5 through 7, a number of studies have been and will be
undertaken to reduce the uncertainty of the water quality goals that were used to develop the allocations. As
more information becomes available through these studies, future phases of TMDL development may be
necessary to revise the water quality goals, allowable load calculations, and allocations.
It is understood that the TMDL will require re-approval by EPA if it is necessary to embark upon a second
phase of the TMDL that results in a revision in loading capacity, WLAs, or LAs.
While clearly a phased TMDL, the BMWA TMDL also contains elements of a staged TMDL, with wasteload
allocation concentrations and temporal implementation varying by facility. Phasing allows for adjusting final
water quality targets, if appropriate, once underlying uncertainties are resolved, while staging involves a
stepwise process for implementation measures for different types of sources or classes of dischargers, but
keeps the underlying targets in place unless new information is uncovered through the implementation
process. In short, “phased TMDLs are a matter of TMDL development while staged implementation and adaptive
implementation are post development implementation concepts” (EPA Clarification Memo, pg. 1).
In simple terms, the stages that have occurred so far or will occur in the near future include (Figure 2-1):
•
•
•

Initial period of scientific studies and minimal nutrient reductions
Implementation of Regulation No. 85 requirements and VIP program reductions
The final stage would be implementation of final TMDL requirements however, there could be other
stages of implementation in between.
These stages are relatively easy to delineate for point sources, but more fluid for MS4s and nonpoint sources.
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Figure 2-1. Roadmap of Phase I implementation, including necessary stages to address uncertainty.
The National Research Council (NRC) in Assessing the TMDL Approach to Water Quality Management (2001)
found that uncertainties associated with estimates of the TMDL and forecasted improvements based on
controls were such that implementation of the TMDL could result in ineffective and wasteful use of limited
resources. The NRC concluded that a “learning while doing” approach would be more effective in addressing
predictive uncertainties.
This Adaptive Implementation approach calls for ongoing assessment of improvements and costs from
implementation of controls, and use of this information to improve the predictive models and adjust Plan
elements. For example, data collected at each stage of the studies will be used to make “mid-course”
adjustments to improve or enhance ongoing management and control activities. Adaptive Implementation,
focused on monitoring and evaluation, will be used to reduce the uncertainties associated with
implementation.

2.2 Rationale For Adaptive Implementation
Regarding the use of TMDLs with Adaptive Implementation, the August 2006 U.S. EPA Guidance
Memorandum offers the following:
“Implementation of TMDLs can take many years and when uncertainty about the effectiveness of implementation exists,
TMDLs would benefit from containing elements that would facilitate adaptive implementation such as, for example,
provisions for a flexible load allocation/waste load allocation scheme.”
And:
“...EPA believes that in appropriate cases it should be feasible for States to develop TMDLs that facilitate
implementation of practicable controls while additional data collection and analysis are conducted to guide implementation
actions.”
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Phase I activities will seek to resolve uncertainty about the effectiveness of certain implementation activities
to achieve the pH standard. This process is summarized in Figure 2-2 (based on Shabman et al. 2007).

Figure 2-2. The Adaptive Implementation Process.

2.3 Adaptive Management Approach
The BMWA and its members perform regular water quality monitoring throughout the basin and will continue
to do so as the TMDL is implemented. These data will be used to measure changes in water quality in the
reservoirs over time. The pH TMDL implementation also will include permit compliance schedules for
upgrades at permitted wastewater and stormwater discharges that have WLAs as discharge permits are renewed.
Analysis of reservoir management and in-reservoir and canal treatment options began once the TMDL was
approved. Data collection and analysis will provide feedback on the water quality changes in the watershed and
the reservoirs over time. The response measured in the reservoirs will be used to refine the assumptions made
in development of the allocations, which will allow for adaptive changes to the Plan. Additional modeling runs
based on refined data will provide information to reduce identified uncertainties. Another step in TMDL
implementation is the identification and implementation of BMPs to control appropriate NPSs of P in the
watershed. Changes resulting from new regulatory initiatives and/or any court decisions will be incorporated
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into this Plan. Any subsequent TMDL phases (beyond Phase I) will incorporate information and results from
the previous Phase.
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REGULATORY DRIVERS

3.1 Background
As discussed previously in Section 1.2, since 2002 Barr and Milton have been included on the 303(d) list as
impaired due to exceedances at the upper pH standard of 9.0 standard units (S.U.), resulting in nonattainment
of the Class 2 Aquatic Life Warm Water, Recreation, and Water Supply use classifications.
In June 2012, the Water Quality Control Commission (WQCC) adopted a two-part strategy for controlling
nutrients in Colorado. The Nutrients Management Control Regulation (5 CCR 1002-85, “Regulation No. 85”)
established technology-based permit limit requirements for total phosphorus and total inorganic nitrogen.
Additionally, interim numeric values were adopted in The Basic Standards and Methodologies for Surface
Water (5 CCR 1002-31, “Regulation No. 31”) with the intent that they would be incorporated into stream
standards in the future.
To incorporate the 2012 nutrient regulations, the TMDL established interim effluent TP limitations of 1000
µg/L to be implemented for all WWTP point sources “as described in Regulation No. 85 (TMDL Table 4.1
and 4.2 note), while maintaining 100 μg/L as the long-term wasteload allocation for the three largest
WWTPs, RWHTF, SP Renew, and Centennial. In 2016, the EPA approved the interim numerical values for
Chl, approved with recommendations the numeric values for P and nitrogen for lakes and reservoirs and took
no action with respect to the interim numeric values for P and nitrogen for rivers and streams or the delayed
effective dates. Due to this “no action” decision, the WQCC modified the nutrient reduction strategy
originally proposed and established the WQ Roadmap.
In 2017, the VIP was created, and the regulatory framework was outlined in Regulation 85. This VIP allows
for facilities that achieve early reductions of nutrients to receive an incentive in the form of an extended
Colorado Discharge Permit System (CDPS) permit implementation schedule for the water quality based
effluent limits associated with Regulation 31 set to take effect in 2027. The extension will allow compliance
schedules of up to 15 years.
In this Plan update, the BMWA desired to clarify how the TMDL requirements align with the schedule for
implementation of other statewide nutrient requirements. No timeline was provided within the TMDL for the
additional reduction to 100 μg/L. However, in 2017, the WQCD developed its water quality roadmap to
outline strategies for developing nutrient goals and other water quality priorities over 10 years from 2017 2027 (Figure 3-1). For the purpose of this management plan, only TP and Chl from the water quality
roadmap will be discussed. TMDL alignment with the state’s WQ Roadmap can best be thought of in
multiple stages of TMDL implementation.
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Figure 3-1. CDPHE Water Quality Roadmap in relation to implementation stages.
Stage 1 (2012-2017)
Numeric limitations in Regulation 85 are technology-based, and have been broadly adopted into individual
WWTP discharge permits. Most facilities are operating under compliance schedules for these limits that
expire in the early to mid-2020’s. During this initial timeframe, BMW was focused on conducting in-lake
studies and working to maintain a robust data collection program, and to ensure that its models are accurate.
Stage 2 (2018-2027)
Stage 2 of TMDL implementation coincides with the Regulation No. 85 VIP implementation and concludes
at the adoption of new nutrient standards for TP and TN, which is scheduled for 2027. During this 10-year
timeframe, facilities are be required to meet the initial targets established in Regulation No. 85, and may earn
incentive credits to delay Regulation No. 31 implementation by up to 10 additional years. The initial effluent
limitations for TP at the RWHTF, SP Renew, and Centennial are set at 1.0 mg/L as a running annual median
(most recent 12 calendar months), and 2.5 mg/L TP as the 95th percentile of all samples taken in the most
recent 12 calendar months. The TMDL stated that WQCD would incorporate this initial effluent limit into
permits upon the first permit renewal after approval of this TMDL, with compliance schedules if appropriate.
These controls are considered interim effluent limitations. Regulation No. 85 limits have been adopted into
discharge permits and facilities are making plant optimization improvements and capital upgrades necessary
to achieve these limits. Table 3-1 details the implementation schedule for Regulation No. 85 for each of the
WWTPs in the datashed.
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Table 3-1. Regulation No. 85 timeline for WWTPs in BMWA datashed.
Permit No.

Facility Name

TP Effluent Limit as of
2020 (mg/L)

Regulation No. 85
Implementation Date

CO0026638

RWHTF

Report Only

2023

CO0032999

SP Renew

Report Only

2023

CO0037966

Centennial WWTP

Report Only

2025

CO0026662

South Adams WWTP

-

After 2022

CO0021440

Fort Lupton WWTP

Report Only

2024

CO0021547

Brighton WWTP

1

2020

CO0026611

Aurora WWTP

-

After 2022

COG589013

Hudson WWTP

-

*Not enrolled in VIP
program

CO0047198

Lochbuie WWTP

Report Only

After 2022

Barr and Milton were specifically addressed regarding whether permittees subject to the TMDL should be
allowed to participate in the VIP due to the fact that the reservoirs are already impaired. The WQCC allowed
permittees to participate in hopes of earlier reductions, and provided an enhanced incentive to reduce
phosphorus specifically by providing additional months of incentive for TP concentrations below 0.7 mg/L.
Under Regulation 85, trading opportunities were established. The available trading is for PS to PS and NPS to
PS trading.
In addition to the three largest WWTPs identified in the TMDL as having WLAs, other facilities located
within the BMWA will be subject to the Regulation No. 85 effluent limitations. These are discussed in more
detail in Section 4.2.
An important milestone on the Division’s 10-year Roadmap is the adoption of chlorophyll-a criteria statewide
for lakes and streams. This is scheduled to occur in 2022. BMWA will need to assess the specific water quality
standards proposals impacting Barr Lake and Milton Reservoir. The interim numeric criteria that were
adopted in 2012 would set the chlorophyll-a standard to 20 μg/L as a summer season average (July 1September 30) with an allowable exceedance frequency of 1-in-5 years. It is very likely that the controls
envisioned in the pH TMDL and DO addendum will achieve this threshold. Specifically, the maximum
TMDL target is 25 μg/L, but the TMDL clarifies “Although this Chl threshold (25 μg/L) is somewhat higher than the
WQCD’s draft proposed interim Chl value (20 μg/L for warm lakes), the WQCD proposed Chl value is the 80th percentile of
summer averages, while the 25 μg/L identified above represents an instantaneous maximum threshold. The proposed Chl value
is based on summer averages rather than individual samples within one season. These two Chl levels are similar to the Chl targets
described in the BMW TMDL.”
Stage 3 (2028 and beyond)
Stage 3 of TMDL Implementation coincides with the period following the adoption of numeric nutrient
standards for TN and TP. The Roadmap is expected to lead to numeric water quality standards for TP and
TN being adopted in 2027 within Barr and Milton for TP, and TN. Some high priority lakes, such as those
with direct use water supplies and those with dedicated swim beaches will have earlier criteria adoption, but
Barr and Milton are not on the high priority list. If water quality standards are more or less stringent than the
TMDL targets, the TMDL can be reevaluated at that time; however, the Regulation No. 31 values that EPA
has approved are generally comparable to the TMDL in-lake targets for Chl and TP, so revisions may not be
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necessary. The interim numeric criteria that were set in 2012 would set the TP standard to 83 μg/L as a
summer season average (July 1 – September 30) with an allowable exceedance frequency of 1-in-5 years. As
with chlorophyll-a criteria, it is very likely that the controls envisioned in the pH TMDL and DO addendum
will achieve this threshold. Specifically, the TMDL clarifies that 0.1 mg/L is the maximum TP water quality
target, but an average target of 0.04 – 0.06 mg/L is also included as an average TP water quality target. As
indicated in the pH TMDL allocation tables, in subsequent permit renewals, the most restrictive final permit
effluent limitations at the largest facilities for TP would be 100 µg/L implemented as an annual average plus a
30-day average not to exceed 3 times the annual average. When combined with other management strategies
identified in this Plan, this effluent concentration level appears to be sufficient to allow Barr and Milton to
meet the pH standard. The Division intends to adopt numeric effluent limits for nutrients within 1-2 years
after adoption of statewide standards in 2027, with the highest priority on those facilities that participated in
the VIP. To provide alignment with the WQ Roadmap, and to encourage VIP participation among the largest
of the facilities in the watershed, TMDL derived effluent limits more stringent than those contained in
Regulation No. 85 should be implemented concurrent with WQBELs based on the 2027 nutrient standards.
This will also ensure that capital projects implemented to reduce nutrients will be adequate to meet all
regulatory requirements.
Phosphorus credit trading and offsets could facilitate achieving the required load reductions within the
BMWA. Because the loading comes from a variety of sources, both PS and NPS, and given the necessity of
addressing all sources, the opportunity exists for exploring what might be the most cost-effective and
environmentally beneficial solutions for achieving those reductions. The full range of opportunities will be
assessed as part of the adaptive implementation process. Trades may involve PSs alone, e.g., between
wastewater treatment facilities, since there is currently not enough data or information to develop a robust
NPS to PS trading program. Offsets could occur where control of PS or NPS nutrient sources reduces levels
of nutrients for the purpose of creating assimilative capacity to allow new or expanded discharges.

3.2 Controls on MS4s
Regulation 61 (5 C.C.R. 1002-61) applies to all operations discharging to waters of the State from a point
source which includes MS4s. As discussed in 2.3 Non-Point Sources, communities with MS4 Permits have
been installing BMPs that encourage infiltration or stormwater detention to reduce channel erosion and
reduce TP concentrations by settling and contact with the soil prior to point source discharges and
subsequent entry to the reservoirs. Section 61.4(3)(c)(ii)(D)(I) of Regulation 61 requires a management
program for large and medium MS4 discharges include “a description of structural and source control
measures to reduce pollutants from runoff from commercial and residential areas that are discharged from
the municipal storm sewer system that are to be implemented during the life of the permit…” In addition,
Section 61.8(11)(a)(ii)(E)(I) of Regulation 61 requires that “the permittee must develop, implement, and
enforce a program to address stormwater runoff from new development and redevelopment projects that
disturb greater than or equal to one acre, including projects less than one acre that are part of a larger
common plan of development or sale, that discharge into the small MS4. The program must ensure that
controls are in place that would prevent or minimize water quality impacts.”
The Post-Construction Stormwater Management in New Development and Redevelopment program in MS4
Permits requires control measures (also known as BMPs) after construction is completed to prevent or
minimize water quality impacts associated with the long-term use of the areas that have undergone new
development and/or redevelopment. Typical Post-Construction Stormwater Management control measures
are those discussed in Section 4.3 and displayed in Table 4-4.
Regulation 85 necessitates requirements be incorporated into CDPS Permits for discharges from an MS4 for
nutrient source reductions. At a minimum,
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The MS4 permittee must develop, document, and implement a public education program to reduce water quality
impacts associated with nitrogen and phosphorus in stormwater runoff and illicit discharges and distribute educational
materials or equivalent outreach to targeted sources (e.g., residential, industrial, agricultural, or commercial) that are
contributing to, or have the potential to contribute, nutrients to the waters receiving the discharge authorized under the
MS4 permit.
Permittees must also,
develop and implement a municipal operations program that has the ultimate goal of preventing or reducing nitrogen
and phosphorus in stormwater runoff associated with the MS4 permittee’s operations.
These requirements were included in the Phase II Standard MS4 General Permits that became effective July
1, 2016. The Phase I individual and Phase II Non-standard General Permits are slated to incorporate the
same, if not stricter, requirements when renewed.
MS4 dischargers required to have a CDPS discharge permit were required to develop PS data collection under
Regulation 85. Monitoring requirements included;
MS4 permittee shall develop, document and submit to the Division a Discharge Assessment Data Report (Data
Report) by October 31, 2014, that: documents the availability of existing data, and a “Gap Analysis” that identifies
the need for additional information (e.g., monitoring data or studies)
The Mile High Flood District and the Colorado Stormwater Council completed and submitted the Colorado
Regulation 85 Nutrient Data Gap Analysis Report in December 2013 to address the data collection requirement
under Regulation 85 for MS4s. The overall finding from the report is “that there is a significant EMC-based
urban runoff data set useful and sufficient for characterizing nutrient loads in urban runoff in Colorado”(
Wright Water Engineers, Inc., et al). The report also states, “However, there may be circumstances in the
future where site-specific monitoring is warranted to identify watershed-specific sources of nutrient loading
and/or to help prioritize selection and placement of source controls and treatment BMPs”(Wright Water
Engineers, Inc., et al).
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RESTORATION STRATEGY

4.1 Overview
Appreciable reductions in TP concentrations and commensurate Chl and pH reductions in Barr and Milton
require a multi-pronged approach. In 2009, AECOM developed a calibrated watershed model of the BMWA
to simulate alternative management scenarios (AECOM 2009). Options evaluated in the water quality model
include: 1) reductions in phosphorus (P) loads from wastewater treatment plants (WWTPs), with the Metro
Wastewater Reclamation District’s Robert W. Hite Treatment Facility (RWHTF), South Platte Renew (SP
Renew), and Centennial facilities as the top priorities and extending to other WWTPs in the watershed, 2) a
reduction in the internal load of TP in Barr and Milton, 3) reductions from other watershed sources (e.g.,
source controls and upstream treatment of TP from other WWTPs), and 4) an optimization of the water
quality through selective water transfers to the reservoirs. Water quality modeling simulations suggest that TP
load reductions in excess of 90% from levels existing when the TMDL was written are necessary to achieve
the desired response in pH (AECOM 2009). The flexibility of the watershed and reservoir models makes it
possible to simulate additional combinations of management alternatives, and the model calibration will be
revisited as new data are collected. Simulations of management scenarios were run using the combined Soil &
Water Assessment Tool – Water Quality Analysis Simulation Program (SWAT-WASP) model to guide
planning (AECOM 2009), which indicates that no single action will achieve the desired attainment of the pH
and DO standards.
Conclusions drawn from the AECOM (2009) scenario modeling include:
•
•
•

•

Compliance through TP input reduction will likely require TP discharge permit limits for WWTPs,
best management practices (BMPs) for regulated stormwater, and control of internal loading.
For TP load control to work as a pH management strategy, many smaller inputs will have to be
addressed as well as the few identified large ones. This will include many NPSs.
Management of water transfers in the watershed offers potential to improve water quality in Barr but
potentially at the expense of the water quality in Milton. Water transfer management that will benefit
both reservoirs may be possible but would involve water rights issues and would need to maintain
certainty of summer water supply from the reservoirs.
Although challenges exist with in-reservoir approaches for minimizing algal production at larger
scales, when these approaches are combined with a watershed-based effort, they can help achieve
water quality goals.

The Plan elements that follow are offered as options to achieve the pH standard in both reservoirs.
Recommendations in this Section are intended to provide options for PS and NPS reduction strategies. An
attempt has been made to narrow the range of management options in accordance with known loading issues
and desired loading reductions. Management options within the reservoirs also are included, as these can
provide potential acceleration of recovery of the reservoirs and protection for the investment represented by
watershed controls.
The successful implementation of this TMDL will be based on compliance with water quality standards for
pH and DO. It is anticipated that TP reductions and commensurate Chl and pH reductions associated with
this TMDL will be conducted adaptively over time. A phased approach offers an opportunity to reassess the
loading targets, compare water quality to the pH standards, and further revise the Plan, if necessary.
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4.2 Point Sources
PS management includes any modification to a permitted discharge of nutrients directly into the SPR,
tributaries to the SPR, or canals within the watershed, that result in reductions of TP concentrations. In
general, such modifications are applicable to those facilities identified as subject to wasteload allocations
(WLAs) in the TMDL. Future wastewater treatment facility effluent TP restrictions will include numeric
concentration-based effluent limitations.
MS4s are also PSs under the federal Clean Water Act (CWA). Management techniques to be applied are the
same as those applied to non-regulated stormwater systems, such as removing illicit connections, source
controls, education and outreach activities, and implementing BMPs for pollutant reductions. Continuing
evaluations will identify if further reductions can be made from the MS4 permittees located within the
BMWA. Tables 4-1 and 4-2 identify the load reductions from point sources with WLAs necessary to meet the
TMDL in Barr Lake and Milton Reservoir, and Figure 4-1 shows the average load from each WWTP to the
South Platte River since 2018. This data was pulled from discharge monitoring reports for each facility, but
there exists a data gap prior to June 2019 since TP was only recently (2017) included as a regulatory
requirement in NPDES permits. Process data prior to June 2019 is used to fill these data gaps, so error may
exist in the calculated loads for this earlier time period. As more data becomes available, this figure will be
updated to further quantify the load reductions from Regulation No. 85 improvements.
Table 4-1. Point source load reductions for Barr Lake from TMDL.

Table 4-2. Point source load reductions for Milton Reservoir from TMDL.
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Figure 4-1. Calculated annual load of WWTPs from discharge monitoring reports.
Monitoring from industrial dischargers not assigned WLAs in the TMDL, including construction dewatering,
subterranean dewatering, pump testing, and short-term and long-term remediation activities is also beneficial
to ensure that the TMDL is met through subsequent renewal cycles. BMWA has requested monitoring be
included in both individual and general permits for industrial discharges, and will continue to engage with the
WQCD and impacted permittees to advocate for an appropriate level of monitoring. Typically, annual to
quarterly monitoring should be appropriate for most dischargers that may contain TP at concentrations
greater than 0.1 milligrams per liter (mg/L). BMWA has advocated that all new discharges that were not in
existence at the time the TMDL was written should be restricted to a concentration of 0.1 mg/L. The
Division has disagreed with this approach for industrial dischargers under the initial Phase of the TMDL, but
has included monitoring in permits for new dischargers. This monitoring requirement added to individual and
General Industrial Permits will help the BMWA to evaluate the status of the 75% reduction in background
load.
Reduction of the TP load originating from the largest WWTPs (the RWHTF, SP Renew and Centennial) is
the centerpiece of watershed activity for successful restoration of Barr and Milton. Achieving a desirable TP
concentration in WWTP discharges will require changes in treatment technology. For example, there are
multiple options for removing TP from wastewater (Metcalf and Eddy 2002). The most common
physical/chemical approaches include flocculation using metals salts (e.g. alum), with or without filtration,
and dissolved air flotation. Each of these options carries substantial capital and operational cost and each
affected facility, e.g., those with WLAs, will need to determine an appropriate approach based upon its
current treatment configuration and future effluent limitation requirements as determined in permit renewals.
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Metro’s Northern Treatment Plant (NTP) was commissioned in 2016 as part of a continued effort to meet
economic development and growth needs. Although not assigned a new WLA, the NTP is a point source to
be evaluated as a part of this Plan and subsequent model updates. The NTP permitted hydraulic and organic
loading capacities are 28.8 (30-day average) and 55,300 lbs. BOD5 per day (30-day average). The NTP is
currently operating average influent flows around 4.0 to 4.5 MGD.
The flow that the NTP treats includes a portion of what once was treated at the RWHTF. As part of the
project, Metro decommissioned the Branter Gulch lift station which was rated for 5.0 MGD. That flow was
redirected from RWHTF to the NTP. In addition, the NTP has started treating a portion of the City of
Brighton’s flow and will increase those flow rates (reducing City of Brighton’s effluent flow) over the next 10
years. The average TP effluent concentration leaving the facility is 0.24 mg/L, and the NTP will also need to
meet the Regulation No. 31 requirement of 0.1 mg/L. By maintaining concentrations very close to the final
TMDL target and offloading flows from other facilities in the watershed, the NTP is not expected to have a
significant impact on the ability to meet WLA targets.

4.3 Non-Point Sources
NPSs contribute to the total nutrient load to Barr and Milton. Initially, NPSs comprised a very small portion
of the external TP load to Barr and Milton, 5% and 10%, respectively. As PSs are reduced, NPSs may become
a larger percentage of the remaining load unless source controls are implemented. NPSs of nutrients will need
to be addressed for implementation of the TMDL to be successful. Implementing BMPs to reduce NPS
inputs should be an element of the improvement of Barr and Milton. It is helpful to understand that much of
the background non-point loading land area is contained within upstream watersheds that are subject to
additional controls, such as reservoir Control Regulations for Cherry Creek, Bear Creek, and Chatfield
Reservoirs, and active watershed organizations, such as Clear Creek and Big Dry Creek. Reductions in
BMWA loads may be made as a result of these controls. BMWA will seek to quantify these reductions, but
the scope of the TMDL does not extend beyond the datashed boundary.
Because “background” sources of TP from upstream sources are included in the TMDL allocation tables as
loads, it may be possible to obtain significant TP reductions through in-canal treatment, e.g., dosing of
aluminum or other P inactivators. However, nutrient stream standards may also require that reductions occur
closer to the point of introduction into the watershed.
NPS management alternatives include controlling modifications to a land use type within the watershed
which alter runoff quality and/or quantity, or applying one or more BMPs to reduce the export from the
land. Different land uses clearly discharge different levels of nutrients based on the practices occurring on
that land use type. In the case of the BMWA, the continuing trend of conversion of agricultural land to
developed land may result in nutrient reductions if appropriate land use planning and BMPs are implemented
in areas of new development.
Experience suggests that aggressive implementation of watershed BMPs may result in a maximum practical
TP loading reduction of 60-70% for the watershed area treated (Center for Watershed Protection 2000).
Greater reductions are possible, but costs, space requirements, and legal ramifications (e.g., land acquisitions,
jurisdictional issues) likely limit attainment of such reductions. Most techniques applied in a practical manner
do not yield >60% reductions in TP loads (Center for Watershed Protection 2000, Simpson and Weammert
2009). Better results may be possible with widespread application of low impact development (LID)
techniques, as these reduce post-development volume of runoff, as well as improve its quality. The BMWA is
seeking to map and quantify the extent of BMP and LID implementation within the watershed, since
generalized results have not yet been attainable on a watershed basis.
There are a number of BMPs that could be applicable to the BMWA, depending on site-specific conditions.
The International Stormwater BMP Database (http://www.bmpdatabase.org/) is a publicly accessible
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repository for BMP performance, design, and cost information. Periodic BMP performance summaries are
produced by the project. The overall purpose of the project is to provide scientifically sound information to
improve the design, selection and performance of BMPs. Continued population of the database and
assessment of its data supports improved understanding of the factors influencing BMP performance and
supports improvements in BMP design, selection, and implementation. BMPs analyzed in periodic
performance summaries include grass strips, bioretention, bioswales, composite/treatment train BMPs,
extended detention basins, media filters (mostly sand filters), porous pavement, retention ponds (wet ponds),
wetland basins, and wetland channels. Data summaries include basic summary statistics for influent and
effluent concentrations, graphical summaries, and hypothesis test results for various pollutant-BMP
combinations (Clary, et al, 2020). Results from the 2020 Summary Statistics are displayed in box plot and
tabular form for each specific BMP (Figure 4-2, Table 4-3).

Figure 4-2. Box Plots of Influent/Effluent Total Phosphorus as P (mg/L).
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Table 4-3. Influent/Effluent Summary Statistics for Total Phosphorus as P (mg/L).

Residential areas are close to the tributaries of Barr and Milton. Communities with MS4 Permits have been
installing BMPs that encourage infiltration or stormwater detention to reduce channel erosion and reduce TP
concentrations by settling and contact with the soil prior to point source discharges and subsequent entry to
the reservoirs. Such practices may have been operating for Phase I and Phase II municipalities for years.
Other local control options, such as ordinances to restrict application of P-containing fertilizers to turf, may
be considered for evaluation.
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Several large interstate highways and numerous smaller state, city, and residential roads are located
throughout the BMWA. Improved de-icing formulations and detention practices can improve the quality of
stormwater originating from the highways and developments in the BMWA.
Agriculture constitutes a significant portion of the lower watershed; therefore, agricultural BMPs should be
evaluated during implementation of the TMDL. BMPs might include buffer strips to prevent nutrient export
from fields, conservation tillage, use of cover crops, reducing runoff through improved irrigation systems,
improved animal waste management, fencing sensitive areas along ditches and canals, development and
implementation of nutrient management plans, and optimizing use of fertilizers.

4.4 Internal Sources
Management alternatives that involve mechanical, chemical, or biological modifications to either Barr or
Milton directly are considered in-reservoir controls. These efforts address internal loading of nutrients from
the sediments. In-reservoir controls can be used to accelerate recovery of a waterbody after or while external
sources of P are being addressed. As with nonpoint sources, internal loads will likely become a larger loading
source on a percentage basis as point sources are reduced over time.
Reduction of external loads may ultimately lead to the reduction of the internal load, but the timing and
magnitude of this reduction is unknown. Multiple decades may be necessary for internal loads to naturally
decline to the point where internal loading is not a major factor. Since the estimated internal loads represent a
significant percentage of the total load (TMDL modeling estimated 6% and 5% for Barr and Milton,
respectively) and are active during the key summer period, reduction of external TP loads without reduction
in the internal load will not likely result in attainment of the pH standard in a timely manner. A 75%
reduction in the internal load, in conjunction with external loading reductions, will be necessary to meet the
in-reservoir TP target. No matter the in-reservoir technique, impacts from external watershed loading will not
be mitigated by a single application of an in-reservoir control.
Possible strategies include:
•

Phosphorus Inactivation: the chemical binding of sediment P with metal salt such as aluminum
chloride. In-reservoir treatment would most likely include multiple surface applications, annually, for
several years. This technic is cost effective, limiting release from surficial sediments without the cost
of sediment removal and providing longer-term results.

•

Aeration/Mixing/Oxygenation: the addition of air or oxygen to mix the water column and to add
DO to the water. The goals are to add oxygen to the water and to reduce the growth of algae by
moving water. Both can be achieved by destratifying the water column with the use of rising air
bubbles or diffusing oxygen in the water. Movement of water also deters the growth of cyanobacteria
and can naturally lower background pH due to increasing carbon dioxide levels

•

Biomanipulation: the altering of the food web within the reservoir to promote a healthier, balanced
ecosystem that will result in improved water quality. Removal of rough fish and larger filter feeders
can provide long term water quality improvements. Over populated, non-native carp disturb the
sediments because of their feeding habits and recycle nutrients to the water column by excretion.
Gizzard shad are used as feeder fish for growing larger predatory fish but can become too large to be
eaten and then consume large numbers of zooplankton that help keep algae in check.

•

Dredging: the physical removal of sediments based on recent mapping of P rich sediment (WRS,
2016). This tends to be the most expensive form that requires time consuming regulatory permits.
Wet dredging requires the process of dewatering the dredged material. Dry dredging can be done
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when the reservoirs are dewatered. Both methods require testing of contaminants, removal, hauling,
and disposal of the sediments.
In-reservoir studies conducted in Phase I have helped identify which of these strategies will assist in achieving
the TMDL goal. Limnocorral studies, modeling, and annual summary of water quality data provide valuable
information in determining how to best reduce internal loading. In-reservoir restoration will be needed in
addition to external loading controls to meet the pH standards in Barr and Milton. If in-canal treatment is not
implemented, then in-reservoir treatment options recommended include dredging, alum treatment, and
oxygenation/mixing systems. The current recommendation is to implement an in-canal treatment system
using alum and having the floc enter the reservoir. This inflow treatment both intercepts P from entering the
reservoir and helps treat internal loading. Overall, an alum dose of 4 mg/L for Barr and 6 mg/L for Milton is
recommended to reduce P during the spring (ERD, 2015). The BMWA will evaluate potential mechanisms to
ensure that in-reservoir treatments can be performed to satisfy the WQCD’s requirements and concerns.
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DESCRIPTION OF CURRENT PHASE I STUDIES

This section describes the studies that have been conducted or are being conducted in Phase I to reduce
uncertainty as well as assess the feasibility of various P reduction strategies. Each study has a plan to describe
the objective of the study and contains details for implementing the study.
As outlined in Appendix A, there are two categories of proposed studies: (1) studies to address technical
uncertainty issues, and (2) studies to assess feasibility of P reduction strategies. The results from the identified
studies will be used to evaluate the overall effectiveness of TMDL implementation and may be utilized in the
future to develop appropriate site-specific water quality standards for the reservoirs.

5.1 pH, Chl, DO and TP Relationships
Continued data analysis occurs to see if pH and Chl respond to lower TP values. As TP concentrations
continue to decrease, it is important to see if pH, DO, and Chl respond accordingly. The final goal of 100
µg/L TP maximum during the growing season needs to be studied to determine whether it will indeed result
in achieving the pH, DO, and Chl goals. This will require yearly evaluation of the data collected with each
reservoir. Graphing TP vs Chl, TP vs pH, and TP vs DO will show if the overall goals will be met.

5.2 Stormwater Loads
The BMWA is working closely with the City and County of Denver’s Department of Transportation and
Infrastructure to quantify the stormwater reductions over the years and to look at a large dataset that
includes P. The methodology for Nutrient Load Estimate Calculations section of the report could prove
useful in future studies associated with the MS4 contribution and/or analysis of reductions occurring with
MS4 permittee efforts. Annual stormwater reduction calculations and estimates will assist with tracking the
MS4 reductions to meet the TMDL.

5.3 Internal Loading
Annual data analyses are being conducted to estimate internal loading. This analysis helps document causes
of internal loading and changes in the loads. Internal loading estimates use in-reservoir hypolimnetic and
epilimentic TP data and DO profile data to evaluate periodic internal loads. Internal loading changes annually
due to reservoir management decisions that impact water depth and flows. The annual internal loading
estimates also strive to determine the cause of the loading, whether from bioturbation, weather impacts, or
reservoir management decisions. Additionally, bioturbation loading reductions are being calculated annually
based on the most recent carp removal numbers. This focuses on removal of biological P removed with the
carp and the preventative internal loading from carp excretions. The accumulative loading reductions are
being recorded annually.

5.4 Source Control Estimates
Current studies to estimate potential TP reductions and impacts to pH, DO, and Chl are being conducted to
determine whether a restriction on P fertilizers for lawns could help with implementation of the TMDL.
Studies are looking at potential P levels in existing top soils, data collection around lawn irrigation, and
potential data gathering to assist in future watershed modeling of impacts from the urban areas of the
BMWA. Lawn fertilizer studies are conducted annually in the spring to help determine the impact of P from
lawn fertilizers.
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PAST PHASE I STUDIES, RESULTS, AND CONCLUSIONS

The following chapter summarizes specific results and conclusions to Phase I studies. The schedule of
ongoing and completed Phase I studies are included in Appendix A.

6.1 Linkages Between TP, Chl, Alk, and pH
6.1.1 Limnocorral Study
The first study conducted after the TMDL was approved was the limnocorral study. The purpose of this study
was to conduct an experiment where TP could be lowered to 100 µg/L within four enclosures and then
measure and document the changes in Chl, Alk, and pH. This would allow better understanding of the linkages
between these parameters (Lundt, 2016). Alum and sodium aluminate were used to lower TP. Final results
showed a correlation with lower pH, Alk, Chl, and an increase in water clarity. For pH and Chl, every 10 µg/L
decrease in Chl resulted in a decrease of 0.13 units in pH. The water quality target of 25 µg/L for Chl should
support the pH standard of 6.5 to 9.0. For Chl and TP, every 50 µg/L decrease in TP showed a decrease of 4.4
µg/L in Chl. The water quality target of 100 µg/L for TP should support a Chl below 25 µg/L. One important
note is that the reservoir is not always P limited, so the relationship is not as certain. For pH and TP, every 50
µg/L decrease in TP shows a decrease of 0.10 units in pH. The water quality target of 100 µg/L for TP should
support the pH standard of <9.0. For Chl and N:P ratio, an N:P of 15:1 should support the pH standard of 6.5
to 9.0.
Table 6-1. Summary of limnocorral study showing linkages between TP, Chl, Alk, and pH, and the validation
of the TMDL water quality targets and State standards.
Paramete
r

Units

Target

Uncertainty

Updated
Target

Relationshi
p

Equation

If

Then

Valid

TP

µg/L

100

Y

100

TP vs Chl

y = 0.0881x - 7.9052

Chl = 20

TP = 317

N

TP vs pH

y = 0.002x + 7.8967

TP = 100

pH = 8.1

Y

pH

6.5-9.0

Y

6.5-9.0

Chl

µg/L

25

Y

25

Chl vs pH

y = 0.0132x + 8.415

Chl = 20

pH = 8.7

Y

Alkalinity

mg/L

95

Y

95

Alk vs pH

y = 0.0047x + 8.1871

Alk = 95

pH = 8.6

Y

D.O.

mg/L

>5.0

Y

>5.0

Chl vs DO

TN
N:P

mg/L

N

TN vs Chl

y = 8.4122x + 11.511

Chl = 20

TN = 1.01

N

0.91

Y

0.91

TN vs pH

y = -0.0705x - 9.0231

TN = 0.91

pH = 9.0

Y

20

Y

15

N:P vs Chl

y = -2.474x + 47.793

N:P = 15

Chl = 10.7

Y

N:P vs pH

y = -0.1445x +
9.6697

N:P = 15

pH = 7.5

Y

The initial model output reported only 54% linkage between pH, inflows, surface temperatures, and Chl. The
model was using a limited dataset of two years worth of data. With the addition of 16 more years of water
quality data collection and the limnocorral study, there is better understanding how these parameters are
inter-related (Table 6-1). We are certain that as nutrients are decreased, Chl will be lowered, which will then
drive the pH lower. Therefore, the water quality targets set in the TMDL seem to be in line with achieving the
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pH and DO standards. Nutrients are still high, and both waterbodies are co-limited with N and P. The
linkages with N and P to Chl are still not well defined due to the elevated levels and the complexities that go
into determining the limiting factor for algal growth. The limnocorrals did not address the uncertainty with
DO.

6.2 Updated TP Loads
6.2.1 Reservoir Assessment Studies
Since the current monitoring program started in 2002, there have been a few efforts to calculate the annual
loads to Barr and Milton. The first load estimate was done during the reservoir assessment studies conducted
by AMEC (AMEC, 2005). ENSR was contracted to model the watershed and the reservoirs starting in 2006.
Ken Wagner, limnologist with ENSR and then later with AECOM, was tasked to help draft the TMDL load
estimates and allocations. Ken used various empirical models. Metro Wastewater Reclamation District
(Metro) hired Bill Lewis during the modeling phase to also look at P loads. Using all of these load estimates,
Ken Wagner used best professional judgement to finalize the annual internal and external loads and provide
the TMDL loading estimates.
To reduce the uncertainty with the annual TP loads, Ken Wagner was hired to recalculate the annual loads
based on a larger, more updated dataset (WRS, 2019). The two major changes that are impacting P loading
since the TMDL was approved are P removal at Metro and the effluent pumps to the Burlington Canal not
being used since 02/10/2012. According to the empirical models that were used (Kirchner-Dillon,
Vollenweider, Larsen-Mercier, and Jones-Bachmann), average TP loads to Barr went from 63,000 kg/yr
down to 30,500 kg/yr. That is a 52% reduction for Barr. Similarly, Milton loads decreased from 32,500 kg/yr
to 19,800 kg/yr, a 39% reduction. These more recent load estimates reflect the recent changes in the TP loads
to both reservoirs, and help reduce the uncertainty around annual loads. These reductions have resulted in
about a 50% decrease in TP concentrations in both reservoirs.
Numerical Modeling: The initial modeling conducted by ENSR from 2007 to 2008, later changed to
AECOM, used 2002 - 2004 data to build both a watershed model (SWAT) and an in-reservoir model
(WASP) that were then linked together. These numeric models have struggled to reflect actual water
quality data because of limited data and the overall complexity of the system. The models have done a
good job of following the annual water quality patterns and were used to run scenarios to see if certain
management decisions could achieve the TMDL target loads. These models were updated in 2014 by
Integral, Inc. and focused on including additional data from 2005 to 2010. The models were then
updated again by Integral, Inc. in 2019 to include data from 2011 to 2017. No recalibration occurred in
2019. The model’s predictive outputs did have major deviations from the actual data, especially for TP in
Barr. This discrepancy has resulted in further modeling work into 2020, such that both models will be
analyzed separately and compared to the inflow and in-reservoir sampling locations. All of these load
estimates are summarized in Table 6-2 and 6-3.
Empirical Modeling: Ken Wagner initially used several empirical models to help develop the TMDL and
WLAs. Ken revisited these empirical models in 2019 to estimate the changes in the annual TP loads and
the allocations from the watershed. The purpose was to compare 2002 – 2011 loads and allocations to
the 2014 – 2018 time period. Flow and water quality data were provided to update the existing P
loadings that were in the original TMDL.
Modeling of the urban impacts to Barr and Milton was a major interest in 2019. Denver Water
was involved with an Optimal Corrosion Control Treatment (OCCT) directive from the CDPHE that
involved adding P to their delivered water. Approximately 40% of their delivered water is applied outdoors
and can be a major source of P to the reservoirs. Ultimately the OCCT directive was modified such that
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additional P was not added to their treated water. However, this highlighted a need for an additional
potential study that would upgrade the current watershed model to include urban sources of P. This would
require additional data collection (e.g., data about lawns, fertilizer use, irrigation practices, and local soil
characteristics specific to the urban areas of the BMWA).
Table 6-2. Barr Lake Annual Phosphorus Loading Estimates (*source: BMWsources edited 042610.xls)
P Source

External
Load
Internal
Load
Total
Load

TMDL
(2002-2004)

TMDL
Targets

*AMEC
(2005)

*Metro
(2009)

*AECOM
(2009)

*Best Prof.
WRS (20016Judgement(2009)
2017)

SPRBD
Station
(2020)

66,376

4,779

67,326

59,156

76,830

66,375

42,828

12,110

4,000

1,000

4,037

-

29,451

4,000

1,360

-

70,376

5,779

71,363

59,156

106,281

70,375

44,188

-

Table 6-3. Milton Reservoir Annual Phosphorus Loading Estimates (*source: BMWsources edited 042610.xls)
P
Source

External
Load
Internal
Load
Total
Load

TMDL
(20022004)

TMDL
Targets

*AMEC
(2005)

*Metro
(2009)

*AECOM
(2009)

*Best Prof.
Judgement(2009)

WRS (200162017)

26,999

4,819

40,122

32,336

87,633

38,649

21,286

2,000

500

455

-

3,292

419

1,300

38,999

5,319

40,577

32,336

90,925

39,068

22,586

The annual average TP load for each WWTP is plotted with annual growing season average in-lake
concentrations in Figures 6-1 and 6-2. Annual loads represent discharges to the South Platte River, and were
calculated from discharge monitoring reports for each facility. While data prior to 2019 is more limited due to
many facilities not having regulatory requirements for TP prior to 2017, the loads in these figures will be
updated as more data is available.
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Figure 6-1. Barr in-lake TP concentration versus annual average load to the SPR from WWTPs. Please note
that only a fraction of this load to the SPR is actually diverted to Barr Lake.

Figure 6-2. Milton in-reservoir TP concentration versus annual average load to the SPR from WWTPs.
Please note that only a fraction of this load to the SPR is actually diverted to Milton Reservoir.
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6.2.2 Internal Loading
In 2016, Ken Wagner conducted an internal loading study of Barr Lake and Milton Reservoir. The purpose of
this effort was to collect actual sediment samples, calculate sediment oxygen demand, determine available P
stored in the top 10 cm of sediments, and recalculate internal loading. Internal loading can occur by several
means, including soluble release from bottom sediments, desorption from resuspended sediments, and release
from rooted aquatic plants. As aquatic plant growths are negligible in these reservoirs, only release from
bottom sediments and resuspension by wind or bottom-feeding fish (e.g., carp) are plausible sources in these
reservoirs. Soluble release from sediments could involve redox reactions that cause iron-bound phosphorus
to be released, pH depression that allows calcium-bound phosphorus to resolubilize, or decay of organic
matter that releases phosphorus. Low pH has not been an issue, so calcium-bound phosphorus is not likely to
be released, but internal loading from decomposition and/or redox reactions involving iron-bound
phosphorus are plausible (Water Resource Services, 2016).
The internal loading study included 20 sediment samples from Barr and 15 samples from Milton. From the
sediment data, it was determined that for an area of 400 acres in each reservoir (deepest 2 meters) the new
estimated internal loading of iron bound P in Barr is 380 to 760 kg/yr or 25-50 µg/L increase in TP
concentration and for Milton 350 to 700 kg/yr or 33-66 µg/L increase in TP. With the additional estimate of
internal loading from organic P, the total internal loading for Barr is 680 to 1,360 kg/yr and 650 to 1,300
kg/yr for Milton.
The oxygen profiles indicated that aeration would help maintain dissolved oxygen (DO) levels, but existing
conditions are not particularly conducive to DO depletion. There is usually enough DO at the bottom of the
lakes for decomposition to occur year-round. The areas where the concentration of available TP is highest is
in the deeper parts of Milton. In Barr, the TP in the sediments is where organic matter accumulates. Overall,
internal loading from iron-bound P is not as big of a source of TP as initially thought. A larger strategy to
control TP may include sediment aeration.
Release of TP bound in organic matter through decomposition is more extensive in Barr than in Milton, but
the rate of TP release is not a large enough contributor to the total TP load to warrant treatment at this time.
In the future, treatment of the sediments will likely be included as a recommendation for in-lake management
strategies. Uncertainties about the amount and timing of TP release from the sediments remain. Some
decomposition occurs when the lakes, especially Barr, are drawn down and organic matter in the sediments is
exposed. Decomposition that occurs when the sediments are exposed does not affect DO levels in the lake.
As the lake refills and the exposed sediments are inundated, plugs of TP enter the lake. This often happens
during the growing season and is the largest load from the organic matter component of the sediments.
There is a strong correlation between organic content versus solids in Milton sediments. However, the
relationship is not as strong in Barr. In both lakes, the amount of organic matter in the sediments is relatively
low.
Currently, limiting internal loading is not as urgent as external loading due to the fact that the majority of the
loads are from the major WWTPs. In the future, as internal loading becomes a larger component of the load,
a mixing system for approximately 300 and 200 acres in Barr and Milton, respectively, may be recommended.
Such a system should include the option to apply aluminum to inactivate TP in the sediments as needed.
Mixing also equilibrates the water column and should help maintain DO levels.
Initially, three separate estimates of internal load contributions were developed: (1) AMEC reported internal
TP loads consistent with literature values for similar lake systems (2008), (2) AECOM model effort (2009)
resulted in high estimates of P sediment release that were required to offset settling observed in the spring,
and (3) AECOM developed empirical estimates of P release based upon limited sediment core sampling and
analysis (2009). Variability in the three sets of results was high. AECOM chose to utilize internal loading
values closer to the empirical values calculated from reservoir data, although the sampling size was low. This
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modeling has shown that understanding and control of in-reservoir loading will be critical in meeting the
water quality goals identified in the TMDL.

6.3 Source Controls
6.3.1 Lawn Fertilizer Studies
Lawn fertilizer studies have shown that phosphorus from lawns can contribute as much as 24% of the total P
load to a local river (Lehman, 2009). By having restrictions on the amount of P that can be applied to urban
lawns, this can have a large impact on the overall P load. In order for a state or region to enact restrictions on
P lawn fertilizers, data needs to be gathered.
The BMWA has teamed up with CU-Denver graduate capstone program from 2017 –2020 to collect data
around the prevalence of P-free lawn fertilizers. Surveys were conducted to compare old and new
neighborhoods, look at open spaces and golf courses, and compare different types of neighborhoods. Lawn
soil samples were collected and tested for available P and property owner surveys were conducted. Highlights
of these studies include: older neighborhood having more P in the topsoil (7.24 µg P/g soil in Park Hill)
compared to a newer neighborhood (Stapleton at 4.59 µg P/g soil). Both sites were much higher than
background levels taken near Barr Lake State Park (0.45 µg P/g soil). From the survey, lawn owners think
water quality is important, would be willing to change their practices to improve water quality, and typically
fertilize in April and May (CU-Denver, 2017). In 2018, golf courses tested an average of 6.23 g P/g soil,
Auraria Campus tested the highest at 68.7 g P/g soil, and city parks tested 5.48 g P/g soil despite having
stopped using P lawn fertilizers for a over 5 years.
The fertilizer industry is changing because 12 states have been restricting P for lawns since 2002. Scott’s is the
largest lawn fertilizer company and have removed P from their main lawn fertilizer products worldwide since
2006. A survey of available lawn fertilizers was conducted in 2019 and 2020. The goal was to take an
inventory of what lawn fertilizers are available in the spring. Twenty stores were visited, from major big box
to small, neighborhood garden stores. A total of 109 lawn fertilizer products were documented (several
products were at different locations). Of those, 46 contained some level of P. Local manufacturers tend to
carry more P lawn products than the national brands. Next steps would be to work with local manufactures
(e.g., Agfinity) to see if they would be willing to manufacture P free lawn fertilizer blends.
A study out of Minnesota concluded that on average 22% of P imported to an urban watershed is retained
(Hobbie, 2016). That means 78% of P is exported from our urban landscapes. P leaves the urban watershed
because of lawn clippings and leaf litter that are removed from the yard. Grass clippings account for 15-30%
of the P outputs and leaf litter account for 11-22%. Further study and data collection are needed in how grass
clippings and leaf litter are managed in the BMWA.
Material that ends up on roads and curbsides are labeled as street solids. Street solids are approximately 0.1%
P (Olson, 2017). A study in Ft. Collins, concluded that 80% of the street solids come from trees and that the
highest level of street solids occurs in the fall and late winter. Street sweeping is a great way to prevent P from
entering the waterway. A team of experts from the Chesapeake Stormwater Network, Chesapeake Research
Consortium, and Virginia Tech published a report in September of 2015 with findings targeting the chemical
composition of street sweeper solids and the efficiencies of these sweeping practices. In the report they
determined that the pollutants found in street sweeper waste follow a consistent and uniform pattern across
the nation (Schueler, et al, 2015). The City and County of Denver’s Water Quality group has been collecting
and maintaining data using the expert panel’s report, calculating the potential total pollutant loads removed by
Denver’s street sweeping activities. Since the start of data collection, Denver has estimated an annual average
of approximately 120 million pounds of street solids collected and 70,000 pounds of TP. Further studies are
needed to quantify the amount of P that surrounding municipal street sweeping programs prevent from
entering the SPR, Barr, and Milton.
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Figure 6-2. Denver’s estimate on average annual TP removal through street sweeping.

6.3.2 In-Canal Treatment
In-canal treatment can often provide quicker and more cost-effective water quality improvements than inreservoir treatment. In-canal treatment takes place when upstream P is intercepted in the ditch before the
water reaches the reservoir and is removed. For both reservoirs, the canals and ditches are heavily managed
and controlled, which can allow for consistency and predictability regarding any in-canal P treatment. One
possible example could be P interception along the Burlington Ditch, Beebe Canal, and/or the Platte Valley
Canal. In addition, the water quality for each growing season is heavily influenced by the nutrient loads
entering the reservoirs during the previous winter refill period. An in-canal treatment system could help
provide nutrient reductions from NPSs and from sources upstream of the BMWA.
In Florida, there are several examples of the use of alum to chemically remove P from canals. The basic
design is that the water is diverted into a side channel where alum is added. Flocculation occurs, binding up P
and settling out the aluminum hydroxide particulate. Once the floc, suspended solids, and P have settled out,
the treated water is subsequently diverted back to the ditch and sent downstream to the reservoir. There are
even mobile alum units that are used when the canal flows are intermittent and change among ditches.
Constructed wetlands can also be used in-canal to remove P. This would require more land but is just as
effective as long as the constructed wetlands are maintained in order to act as a sink for P. However, a
constructed wetland binds P only during the growing season and not during the winter when the majority of
the inflows occur.
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FUTURE PHASE I STUDIES

There are several areas of study that will help with the uncertainties around water quality and implementation.
As studies are conducted, further questions around the topic develop. The adaptive implementation includes
implementing controls, gathering new data, analyzing the information, refining the modeling tools, and then
reassessing the initial controls put into place. Here is a list of additional Phase I studies that might further
assist with the adaptive implementation process.

7.1 Studies to Assess Feasibility of Phosphorus Reduction
Strategies
Because external TP loads must be reduced significantly, evaluation of appropriate nutrient reduction
technologies will be important for permitted dischargers. Information from such studies can help WWTPs
and MS4 communities plan and budget for needed capital improvements. This information can also provide
information that may be applicable to controlling NPSs of P, including internal loads. These studies also will
help the BMWA plan for future regulatory challenges such as enforceable nutrient standards and other water
quality requirements.

7.1.1 Use Attainability Analysis to Resolve Uncertainty Associated
With the pH Standard
The Clean Water Act 40 CFR 131.10(g) allows states to change designated uses by completing a Use
Attainability Analysis (UAA) for the affected water bodies. A UAA is a regulatory tool available to states,
tribes, and public and private proponents that can be used to modify the designated uses and applicable water
quality criteria for a particular water body.
In order for a designated use to be modified, the UAA must demonstrate that the water body meets at least
one of the six candidate conditions listed in Table 7-1 below.
Studies and research will be needed to see if a UAA is appropriate to set a site-specific pH standard for the
reservoirs. Because of the uniqueness of the watershed and the anthropogenic forces acting on the reservoirs,
a site-specific water quality standard may be appropriate for both reservoirs. As such, the BMWA will
investigate the option of identifying refined uses for Barr and Milton. This could include determining the
effort required to refine the uses and, using data collected to determine pH, TP, Chl, and Alk linkages,
evaluate whether a site-specific pH standard should be investigated based on UAA guidelines.
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Table 7-1. Applicable Conditions for Completing a UAA
Condition

Description

1

Naturally occurring pollution concentrations prevent the attainment of the use.

2

Natural, ephemeral, intermittent, or low-flow conditions or water levels prevent the attainment of the use, unless these
conditions may be compensated for by the discharge of sufficient volume of effluent discharges without violating state water
conservation requirements to enable uses to be met.

3

Human-caused conditions or sources of pollution prevent the attainment of the use and cannot be remedied or would cause
more environmental damage to correct than to leave in place.

4

Dams, diversions, or other types of hydrologic modifications preclude the attainment of the use, and it is not feasible to
restore the water body to its original condition or to operate such modification in a way that would result in the attainment of
the use.

5

Physical conditions related to the natural features of the water body, such as lack of proper substrate, cover, or flow; or
depth, pools, riffles, and the like, unrelated to water quality, preclude attainment of aquatic life protection uses.

6

Stringent controls would result in substantial and widespread economic and social hardship.

7.1.2 Further Analysis for MS4s and NPS Controls
The long-term effectiveness of BMPs to reduce TP loadings from NPSs and permitted MS4s within the
BMWA is not well understood. More information will need to be collected specific to BMWA. The BMWA
will conduct literature studies and evaluate the efficacy of pilot studies to determine costs and benefits
associated with various BMPs to reduce MS4 and NPS TP loads. In addition, the BMWA will work with
MS4s in the BMWA to examine existing stormwater data and BMPs in the BMWA to determine the relative
contributions of various permitted stormwater dischargers within the watershed as well as the effectiveness of
current BMPs.
The OCCT stakeholder process included a sub-committee that focused on source control. This group
developed a list of ideas and potential studies/projects that would help with P source control. They focused
on: P lawn fertilizer restrictions, in-stream restoration to prevent erosion, street sweeping, and P impacts
from de-icing products.
Pet waste is an area where public education can aid with source control. It is estimated that dog waste
contents are 10% P and 2% nitrogen. Many MS4 public education and outreach programs target pet waste as
a nutrient source that has the potential to contribute to water quality impacts. Educational materials, ad
campaigns, and the distribution of pet waste collection bags and stations are some methods used to change
behaviors of concern. Further efforts need to help better understand the impacts from pet waste that is not
picked up.
Storm drain markings in the BMWA have been a major focus. An app was developed to locate storm drains,
document their condition, and change the status from unmarked to marked. This app can then be used by
city employees, volunteer groups, and school groups to learn about stormwater and to help prevent pollutants
from entering the waterway.

7.1.3 Cost-Benefit Analyses for Controls at Domestic Wastewater
Treatment Works
The purpose of a TMDL and its implementation is to improve water quality on a watershed basis, rather than
on an individual basis, as overall water quality is influenced by both PSs and NPSs. Focusing on an individual
constituent or issue in a watershed can lead to unintended consequences from resulting increased use of
chemicals, energy, and other resources. WWTPs will need to investigate the feasibility and cost to rate payers
and the environment for treating wastewater to specific levels for TP. For example, at certain levels of
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treatment, energy and chemical intensive treatment practices may increase greenhouse gas emissions
associated with energy consumption.

7.2 Alkalinity’s Impact to pH
Study the goal of 95 mg/L to see if it will help with achieving the pH standard. Alk is the buffering capacity
of water to neutralize acids. Alk determines the background pH level for water. Alk tends to decrease as
WWTPs increase their treatment of TP. The study will look to see if WWTPs are also lowering Alk and if
that is also impacting Alk in the SPR, Barr, and Milton. The study may also examine how alkalinity could
change as reuse increases throughout the metro area and as additional chemical treatment is installed to meet
nutrient regulations.

7.3 DO Compliance as TP is Reduced
DO concentrations in the mixed layer needs to be studied to see how it is impacted with algal blooms. After
an algal bloom, the biomass tends to settle to reservoir sediments where decomposition consumes both the
oxygen and the organic matter. There is a lag time when DO is depressed after the Chl peak. More
information and data analysis needs evaluate how DO responds to TP and Chl.

7.4 NPS Data Collection
Studies focused on NPS from the urban landscape are being conducted in order to estimate P loads. Leaf
litter, lawn clippings, goose droppings, pet waste, and street solids need to be monitored to document how
much P comes from the urban landscape. City and County of Denver has reduced their use of P lawn
fertilizers, removed Canada geese from several city parks, and removed thousands of pounds of street solids
through their street sweeping program. P loading reductions need to be calculated for these NPSs.
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SCHEDULE

8.1 Phase I Schedule
The BMWA has identified projects and an associated schedule to help resolve uncertainties and
implementation associated with the TMDL. The implementation schedule and descriptions are detailed for
Phase I only. Since this is an adaptive process, new information acquired will dictate what additional
information will be needed and whether any revisions are needed to the TMDL. A table of projects and
action items (Table A-1) and a schedule (Table A-2) are included in Appendix A.
Each study completed in Phase I will be documented, including the results and conclusions of the study as
well as next steps and/or additional studies identified. The conclusions, next steps, and identified additional
studies will be used to update the studies table (Table A-1). Results from the studies also will be used to refine
the model and assumptions to possibly revise the TMDL and associated allocations.
Figure 8-1 shows the schedule for design and construction of expected capital projects from the 3 major
WWTPs. The implementation of these projects will reduce point source loads and project completion will be
documented in subsequent updates of this Plan. Currently, Regulation No. 31 improvements are uncertain, so
any proposed projects are preliminary.

Figure 8-1. Expected design and completion dates for Regulation No. 85 capital improvements for major
PSs.

8.2 Description/Schedule Phase II
If the Phase I studies and information or wasteload and load reductions indicate that additional phases are
needed, this Plan will be updated accordingly.
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MONITORING

As described in the Barr Lake and Milton Reservoir Watershed Management Plan (BMW 2016), significant
monitoring of the BMW system has been undertaken and is ongoing. Historical monitoring efforts have
including monitoring at 360 water quality sampling stations and 40 waterbodies within the BMW. A majority
of the sampling on streams has been located around and through the City and County of Denver. At the
same time, an extensive data exist for both Barr and Milton from the past 18 years of monitoring.
In March of 2019, the BMWA completed the installation of the S. Platte River Burlington Ditch (SPRBD)
station. The purpose of this monitoring station is to collect flow and/or time weighted river samples to
better determine the nutrient loads to the Burlington Ditch, Barr, and Segment 15 of the SPR that
eventually delivers water to Milton. The SPRBD will be used to collect weekly samples to assist in calculating
base P loads. The station will also be used to collect stormwater P loads. GEI, Inc. has been contracted to
run the stormwater monitoring program. Further studies using this station will allow better estimates of
annual, monthly, weekly, and daily loads to the ditch and reservoir along with stormwater load changes.
Monitoring programs have been undertaken by a number of different stakeholders within the watershed. The
most detailed description of past monitoring activities is provided by Hydrosphere (2005). Flow and water
quality monitoring stations are shown, descriptions of flow and water quality monitoring locations are
provided, and the typical sampling frequency is summarized by organization conducting the monitoring. That
report also summarizes the eutrophication-related monitoring undertaken by the various watershed
stakeholder groups. Many of these efforts are ongoing, along with the ongoing monitoring of the BMWA.
The existing monitoring programs (including sampling of approximately 93 active water quality monitoring
locations) will be continued with some changes. Changes from the existing monitoring programs that have
been recommended or adopted to date include:
•
•
•
•
•
•
•
•
•
•

Installation of automated flow gages at three locations (the Platte Valley Canal and the Beebe Canal
immediately upstream of Milton, and the Burlington-O’Brian Canal headgate), to generate accurate
flow data (implemented)
Installation and operation of automated in situ continuous pH monitoring systems in Barr and Milton
to characterize spatial and temporal variation in pH (implemented).
Collection of meteorological data at Milton to support flow and pollutant transport assessments
(implemented).
Consistent analysis for key parameters at all watershed monitoring locations to minimize data gaps
and dependence on estimation procedures (implemented).
Longitudinal monitoring of Burlington Ditch to investigate phosphorus sinks and sources along the
19 mile ditch (implemented).
Watershed soil data to support phosphorus source control measures with lawn fertilizers restrictions
(ongoing).
Key monitoring of stormwater events that have the largest impact on water quality in the reservoirs.
Monitor and evaluate internal loading rates during anoxic conditions (implemented).
Monitor weekly nutrient loads to the Burlington Ditch with the use of an established autosampler
and the evaluation of weekly nutrient loads to Barr (implemented).
Stormwater monitoring using the established autosampler. Yearly stormwater monitoring will be
reported to the BMWA (implemented).
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Fish surveys to evaluate the impacts of filter feeders (e.g., gizzard shad) and bottom forage feeders
(e.g., common carp). Fish monitoring can assist with in-reservoir treatment options to improve water
quality and reduce internal phosphorus loading (implemented).
Urban watershed data to support a modeling update. The goal would be to improve the SWAT
model and its ability to model urban NPS impacts to water quality.
Increase inlet and outlet water quality monitoring frequency to twice a month between November
and February beginning October 2020. Previously, in-reservoir sampling occurred monthly during
this time frame due to safety conditions with ice formation on the reservoirs. Prior to November
2021, sampling data will be compared to data from the autosampler located upstream. If the
autosampler effectively captures any significant changes within the winter refill months, winter
sampling at the inlet and outlet may be reduced to once per month.

The recommended monitoring program is intended to build on existing data and allow for detection of water
quality changes associated with wasteload and load reductions and in-lake management activities.

9.1 Ongoing Monitoring and Sampling Program Modifications
Base monitoring will continue during TMDL implementation. Metro will continue to conduct all in-reservoir
monitoring on a monthly schedule while Farmer’s Reservoir and Irrigation Company (FRICO) will continue
to monitor the canals, inlets, and outlets. The South Platte Coalition for Urban River Evaluation (SP CURE)
organization will continue to coordinate the monthly monitoring of the SPR. Additionally, other state, federal,
and upstream watershed organizations will continue to monitor for flow and water quality. Between Metro,
FRICO, and SP CURE, the ongoing monitoring will continue to provide valuable information to update the
water quality models and the phased TMDL. Ongoing monitoring is summarized in more detail in the BMW
Plan (2016). Also, each stakeholder responsible for monitoring within the BMW has a detailed written
monitoring plan.
With the adoption in 2012 of Regulation No. 85, additional monitoring data may be collected pursuant to
those specific regulatory requirements.
Modifications to the monitoring program will be made as new information and questions arise from
implementing the TMDL. Longitudinal studies for a couple of years showed that the major inputs of
nutrients to the Burlington Ditch was First, Second, and Third creeks during major flow events. Platte Valley
Canal was also monitored and showed signs of P loading along the ditch. Further monitoring would help
pinpoint the source and possible conditions for nutrient loading. Alk has been identified as an important
factor affecting the background pH levels in the reservoirs and more emphasis will be directed to
understanding the sources and behaviors of Alk. Monitoring of Alk from WWTPs would aid in the
identification of major sources.
In developing the reservoir assessments and the watershed model, it was noted that there was a lack of flow
data at critical locations upstream and downstream of the reservoirs. FRICO has modified its flow
monitoring program to include three stations on the inflows to Milton and one outlet station for Barr and are
providing monthly summaries of all flows and volume data
An adaptive implementation approach requires a monitoring program with distinct review points and strategy
adjustment based on results. The BMWA’s monitoring data will be analyzed on an annual basis and will
provide reports and summaries of the individual water quality parameters. The parameters with standards will
be assessed for attainment annually. Additional information or modifications to the existing monitoring
programs will be identified as part of the annual monitoring program data analysis.
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Key aspects of the monitoring program that will be reviewed and modified as needed as part of the annual
reporting process include:
• Sampling locations
• Additional locations to address data needs (e.g., for new sources) as awareness of needs increases.
• Elimination of certain locations that provide less useful data.
• Sampling frequency
• Increase in sampling frequency for specific parameters or sampling locations as needed to properly
evaluate changes.
• Decrease in sampling frequency for specific parameters and/or sampling locations where results are
stable or less useful.
• Parameters for analysis
• Addition of new parameters at one or more sampling locations, as warranted.
• Elimination of parameters at one or more sampling locations where there is minimal relevance to
management actions.
• Special studies and investigations
• Additional studies or investigations needed to respond to newly identified or ongoing issues not
addressed by routine monitoring as planned.
• Revision of measurement goals

9.2 Adaptive TMDL Implementation/Adaptive Management
Monitoring
The adaptive implementation approach means that some activities will commence before others, based on
expected magnitude of results and feasibility, progress will be tracked, and the Plan will be adjusted in
accordance with that progress and its implications for successful compliance with the pH standard.
Monitoring data will be used to support adaptive implementation of the TMDL, as well as adaptive
management of certain restoration activities.
It is uncertain whether pH improvements will be gradual or exhibit a threshold effect as TP and Chl are
reduced (i.e., no significant change in pH until TP falls below a threshold of 200 µg/L followed by gradual or
rapid declines). The ambient and source monitoring programs discussed in this Section will be used to
document water quality changes and progress toward the TMDL goal. As new data become available, it may
be appropriate to re-evaluate whether planned (but not yet implemented) load reductions and/or additional
restoration measures are needed to achieve the TMDL goal, or if other adjustments to the TMDL are
appropriate. Impacts on DO levels will be similarly evaluated.
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10.0 MODEL AND TMDL UPDATES
10.1 Database Updates
All stakeholders that have data will upload their historic and current water quality data to the Colorado Data
Sharing Network (CDSN) on an annual basis. Efforts will be made to determine if any critical sources of data
are lacking and, if so, assist with the upload of that specific information.
Water flow information is important and also a part of the annual loading of data to the CDSN. The critical
inflow and outflow information for the reservoirs is largely collected by FRICO. Most of FRICO’s systems
have been updated over the past few years with new flow monitoring gages and recording systems. Most of
the flow data is now recorded continuously with the ability for direct and field-assisted downloads. This
information is being compiled into a separate database available for future model updates. Monthly
accounting spreadsheets will be provided by FRICO to the BMWA to maintain a regular database of flows
throughout the Barr/Milton system.

10.2 Model Updates and Refinement of Water Quality Targets
It is expected that the water quality models will be updated on a 5-year cycle. The model will be updated with
the most recent block of data. The model will be recalibrated when necessary. When not being recalibrated,
modeling results will be compared to the dataset for validation.
Calculations of existing TP loads will be re-evaluated concurrent with future model updates. Revisions to the
mass balance calculations will utilize updated TP concentrations as well as updated and more accurate flow
data. Output from the limnocorral studies and updated model runs may affect the underlying assumptions
related to pH, Chl, and TP relationships, necessitating a re-examination of the water quality targets for Chl
and pH. Any changes in assumptions and output may also suggest a re-evaluation of the allowable TP loads.

10.3 TMDL and Implementation Plan Updates
It is currently anticipated that the pH and DO TMDL and Plan will be periodically re-evaluated by the
BMWA. At the onset, it is clear that TMDL and Plan updates will be desirable after completion and analysis
of model updates. As the model updates occur, TMDL and Plan updates may be developed. Those portions
of the TMDL subject to modification include a discussion of model uncertainty reduction, revised water
quality targets, and a revised allocation scheme, as appropriate.
The TMDL and Plan will continue to be re-evaluated periodically, with revisions incorporated as necessary.
Those portions of the TMDL and Plan that are likely to change include information specific to
implementation. As future studies examine the issues of source reduction feasibility, attainability, cost/benefit
tradeoffs, and trading opportunities, the results will shape plans for the scheduling and phasing of
implementation activities.
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11.0 FUNDING PLAN
Since the inception of the BMWA the organization has worked towards long term financial sustainability. In
2005, the dues structure for the organization was set to provide the necessary level of matching funding
required by the TMDL grant. The funding for the initiation of the Watershed Plan, TMDL, and the
Implementation Plan ended in 2010. Starting in 2007, the organizational membership fees increased annually
in preparation for the completion of the 319 grant. While 319 grants are still available for specific projects as
of 2020, the total amount of 319 funding has been decreasing.
Section 319 of the CWA was established to assist states in NPS control efforts. Under Section 319, grant
money can be used for technical assistance, financial assistance, education training, technology transfer,
demonstration projects and monitoring to assess the success of specific NPS implementation
projects. Typically, the BMWA utilizes grants less than $5,000 due to greater efficiency throughout the
approval process.
The dues structure of the BMWA has been set to generate approximately $125,000 to $140,000 annually in
dues. Additionally, the BMWA won a $60,000 Urban Waters Grant from the EPA in 2012. This grant is still
used currently to develop messages for education and outreach.
The funding levels have been set based on sustaining the organization and providing the ability for the
BMWA to actively promote and pursue projects that have been identified as necessary for addressing
technical questions concerning the TMDL.
From time to time the funding provided by dues may be supplemented by special assessments for projects
that are necessary to answer specific questions or resolve issues concerning the TMDL. These projects may
only benefit one set of stakeholders in the watershed and therefore may be more appropriately funded by
special assessments from those entities most likely to benefit from the results of this work.
The dues structure is not meant to provide necessary remedial actions or facility upgrades such as nutrient
removal facilities at a WWTPs or removal/inactivation of the internal loads. The dues are intended to
maintain the sustainability of the organization and secondarily to promote studies such as sediment sampling
and limnocorrals that further help answer key questions about the two water bodies.
In addition to the base level of funding from dues and/or special assessments, the organization will continue
to pursue other sources of funding that may be appropriate including grants, fees, and increased membership.
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A.1. Phase I Studies.

POTW Task Group

Lead

Question

Project

Scope

Tasks

Resources

Other Studies/Info Needed

How do different levels of treatment
impact pH?

System response to
treatment at POTWs.

Determine specific
effluent conc. for
POTWs with
allocations

Engineering/WQ
analysis to determine
end of pipe
concentrations to meet
TMDL

BMW Technical Committee,
POTW consultants

Refined flow information for modeling

Who is doing what and when

Upgrades

treat TP to satisfy
TMDL

Compile information from
POTWs

Stormwater BMP
Report

Summarize findings

How does implementation of
stormwater treatment impact pH?

MS4 Task Group

What is the baseline water qualty in
SP at Burlington?

Refine analysis of
stormwater
contributions and
delineate by permitted
System response to
area. Do we want to
stormwater treatment
do this (MS4s will
probably not want to
participate) - or just
monitor stormwater
quality?
Installation of a new
sampaling station at
Burlington HG

How can we work with other
agencies/organizatons in the
watershed that are 1) collecitng wq
data or 2) performing public
education MS 4 permit holders to
maximinize public education and
outreach efforts?

Partner with their
Education and
Outreach Activities

How many MS4s are there in the
BMW watershed?

Reduce pollutant
loading by 20%

Determine P loads from
each MS4 area using
information provided by BMW Technical Committee, MS4
permit holders and/or
permit holders and/or their
new model techniques or
consultants
through stormwater
monitoring at Burlington?

Results

Determine best BMP
and location

Pre-monitoring, build
BMP, post monitoring

Action

Start End
Date Date

Estimate
In Kind
BMW
d Cost
Cost (%) Cost (%)
($)

2014, 2020
modeling
scenarios

Update water quality models and TMDL*

2019 2020
data
run
call model

100%

0%

summary table

Satisfy the TMDL. Include information in
TMDL and watershed plan updates

2014

100%

0%

Discharge quantity/quality data, land use information from
MS4s

Update water quality models and TMDL*

Refine analysis of
stormwater
contributions and
delineate by permitted
area
Reach out to Colorado
Stormwater Council to
make a presentation on
what exact efforts BMW
does. Continue
partnerships with
SPLASH and the
Will vary from group to
Greenway Foundation.
group. Coordination
groups within the
with Colorado
watershed to join talent
Stormwater Council
and efforts to maximize
will help effort
water quality efforts.
Maintain relationships
with groups with similar
goals, attempt to
express concern to
groups that may not
share BMW's agenda.

Documents

Improve understanding and refine model
inputs regarding WWTP and stormwater
inputs

2017

Expansion
of BMW
public
education Accounting of
and
efforts for
outreach
incusion in
by
TMDL
leveraging
documents.
work of
Inclusion of
others.
MS4 Annual
Maintaining reports that
support of reference BMW
stormwater partnership as
entities for part of TMDL
BMW
record.
TMDL
implementa
tion

Connect public awareness and behavior
change to water quality improvements

2017

Satisfy the TMDL

2039
2017

MS4 annual
reports

* Model updates occurred in 2012 and again in 2014-2016.
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<$25,000

Annual Water
Quality data
and flow reports

improved
water
quality

A-1

Every
2
years?

Responsible
Party

Outcome

Complete?

Recalibrate model to reset
baseline prior to
implementation of Reg85
& Centennial and L/E
upgrades
Reg 85 Phase I reduction
In progress.
BMW with
currently being written
assistance form
Completion
into permits. Phase II
POTWs
date?
schedule?

No

BMW, Metro,
Urban Drainage,
Aurora, Denver,
Lakewood,
Thornton

<$10,000

can help
with MS4
grant
2049 <$10,000 requests
from
CDOT and
others

BMW to initiate

Improved water quality,
increased public
awareness and support

MS4s BMW may
review and
compile
information from
annual reports

documentation of
activities to improve
stormwater quality in
watershed

In progress
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A.1. Phase I Studies (CONTINUED).
Lead

Question

Project

What are options for treatment of
NPS?

Feasibility/Cost for
NPS

Scope

Establish BMP
Efficiency/Options

BMW Tech Committee

NPS Task Group

NPS BMP Report

What types of crops or animal
production is occuring in the
watershed including, aerial extent
and irrigation systems are being
used?

CMF Ag Task Force,
CSU Design Farms,
CSU other activities.
Reach out to ag
producers to engage
with BMW.
GIS map of Ag
production in the
watershed to inform
modeling and target
educational activities.

How does implementation of NPS
controls impact pH?

System response to
control of NPSs

What are options and effectiveness
of source control?

Preventative Source
Control

How does implementation of source
controls impact water quality?

System response to
source control

What are the options to expand Ag
involvelement?

Do Carp impact TP and pH?

What are options for treatment in
canals?

I/E

How does treatment in canals
impact the pH?

Resources

Determine what BMPs
are currently used, ID
other available
techniques and their
efficiencies and costs
Summarize findings

Ag producers to
Support various activities
attend and present to
that are currently in
Stakeholders?
progress.

Other Studies/Info Needed

Results

Documents

CAFO Nutrient Management Plans, information on other
current BMP practices

Refine analysis of
NPS contributions by Determine P loads from
type (ag, residential,
each land use type
ISDS)
Identify phosphorus
Literature search
product sources.
Preventative Source
Summarize findings.
Control Report.
-

-

-

Implement

Permits, contracts, O/M

Can outreach and education activities help facilitate implementation over the long
term?

$25,000 $100,000

50%

50%

BMW

Inform model, trading potential.

Return flow data, crop type and other ag land use data

Outcome

Complete?

BMW Technical Committee, other
states with P product bans

Estimates on quantity of P applied to lawns in datashed
and quantity of P going to POTWs from detergents

-

-

-

BMW Technical Committee,
Consultant

Refined flow information for loading calculations, land
availability

-

-

BMW Technical Committee,
Consultant

Pulls information from the Feasibility/Cost for NPS,
Feasibility/Cost for MS4s, and Further Refinement of
Stormwater Contributions

No

Refining Ag inputs to
watershed and in-lake
models

No

No

Compare costs of P Ban to cost to treat at
2014
POTW or through MS4 programs
2018 modeling Assume trade offs occur at POTW and/or
2017
scenarios
MS4 level, pursue legislation if appropriate
XXlbs. TP Carp Supresson
removed
Plan

-

Refining Ag inputs to
watershed and in-lake
models

Update water quality models and TMDL*

Implementi
ng project.

ERD In-canal
Study Report
2014, 18
modeling
scenarios

2019 <$25,000

100%

0%

BMW

No
2018

-

-

-

-

Determine critical carp population
threshold

2014

2015

$2,000

100%

0%

CPW

Update water quality models and TMDL*

2017

2018

-

-

-

-

Determine how treatment is accomplished
2013
and how its funded

2014

$45,000

25%

75%

BMW

2014

2014

-

-

-

-

2015

2018

Update water quality models and TMDL*

Pursuit of water quality fee for Barr
Lake?

* Model updates occurred in 2012 and again in 2014-2016.
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Responsible
Party

working with CMF Ag Task
Force for
In progress
education/outreach to
producers

Refine NPS inputs to model. Potential
trading options may be created.

BMW Technical Committee,
NRCS, Colorado State Coop
Extension Service

Develop a plan and
coordinate with CPW

Build in-canal
treatment

Estimate
In Kind
BMW
d Cost
Cost (%) Cost (%)
($)

No

-

System response to
canal treatment

Start End
Date Date

Action

Assist with education and Ag BMPs

Work with CSU CLEAN
Center - WRAP program
to identify agricultural
production in the
watershed.

carp population, carp
removal, TP removal
estimates
Combine findings with
System response to inlimnocorral studies to
reservoir treatment
refine water quality
models
Engineering evaluation of
Identify treatment
Polishing/Treatment in
mechanical versus
options, effectiveness,
Canals
passive treatment
cost
options
Biomanipulation

How does implementation of inreservoir treatment impact pH?

Tasks

A-2

population estimating. Carp
removal efforts underway.

No

Report by ERD complete

Yes, for Barr

No
No
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A.2. IMPLEMENTATION SCHEDULE
Date

Action

March 2012

Statewide nutrient reduction strategy adopted by Water Quality Control Commission.

2013

Update water quality models with new data and study results.

2014

Determine if TMDL or Implementation Plan should be revised based on 2013 model updates.

6/2015

Regulation 38 SPR Basin Triennial Hearing.

12/31/2015

pH Temporary Modification expires.

2016

Determine if TMDL or Implementation Plan should be revised, as needed.

2016

Update water quality models with new data and study results, as needed.

2016

Discharge permit renewals scheduled for wastewater treatment facilities located in the South
Platte Basin; implementation of Regulation No. 85-based interim effluent limitations for the largest
facilities

2018

Determine if TMDL or Implementation Plan should be revised, as needed.
Update water quality models with new data and study results, as needed.

6/2020

Regulation 38 SPR Basin Triennial Hearing.

2020

Finalize Implementation Plan Update Document;
Finalize modeling runs and determine next modeling needs and steps.

2021
2022
2023

Update water quality models with new data and include recalibration with any new study data for
the urban sources of P.

2024

Begin UAA studies to determine site specific standards for TP, TN, Chl, pH, and DO.

6/2025
2025
6/2027

State-wide Nutrient Regulation implementation

6/2035
6/2040
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